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INTRODUCTION

Departments of Mechanical engineering and General Technical Sciences, at Technical Faculty
"Mihajlo Pupin"”, Zrenjanin, organized three international conferences:

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

2. «11ZS 2012 - Industrial Engineering and Environmental Protection,

3. «l1ZS 2013 - Industrial Engineering and Environmental Protection»,

4. «I1ZS 2014 - Industrial Engineering and Environmental Protection».

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

The theme of scientific conference «l1ZS 2014», covers the fields of industrial engineering, which are
defined in the program of the conference, such as: Process technology, Engineering, Environmental
protection, Health and safety, Manufacturing technology and materials, Machinery maintenance,
Design and maintenance of process plants, Oil and gas industry, Basic operations, Machines and
processes, Information technology and engineering education, Biotechnology, Reengineering and
project management.

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

We express gratitude to:

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

e Zrenjanin Town Hall,

e Regional Chamber of Commerce,

e The management of Technical Faculty «Mihajlo Pupin», University of Novi Sad,for
supporting the organization of the conference «I1ZS 2014». We are also grateful to all the
authors who have contributed with their works to the organization of the scientific meeting
«l1ZS 2014».

We would like our Conference to become a traditional meeting of researchers, every year. We are

open and thankful for all useful suggestions which could contribute that the next, International

Conference - Industrial Engineering and Environmental Protection, become better in organizational
and program sense.

President of the Organizing Committee

Prof. Ph.D DragiSa Tolma¢

Zrenjanin, 15" October 2014.
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ANALYSIS OF HEAT EXCHANGERS WITH DIFFERENT SHAPED
RIBS USED IN THE GRAPHIC INDUSTRY
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! University “Sv. Kliment Ohridski”, Faculty of Technical Sciences, Bitola, Former Yugoslav
Republic of Macedonia
2 International Slavic University Gavrilo Romanovic Derzavin, Faculty for Safety
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Abstract. Extended surface heat exchangers are presented in this article. They are used for water and air as
operating mediums, and can be differentiated by the shape of the ribs. The one has sinuous type of ribs, while the
other one has flat lamella ribs. Better heat transfer can give the exchanger with higher values of coefficient o
and factor j.. A comparison between both types of heat exchangers is made with reference to air velocity in the
minimum flow cross - section and Reynolds' number.

Key words: heat transfer- heat exchanger.

MATHEMATICAL MODEL

Temperature condition for the calculation of heat transfer through ribbed surface of tubes at lamella
type heat exchangers, for working mediums water-air and where cooling of the air occurs is visible on
Fig. 1. Here, we can see that heat from the fluid surrounding the pipe outside (air) is transferred on the
fluid inside the pipe (water).

Heat transfer from the air onto the water is constant since there is neither heat source nor heat sink
between both medias.

Total transferred heat is a sum of heat transferred through the outer surface of the pipe (without ribs)
Acn, and the heat transferred through ribs area, A..

Q:ar'A'(ta_trm)_'_acn"A\cn'(ta_tcn)’ W (1)
or and owen are almost equal,
Q:ar'[A"(ta_trm)+p\:n'(ta_tcn)] W (2)

Coefficient of convective heat transfer from the outer side is,

aan=ar'L%'nr+2J (3)
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Figure 1. Temperature variations on ribbed pipe

Where,

ta _trm
T]r = (4)
ta - tCI’]

Expressions for 7, and o form system of two equations with two unknowns that is solved through
iteration method. Approximately, for the first iteration 7,,=0,8.

Air flows by the length of the rib and upright on the pipe. Cross-section of the fluid between ribs is
changed through the current flow. Because of that and sinuous form of lamellas, local coordinates
depend on the direction and value of speed.

Most of authors, [1] and [2], in their calculations, use maximum velocity of the air in the minimum
cross-section,

Mgy

Amin "

Wamax =

Hydraulic diameter is taken as a characteristic value when Reynolds' number is calculated [1],

4- Anin
dp =——— (8)
Acn
where Reynolds' number,
W -d
Rey = _“amax " “h 9)
Va

Heat transfer factor, j,, is usually in non-dimensional form [3],

ja =St-Pry (10)
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Stanton's-number,

Nu
St=———— 11
Solution of the previous two terms is,
. Og A
Msa - Cpa

A number of authors, in the calculation of convective heat transfer, take the value of exponent of
Prantdl's number to be n =0,667. Kotke and Blenke examined the influence of flow on this exponent.
They suggest the following function in the expression of convective heat transfer, [4],

Prll = f(Pry)=18-Pr{3-08 (13)
Now,
- A
o = SrPn 18.pr03 08 (14)
Msa - Cpa

Factor j, can be found as a function of Reynolds' number,

s b

Ja =a-Reg (15)

Constants a and b are coefficients of correlation of the values for j, and Reynolds' number.

RESULTS AND DISCUSSION

Measurements are taken on two heat exchangers, and their dimensions are visible on Table 1. Heat
exchanger number 1 has sinuous lamellas, while heat exchanger number 2 has flat lamellas, [5].

Table 1. Measured dimensions of heat exchangers

Dimensions No. 1 No. 2
H: (mm) 468 468
B: (mm) 500 500
H: (mm) 465 465
o (mm) 0,15 0,15
B: (mm) 172,8 172,8
Ry (mm) 2,6 2,6
N 192 192
Ch (mm) 33,3 33,3
Cp (mm) 28,8 28,8
dv (mm) 11 11
d, (mm) 12,3 12,3
Nred 6 6
Nred1 14 14
Npc 16 16
Ne 84 84
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Calculated surface areas of the heat exchangers are presented on Table 2. Calculations are made
according to [6], while surface area is given in m2,

Table 2. Calculated dimensions of heat exchanger

Dimensions No. 1 No. 2
Frontal surface area of heat exchanger: Ay = H; - B; 0,234 0,234
Minimum flow cross-section: A, =(Hy —ngr -dp )-np - Ry 0,146 | 0,146

. Amin
Ratio: o = 0,625 0,625
At
Surface area of non-ribbed pipes: Ag, =dp -m-n, - Ry -ng 1,620 1,620
: (drz — dr% ) T

Surface area of ribs: Ay = > “Np -Ne 29,812 | 27,102
Pipe surface area between ribs: Ay = (R, —3y)-dp -m-ny -ng 1527 | 1527
Total area of heat transfer: A, = A, + Ag 31,339 28,629
Internal pipe area: A, =dy -m-n, -n; - Ry 1,449 1,449

Table 3. Measured and calculated values for heat exchanger number 1

Msa Msw Tav Cai T i Qa Qw Qs k Olw Wa Oy Re, ja Nr Np
kg/s | kg/s | °C °C °C °C "% w W | WimPK | W/im?K | m/s | W/m?K

0,233 0,231 |20,88 [12,83 |5,32 |10,18 |5029 |4715 |1965 |17,20 513,19 |1,309 |27,86 2566  |0,0143 |0,89 |0,88

0,315 |0,231 [19,90 [13,40 |5,32 [10,27 [5059 [4802 |2138 |17,68 513,16 |1,768 |34,38 3473 10,0130 0,86 |0,86

0,413 |0,231 [19,69 [13,66 [5,21 [10,23 [5126 [4870 |2586 |17,81 512,80 |2,318 [43,97 4553 |0,0127 (0,83 |0,83

0,491 10,231 [19,94 [13,86 |522 |10,31 |5235 |4938 |3087 |17,96 512,83 |2,758 |55,51 5407 |0,0135 |0,80 [0,79

0,563 [0,231 |20,57 [14,28 |5,31 [10,57 [5341 [5103 |3652 |17,65 513,12 |3,168 [61,04 6185 10,0129 0,79 |0,78

0,665 |0,231 [18,77 [13,42 |5/49 [10,12 [4716 [4492 |3652 |17,94 513,65 [3,725 |78,11 7349 10,0140 |0,74 10,73

0,754 |0,231 [18,06 [13,35 |5,91 [10,25 [4335 [4211 |3638 |17,88 514,95 |4,218 |84,45 8346 10,0134 0,73 |0,72

0,833 0,231 |19,66 [14,46 |5,82 |10,78 |5040 |4812 |4436 |18,18 514,69 14,682 |99,82 9167 |0,0143 |0,70 |0,68

0,925 10,231 |22,34 [16,46 |6,03 |12,06 |6100 |5850 |5568 |18,61 51539 |5,241 |121,37 |10071 |0,0156 |0,66 |0,64

1,009 (0,231 [22,77 (17,13 [6,04 |12,40 |6302 |6170 |5823 |18,23 515,44 |5,728 |108,04 (10958 [0,0128 [0,68 |0,67

1,084 |0,230 |23,25 [17,75 [5,97 [12,70 |6395 (6501 |6097 |18,64 514,11 |6,165 |133,03 |11742 |0,0146 |0,64 |0,62

1,138 [0,231 [25,81 [19,16 [5,28 |13,42 |8376 |7897 |7750 |18,91 513,10 |6,516 |143,12 (12214 [0,0150 [0,63 |0,61

Table 4. Measured and calculated values for heat exchanger number 2

Msa Msw tay tai T Lwi Qa Qw Qs k Clw Wa Oy Re, ja Nr Np
kg/s |kg/ls |°C °C °C |°C w \W% w W/m?K  |W/m2K  |mis  [W/m?K

0,235 0,225 [24,45 [1542 |6,16 |12,64 |6310 |6124 |2251 |19,82 550,59 ]1,334 |27,96 2552 10,0142 |0,89 |0,88

0,324 10,225 [22,90 [15,85 |591 |12,31 |6142 |6048 |2408 |19,77 549,71 ]1,836 |30,98 3528 10,0114 |0,88 [0,87

0,415 [0,225 [22,25 [15,97 [5,95 [12,11 [5850 [5821 |2727 |19,30 549,82 2,349 [34,41 4525 |0,0099 (0,86 |0,86

0,477 |0,226 |21,80 |15,67 |5,87 [11,72 [5593 |5553 |3041 |18,87 550,75 |2,697 |37,77 5209 10,0094 0,85 |0,85

0,542 [0,226 [21,54 [15/45 |5,74 [11,41 [5436 [5382 |3417 |18,51 550,30 |3,062 [41,89 5926 10,0092 0,84 0,83

0,595 10,228 |21,61 [15,40 |5,72 |11,31 |5359 |5353 |3812 |18,16 552,65 |3,361 [45,00 6505 |0,0090 |0,83 [0,82

0,717 |0,217 |20,67 [14,88 |5,59 [11,04 [5087 [4967 |4262 |18,43 538,69 |4,040 [62,00 7865 10,0103 |0,78 |0,77

0,827 |0,218 [21,52 [15,52 |5,04 [11,20 [5624 [5640 |5087 |18,42 538,13 |4,672 |68,59 9041 10,0099 |0,77 |0,75

0,923 0,219 |22,83 [16,28 |3,84 |11,07 |6679 |6650 |6194 |19,16 53542 15,233 [85,59 10042 |0,0111 (0,73 |0,71

1,025 [0,223 [18,30 (14,27 [591 |10,69 |4578 |4477 4219 |19,45 547,11 |5,746 |84,78 11318 |0,0099 [0,73 |0,71

1,104 [0,226 (18,39 (14,51 [584 |10,74 |4677 |4651 (4374 |19,87 550,54 6,192 |93,60 12182 |0,0101 |0,71 |0,70

1,177 [0,227 [18,88 [14,93 [546 |10,76 |5071 |5053 |4747 |20,04 550,49 [6,612 |98,11 12961 |0,0099 [0,70 |0,69

1,200 [0,227 [20,80 [16,37 [557 |11,63 |5549 |5778 |5429 |20,39 550,89 |6,780 |114,14 (13115 |0,0113 [0,67 |0,65

Measured values are taken according to [7].

Measured and calculated values for both heat exchangers are presented on Tables 3 and 4,
respectively. Calculations are made for constant mass flow of water, with the aim of calculating heat
transfer from the outer side of heat exchanger. Values for convective heat transfer of the ribs, o, and
heat transfer factor, ja, are also shown.
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Figure 2. Dependence of coefficient of convective heat transfer from the air onto pipe with ribs o,
from air velocity in the minimum flow cross-section wa
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Figure 3. Dependence of heat transfer coefficient, j,, from Reynolds' number
The dependence of both factors (o and ja) relative to wa and Re is shown on Fig. 2, and Fig. 3.,

respectively, while analytical dependence is given with the following expressions,
-Heat exchanger number. 1,

a, =22104-w, —51119 j, =0,0086- Re%%
- Heat exchanger number 2,
a, =15476-w, —0,7355 j, =0,00233 Re;0v0912

Heat exchangers with higher values of coefficient o, and factor ja have better heat transfer. According
to this, heat exchanger number 1, with sinuous shaped lamellas has better heat transfer. This is
expressed in larger values for wa, or when w, > 4 m/s and with greater Reynolds' number values, Re >
9000.
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NOMENCLATURE

B: - lamella's width (mm)

B: - heat exchanger's width (mm)

Ch - distance between pipes onto heat exchangers' width (mm)

Cn - distance between pipes onto heat exchangers' height (mm)

dn - external pipe diameter (mm)

dv - internal pipe diameter (mm)

fa - friction coefficient (dimensionless)

H, - lamella's height (mm)

H: - heat exchanger's height (mm)

ja - heat transfer factor (dimensionless)

ne - number of pipes (dimensionless)

n, - number of lamellas (dimensionless)

Q - heatenergy (W)

Rr - spacing between lamellas (mm)

ta - temperature of the air (°C)

ten - temperature on the pipe's external surface (°C)

tev - temperature on pipe's internal surface (°C)

tm - mean temperature (°C)

tm - mean temperature on the rib (°C)

tw - water temperature (°C)

oen - coefficient of convective heat transfer from the air onto pipe without ribs
(W/m?K)

o - coefficient of convective heat transfer from the air onto ribbed pipe
(W/m?K)

aw - coefficient of convective heat transfer on the side of the water (W/m?2K)

& - lamella’s thickness (mm)
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Abstract: Drying is one of the most necessary process and technology in today’s world and it is used, among
other things, for food processing. The basic goal is to process the food for consumption by increasing its shelf
life, and in order to achieve this moisture must be removed from raw material as moisture, which is the main
promoter of biological activity and spoilage of the fresh products. Conventional drying is known for its high
energy consumption and therefore it is costly. The conventional drying has also a negative impact on the
environment and climate, providing the basis for heat pump drying development to ensure sustainable practice
within the food industry. Heat pump drying is a relatively new technology developed at NTNU. It unifies the
drying and heat pump cycles in which the heat pump is used to recycle energy, for reheat the air during drying
the raw material. By recycling the heat from the dryer exhaust, energy is saved and the total energy input to the
system is drastically reduced. In this master thesis a laboratory heat pump dryer is applied for drying green peas.
The drying air was set on temperature regimes of 45°C, 35°C and 15°C with three levels of relative humidity:
60%, 40% and 20%, from which temperature regime of 45°C was set on 40% and 20%. Therefore, eight drying
tests were performed and each test was done in period of three hours. The drying of green peas was conducted in
fluidized bed mode. The results have shown that higher temperatures increase the rate of moisture removal from
the green peas. Difference in relative humidity of the drying air also plays an important role in the process
although the effect is much less compared to the temperature.

Key words:

INTRODUCTION

Today's world is facing an increase in human population and consequently need to produce more fresh
and dried products for this expanding population. The consequence is a worldwide market rapid
expansion, demanding more products and goods to be placed on trade as well as for the larger diverse
range of products. Major factors in fulfilling these requirements are process development, economical
profitability and sustainability of the environment and society. At the same time these new
technologies should fulfill the objective of economical profitability, which is mostly dependable on
energy efficiency due to the trend of increasing energy cost and cost of resources used to produce that
energy, mostly carbon based fuels. Currently, as a process drying consumes up to 50% of the total
amount of energy used in industrial purposes. One of the relatively new technologies that fulfill all
these requirements is heat pump drying (HPD). The conventional dryers consume large amounts of
energy and have an equivalent contribution to the emission of greenhouse gas (GHG) to the
atmosphere. Another significant contributor to GHG emission is the artificially produced chemical
refrigerants and foam-blowing agents.

This master thesis covers the experiments and modeling green peas drying on a pilot scale heat pump
dryer. Focus will be given on the effect of heat pump operating conditions, drying temperature and
relative humidity on kinetics and on the dried product’s characteristics. Heat pump dryers have been
known to be energy efficient when used in conjunction with drying operations. The principal
advantage of heat pump dryers emerge from the ability of the heat pumps to recover energy from the
exhaust gas as well as their ability to control the drying gas temperature and humidity. Many
researchers have demonstrated the importance of producing a range of precise drying conditions to dry
a wide range of products and improve their quality. The main components of the single stage heat
pump system are the expansion valve, evaporator, internal and external condenser and compressor as
illustrated in figure 1. After flowing through the evaporator and condenser of the heat pump the dry
and warm air is ready to flow into the drying chamber in which the material, which is to be processed,
is being placed. The simplified heat pump dryer has two separated loops with common heat
exchangers. The drying air loop (abcd) contains the air cooler (EVA), heater (CON), blower and
drying chamber. The refrigerant loop (12341) main components are the expansion valve (THR),


mailto:djoje@masfak.ni.ac.rs

IV International Conference Industrial Engineering And Environmental Protection 2014 (11ZS 2014)
October 15™, 2014, Zrenjanin, Serbia

evaporator (EVA), condenser (CON) and a compressor (COM). The fluid of the heat pump and drying
air loops are coupled through the common evaporator and condenser to recover the exhaust energy.

Figure 1. Principle of operation in a simplified heat pump dryer
PRINCIPLE OF HEAT PUMP DRYING

Figure 2 illustrates the isentropic and non-isentropic saturated vapor compression heat pumps with dry
expansion evaporator and drying channels. Figure 4a shows the main components: A — compressor, B
— three way valve, C — external condenser, D — drying channel with air heater, E — liquid receiver, F —
expansion valve, G — drying channel with air cooler. Also, Figures 4a and 4b show the layout and the
state points in the cycles in a log pressure versus enthalpy diagram, respectively. From state point 1
the saturated vapor is isentropic and non-isentropic compressed to super-heated vapor to points 2i and
2, respectively. Then, the vapor flows through the condensers changes phase to saturated liquid and is
collected in the receiver. The saturated liquid leaves the receiver at point 3 and it is throttled to a liquid
and vapor mixture at point 4. Then, the mixture flows through the evaporator and becomes saturated
vapor at point 1 to be compressed again.

log(p)

bt AAhB—*’

re——Ahgp—

Ahyq—Ah 251L
Ahyg > Ahyy >~

(b)

Figure 2. The isentropic and non-isentropic saturated vapor compression heat pumps indicating the
corresponding specific enthalpy differences in each process

Advantages:
e Heat pump drying (HPD) offers one of the highest specific moisture extraction ratio (SMER),
often in range of 1.0 to 4.0, since heat can be recovered from moisture-laden air.
e Heat pump dryers can significantly improve product quality by drying on low temperatures.
At low temperatures, the drying potential of the air can be maintained by further reduction of
the air humidity.

10
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e A wide range of drying conditions typically -20°C to 100°C (with auxiliary heating) and
relative humidity 15 to 80% (with humidification system) can be generated.
o Excellent control of the environment for high value products and reduced electrical energy
consumption for low-value products.
However, heat pump dryers must be correctly designed to operate in the desired set points.

FLUIDIZED BED AND PRODUCT QUALITY

Fluidized bed dryers (FBD) are used extensively for the drying of wet particulate and granular
materials that can be fluidized, and even slurries, pastes, and suspensions that can be fluidized in beds
of inert solids. They are commonly used in processing many products such as chemicals,
carbohydrates, foodstuff, biomaterials, beverage products, ceramics, pharmaceuticals in powder or
agglomerated form, healthcare products, pesticides and agrochemicals, dyestuffs and pigments,
detergents and surface-active agents, fertilizers, polymer and resins, tannins, products for calcinations,
combustion, incineration, waste management processes, and environmental protection processes.
Fluidized bed operation gives important advantages such as good solid mixing, high rates of heat and
mass transfer, and easy material transport.

Some advantages of fluidized bed drying are the high rate of moisture removal, high thermal
efficiency, ease of control and low maintenance cost. The high rate of moisture removal is due to the
large interfacial surface area which is in order of 3000 to 45000 m%m? in the fluidized bed. This is
also the reason for very high rates of heat transfer achieved in fluidized beds.

Some of the limitations in drying application of the fluidization are high pressure drop and high
electrical power consumption for the blower. Also the drying product may be damaged in intensive
fluidization or particle to particle and particle to wall collisions.

Water activity

Water activity is defined as the ratio of the vapor pressure of water in a food to the saturated vapor

pressure of water at the same temperature, as it is shown in the next -equation:
r

=P

where P is the vapor pressure at the green peas surface and Py is the vapor pressure of pure water at

the same temperature.

Ay

Color

Many naturally occurring pigments are destroyed by heat processing, chemically altered by change in
pH or oxidized during storage. As a result the processed food may lose its characteristic color and
hence its value.

Density

For particulate solids and powders there are two forms of density: the density of individual pieces and
the density of the bulk of material, which also includes the air spaces between the pieces. The latter
measure is termed the bulk density and is the mass of solids divided by the bulk volume. The bulk
density of a material depends on the solids density and the geometry, size and surface properties of the
individual particles

EXPERIMENTAL DESIGN

The experiments were conducted in a heat pump drying system with a fluidized bed. Each batch of
raw material placed inside the drying chamber had a mass of 1000 grams. The green peas samples
were dried at three values of drying air temperature and three values for the relative humidity. The
temperatures were 45°C, 35°C and 15°Cand each temperature was fixed tested at relative humidity of
60%, 40% and 20% with exception of 45°C as previously mentioned. This resulted in a design of eight
drying tests. The details of experimental conditions and setup for all eight tests are presented in Table
5.1.

The frozen green peas were mixed and homogenized to form a large batch that was partitioned into
eight uniform batches of green peas to be dried according to the mentioned design. One drying test

11
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took 3 hours to complete. During the drying of all tests the drying chamber was taken out every 20
minutes period to measure the change in mass. Relatively small masses of dried product samples were
also extracted at every 60 minute interval, which makes 3 extractions every test. The extracted
material was put in small vessels whose mass was determined previously, and then the total mass of
vessel with extracted sample was measured, after which they were put into preheated oven for 24 hour
drying period. The drying oven was set at a temperature of 105°C and for 24 hours. The already
known mass of the empty vessel and total mass of vessel with the product allows us to calculate the
mass of extracted product. The product was dried in the fluidized bed with the air velocity kept at
approximately 1 m/s.

Table 1. Experimental conditions and setup for all six heat pump drying tests

Test Number Temperature [°C] Relative humidity [%]
1. 45 40
2. 45 20
3. 35 60
4. 35 40
5. 35 20
6. 15 60
7. 15 40
8. 15 20

The drying chamber and supporting cabinet

The drying chamber is placed inside the isolated wooden cabinet made of plywood with styro foam
insulation. The cabinet's dimensions are 0.8x0.8m in cross section with height of 1.5m.The drying
chamber is made of plexiglas and it is easily locked and unlocked in central base positioned within the
cabinet using a three pin lock-rotation mechanisms. The chamber is inserted in the drying loop but
separated from outdoors by a sampling access door located in the front of the cabinet. The door is
opened and closed using two external locks. There are two inlet and outlet tubes connecting the
cabinet and chamber to the drying loop. The inlet tube is connected to the central base of the cabinet
and to the cylindrical chamber containing the green peas. The chamber exhaust flows through the
outlet tube that is positioned at the upper part of the cabinet. During the process of moisture removal
the green peas contained in the cylindrical chamber is in a fluidized by controlled air flow. A Mettler
Toledo scale (XP 600 2M DeltaRange with an accuracy of 0.1 g) was used for measuring the mass of
each batch of green peas the whole drying chamber containing the raw material. The density was
measured based on standard determination of both mass and volume. Moisture content was measured
with the use of a Mettler Toledo HB43-S moisture analyzer and the water activity was determined
using the Aqua Lab CX-2 device.

A color meter, model X-RITE 948 Spectrodensitometer was used for measuring the color components
such as brightness, red-green and yellow-blue.

ANALYSIS OF DATA AND MEASUREMENTS

Water content
The water content of the green peas sample is defined either on a wet or on dry basis.
The moisture content in wet basis is calculated using the equation:
. _ M _ me—mgd
Wb = me N me

The moisture content on dry basis wqgp is calculated by dividing the mass of water my in green peas

sample with mass of dry-matter md as shown in equation:
mw

Wap =
My

12
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Water activity
The water activity measurements of the green peas were made using an “Aqua Lab CX-2” meter made
by Decagon Devices, Inc., Washington.

Color measurement
The color measurements of green peas were madethe “X-Rite 948 Spectrocolorimeter”. The
measurements were made during every stage of testing and it was conducted on whole green peas.

The bulk density
We have used both the density of individual particles and the density of the bulk material, which also
includes the air spaces between the particles. The latter measure is termed the bulk density and it is the
mass of solids divided by the bulk volume as expressed through the equation:

m

Pb:F

The particle density

To obtain the particle density from each test samples of ten individual green peas were taken and the
diameters were measured using a caliper with accuracy to 1/20mm.

Similarly the particle density is obtained using ratio of the average mass of ten particles and average
volume of same particles and it is expressed by equation:

=3

Pp =
RESULTS AND DISCUSSION

Drying Kinetics

Table 2 shows the values of moisture content on dry basis calculated for tests 1 and 2 done with
temperature of 45°C and relative humidity of 40% and 20%. The development of moisture content on
dry basis follows the kinetic measurements at time intervals of 20 minutes over a period of three
hours. It is obvious that test 2 with the lowest relative humidity is the one with the lowest moisture
content after this drying time. The experimental data for these tests are plotted in Figure 3.

Table 2. Development of the moisture content on dry basis for tests land 2

Moisture content on dry basis [%]
Elapsed time [min] Test 1 Test 2
0 323.19 | 323.19
20 180.58 | 170.84
40 119.64 114.6
60 84.34 81.76
80 63.06 61.57
100 49.77 48.88
120 40.88 40.12
140 34.66 33.6
160 30.17 29.5
180 26.66 24.8
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Figure 3. Development of water content on a dry basis for test 1 and 2

Table 3 shows the development of moisture content on dry basis for tests 6, 7 and 8 done with
temperature of 15°C and relative humidity of 60%, 40% and 20%. Test number 8 is the one with
lowest moisture content and it is the same test in which the drying air had the lowest relative humidity.
The experimental data for these tests are plotted and presented in Figure 4.

Table 3. Development of moisture content on dry basis for tests 6, 7 and 8

Moisture content on dry basis [%]
Elapsed time [min] Test 6 Test 7 Test 8
0 323.19 | 323.19 | 323.19
20 295.13 | 252.98 | 229.07
40 252,43 | 195.68 | 183.16
60 210.71 | 160.85 | 153.15
80 180.45 | 131.19 | 126.62
100 154.08 | 111.38 | 106.01
120 132.84 95.68 92.64
140 110.92 79.73 78.42
160 97.93 70.46 69.83
180 86.67 62.21 61.96
.
FE N
2 — ‘"r"--ﬁ_.!______'_ N
= =
o 0
g 0 50 100 150 200
§ Time [min]
——TEST6 —M—TEST 7 TEST 8

Figure 4. Development of moisture content on dry basis for tests 6, 7 and 8
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Figure 5. Development of moisture content on dry basis for all tests
CONCLUSION

This project work focus on heat pump drying of green peas at varying conditions. The tests and
measurements were done using three sets of temperatures combined with two and three relative
humidity modes, respectively. The results have shown that the temperature of the drying air has the
highest influence on products moisture content.

There is also a significant influence of the relative humidity of the drying air on the final product’s
moisture content. We can see that the tests with 45°C inlet air have faster moisture removal but also
that Test 4 and Test 5 with 35°C inlet air 40% and 20% of relative humidity is approaching the value
of the test 1. On the other hand the set of tests with 15°C have high values of moisture content and it is
obvious that for that low temperature not even changes in relative humidity can increase moisture
removal rate.

Overall, test 2 produced the dried green peas with lowest moisture content. In terms of color a higher
temperature regime influenced the most drastic change in the color properties of the final product but
still the values remained relatively close between tests. The biggest difference that can be noticed is
the similarity of values for Test 1 to Test 4, and also the similarity in results of color for Test 5 to Test
8.
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RESULTS FROM THE ENERGY AUDIT OF THE HIGH SCHOOL
DORM “MIRKA GINOVA”-BITOLA
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Republic of Macedonia
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Abstract: Measures for increasing of energy efficiency in buildings are closely related to Energy Audit. Faculty
of technical sciences — Bitola (FTSB) is one out of five companies that were chosen as educating facilities for
training of energy auditors. High School dorm “Mirka Ginova” in Bitola is the only state-owned dorm in the
city. Preliminary energy audit for the nearby building of the dorm was performed as a part of the training for
energy auditors. The calculations were performed by using of ENSI© EAB software.

Key words: energy audit, dorm, energy class, ENSI software.

INTRODUCTION

Following recent adoption of EU regulative in the area of energy auditing in the country, [1,2], the
first step was to train energy auditors with a purpose of obtaining licenses for energy auditing. One of
the institutions licensed for training of Energy Auditors is the Faculty of Technical Sciences in Bitola.
In the course of this training, the building of the nearby High School dorm “Mirka Ginova”, was used
as an example for energy auditing with determination of its energy class using ENSI© EAB software.
The building of the dorm is located in the south-eastern part of the city of Bitola. The object does not
have attached building to it, located in averagely urbanized part of the city, next to the city park, bus
station and railway station. It was built in 1960 and significant reconstruction and extension took place
in 1994. Main entrance of the building is on the south-western side (Fig. 1).

< om
% 7 Cleme

Figure 1. Location of the high school dorm “Mirka Ginova” in Bitola

DESCRIPTION OF THE BUILDING AND OTHER DATA REQUIRED FOR ENERGY
AUDIT

Dormitory “Mirka Ginova” in Bitola is educational institution within the Ministry of Education and
Science of the Republic of Macedonia, student standard department. The building is mainly divided in
2 parts: north and south part. South part consists mainly of bedrooms, while in the north part, the
kitchen, dining room and administration offices are located. South part consists of basement, three
floors with wooden roof construction covered with metal sheet roof, while the northern building has
basement and two floors also covered with metal sheet roof. The capacity of the dorm is 270 high
school students and 26 employees. In the summer months, the dorm is open to accommodate guests of
different events in the city. In this period of the year, an average of 100-150 guests are staying at the
dorm.
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Total net area of the building is 3364 m2, while total net volume is approx. 9420 m®.
Last reconstruction of the building consisted of partial replacement of external windows and carpentry
the year 2010.

and took place in

Part of the other relevant data for the energy audit, required by the legislative, are given in the

following table:

Figure 2. Appearance of the building from the south-west

Table 1. Part of the data relevant for Energy Audit of dormitory’s building

_ . Thickness of the Heat transfer
Ch_are_lcterlstlcs of Fhe l\/I_atenaI (concrs_ete, Total thickness [cm] | thermal insulation Area qf the P coefficient Note
building construction| brick, hollow brick) construction [m?] )

layer [cm] U [Wim*K]
Concrete 36 5 31,14 0,914
External wall
NORTH
Brick 43 297,61 1,16
Brick 43 252,40 1,16
External wall
SOUTH
Hollow brick 27 30,22 16
Execution of glazing for the Carpentry — frame for the -
windows, for example: triple glazing, for example: . Heat transfer co‘_effluent through
. s L . Heat protection the window
insulated glass with inert gas and wooden, aluminium, plastic 2
| > VY . U [Wim*K]
ow emission coating etc.
North facade
[m?]
2,76 Double glazing Wooden 29
2166 Double thermopap glass with inert Plastic (PVC) 13
gas filling
15,00 Thermopan glass Aluminum 3,25
2,54 Single glass Steel 58
South facade
[m?]
475 Double thermopap glass with inert Plastic (PVC) 13
gas filling
3,25 Thermopan glass Aluminum 3,25
6,33 Single glass Steel 58

Prior to entering of data in ENSI© EAB software, a detailed calculation of areas of all surfaces
(external building envelope) as well as heat transfer coefficient for all materials was performed. In the
following figures, example of calculated areas for building’s south facade and cross-section of one
type of external wall and roof are shown.
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Figure 3. Dormitory’s western facade — Total area without windows 517,1 m?; red colored windows
are with double glazing and wooden carpentry; yellow colored are with PVC carpentry and double
thermopan glazing with inert gas filling, while blue colored windows are with aluminum carpentry and
thermopan glazing.
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Figure 4. Cross section of construction - a) external wall with hollow brick; b) roof with plasterboard

At the end, we grouped external walls and windows in three groups according to building construction
and heat transfer coefficients.

For the heating of building, hot water radiator heating system with forced circulation (with pump) is
used. Heating installation is of a two-pipe system with lower horizontal branching. Two pumps are
used for circulation of heating media (water). Boiler house consists of three hot water boiler connected
in parallel, with a total of approx. 1100 kW installed heat power. Light oil is used as fuel. As part of
the energy audit, a measurement of flue gases emission from one of the boilers was also taken.
Electrical equipment in use consists of more than 10 electric heaters (with total installed electric power
of 54 kW) that are used prior to/after heating season (before 15.10 or after 15.04), electric appliances
in the kitchen (total installed electric power of 116 kW), electric appliances in the laundry (around 53
kW), electric boilers with installed electric power of 102 kW, 15 personal computers copier machines,
11 air conditioning units (split system) etc. There are also around 180 fluorescent lightning tubes with
electronic ballast installed for lamination and 52 light bulbs with total electric power of 5,2 kW.

For the purpose of energy audit preparation, detailed invoices — bills for electric energy and water
consumption were collected from the accounting department.

INSERTING OF DATA IN ENSI© EAB SOFTWARE AND OBTAINING OF RESULTS

The ENSI© EAB Software, [3, 4], is tailored for quick energy calculations of the energy performance
of existing and new buildings. The calculations can either be based on the standard climatic data,
standard values and holiday tables that are included in the software, or by creating user defined
standard values and holiday tables. In our case, we used the standard climatic values for the city of
Bitola with user defined holiday tables, (Fig. 5).

18



IV International Conference Industrial Engineering And Environmental Protection 2014 (11ZS 2014)
October 15, 2014, Zrenjanin, Serbia

[knumatcom nonaroum  Eutona_1

m sl CoHyeso apavese  Wim*
Teo °C [Xoousowt fCesep  Mctok  hvr l2anan

lawvaou | 08 | 80,0 | 36,0 | 70 [ 1510 | 64,0
[vesovaon | 19 [ 1080 | 420 | 760 [ 1430 | 80,0
IMaoT [ 63 | 1590 | 460 | 1020 | 1540 | 106,0
lanoun | M1 | 2140 | s60 | 1310 | 1400 | 1310
Inai | 157 | 2570 | 740 | 1450 | 1210 | 1460
[vin [ 195 [ 2840 | 860 [ 1550 [ m20 [ 1870
Lvnn [ 217 | 2920 | 800 | 1640 | 1240 | 1650
lABrver | 211 | 2630 | 650 | 1600 | 1480 |  160,0
IcenTemeoy | 172 | 2120 | 490 | 1280 | 1780 | 1370
lokromeon | 14 [ 1330 | 37,0 | 890 [ 1570 | 81,0
IHoemeon | 62 | 850 | 260 | 560 | 1320 | 58,0
Ineremeon | 10 | 730 | 26,0 | 560 | 1460 | 56,0

JdarpeseHa ceaoHa
[HnT 18,0 |Mecel nou. 10 |Mecey kpaj 4
NeH now. 15 |Me kpaj 15

Wane3

Figure 5. Climatic data for Bitola

After naming the project in the software, the first step is to enter the actual condition of building
envelope (areas and U-values). The software allows to enter walls and windows in eight directions (N,
NE, E, SE, S, SW, W, NW). “Walls” allow input of non-transparent constructions and “Windows” for
transparent parts, (Fig. 6).
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Figure 6. “Actual” and “After measures” condition of walls and windows on building’s south fagade

After entering of actual U-values, we also enter the U-values for the “Measures” — that is maximum
permitted U-values for non-transparent surfaces according to the Rulebook for energy characteristics
of buildings, [2]. When the entering of values for building envelope (walls, windows, floor and roof) is
finished we proceed to enter the total conditioned (heated) area of the building and heat gains from
occupants.

Next step is to enter/modify actual parameters for “Heating”. This is done by changing of different
efficiency coefficient referring to emission of heating objects, distribution efficiency, automatic
control and production efficiency. It is also possible to enter parameters for “Measures” referring to
condition after, for example, replacement of hot water boiler running on light oil fuel with
corresponding boiler that uses wood pellets as fuel.

19



IV International Conference Industrial Engineering And Environmental Protection 2014 (11ZS 2014)
October 15, 2014, Zrenjanin, Serbia

‘ TNapamerap Cranaepn | Peanma ‘ Ocnosna Ocetnmocct  kVm's. ‘ Mepra ’a-"“
cocroin

[ 4. roeoss 66,0  kWhima

U-sua 0s0 wik | 15 2 s conwmk =45 [ o s e

e 26wk [ Zma] 3@l .orwmk =222 S

U-nomwe oes wimk | 086 > 0E8 = +01WMK =271 [ oz >0

U-noa 075 WimK 27 > 21| c0AWmK =271 O

DEXTOD HA KOMNKTHOCT 0% - ﬂ.a 039 039

= el =4 =4

Beyn, coHd. Anbuem 058 - 085 > 0,65 —] 085 > |

I — 0 m [ 0w ema] 01 wn w0 eme

BHATD. NDOBET TeMNep. 190 *C [ e wo e1C =99 [Twe

Hausnesa reunspana 160 ¢ | i) wsL] 1 oo T

[ —

BeHTnauwa (rpeese)  KAMIM'R L [eee |
OcaeTnanme it | sen | |

Pasa onpeva wnmta | ne) | ns —l

[ Movpetn cneprn kvmmes 1045 [Ty 155

KE Ha emHTB0n 1000 % 81,0 E'nﬂ G
KEHaancTows.cacrem 850 % 95.0= 5.0 J 95,0 =

KE asTou. perynauma 70 % 960 850 [ =
TEWOEM ®0_% w0 %00+ 500 =
E=mm Wi T e BT
T s e e 0

Figure 7. ENSIO EAB “Heating” screen

The next few steps include entering of values for “Ventilation” (in our case there is no mechanical
ventilation of the building), followed by “Domestic Hot Water”, “Fans, Pumps and Lighting”,
“Various exploitable and unexploitable” and “Cooling and Outdoor”.

When all the data are filled in, the software gives the results of calculations on five screens. The
“Energy Budget” includes the energy use for the standard building and calculated energy use for
“Actual”, “Baseline” and “After Measures”. The “After Measures” values summarize all the savings
from the “Measure” columns for each budget item.
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Figure 8. “Energy budget” results screen

By clicking “Power budget”, the corresponding budget for maximum simultaneous power demand for
each budget item will appear.
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Figure 9. “Power budget” results screen

Both specific and total power demands are presented in the columns “Actual”, “Baseline” and “After
Measures”. The kW’s is the specific value multiplied by the conditioned area of the building, defined
in the “Building envelope” window.
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CONCLUSION

Following recent adoption of EU regulative in the field of Energy Auditing of buildings, the Faculty of
Technical Sciences in Bitola is one of country’s five licensed training centers for energy auditors, [5].
In the scope of training, practical part, the building of dormitory “Mirka Ginova” was taken as an
example and general energy audit was performed on it. Calculations were performed using ENSI©
EAB software for quick energy performance calculations.

The results from the calculations categorized the building of the High school dorm “Mirka Ginova” —
Bitola as class “E” building. Calculated value of energy consumption is 158,4 kWh/(m?a).

MNpecmeTaHo
QH.nd.ref kWh"(mza) 158,4

< 15

< 25
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> <100

> <150
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Figure 10. Energy class of the building

According to local legislative, [2], all buildings undergoing ‘substantial reconstruction’ must reach at
least “D” energy class.

In the example of preliminary energy audit of the dormitory “Mirka Ginova” — Bitola building, the
proposed measured would include:

. Thermal insulation of all external walls in order to reach maximum allowed U-value
of 0,35 W/m?K;

. Partial replacement of windows and carpentry in order to reach maximum allowed U-
value of 1,7 W/m?K;

. Installation of additional thermal insulation for the roof in order to reach maximum
allowed U-value of 0,25 W/m?K;

. Replacement of one of the hot water boiler running on light oil fuel with high
efficiency hot water boiler running on wood pellets.

. Replacement of light bulbs and fluorescent lighting tubes with LED lights;

Implementation of these measures would ‘raise’ building’s energy class to “C”.

Return on Investment (ROI) period for implementation of these measures was also calculated and it
ranges from 2 years (lights replacement) up to 5,5 years (replacement of windows and corresponding
carpentry).

REFERENCES
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[2] Rulebook for energy characteristics of buildings, Official gazette of RM, No. 94/2013.
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Abstract: Production, distribution and consumption energy are activities that directly or indirectly affect all
areas of human activity, but also on commercial and economic development of each country. At the end of the
last century, the world has adopted the concept of sustainable development of communities, which in the area of
energy, in addition to energy efficiency, raises the demand for increasing the use of renewable energy sources
(RES) in order to meet the increasing total energy needs. In the world today there is a broad consensus that the
concept of sustainable development brings hope for the rebirth of our planet, but also that the coming decade is
critical for the implementation of this concept. The current crisis has caused a new sense of the need to respond
promptly to a number of unsustainable trends in production, consumption, social relations, and habits of the
people, and therefore should strive and provide conditions for the establishment of small businesses in this
direction.

Key words: SMEs, sustainable development, renewable energy sources

INTRODUCTION

In an effort to increase part of total energy consumption, which comes from renewable energy sources,
extensively around the world are taking many actions in the policy and legislative activities to promote
and regulate the use of these energy sources. Within the framework of international and local financial
institutions and organizations are established stable system of financing the construction and use of
renewable energy, as well as research and education.

Developed countries as well as countries in transition and developing countries, defining short-term
and long-term development strategy for the area, and the United Nations (UN), European Parliament
and other relevant international organizations and institutions by their acts and directives define a very
clear and precise directions and frameworks for these activity. The most striking political will to
implement rapid introduction of renewable sources indicate countries of the European Union. The
problem of climate change must solve urgent, reduce high energy consumption, especially in the
transport sector, as well as to stop the disappearance of biodiversity and natural resources. The
transition to a secure and sustainable economy with fewer negative effects on the environment will
require in the near future, new economic policies at the global and local levels, as well as better
strategic overview and management.

The European Union, our strategic objective of this decade, is deeply committed to the goals of
sustainable development, which was confirmed by the European Strategy to 2020. The European
Union will base its development on smart, sustainable and inclusive growth, knowledge-based,
innovations economy that makes efficient use of resources, "green jobs" and the territorial and social
cohesion. In this kind of Europe will not be a place for the state to ignore the principles of economic
and social sustainability and environmental sustainability. The EU is generally attributed to buildings
occupying 40% of the energy consumption and one-third of greenhouse gas emissions [4].

In line with B&H's efforts to join the EU, B&H legislation will must in a very short time to align with
European legislation. To make this possible, it is necessary to establish an organized system of
measures that will enable rapid implementation of EU directives in B&H legislation and achieving
goals.

Local communities (municipalities/cities) are units in which they directly exercise rights and
responsibilities of citizens and the framework in which implemented these requirements, in practically
daily and direct contact local governments with citizens [5].

In a word, the immediate implementation of all policies, regardless of whether the policies adopted at
the level of B&H or the Entities and Cantons are executed immediately at the local level.
Legal status, competences, duties and responsibilities of local communities are regulated entity
regulations. Laws on local government in both entities have been prepared in accordance with the
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European Charter of Local Government, so as to contain a lot of similar solutions on specific issues
relevant to the position of local communities. A both laws contain provisions about what is the local
government. In both laws, the definition of local government is enshrined in Article 2 of the law as
follows: "Local government includes the right and capacity of local governments, within limits of the
law, to regulate and manage certain public affairs under their own responsibility and in the interest of
the local population”. Activities performed by the local government are also defined Laws. In the
Republic of Srpska has adopted the Law on Local Government (Official Gazette No. 101/04 42/05,
118/05), which regulates the legal status of local communities. The scope of activities of local
government regulates in Articles 12 and 22, and about competences and responsibilities of
municipalities to provide better living conditions of citizens.

POTENTIAL OF RENEWABLE ENERGY SOURCES IN THE REPUBLIC OF SRPSKA

The potential of renewable energy sources in the Republic of Srpska are hydro energy, biomass, wind
energy, the potential of the sun and geothermal energy. Due to its natural characteristics, developed
landscapes, quite developed hydrographic network, the Republic of Srpska ranks in regions the rich
hydro energy potential. Catchment areas in the Republic of Srpska are: the Drina, Vrbas, Bosna, Sana,
Neretva and Trebisnjica. The total technically exploitable potential watercourse in the Republic of
Srpska, including border rivers is 13.505,0 GWh/year. Technically exploitable potential, which
belongs to Republic of Srpska amounts to 10.027,5 GWh/year. Hydro energy potential is exploited
Republic of Srpska 2.985,8 GWh/year, which means that the remaining unused 7.041,7 GWh/year.
hydropower potential [9].

In the Republic of Srpska planned about 130 small hydro power (0.5 <P <10 MW), with a total
capacity of 360 MW and the potential production of 1,500 GWh. Installed capacity and average
annual production of micro and mini hydro power plants up to 500 kW is not currently known[9].
Forests of Bosnia and Herzegovina covers 2,371,062 hectares, which is about 40% of the total area. Of
that 1,250,391 hectares or 53% are located in the territory of the Republic of Srpska. The forest is
nearly half the territory of the Republic of Srpska. Forests are one of the most important natural
resources of the Republic of Srpska. Development of the forestry sector and wood industry is very
important for the development of the Republic of Srpska [9].

Agricultural biomass resources come mainly from agricultural residues, including corn, wheat,
vegetables, oil seeds (sunflower, soybean and beet), and remnants of orchards and vineyards.
To date, in the Republic of Srpska wind energy is not used for energy purposes as it is not built a
single commercial wind farms. Regional atlas wind REGIONAL RE-ANALYSIS uses global
meteorological data and results obtained by using this model are not verified measurements on the
ground. Assimilation of measurements of the characteristic points on the ground to give accurate
results, however, and this wind atlas can be considered sufficiently representative for selection and
macro location areas for construction of wind farms.

There is significant potential of solar energy in the Republic of Srpska. The number of hours of
sunshine (insolation) in the northern part of the Republic of Srpska is about 2.000 hours per year,
while the southern part is around 2.500 hours per year [9].

Larger, especially the northern part of the territory in the Republic of Srpska is very promising in
terms of the presence of geothermal energy resources and geothermal water. In that stands out
Posavina, Semberija and Lijevce fields. The main geothermal sites are located in the Triassic and
Cretaceous limestones and making them reservoirs of geothermal water temperature of 35 - 1500°C.

EMPIRICAL RESEARCH OF THE IMPACT SMEs IN THE FUNCTION SUSTAINABLE
DEVELOPMENT WITH ASPECT OF THE USE OF RENEWABLE ENERGY

The process of research is conducted on the territory of the Republic of Srpska, regions: Bijeljina, East
Sarajevo and Trebinje. Municipalities or local communities in which the interviewing was conducted
are: Bratunac, Srebrenica, Mili¢i, Vlasenica, Sokolac, East New Sarajevo, East Ilidza, Gacko,
Nevesinje and Trebinje. Interviewed are holders of local/municipal authorities in the area, or by the
competent departments municipal services, and associates have spent the survey on the project
TEMPUS SD TRAIN.
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From the aspect of the survey can conclude that the level of local communities that were the subject of
research, knowledge about the subject and the organization are not very high. There are some
indications that in the future plans to devote more attention to the segment of renewable energy
sources and the development of sustainable energy infrastructure by the relevant departments.

Results and discussion

Results of the research are presented graphically of the Figure 1. to Figure 8. The lack which was
discovered is that there is no resor or department in to the municipal service which is competent that
engages in with this issue.

From the local community till the local community those problems try to solved individuals from
different departments as follows: Department of Economics and Department for Urbanism.

The most common problem that is encountered during the interview is to find appropriate interviewees
that is relevant in terms this the survey and who can give answers to questions.

S ® hydro energy

4 ¥ solar energy

3 ® wind energy

? geothermal energy
1 ® biomass

0

Figure 1. Assessment of potential renewable energy sources in the Republic of Srpska

From Figure 1. it perceives that the hydro-energy and biomass as a potential renewable energy sources
have the highest ratings, averaging 4,9 and 3,9.
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Figure 2. Assessment of current business situation and business activity production from renewable
energy sources in the Republic of Srpska
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Figure 3. Number of new companies in the sector of energy production from renewable energy
sources in the Republic of Srpska in the next 5 years

From Figure 3. it perceives that the number of new SMEs in the sector of energy production from
renewable energy sources in the Republic of Srpska in the next five years will be increased, the
assumption of 80% of respondents.

Biegal barriers

Wadministrative barriers

@ Lack of professional knowledge
mLack of qualified workforce
@llack of understanding

@ Difficult access to finance

24% | |20.8% (7% 10.5%

Figure 4. The most common problems encountered by companies engaged in the production of
energy from renewable energy sources in the Republic of Srpska

Based on results and analysis of ABC perceives problems encountered by firms involved in the
production of energy from RES in the Republic of Srpska, such as difficult access to finance,
administrative barriers and lack of knowledge in a given area.

corruption 7.10%
No respect the prescribed time limits and procedures 7.10%
Not clarified the ownership of the land and facilities 25%
Too long administrative procedures 14.30%
buildina permits 3.60%
Purchase of property 7.10%

labor requlations 0%
Municipal taxes o%
Republic taxes 10.70%
Municipal inspection g%
Republic inspection 0%
Public companies 0%
Procedures for issuing municipal permit 3.60%
Procedures for issuing republic permit 21.50%

Figure 5. Administrative and regulatory measures which restrict business development firms dealing
with production of energy from renewable energy sources
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Based on results obtained and ABC analysis can be noted: administrative and regulatory measures
which restrict business development firms dealing with production of energy from renewable energy
sources, such as unclear ownership of buildings and land, as well as the procedure for the issuance of
state licenses, following too long administrative procedures and the Republican taxes.

No

Figure 6. Is there a possibility that producers of RES-apply for some kind of credit for small and
medium-sized enterprises in the Republic of Srpska

When asked whether in the Republic of Srpska is possible to producers of energy from renewable
energy sources apply for some kind of credit for small and medium-sized enterprises in the area of
renewable energy sources, we have received written responses stating institutions that offer some type
of loan to IRB RS; Line ministries; International funds; UNDP; Commercial banks and other financial
institutions; IPA; Fund for Environmental Protection and Energy Efficiency.

35%
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25%
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agree agree agree completely

45%
40%

Figure 7. Use of renewable energy sources can provide the improvement of competitiveness of
domestic companies in conditions of market globalization

Figure 8. Is there cooperation between local communities and Universities in the Republic of Srpska,
Institutes, consultant companies or other scientific knowledge environment from which to seek
services in terms of initiating projects based on renewable energy sources and energy efficiency
CONCLUSION

In B&H needs to work on the development of products and services related to renewable energy, or
small businesses to design, manufacturing equipment, education, certification, and more. The Republic
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of Srpska and Bosnia and Herzegovina as a whole should accept the views of the European Union in
terms of energy efficiency, not only because of his membership in the EU, but especially because it is
the model that gave the best results. In this way the state should implement EU directives in a manner
that responds to the social, economic and environmental conditions of B&H, ie on principles of
sustainable development of B&H.

Energy efficiency is generally poorly promoted. It needs greater involvement of government and non-
government sectors, educational institutions and the media to spread awareness and knowledge in the
area of energy efficiency, as well as available sources of funding for projects in the area of energy
efficiency and renewable energy sources. Activities to increasing the efficiency of energy use in
buildings, industry, transport and others. As well as the use of renewable energy sources are just
activities that promote employment. The impression gets that in many areas, especially when it comes
to energy efficiency in buildings, the use of biomass is not recognized. Increasing energy efficiency
(on energy use) is a measure that increases the cost of business, reducing the cost of the family budget,
but at the same time encouraging the development of domestic production, and reduce the demand for
imported energy. Using renewable energy sources (mainly biomass and small hydropower) to
encourage domestic employment, and also reduce the demand for imported energy. Public-private
partnerships are a good way to integrate the public interest and the ability of private management. It is
necessary to establish the logistic of biomass (the chain of supply and use) to connect producers of
energy (different stages) and equipment. It was pointed out that biomass is the most important
renewable energy sources in B&H with the greatest potential and the effect on employment of local
labour in the whole chain of exploitation and the technological and economic development of the local
economy.
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Abstract: This article aims to highlight the importance of application of geothermal energy in the human
community, and the fact that geothermal energy is present everywhere and that there are technological
capabilities to get very effectively used. Utilization of geothermal energy potential in Serbia is unsatisfactory,
although it is an important resource that is several times greater than the total reserves of conventional energy
sources in Serbia. Accent is on showing practical use. Energy strategies and laws, which covers the application
of geothermal energy in Serbia in comparison with the countries of the European Union.

Key words: geothermal energy, thermal pump, potential savings, Serbia.

INTRODUCTION

Alternative energy sources no doubt have their place in every real energetic debate, and encouraged
European regulations, gaining a significant place in the Serbian energy sector. [1] An alternative
renewable energy sources are energy sources that are used for any useful work, and whose reserves are
continuously and cyclically updated. Nowadays most people understanding the energy only in the
form of coal, oil and gas, and is produced in power plants and hydro power plants. Given that in
humans is not fully developed awareness of the different types of energy, geothermal energy, which is
the most effective and accessible remains hidden and unused. The term geothermal energy refers to the
use of heat to the inside of the Earth in the center is 4000-7000 ° C which is close to the surface
temperature of the sun. The heat from a hot core moves towards the surface of the Earth's crust, and
for us there is only a small part of the energy in the surface of the deep up to several kilometers.
Depending on the environment where there is geothermal energy is called hydro, petro geothermal and
magma thermal. The geothermal energy means energy that can be taken from water, soil and rock
whose temperature exceeds 10°C.[2] Almost unchanging temperature layers of the Earth's crust can
be to a large extent used for indirect heating or cooling residential and commercial buildings.

COST OF APPLICATION OF GEOTHERMAL ENERGYTHROUGH HEAT PUMPS

The technological development of the seventies enabled the efficient use of low-temperature
geothermal energy through heat pumps. During this period in Yugoslavia, using domestic equipment
fairly large force, working to increase energy efficiency and lower heating costs in our spas. The heat
pump uses one of the basic laws of thermodynamics that energy can not be neither created nor
destroyed but only change its form and its place of existence. Heat pumps do not produce energy
independently. Heat pump itself will have no effect unless it is connected to the power source type of
ground, water or air. It's another way of saying, it means that the outside air or the use of low-
temperature geothermal energy (ground water or heat of the ground) can be inserted into the heated
space 20 kW of heat energy where to spend it only 3-5kWh electricity to operate the heat pump. The
heat pump energy for heating produces 80% of the natural environment with the help of 20% share of
electricity. Saving energy is evident, and is up to 80%. The efficiency of this system, as compared to
conventional heating and cooling systems, could be increased by providing "free" hot water in the
house, which further reduces the bill for electricity. Hot vapor flows into a condenser that condenses
and at the same time to exothermic. Refrigerant continuing in such physical condition of its journey
behind the expansion valve switches to the normal state and the entire process is repeated. Electricity
at the same time is not lost, but took the form of the potential energy of the refrigerant.

Energy efficiency of heat pumps is expressed by coefficient of performance (COP). It is the ratio
between the energy that is invested and the energy that we get at the output for heating or cooling.
Comparison is further carried out in relation to conventional systems. When the ratio is higher, energy
efficiency of the system is better, for heat pumps its value is in the range 4-6, and in practice it is
proportionally more. Every unit of electricity invested in the launch mechanism of the heat pump
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enables it to deliver a minimum of another 4 to 6 units of heat energy, which arrives from natural
sources. For example, with the power consumption. Power of 1 kW can produced minimum 4-6kW
energy for heating which gives the power factor of 4-6.The coefficient of performance (COP) largely
depends on the temperature of water in the system. When the temperature of the water in the
installation is lower COP is higher. COP is generally given for the two outlet temperature + 45C to +
35C. Temperature of + 45C is used for heating by fan coil unit, a temperature of + 35 ° C is used for
panel heating.

Heat pumps take energy from underground in the following three ways: [2]

1. The water from the well, which is usually at a temperature of 10 to 20 ° C, resulting in a heat pump
and after it’s cooling it returns in another well, or is poured into the canals, waterways or sewerage
systems. This is the most efficient way, the energy point of view, because the temperature of the water
that is drawn off in the course of the entire year at a constant temperature. From the standpoint of
reliability and simplicity of the whole system, there are some problems and the costs of development
wells. Capacity constraint is defined yield of wells is often the case that the locations where it is
necessary to perform space heating using heat pump does not have the necessary amount of water or
water is not present.

2. Using probes to eliminate the problems with the lack of well water. The longevity of such systems
is guaranteed, the possibility of system failure or other problem is minimal, and the ease of handling is
reduced to an absolute minimum. Depending on the geological characteristics of the particular location
of a probe depth of 200 m it is possible to achieve heat gain up to 13kW. In economic terms the
application of the probe is slightly more expensive investment compared to the wells, but its
reliability, ease of operation and long-term resolution of the problem of heating and cooling the space
at any location imposed by this solution as an attractive and that in the future should be maximally
used in Serbia, such as is now the case in the richer European countries.

3. National Collector's solution is very similar to the probe except that it does not drill a well in which
the probe is lowered, but the plastic pipes are laid in a grid of land to a depth of about 1.5 m. The
energy collected by this method is mainly solar energy stored in the surface of the soil during the
summer. This solution is much cheaper than the probe if the installation is performed during the
construction of the building and if there is a sufficiently large area of land for the installation of the
collector. Disadvantage of this method is that the energy of the land consumed during the winter, and
at the end of the heating period reduces the efficiency of the system.

Climatic conditions in Serbia are ideal for the application of heat pumps. Pumps in the winter working
in the heating mode, and during the summer in cooling mode. This avoids investment in additional
equipment for cooling. Using the heat pump, the heating costs are reduced for 3 to 4 times. If the heat
pump used in conjunction with underfloor and wall heating is achieved thermal accumulation effect.
In this way it can be a large part of the heating season using electricity per night rate which reduces the
cost of heating for another 3 to 5 times. Heating with heat pumps is cheaper 9 to 16 times compared
with the equivalent heating with fossil fuels, wood or electricity in conventional boilers. [2]
Comparison of heat pumps compared to other fuels is graphically illustrated in figure 1.
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Figure 1. Cost-effectiveness of heat pumps compared to other energy
ROLE OF APPLICATION OF GEOTHERMAL ENERGY IN SERBIA

Geothermal energy in the classical sense (hot springs and wells) is mentioned in terms of declarative
commitment to developing the potential of Serbia in that sector. In our conditions, over 50% of
generated electricity is consumed by buildings for housing, primarily for space heating and hot water,
and what can be effectively used geothermal energy. [3] In Serbia, the great confusion caused by the
term "geothermal energy", which means that it refers to hydro geothermal energy, i.e. the hot springs
or wells with hot water temperature of 40 ° C. It is the accepted view that colder waters are not
geothermal and therefore not suitable for use in heating. In the period from 1974 to 1992, in Serbia
was drilled 113 wells. [4] Which has been demonstrated capacity and water quality. This was the
period in which they posed a good basis for greater exploitation of hydro-geothermal potential in
Serbia. Geothermal wells are made in the process of searching for oil and gas deposits and are often
located outside of settlements and roads, which is why their little use in the past. Low prices of other
energy sources, especially electricity, wasn't a stimulus for the use of geothermal water in agriculture
even though a large number of wells located on the arable land., agricultural Also, agricultural
production in protected and heated areas, such as greenhouses and hot houses, in our country is for
decades in its infancy, so that in whole of Serbia small number of agricultural buildings heated with
hot water from wells.

Geothermal energy in Serbia is symbolically used, with only 86 MW, although with the geothermal
potential is one of the richer countries. Estimated power of the existing geothermal wells in Serbia is
around 160 MW. [5] Currently used by about 100 MW. With the utilization of heat pumps can be
taken from the ground completely clean energy ,as much as we need for example, with the installation
of 20,000 heat pumps power of 20 kW for heating residential buildings, we can take out of the ground
as much energy as it gives us the thermal power plants of 300 MW. [6] The average values in Europe
are about 60 mW/m?, while in Serbia these values significantly higher: over 100 mW/m?. Estimated
total amount of heat contained in the sites of geothermal waters in Serbia is about two times higher
than the equivalent amount of heat that would be obtained by burning all our coal reserves. In
Vojvodina, there are 62 artificial geothermal sources (wells) of the total yield of 550 | / s thermal
power of about 50 MW. The part of Serbia south of the Sava and Danube there are another 48 wells
with an estimated capacity of 108 MW. [7] These data suggest a high potential for the exploitation of
geothermal energy, which is now almost fully unrealized.

In Serbia, in the past, and partly in the present because of the lack of laws and bylaws geothermal
sources (especially wells) are unavailable to new investors. Not known jurisdiction, or if they are
known they are intertwined between various government bodies that it is practically impossible to
come into possession of a hot spring and start or improve their use. In Serbia, there are natural and
artificial sources of thermal waters in the territory of more than 60 municipalities. This energy
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potential due to low water temperature is not sufficient for the production of electricity, but could be
used for heat generation in various fields. This energy is low temperature could be used for heating
greenhouses, rooms, swimming pools and other purposes. In Serbia, a very significant problem is
insufficient energy efficiency and irrational use of existing sources or wells that are in operation. The
thermal spas are not paying almost any attention to energy efficiency and large amounts of hot water
are discharged as useless, even from using the heat pump can be extracted enough energy for space
heating or pool. At the same time the space is heated by coal, oil or electricity If there is
rationalization of use heat made from hot springs in the spas, then from the same source of energy
could be supplied a new attractive facilities. Also, future users for now sealed wells should be in time
acquainted with the methods of rational use of the maximum energy potential. Which will financial
analysis show better results Serbia is located in the energy dependence on imports and therefore it is
very important to urgently increase the application of geothermal energy. Investing population in the
application of heat pumps, even without additional borrowing in the near future could provide over
10% of heat demand at the lowest investment compared with other energy sources. The increasing
unpredictability of energy prices derived from fossil fuels, environmental pollution, as well as
compliance with the Legislation of the European Union calls on the urgency of establishing a coherent
state policy in this field and to integrate measures to stimulate the use of geothermal energy in the
energy strategy and its implementation.

Within the Energy Sector Development Strategy of the Republic of Serbia until 2015 is not mentioned
directly use heat pumps, but one of the priorities are and renewable energy sources. "Third-specific
priority use of NRES (new renewable energy sources) and new energy efficient and environmentally
friendly energy technologies and devices / equipment for energy use." [7] Priorities of selective use
new and renewable energy and energy efficiency subsequent technologies and devices within which
the measures and activities for the more intensive use of biomass, utilization of the remaining hydro
potential, especially for the construction of small hydropower plants and multipurpose hydropower
facilities, together with the more organized research and use of geothermal resources, as well as the
massive use of solar energy for decentralized use of thermal energy."[7] And given that we are in 2014
and people's awareness of geothermal energy and its application is still not satisfactory, therefore it is
necessary within the Energy Development Strategy of the Republic of Serbia after 2015 directly
incorporated use heat pumps and take the incentives for their implementation. Incentive measures to
increase the application of heat pumps for heating residential and commercial properties should start
with a media campaign through print, radio, television and internet introducing of the population about
the benefits of using heat pumps. The state has incentives to encourage domestic production of heat
pumps. Population will only finance new way of heating in their homes, but it is necessary to clearly
and accurately explain that the heating with heat pumps is the most economical way that exist and the
price of heating will dramatically change depending on fluctuations in energy prices on the world
market. Most of our citizens are skeptical about new solutions, especially because in the previous
thirty-year period they change the heating system several times. Therefore, the reasons for later use
should be clear and provide long-term results.

APPLICATION OF HEAT PUMPS IN THE EUROPEAN UNION

Heating using heat pumps are the primary course in the world and the European Union, because of the
increase in energy prices over the past few years. The European Union has made the norm which
states that all buildings built after the year 2015 are required to have an energy efficient heating and
cooling system which, inter alia mainly based on geothermal energy (heat pumps). Geothermal energy
is a renewable source, where the application of geothermal heat pump achieves long-term saving
money and energy. Since January 2009, the use of heat pumps is definitely included in renewable
energy. This is important because now the application of heat pumps automatically fit into the already
established rules, regulations and financial structures that are used for renewable energy. Europe’s
energy dependence on imported energy is especially expressed in the gas crisis in January 2009,
therefore, the developed countries of Europe the emphasis placed on energy conservation. Therefore,
the hydro geothermal energy is maximally used for heating residential and office space. Larger
application is in agriculture and animal husbandry, because then geothermal energy use at its source
and is not required to transport it to cities. Exploitation of hydro power is so perfect that almost every
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spring or borehole can be used energy effectively regardless of the quality of water and the amount of
dissolved minerals and gases in it, and that in comply with environmental requirements. "As Johnson
(2005: 257-62) notes, this is in line with the two main strategies that the EU has at its disposal to
ensure energy security and reduce energy dependence. The first is to cut spending by introducing new,
mainly renewable energy sources and finding new sources of energy suppliers. It is a long-term
strategy, while the only one short-term strategy is to develop close relationships and partnerships with
key suppliers of energy to the European Union ". [8] Over 40% of primary energy in the EU is spent
on heating and cooling. Therefore, it is a broad field where is needed to act and where is necessary to
achieve significant results. Aims to reduce primary energy consumption by 20% by 2020, while
reducing carbon dioxide emissions by 20% led to the fact that renewable energy sources are
considered as the backbone of savings. Council of the European Union adopted a decision that by
2020, every newly built residential or commercial building needs to be energy independent. This
means that each object will have to produce as much energy in a year as much that object spend during
the year. It is not necessary to emphasize that the heat pump carrier feasibility of this decision and will
now follow incentives for their faster development. In those savings application of heat pumps will
take a significant share of 22%. The total nhumber of new heat pumps installed in eight European
countries in 2008 rose by an average of 50%. In the example of Sweden, where is a legal requirement
that every newly constructed building must have a heat pump, in 2007 there was a decline in sales due
to a saturated market, that is, because of the reduction in the number of new buildings. There is now a
trend that in the old buildings also replace existing heating system and thanks to the incentives already
in 2008 sales rose from 93,000 to 128,000 heat pumps. Also, there is a growing installation in
buildings with multiple dwellings, while the first round was a massive use in family homes. In the past
five years, several European countries have passed legislation and regulations that every newly
constructed building structure must have a built-in heat pump for space heating. Also, most European
countries provide significant incentives for the installation of heat pumps, from direct payments to
producers for each heat pump supplied by tax incentives for users. It is easy to calculate profit from
the application of heat pumps at the state level and on the basis of certain incentives in order to
achieve the intended effects. Today there are over one million geothermal installations worldwide and
over 5,000,000 in the USA only. The following table 1. provides an overview of the number of
installed heat pumps and annual changes

Table 1: Sales numbers for different EU countries. (Source: EHPA) [9]

2003 2004 2005 2006 change change change
03/04 04/05 05/06
Austria 3.780 5.129 6.098 8.853 35.7% 18.,9% 45 2%
Czech Rep. 1.200 2.400 4.000 4._000 100.0% 66,7% 0.0%
Denmark O o 4_ 000 4_000 0,0%
| Estonia 510 750 1.095 2.333 47 1% 46.,0% 113.1%
Finland 8.540 12.648 22.307 36.950 48.1% 76.,4% 65 6%
Franc 13.700 17.300 25.200 61.510 26.3% 45. 7% 144 1%
Germany 15.838 19.636 25.486 51.827 24 0% 29.8% 103, 4%
Ireland 1.300 1.800 2.300 2.300 38.5% 27.8% 0,0%
Italy O 12_131 13.000 13.000 7.2% 0,0%
Netherlands 1557 1.800 1.891 2767 15.6% 5.1% 46.3%
Norway 55.081 35.390 40.000 40.000 -35.7% 13.0% 0.0%
Poland (8] o 1465 1.465 0,0%
[ Sweden 68_100 100.215 101.350 122 473 a7 2% 1.1% 20.8%
[ Switzeriand 8. 695 9. 796 12.008 15.806 12. 7% 22 6% 31.6%
UK O O 750 750 0,0%
Total 178.301 218.995 260.950 368.034 22 8% 19,2% 41.0%

The use of geothermal energy following results were achieved: [10]
— Has eliminated 5.8 million metric tons of CO2 per year

— Eliminated more than 3.6 million tons of other pollutants

— Annually save more than 24 billion kwh of electricity
— Saving is over 40 trillion tons of fossil fuels
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CONCLUSION

We can conclude that the use of geothermal energies in comparison to other energy sources is the
wright choice of energy. The use of this energy in Serbia would directly impact on the conservation of
natural resources that affect the quality of people's lives. Since the estimated quantity of geothermal
energy that could be used is much more than the overall quantity of conventional non renewable
energy sources, geothermal energy should certainly be given more importance. Especially if you take
into consideration that it is a cheap, renewable source of energy, which happens to be environmentally
friendly. The use of geothermal energy in Serbia is negligible compared to the potential. Utilization of
the hidden potential of Serbia would contribute to increasing the scientific and technological
knowledge on the use of heat pumps. Serbia would equally and readily entered the European
integration in the field of increasing energy efficiency. In Europe, they set very high goals regarding
the use of renewable energy and reduced amount of carbon emissions Geothermal energy is the most
suitable for the achievement of these goals and therefore the only one of all renewable energy in
several European countries entered into a legal obligation to use the warm-up of new facilities. By
joining the European Union, we also must fulfill terms of renewable energy and reduced emissions. It
takes a much greater extent to get closer to the citizens the significance of the application of this
energy and facilitate its use with various subsidies, vacancies and benefits, and thus will also raise
people's awareness on geothermal energy at a higher level. The increasing unpredictability of energy
prices derived from fossil fuels, environmental pollution, as well as compliance with the Legislation of
the European Union calls on the urgency of establishing a coherent state policy in this field and to
integrate measures to stimulate the use of geothermal energy.
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Abstract: This paper presents the experimental methodology to carry out functional performance tests for an air
filter with a particular design of its housing, generically named Universal super absorbing YXV , Air by
Corneliu”. The tests were carried out in the Internal Combustion Engines Laboratory, within the specialization
"Road automotives" belonging to the Faculty of Engineering Hunedoara, component of “Politehnica” University
of Timisoara. We present some comparative values of various operating parameters of the engine fitted, in the
first measuring session, with the original filter, and then with the studied filter.

Key words: super absorbing air filter, internal combustion engine

INTRODUCTION

The proper filtration of the air entering the cylinders of an internal combustion engine is essential for
extending its service life. Preventing various impurities from entering the engine along with the
atmospheric air reduces significantly the wear over time of the engine moving parts.

Unfortunately, in addition to the purpose of filtering the air drawn from the atmosphere, the air filter —
as a distinct part of the engine — represents a significant gas-dynamic resistance, interposed on the
suction route. If it is not regularly cleaned, and the vehicle travels frequently within a dusty
environment, the suction pressure pais consistently decreasing and the air-filling coefficient ny suffers
penalties.

The design proposed by the authors aims at reducing the shortcomings described above by designing
filter housing with particular geometry, enabling the improvement of the gas-dynamic performance at
the engine air inlet. We note that this study does not deal with the nature of the filtering element of the
filter, which is a standard one.

Therefore, we can say that the innovative design of the air filtration system is essential for a high
performance filtration and air flow improvement, with effects on increasing of the engine performance
and service life [1].

PRESENTATION OF THE EXPERIMENTAL EQUIPMENT

For performing the experimental measurements, we had an engine test stand, produced by Christiani,
consisting of a multi-point fuel injection engine, brand VW, 1.4 MPI, used by the Golf VI 5K1 models,
cylinder capacity: 1390 cm?®, power: 59 KW/80 CP, 4 cylinders in line, manufacturing years: 2009-
2012.

Figure 1.0verview of the test stand
The stand offers the possibility to monitor the engine during its operation. It enables the connection to
the OBD port of all the testers usually found in garages, and the measurement of signals and electrical
quantities, with the possibility of assessing the obtained parameters.
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The related software contains a professional interface that allows the PC to be transformed, via an
USB port, into a device to be used for diagnostics and visualization of the functional parameters. Also,
it enables the visualization and simultaneous storing of three measuring blocks, and can graphically
display the essential features of the engine.

The YXV super absorbing filter consists of one front diffuser (figure 3), the lateral surface with
guiding cells (figure 4) and the external diffuser-internal diffuser assembly (figure 5). The filter is a
standard one (not shown in the pictures below).

Due to the constructive geometry, it provides a significant increase in the air-filling coefficient of the
engine cylinders.

i : b)
Figure 2. Super absorbing YXV filter ,,Air by Corneliu”[1]. a, b —— physical models

8

Figure 3. The front diffuser. a — sketch, b — virtual model made in AutoDesk Inventor

—

7 a) o _- c)
Figure 4. The lateral surface with guiding cells. a — section sketch of a guiding cell profile,
b — guiding cells detail —physical model, ¢ — virtual model made in AutoDesk Inventor

a)
Figure 5. The external diffuser-internal diffuser assembly.
a — sketch, b — virtual model made in AutoDesk Inventor

b)

b)
Figure 6. The interior of the Y XV super absorbing airfilter
a— virtual model made in AutoDesk Inventor, b — physical model
The front diffuser (figure 3) consists of a diverging part, followed by a section in the form of a
truncated cone that ends with a convergent - divergent nozzle (at the small base of the truncated cone).
The role of convergent — divergent nozzle is to increase air velocity moving inside the truncated cone.
The exterior of the truncated cone directs the air flow passing through the lateral surface with the

guiding cells (figure 7). The diverging part with the truncated cone forming an "Y" from the outside to
the inside of the filter.
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Figure 7. Air through the filter circuit

The side surface with guiding cells is able to direct airflow at aspecific angle to the interior of the
filter. In the case of the external diffuser-internal diffuser assembly, the external diffuser captures and
directs air through the lateral surface with the guiding cells to the internal diffuser, which is designed
to increase air velocity at the outlet of the filter. The internal diffuser is continued with a cylinder pipe
which is mounted on the intake manifold. The external diffuser-internal diffuser assembly has the
shape of the "V" letter.

TESTING SESSION

The tests consisted in determining the key operational parameters of the engine, at various speeds at
idle, the engine being equipped, at a time, with the original filter or with YXV. The measuring
sessions were repeated to confirm the results, and the test conditions for the two variants (engine
equipped with original filter and with YXV) were maintained strictly constant. The filtering element is
the same for both filters.
For the first measuring session, the experimental engine was equipped with the original filter (Figure
8.a). The data acquisition was made at various engine speeds at idle, beginning with the idling speed
and continuing with 1500, 2000, 2500, 3000, 3500 and 4000 rpm. We measured:

- engine speed,;

- throttle position;

- manifold air pressure;

- coolant temperature;

- manifold air temperature;

- hourly fuel consumption;

- ambient temperature;

- atmqs

heric pressure.
J‘ﬁ)‘d =
‘ s

| l ] = ) | : b)
Figure 8. a—Engine equipped with original filter, b - Engine equipped with YXV filter

The next session of measurements was carried out with the engine equipped with YXV filter
(Figure8.b). The same above-specified parameters have been determined, under the same conditions.
We mention that the measuring sessions were conducted inside the laboratory, where the temperature
and pressure remained strictly constant.

RESULTS AND CONCLUSIONS

We present below the comparative values of the above-specified parameters on the performance of the
engine equipped with original filter and Y XV filter, respectively.
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Figure 9. Position of the throttle valve versus engine speed at idle

The chart presented in Figure 9 shows that, at engine speeds below 2000 rpm, when using the YXV
filter, the throttle valve opens less, which means less gas-dynamic resistance due to this filter
installation, situation beneficial for the process of filling the engine cylinder with fresh load. At higher
speed values, it can be seen that the throttle valve position is identical in both cases.
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Figure 10. Pressure in the intake manifold versus engine idle speed

From Figure 10, we can deduct that, throughout the range of speeds at which the tests have been
performed, the pressure in the intake manifold is higher when using YXV filter than when using the
original filter, situation beneficial for the process of filling the engine cylinder with fresh load.

95 ‘
o 90 N
® s e ——
=
® 80
E. 75 //
E 70 // +originalﬁlter_
.E —m— YXV filter
g 65
8 60 J
© 55
500 1000 1500 2000 2500 3000 3500 4000
rpm [rot/min]

Figure 11. Coolant temperature versus engine idle speed

From Figure 11, we can deduct that there are no major differences in the coolant temperatures when
using the two filters.
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Figure 12. Air temperature in the intake manifold versus engine idle speed

From Figure 12, it can be concluded that, up to a speed of 3300 rpm, the air temperature in the intake
manifold, when using the YXV filter, is lower than that obtained when using the original filter,
situation beneficial for the cylinder filling process, because a lower air temperature when entering the
engine means a higher density, and therefore a larger amount introduced into the cylinders, with
beneficial consequences for the engine power.

The most important parameter monitored during the tests was the hourly fuel consumption, in
litres/hour. In figure 13, we can see the variation of the hourly fuel consumption with the engine
speed, for the cases when the engine is running equipped with the original filter and with YXV,
respectively. It appears that, from speed values around 1000 rpm, the fuel consumption begins to
decrease considerably when using the YXV filter.

The percentage difference between the hourly consumption with original filter and the hourly
consumption with Y XV is calculated using the relation:

Ch
d =100— ——FU__ 100 [%] 1)
original. filter
2.5 - J
[=]
£ 2 ¥ = U.000Bx - U,0267
= R = 0,8911 ] —
-E 115 /-"'-_—’___—-"—
E. 1 f/:}.DDGSK - 0,0D72 — original
& R* = 09380 —_— ¥V filter
2
800 1100 1800 2100 2800 3100 3600
rpm [rot'min]
Figure 13. Hourly fuel consumption versus engine idle speed
S -
1%
16 —
14 | ——
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Figure 14. The percentage consumption difference
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In figure 14, we can see that the percentage difference is positive at all the engine speeds. The positive

values show lower fuel consumption than in case of the original filter.

Throughout the speed range used for conducting the tests, the reduction of fuel consumption by using

the universal super absorbing Y XV filter is 9.78%.

Following the conducted researches and monitoring of the behaviour when installing the filter on

various types of engines, we concluded that this one has a number of advantages, such as:

- being in contact with the air, the filter element ensures a minimum gas-dynamic resistance to the
absorbed air, increasing thereby the absorption and capture rates;

- the self-cleaning possibility of the filter element;

- visualisation of the filter element, without the prior removal of the filter, for checking its pollutant
loading level;

- the capacity of air filter housing to significantly increase the speed of absorbed air, both at the input
and output of the filter;

- the ability to "pre-cool” the air drawn inside it;

- the ability to create a slightly boost, which increases proportionally to the vehicle movement speed.
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Abstract): The most commonly used parameter for estimating global solar radiation is sunshine duration
because it can be easily and reliably measured and data are widely available. This study presents an analysis of
the relationship between global solar radiation and the sunshine duration at different locations in Serbia. Several
regression methods, which were previously used by researchers, were used to analyze. The global solar
radiations estimated from the twelve models were compared with the measured values. The estimated values are
compared with the measured values in terms of percent error, mean bias error (MBE), root mean square error
(RMSE), and mean percent error (MPE). Comparisons show that the second and the third model performed
better than the other models used in the paper, but the second model is preferred due to its simplicity and wider
application. Further a general formula which estimates the global radiation over Serbia is suggested. The
proposed model shows a good agreement (less than 6 % deviation) and could be used to other locations in Serbia
where solar data are not available.

Key words: solar radiation, sunshine duration, measured values, regression models

INTRODUCTION

In the design and study of solar energy, information on solar radiation and its components at a given
location is very essential. A global study of the world distribution of global solar radiation requires
knowledge of the radiation data in various countries and for the purpose of worldwide marketing, the
designers and manufacturers of solar equipment will need to know the global solar radiation available
in different and specific regions. Since the solar radiation reaching the earth’s surface depends upon
the climatic conditions of the place, a study of solar radiation under local climatic conditions is
essential. The measurement of solar radiation requires pyranometers, but this instrument is not easily
available due to cost, the maintenance and the calibration. The measured data are the best form of this
knowledge, but there are few meteorological stations that measured solar radiation, especially in
developing countries. In Serbia, global solar radiation data on a horizontal surface is recorded at only 4
stations.

For stations where no measured data are available the practice is to estimate global solar radiation
from other measured meteorological parameters. Several empirical models have been used to calculate
solar radiation, using variables such as extraterrestrial irradiance and measured and theoretical
sunshine duration, air temperature, relative humidity, and wind speed and moisture. In this paper the
global solar radiation models available in the literature for the selected locations are presented. The
first purpose of the present paper is to validate those models for the prediction of monthly average
daily global radiation on a horizontal surface from sunshine duration that can be used later in
estimating global solar radiation over Serbia. The second objective is to test the performance of the
presented models against the measured global radiation for selected locations and determine the
general model for evaluating solar global radiation over Serbia.

MATERIAL AND METHODS
Models and data

For this analysis the measured data of monthly average daily solar radiation, sunshine duration and
temperature are used from the Study of Energy Potential of Serbia, published by the Serbian Ministry
of Science. The study was based on data collected over 34 years (1957-1991). Measurements of global
solar radiation on three different locations were performed with Moll-Gorczynsky pyranometers. For
the recording of sunshine duration Campbell-Stokes heliographs were used. The geographical location
of stations is presented in Table 1.

40


mailto:snezana.dragicevic@ftn.kg.ac.rs

IV International Conference Industrial Engineering And Environmental Protection 2014 (11ZS 2014)
October 15™, 2014, Zrenjanin, Serbia

Table 1. Geographical location of meteorological stations

Station Latitude (°N) Longitude (°E) Altitude (m)
Belgrade 44°47 20°32’ 243
Negotin 44° 14 20°33% 42
Zlatibor 43°44° 19°43° 1029

Twelve different regression models proposed in the literature were applied in this study (linear,
quadratic, polynomial third degree, logarithmic and exponential). Coefficient values for models were
calculated from regression analysis between H/H, and S/S, for a long period of time and each month.
Linear models

Model 1: The most used model for estimation of monthly average daily global solar radiation on a
horizontal surface is the Angstrom-Prescott-Page model, [1]:

H/H,=a+b(S/S,) 1)
where H is daily solar global radiation on an horizontal surface, Ho is the monthly average daily
extraterrestrial radiation, S is the monthly average daily hours of bright sunshine, S, is the monthly
average day length in hours, and a and b are empirical coefficients depending on location, which can
be determined either experimentally or empirically. The regression coefficients of the model 1 for
analyzing locations are given in Table 2.

Model 2: Correlation which is proposed to be applicable anywhere in the world is given in Rietveld’s
model, [1]:

H/H,=0.18+0.62(S/S,) @)

Model 3: Glover and McCulloch's model takes into account the latitude effect as quoted by DeMiguel
et al. [2], which depends on latitude ¢ and is valid for ¢ < 60 °:

H/Ho=0.29c0s¢#+0.52(S/S0) 3)

Model 4: Dogniaux and Lemoine have proposed following equation, where the regression coefficients
aand b seem to be as a function of ¢ in average and on the monthly base in these equations, [3]:

a=0.3702-0.00313¢; b=0.32029+0.00506¢ 4)
Model 5: Gopinathan suggested following equation and regression coefficients in terms of the latitude
¢ and the site altitude Z (in kilometers), and percent of possible sunshine that is applicable to any
location around the world, [3]:

H/Ho,=[-0.309+0.539c0s¢#-0.0693Z+0.290(S/S,)]+[1.527-1.027c0s #+0.0926Z-0.359(S/So)]-(S/Ss) (5)
Quadratic models

Model 6: Akinoglu and Ecevit obtained the correlation between H/H, and S/S, in a next second order
polynomial equation, [3]. The regression coefficients of the model 6 for analizying locations are given
in Table 2.

H/Ho=a+b(S/Ss)+c(S/So)? (6)

Model 7: Ogelman et al. have given the following form of second order polynomial equation, [4]:
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H/H,=0.195+0.676(S/S,)-0.142(S/S,)? -
Cubic models

Model 8: Ertekin and Yaldiz derived three-order polynomial relationships between the monthly
average values of H/H, and S/S,, [5]. The regression coefficients of the model 8 for analizying
locations are given in Table 2.

H/Ho=a+b(S/So)+¢(S/So)?+d(S/So)* ©

Model 9: Zabara proposed monthly a and b values of the modified Angstrom model as a third order
function of maximum possible sunshine duration S and day length S,, [2]:

a=0.395-1.274(S/S)+2.680(S/S0)?-1.674(S/So)? 9)
b=0.395+1.384(S/So)-3.249(S/So)*+2.055(S/S,)? (10)

Model 10: Bahel et al.developed a worldwide correlation based on bright sunshine hours and global
radiation data of 48 stations around the world, with varied meteorological conditions and a wide
distribution of geographic locations, [3]:

H/H,=0.16+0.87(S/S,)-0.61(S/S,)*+0/34(S/S,)* (11)
Logarithmic models

Model 11: Ampratwum and Dorvlo used the following equation to estimate the global radiation which

includes a logarithmic term, [6]. The regression coefficients of the model 11 for analyzing locations
are given in Table 2.

H/H,=a+bIn(S/S,) (12)
Table 2. The regression coefficients of models No. 1, 6, 8 and 11
Location Model No. a b c d
1 0.259 0.502 -
Belgrade 6 0.174 0.929 -0.494 -
8 0.096 1.559 -2.068 1.239
11 0.656 0.203 - -
1 0.254 0.598 - -
Negotin 6 0.202 0.870 -0.315 -
8 0.660 -2.682 8.232 -6.475
11 0.727 0.238 - -
1 0.339 0.334 - -
Zlatibor 6 0.358 0.230 0.132 -
8 0.017 3.062 -7.302 6.251
11 0.591 0.123 - -

Model 12: Newland [7] has given the following equation with a logarithmic term:
H/H=0.34+0.40(S/S,)+0.1710g(S/S,) (13)
Statistical tests

The performance of the models was evaluated on the basis of the statistical indicators: the mean bias

error (MBE), the root mean square error (RMSE), and the mean percentage error (MPE), [8]. These
tests are the ones that are most commonly applied in comparing the models of solar radiation
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estimations. The MBE provides information on long-term performance and reveals whether a given
model has a tendency to under or over predict. A positive value of MBE shows an over-estimate while
a negative value represents an under-estimate by the model, with MBE values closest to zero being
desirable.

MBE=(1/n)- ¥ (Him-Hic) (14)

where Hin is the ith measured value, Hic is the ith calculated value, and n is the total number of
observations.

The value of RMSE is always positive, representing zero in the ideal case. The normalized root mean
square error gives information on the short term performance of the correlations by allowing a term by
term comparison of the actual deviation between the predicted and measured values. The smaller the
value, the better is the model’s performance, but a few large errors in the sum can produce a
significant increase in the indicator.

RMSE=[(1/n)-Y(Him-Hic)?]*2 (15)

It is possible to have large RMSE values at the same time a small MBE or vice versa. The use of
RMSE and MBE statistical indicator is not adequate for the evaluation of the model's performance but
usage MPE in addition to RMSE and MBE give more reliable results.

The MPE is the percentage deviation of the calculated and measured data of monthly average daily
global solar radiation. A positive MPE value provides the average amount of overestimation in the
calculated values, while the negative value gives underestimation. A low value of MPE is desirable.

MPE(%)zz(]—/n)Z[(H|m'H|c)/H|m]100 (16)
RESULTS AND DISCUSSION

The accuracy of different models was determined using the data measured at Belgrade, Negotin and
Zlatibor for the 34 years. The values of monthly mean daily global solar radiation intensity were
estimated using the above models and were compared with the corresponding measured values. The
statistical tests of MBE, RMSE and MPE were determined using measures of sunshine hours and
monthly average daily solar radiation at given location for the entire period, and the results are
summarized in Table 3.

Table 3. Model validations under different statistical tests
Model Belgrade Negotin Zlatibor

No. MBE | RMSE | MPE | MBE | RMSE | MPE MBE RMSE MPE
0.007 | 0.069 | -2.89 | 0.015| 0.121 | -2.00 | -0.004 0.078 18.89
0.156 | 0.192 | 545 | 0.485| 0.531 | 12.84 | 0.242 0.273 9.26
0.337 | 0.369 | 9.33 | 0.643 | 0.723 | 15.58 | 0.349 0.359 11.47
0.058 | 0.102 | 1.88 | 0.375| 0.435 | 8.86 | 0.101 0.154 4.72
-0.061 | 0.242 | 152 | 0.257 | 0.301 | 9.19 | 0.245 0.363 115
0.012 | 0.046 | 0.10 | 0.007 | 0.102 | -0.07 | -0.003 0.073 0.21
0.113 | 0.138 | 3.49 | 0.440 | 0.498 | 10.72 | 0.159 0.194 6.54
0.011 | 0.046 | 0.60 | 0.000 | 0.098 | -0.15 | -0.013 0.060 -0.04
0.084 | 0.118 | 2.48 | 0.403 | 0.466 | 9.41 | 0.132 0.173 5.63
10 0.205 | 0.228 | 5.94 | 0.532 | 0.598 | 13.02 | 0.247 0.262 8.92
11 0.011 | 0.045 | 0.02 | 0.009 | 0.105 | -0.15 | -0.012 0.096 -0.04
12 0.180 | 0.201 | 5.68 | 0.511 | 0.567 | 13.05| 0.236 0.259 8.94

OO |NO(OA|WIN| -

According to the results from the Table 3 it can be seen that the MBE values of all models are close to
zero as desired. It was found that the MBE values ranged between the following minimal and maximal
values: 0.007-0.337 for Belgrade, 0-0.643 for Negotin and 0.003-0.349 for Zlatibor. Furthermore,
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models 1, 6 and 8 has the lowest MBE values, while the maximal MBE values for all the stations are
obtained from model 3.

The other statistical parameter RMSE shows that there is the permissible error in the measured values
using the different models: RMSE values ranged between 0.045-0.369 for Belgrade, 0.098-0.723 for
Negotin, and 0.060-0.363 for Zlatibor. The lowest RMSE values for all the stations are obtained using
the models 8 and 11, while the highest RMSE values are obtained with models 3 and 5.

The comparison between the models according to the MPE values shows that the estimated values of
monthly mean daily global solar radiation are within 10 % for Belgrade, 16 % for Negotin, and within
19 % for Zlatibor. According to the MPE values, the lowest errors are obtained with model 6, 8 and
11, and the highest with models 1 and 3.

Utilizing a combination of 3 stations in Serbia, it has been shown that the global solar radiation across
the country can be related to the relative sunshine duration. The values of the regression coefficients
obtained for all the stations were found to be different. These differences suggest that the regression
coefficients associated with meteorological data changes with latitude and atmospheric conditions.
According to the results, the model 6 (second regression model) is recommended for the estimation of
monthly average daily global solar radiation. Averaged measured data from the selected stations were
used in developing the second regression model for estimating solar radiation over Serbia:

H/Ho=0.254+0.632(S/S0)-0.175(S/S,)? (17)

Comparison of the measured and calculated total monthly global solar radiation using equation (17)
for different locations is given in Fig. 1. From the results, it is found that the correlation in autumn and
winter have better performance than in spring and summer. The maximum percentage of MPE with
new constants goes up to 6 %, while maximum values of MBE and RMSE are 0.291 and 0.369,
respectively. Therefore, it is concluded that the new model given by equation (17) can be used to
estimate the global solar radiation in Serbia.

ENew model - equation (17) Belgrade mNegotin = Zlatibor

H (kWh/m?2)
O = N W & OO0

1 2 3 4 5 6 7 8 9 10 11 12
Month

Figure 1. Comparison of the measured and calculated monthly global solar radiation on horizontal
surfaces with New-model equation (17)

CONCLUSION

Utilizing a combination of 3 stations in Serbia, it has been shown that the global solar radiation across
the Serbia can be related to the relative sunshine duration. The values of the regression coefficients
obtained for all the stations were found to be different. These differences suggest that the regression
coefficients associated with meteorological data changes with latitude and atmospheric conditions.
According to the results new model given by the second regression equation is recommended. A fairly
good agreement (MPE < 6 %) was noted between measured values and calculated values of solar
radiation, which makes proposed equation useful for estimating solar radiation in Serbia. Future work
is being carried out with a view to enlarge the scope by increasing the number of the meteorological
data.
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Abstract: The energy efficiency of the solar collectors reduces through the exploitation time. In order to stop it,
it is indispensably to identifly the degredation factor and to establish their influence on the energy efficiency. In
the paper are given the results of the experimental researches of the degradation influence on the perviousness
coefficient of the sun radiation of the polymer trasparent covers. There has been also measured the outlet energy,
taking into consideration the age of the transparent cover.

Key words: polymer, transparent cover, solar collector

INTRODUCTION

The energetic characteristics of the solar collectors over the exploitation period succumb to different
degradation effects [1]. The result of this phenomenon is the fall of the energy efficiency of the solar
collectors. In order to influence on the decrease of this occurrence, it is necessary to perform the
identification and the quantification of the efficiency of the degradation factors.

MATERIAL AND METHODS

The transparent cover ought to insulate thermally the space of the receiver from its front acceptor side,
along with the simultaneous ensuring as better as (it is) possible the perviousness of the sun radiation
being used for the heating of the heat carrier. That means that the material of which was made the
transparent, has to have as much as higher the transmittance coefficient. At the same time this material
ought to have as low as possible the coefficient of absorption and reflection. The materials most often
used for the manufacture of the transparent cover of the solar collectors are: glass and transparent
plastic materials. In view of the efficiency and the working time of the solar collector, there should be
performed the analysis of the optical, mechanical and thermal characteristics as well as time steadiness
(stability) of some characteristics of the transparent. The most important optical characteristics of the
transparent cover are the index of the light refraction and the luminous / perviousness. At the space of
the sun spectrum the transparent plastic materials also have the sufficient perviousness, while at the
infrared (long wave) radiation area, the transparency of glass decreases. The transparent cover of the
plastic materials is not liable to that effect. The luminous perviousness of some kinds of plastic
materials, except for the plate thickness, depends as well on the molecules complex out of which the
plastic is made, in other words of the kinds of connections inside those molecules [2].

The thermal — mechanical characteristics of the transparent have to meet the endurance conditions
from the external effects as: loading with wind and snow, the aggressive action of the atmosphere and
thermal constraints. The thermal durability of the flat glass is its weaker characteristic, because the
glass can crack on account of the “thermo - shock”. The thermo — shock appears due to the sudden
changes of temperature, because of abrupt rainfall onto still warm transparent [3]. Some of plastic
materials have bad technical resistibility, i.e. high coefficient of thermal expansion. Recently have been
achieved the improvements of this characteristic, with so — called fillers (as glass power and the like).
These materials are relatively soft [4], so their surfaces can be easily damaged and it, in the course of
time, causes dirtiness of the transparent (dust settling and the appearance of numerous micro — cracks),
so its luminous perviousness can be reduced. Glass covers have not such drawbacks, but their
imperfection is remarkably greater weight and brittleness as well as higher price.

Polymeric glazings offer significant potential for cost savings both as direct substitutes for glass cover
plates in traditional collector systems and as an integral part of all-polymeric systems [5,6]. This
savings includes both base material cost and costs associated with shipping, handling and installation
(due to their lightweight and lack of fragility). Glazings should have high transmittance across the
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solar spectrum and must be able to resist long term (10-20 years) exposure to service conditions
including elevated operating temperatures (55-90°C) and solar ultraviolet (UV) light [7,8]. They must
retain mechanical integrity (for example, impact resistance and flexural rigidity) under these harsh
environmental stresses. Recent efforts have emphasized: 1) identification of new/improved candidate
glazings, 2) evaluation of optical and mechanical durability during exposure to actual and simulated
service conditions, and 3) adoption of a general methodology of accelerated life testing to the
durability assessment of polymeric glazing materials. The degradation of the optical characteristics of
the transparent cover is caused by different mechanical or physical — chemical processes as [9]: the
changes in material because of stabilization, the ultraviolet effects of the sun radiation, the effects of
the aggressive substances from the atmosphere and storing of the evaporation— the components from
the paint of the absorber onto the internal surface of the transparent.

RESULTS AND DISCUSSION

Experimentally have been tested the samples of the polyester laminate (commercial name "Evalon™),
which is according to its chemical composition ortophtal unsaturated polyester with 30% styrone with
non — alkaline glass fibre. The samples are of the same geometric characteristics and various age.
There has been performed the testing of the perviousness coefficients of the global and diffuse sun
radiation depending on the radiation incidence angle. This angle is defined as the angle between the
direction of the direct radiation and its projection at the sample plane. The measuring was performed
in the environment which is by its characteristics similar to the black body providing the lack of the
effect of the reflection of the environment radiation. The diffuse radiation was measured using the
screen for the cupola hatching, according to the standard for the gauge (or the measuring standard) of
the diffuse radiation. The measurement results were recorded only when the intensity of global
radiation has not varied more than 2% - in the measuring period. All the measurement have been
performed under the conditions without cloudiness or in the partial presence of clouds — but in that
case compulsorily out of the angle 90° cone, so not to appear the unstable measuring conditions in
regard to the radiation quality. For measuring the luminous perviousness have been used 17 samples.
The measuring results for three samples are graphically presented on the diagrams (Fig. 1, 2). The
results point out the significant fall of the luminous perviousness of the samples that are 10 and 20
years old in relation to the new material of the direct and diffuse sun radiation. The fall of the
luminous perviousness is the result of the aging and the action of the external climatic conditions on
the transparent. With regard to the energetic degradation PSE with the plastic materials, the more
important is the fall of the luminous perviousness on the direct sun radiation, than the fall of the
luminous perviousness on the diffuse radiation (that is only 8% of the total radiation). Interesting is
the effect this degradation will have on the collector energy output Qcol. Figure 3 faces the yearly
energy output of the collector without taking into account degradation (Qcol standard) with the yearly
energy gain delivered by the present simulation with consideration of the degradation process. Qcol
standard remains unchanged over the whole period, as no degradation was considered. Even though
only an assumed degradation of the parameters was considered, the comparison of both simulations
makes clear that the loss due to degradation might constitute a considerable part in the course of 20
years.
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CONCLUSION

The degradation process has significant influence on the energetic efficiency of the solar collectors
during the exploitation time. The energy output of solar thermal collectors can be influenced
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considerably through degradation processes. In order to be able to calculate the change of performance
with time due to degradation effects, the degradation processes have to be implemented in a collector
model. In order to be able to give reliable forecasts, additional investigations are necessary so that a
uniform accelerated testing procedure can be developed. One important aspect, would be the
establishment of a relationship between accelerated ageing in laboratory and ageing under operating

conditions.
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Abstract: This paper presents the evaluation of the potential of solar energy in Serbia. We have shown the
significance of use of solar thermal and PV systems with the economic and environmental aspects. An analysis
was carried out to determine possibilities of "production™ and the use of solar energy.
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INTRODUCTION

Serbia has the potential of producing energy annually - 700 to 900 and more (depending on the system
efficiency, working mode and other) kWh/m2 of solar thermal collector, which is more than in the
countries that have the reputation in solar energy use. 3,3 kWh of energy could be produced in Serbia
daily, and it would be used in most efficient manner in tourism, health care sectors as well as
households, mainly for water heating. Huge savings could be accomplished if every household would
have at least one unit of solar collector by which sanitary consumable water would be heated. Seen in
the framework of the country's electro-energy system, this would present quite a load shedding for the
system. Especially interesting group of consumers are humerous industrial, tourism, sporting, medical,
military and other facilities. It is known that these facilities spend considerable amounts of electricity
derived from burning solid, liquid and gas fuels for heating sanitary or technological water. This could
be easily accomplished by using very simple systems for solar energy use.
Solar energy is very attractive and economically justified for use when heating of households,
industrial and other facilities is in question. Solar systems provide a considerable energy savings. In
this way, for example, solar house saves 40% of the energy for heating, 80% of energy for heating
consumable water. It uses significant potentials that are provided by solar roof-covers and facades, for
providing additional energy. Solar systems provide:

e Detter energy efficiency,
considerable energy savings,
long-term function,
energy result,
through derived energy- pay off of the investment,
favorable relation of price and performance,
simple installation.

Thermal and photovoltaic systems

The use of solar energy for heating water in the pools is rather other application in the world. The
installation is simply joined to the existing systems for heating water in the pools, and two main
concepts are applied. According to one concept solar installation is used separately from the existing
conventional installation for pool water heating and the second conception is based on connecting
solar installation and conventional installation into one - sequence system. In first case those are
usually simpler installations for smaller and open home swimming pools, and they usually use (and
cheaper) solar collectors which are not glass-plated (and cheaper) - absorbers which are most often
made out of ultraviolet stable plastic masses. In the second case, returned - colder swimming pool
water is first preheated by using solar energy (via heat exchangers), and after that it is heated till the
needed temperature (if this is the aim) in conventional heating system. In this case classical, glass-
plated, flat solar collectors, by which better heating, even in colder weather conditions and that with -
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mostly larger closed swimming pools- is provided , can be used. Then the scheme of the installation is
similar to the scheme of the previously presented systems for water heating in combination with
conventional heat source.

The production of photovoltaic mechanisms doubles every year with average growth of 48% since
2002, so that this line of industry shows the biggest development in the world, in comparison with the
rest of energy technology lines. From the economic aspect the price of the electricity derived from
solar energy is continuously falling as a result of technological enhancements and growth of mass
production, while it is expected that the fossil fuels will become significantly expensive in the near
future. At this time for Serbia it is more justified to encourage the use of energy from solar radiation
for the production of heating and electricity for households, industry and some agricultural works
because of smaller investments. Encouragement and building of larger solar power plants on the basis
of photovoltaic systems is justified as well. This policy would, among the rest, be useful for the
development of domestic economy as well as the employment of people in the field of clean energies.
But viewed long-term, the future of converting solar radiation is in PV technology and its integration
with other branches of technology, which is in accordance with the attitudes, plans and current
condition in the European Union and other economically leading countries of the world. Due to this,
only mechanisms and systems based on photovoltaic conversion of solar energy and suitable program,
plans and possibilities for use and development in Serbia, are being discussed in further presentation.
From the economical point of view, the price of electricity derived from solar energy continuously is
falling as a result of technological advancement and mass production growth, while it is expected for
fossil fuels to become significantly more expensive in near future. At this point for Serbia it is more
justified to encourage the use of solar radiation energy for producing thermal and electrical energy in
the domain of households, industry and some areas of agriculture because of smaller investments. This
policy would, among the rest, be useful for the development of domestic economy as well employing
the population in the field of clean energies. Lon-term viewed, the future of transforming solar
radiation is in PV technology and its integration with other branches of technology, which is in
accordance to the attitudes, plans, and also the present condition in the European Union and other
economically leading countries of the world.

From economical perspective, on the basis of independent comparative tests, the most efficient are
systems for heating sanitary hot water. This is confirmed also by comparative tests done for monitored
and tested houses. In this comparison, mainly attained power was taken into consideration (yearly
saved energy, the degree of usability, the quantity of hot water), also work and maintenance,
ecological aspect and energy amortization, safety and simplicity of assembling. From comparative
tests we can conclude that great investment costs are 2 to 3 times bigger with combined systems than
with the systems anticipated just for the heating of sanitary water. With the support for heating the
space it has some economical pay off but only with low-temperature heating systems (e.g. under-floor
heating) and houses with small heat loss.

Although in winter time energy effect of solar radiation is lower than in summer, it is still very
significant for the use of solar heating in houses, as a support to some other energy on the system of
central heating, where it can cover around 45% of free heating energy for houses and around 75% for
heating of sanitary water. The best effect using solar energy for solar heating of family houses and
other residential and business spaces can be achieved in transitional periods with energy efficient
heating systems, under-floor and wall heating systems, with low-temperature heating systems. Still,
due to variability of radiating power of solar radiation during the day, month and year, the installation
of solar heating that would provide entire house heating during the whole winter season cannot be
implemented, and that is the reason why solar systems for solar heating are combined with some of
different sources of energy where some other form of energy is used: liquid fuel, gas, electricity, solid
fuel and similar. Solar systems bring significant savings thanks to which derived energy is, so to say,
used for free, after the payoff of the starting investment. The life span for quality systems is 25-30
years. Still, it is not possible to generally establish the time for pay back of the investment for solar
system, because it depends on many factors, as for example the type and manufacturer of the collector
and accessories, the way of preparation sanitary water and heating till present, the price of heating,
natural gas or other fuels and similar.

Without the support of a foreign country the time for payoff is rather long in order to build,
simultaneously with solar systems, modern, more efficient practical systems. Thinking about investing
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into solar collectors is, because of that, most suitable with replacing or reconstructing the obsolete and
inefficient, or rather expensive heating systems (e.g. electrical heating) as well as in the case of new
construction.

CONCLUSION

Energy crisis and acute atmospheric and environment pollution have influenced broader possibilities
of use, thermal and photoelectric effect of solar energy. In this direction the technologies have been
developed, practical solutions and application of these systems designed. In winter period the overall
effect of solar radiation is less that in summer, but still significant for use in the systems of heating
houses - as a support to heating. In this way it is possible to cover up to 45% of thermal energy for
heating houses, 70% - for heating sanitary water and up to 100% for additional heating of water in
swimming pools.

Still, due to variability of radiating power of solar radiation during the day, month and year, the
installation of solar heating that would provide entire house heating during the whole winter season
cannot be implemented, and that is the reason why solar systems for solar heating are combined with
some of different sources of energy where some other form of energy is used: liquid fuel, gas,
electricity, solid fuel and similar.

It should be implemented that big consumers of energy - especially those who spend more energy per
product (have bigger specific energy consumption) - have the obligation of gradual, segmental, partial
introduction to the use of alternative sources of energy (solar energy included) - for their own needs.
From development funds of electro industry, solar installations in the objects that have better
accommodation and exploitation possibilities (refers to private sector, but also public - especially
those on the budget) should be financed. This would have benefits for energy system and as an
element of broader use of this energy source popularization. Ecological effects are also significant.
Law on Energy should be corrected in accordance with previously mentioned.
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Abstract: Energy is one of the greatest challenges of modern society and fundamental condition for progress in
a number of areas and technologies. Energy Management System Seeks continuous implementation of energy
efficiency measures and sustainable management of resources whose end result is to reduce energy consumption,
reduce greenhouse gas emissions and reduce energy financial cost. Paper reviews the impact of energy
consumption on the amount of carbon dioxide emitted into the atmosphere as a result of measures taken within
the Energy Management System in buildings .
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INTRODUCTION

Today environmental protection is imperative for every local community and is an integral part of
socially responsible behavior. Experience shows that in developed countries buyers leading priority in
choosing the products, goods and services is the attitude that manufacturers and suppliers have toward
environment pollution protection. Energy consumption is closely related to environmental pollution.
The fossil fuels consumption (oil, gas, coal) release in the atmosphere many pollutants, especially
CO», which is considered as main cause of global climate change. Therefore, any irrational use of
energy basically means polluting the environment.

Besides creating the so-called "green" image, i.e. the image that declares a commitment to preserving
the environment, the rational consumption of energy will also reduce future costs associated with non-
compliance with environmental protection regulations, so called environment pollution taxe rates.

ENERGY MANAGEMENT SYSTEM AND CO; EMISSIONS ESTIMATION

Energy Management System (EnMS) is directly related to environmental protection. Useful forms of
energy, such are electricity or thermal energy, are usually obtained from burning fossil fuels (coal, oil
and natural gas). Therefore, by reducing the consumption of electricity or thermal energy through the
Energy Management System implementation, the reduction of burned fossil fuels, and respectively
pollutants emissions can be done.

As a result of fuels burning flue gases are emitted in the atmosphere, including carbon dioxide, COs,,
sulfur dioxide SO and nitrogen oxides. Carbon dioxide (CO-), which occurs as a result of fossil fuels
burning, has the greatest impact on global warming. Therefore, the impact of reduced energy
consumption on global warming is observed primarily by reducing the emission of CO.. Fuels contain
a certain amount of carbon which in one part is turned into carbon dioxide.

CO; emissions associated with the fossil fuels burning can be calculated as follows [1,2]:

44
EM_EFC-Hl-OC-E-B [¢D)]
where:
EM - CO; emissions [kg],
EFc - factors which connect the fossil fuels consumption with appropriate carbon emission rate,
[kgC/GJ]
H, - Net or low heating value of fuel ([MJ/kg] or [MJ/m?]),
Oc - carbon part which is released during the combustion process
44/12 - stoichiometric ratio CO, and C, and
B - amount of fuel used ([t] or [10® m?]).
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Table 1. Parameters values needed to calculate CO, emissions gained from fossil fuels burning using

IPCC methodology

44

Fuel EF. H, O¢ EF:. -O¢ E

[kg C/GJ] | [MJ/kg] or [MJ/m?] - [kg CO./G]J fuel]
Extra light fuel oil - EL1 20,2 42,71 0,990 73,33
Heavy fuel oil - M1 21,1 40,19 0,990 76,59
Liquefied petroleum gas (LPG) 17,2 46,89 0,990 62,44
Anthracite 25,8 24,30 0,980 92,71
Brown coal 26,2 18,20 0,980 94,15
Lignite 27,6 12,15 0,980 99,18
Natural gas 15,3 34,00 0,995 55,82

Table 1 presents the list of values described above which are necessary to estimate CO, emissions
created by the fossil fuels burning using IPCC methodology (IPCC stands for Intergovernmental Panel

on Climate Change) [1,2].

CO, emissions also occur in the biomass or bio fuels burning, but according to the IPCC
recommendations it should not be calculated considering that it is CO, which plants absorb from the
atmosphere during their growth period.

COMMONLY USED CO; EMISSION FACTORS

Several different organizations and institutions have proposed various CO, emission factors values

that should be used for different types of energy and fuels [1-4].

Table 2. Energy value of a certain type of energy and fuel

Type of energy / fuel [kJ] [kgoe] [kWh]

1 [kg] Coke 28 500 0,676 7,917

1 [kg] Anthracite 17200 30700 0,411 0,733 4,778 8,528
1 [kg] Lignite briquettes 20 000 0,478 5,556

1 [kg] Brown coal 10500{ 21000 0,251 0,502 2,917 5,833
1 [kg] Lignite 5600 10500 0,134 0,251 1,556 2,917
1 [kg] Oil shale 8 000 9000 0,191 0,215 2,222 2,500
1 [kg] Peat 7800 13800 0,186 0,330 2,167 3,833
1 [kg] Peat briquettes 16 000| 16800 0,382 0,401 4,444 4,667
1 [kg] Heavy fuel oil - M1 40 000 0,955 11,111

1 [kg] Extra light fuel oil - EL1 42 300 1,010 11,750

1 [kg] Gasoline 44 000 1,051 12,222

1 [kg] Paraffin 40 000 0,955 11,111

1 [kg] Liquefied petroleum gas 46 000 1,099 12,778

1 [kg] Natural gas® 47 200 1,126 13,10

1 [kg] Liquefied natural gas 45 190 1,079 12,553

1 [kg] Wood (25% moisture)® 13 800 0,330 3,833

1 [kg] Pellets/wood briquettes 16 800 0,401 4,667

1 [kg] Waste 7400/ 10700 0,177 0,256 2,056 2,972
1 [MIJ] Produced heat 1000 0,024 0,278

1 [kWh] Electricity 3600 0,086 10

Source: Eurostat.
(1) 93% Methane.

(2) EU Member States can apply other values depending on the type of wood mostly used in the respective Member State.

(3) To the saved electricity [KWh], Member States may apply automatically coefficient of 2.5, which reflects the estimate of
40% of the average efficiency of energy produced in European Union standardized values during the period considered.
Member States may apply a different coefficient if they can justify it.
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These values for the same type of energy or fuel can differ depending on the source, primarily because
of the different values of the fuel net (lower) heating value and carbon emission factor contained in the
fuel which are input parameters in the calculation of carbon dioxide emission factor per heat energy
unit contained in the respective fuel or by fuel unit.

If one can obtain the data on the fuel heating value used in the object which have been analyzed, the
emissions estimation should be done using these values. Otherwise, data from Table 2 can be used
instead [1].

Table 3 provides values for the CO emission factors per unit of fuel, per unit of heat energy contained
in the fuel and per unit of useful heat obtained [2]. When estimating the emission factor per unit of
useful heat obtained, average efficiency values for stationary energy devices burning individual fuels
are applied. In this way the uncertainty of the estimation is increased, so the recommendation is to use
the emission factor per unit of fuel, [kgCO./kg(or m®)], or per unit of heat energy contained in the fuel
([kgCO2/GJ] or [kgCO2/kWh]).

Table 3. Certain fuels CO, emission factors

CO; emission factors
Type of fuel per unit of fuel per unit of heat energy | per unit of useful

contained in the fuel heat obtained

[kg CO./kg (or m?)] [kg CO2/kWh] [kg CO2/kWh]
Extra light fuel oil - EL1 3,13 0,264 0,318
Heavy fuel oil - M1 3,08 0,276 0,332
Liquefied petroleum gas (LPG) 2,93 0,225 0,264
Anthracite 2,31 0,334 0,439
Brown coal 1,79 0,339 0,446
Lignite 1,16 0,357 0,470
Natural gas 1,90 0,201 0,236

Table 4 provides the additional values for CO, emission factors for different types of energy and fuels,
per unit of heat energy contained in the fuel [1].

Table 4. CO, emission factors for different types of energy and fuels

Type of energy / fuel CO; emission factors
[t CO2/MWh]

Extra light fuel oil - EL1 0,267
Natural gas 0,202
Anthracite 0,394
Lignite 0,433
Heavy fuel oil - M1 0,279
Firewood 0

Motor gasoline 0,249
Diesel fuels 0,267
Liquefied petroleum gas (LPG) 0,227
Thermal energy (central heating) 0,259
Electricity from hydropower plants 0,007
Electricity from nuclear power plants 0,016
Electricity from coal fired thermal power plants 1,340
Electricity (CHP) 0,617

These factors are used to estimate the CO, amount which is reduced in total emission quantity of this
pollutant, based on reduced energy consumption, energy or fuel type substitution, or by the
implementation of some measures which can improve energy efficiency.
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LOWER CO; EMISSION RATES AS A RESULT OF IMPLEMENTED MEASURES WITHIN
THE ENERGY MANAGEMENT SYSTEM

Pollutant CO, emissions reduction can be estimate as a difference of emissions before and after the
application of measures for improving energy efficiency, on annual level, according to the following
equation:

EM RED — EM BEFORE ~— EM AFTER (2)

where:

EMgep - CO2 emissions reduction [kg],

EMgerore - CO, emission, [kg], before the implementation of the measures, calculated by reference
declared energy consumption;

EMarter - CO2 emission, [kg], after the measures application.

Thus, the total net savings of final energy per year is multiplied by the appropriate CO, emission
factor, depending on the type of saved energy (electricity, liquid fuel, fuels used in heating systems

etc.).

Total CO; emission also depends on the heating system efficiency, because, according to its value, a
quantity of fuel consumed is changed. Comparison of CO, emissions for different heating systems is
given in Figure 1 [2].

Heat pump svstems

Electric resistance heating ’
Natural gas _l
|

LPG

Heavy oil

Coal, Antracit | (NG

0 0,05 0.1 0.15 0.2 0,25 0.3 0.35 0.4
CO, emission [kg’kWh]
Figure 1. Guidelines on CO; emissions for various fuels and heating systems

The Energy Management System can incorporate many various measures which can contribute in
improving energy efficiency, decreasing energy consumption, and thus reducing pollutants emission
rates, including CO. emissions.

One of the possible measures that can be implemented in order to reduce CO, emissions into the
atmosphere can be the substitution of the classical lamps with energy saving lamps. So, if only one
100 [W] classic lamp which is used 6 hours per day is replaced with energy saving lamp with power
of 23 [W], which on other hand has the same light spectrum and intensity as the previous one, in one
year the emissions of CO; can reduced by about 50 [kg].

Also, energy source/fuel substitution can be one important step that Energy Management System can
include in order to reduce financial cost and pollutants emissions form one unit or building.

One such example is shown below.
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EXAMPLE OF AN ENERGY SOURCES SUBSTITUTION AND INFLUENCE ON CO:
EMISSIONS RATE

The building where Faculty of Technical Sciences - Bitola is placed has total heated area of 6000 [m?],
and for energy production for heating and obtaining domestic hot water extra light fuel oil is used.
The analysis considers an option that may be available in the future, replacing extra light fuel oil with
natural gas.

Current Status

= To produce thermal energy for heating and preparation of domestic hot water extra light fuel oil is
used.

= Annual consumption of extra light fuel oil for heating and preparation of domestic hot water is 60
[tons per year], with an extra light fuel oil energy value of 42.300 [kJ/kg] and density 860
[kg/m?].

= Pipeline and the heating elements are in good condition, reconstructed two years ago and they
have thermostatic radiator valves.

= The development of the infrastructure in the object location made natural gas available for use.

= The existing boiler room according to the characteristics doesn’t meet the requirements of the
Regulation on technical standards for the design, construction, operation and maintenance of
natural gas boiler rooms (SFRY Official Gazette 10/1990 and 52/1990).

A description of the measures taken
= Substitution of extra light fuel oil and instead using natural gas for heat production.
Necessary Investments

Based on the bids submitted by potential contractors a certain amount of necessary investments is
equal to a total of 13.530.000 MKD (220.000 Euro).

This amount includes investments in the following items:

= Station for measurements and natural gas pressure reduction (MRS).

= Electrical and mechanical equipment in boiler room (boiler, burner, circulating pumps, mixing
valves, gas connection, stack elements etc.), together with the costs of dismantling the old and
installation of new mechanical equipment.

External gas network.

Internal gas network.

Construction and reconstruction works.

Projects for: Station for measurements and natural gas pressure reduction (MRS), gas pipeline
and connections, gas boiler room.

Estimation assumptions

= The natural gas energy value is 33.400 [kJ/m?], and its density 0,69 [kg/mq].
= Heat energy consumption doesn’t depends from fuel type used, and thermal energy which should
be provided by natural gas is equal to the thermal energy provided by extra light fuel oil, Ee il =

Eng., i.e.,
Ee.1.0il = 60.000 x 42.300 = 2.538.000.000 [kJ per year] 3
Ee..0i = 705.000 [kWh per year] = 705 [MWh per year] 4)
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= An assumption that long-term price of natural gas will be maintained at the current level of 28,8
[MKD/m?] (0,49 [Euro/m®]), VAT included, that is 3,10 [MKD/kWh] (0,05 [Euro/kWHh]), is taken

into account.

= The price of extra light fuel oil is 54,5 [MKD/liter] (0,89 [Euro/liter]), VAT included, that is 5,4

[MKD/kWh] (0,09 [Euro/kWh]).
Savings
= Savings in heating energy (SHE):
SHE = 0 (Heat energy consumption doesn’t depends from fuel type used)
= Financial savings (FS):
FS = Costs for extra light fuel oil (Ce.1.0i) - Costs for natural gas (Cn.g.)
FS = Eeloil X 5,4 [MKD/KWh] - Eng. x 3,1 [MKD/kWh]
FS =1.621.500 [MKD/year]= 26.366 [Euro/year]
Investment return period (IRP):
IRP = Total investments / Financial savings per year
IRP =220.000 / 26.366 = 8,3 years
Used methodology: CO, emissions per unit of fuel [kg CO./kg (or m?)]
As the relevant ratios of CO, emissions are taken following:
- 3,13 [kg COy/kg] for extra light fuel oil and
- 1,90 [kg CO2/md)] for natural gas
Extra light fuel oil consumption: 60 [tons per year]
CO, emission as a result from extra light fuel oil combustion:
60.000 [kg] x 3,13 [kg CO2/kg] = 187.800 [kg CO2]
Natural gas consumption:
2.538.000.000 [kJ/year] / 33.400 [kJ/m?] = 75.988 [m3/year]
CO;emission as a result from natural gas combustion:
75988 [m3/year] x 1,90 [kg CO./m?] = 144.377 [kg CO]

= COemission reduction (ERED) :

ERED = CO; emissions using extra light fuel oil - CO, emissions using natural gas

ERED =187.800 - 144.377 = 43.423 kg CO- per year = 43,4 [t CO; per year]

®)

(6)

()

(8)

9)
(10)

(11)

(12)

(13)

(14)

(15)

Assessment gives the result that we should expect. Substitution of extra light fuel oil with natural gas
besides financial savings, has benefit on the environment protection resulting on the reduction of

greenhouse gases, primarily COa.
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CONCLUSION

Energy consumption in buildings and its effects, primary on carbon dioxide emission rates, are
analyzed in this paper.

Carbon dioxide emission rates caused by the raised energy consumption can be greatly reduced with
the application of energy management system and its measures, particularly energy source/fuel
substitution.

This measure can also have an effect on building reduced financial cost for energy.
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Abstract: Increase in urban population, environmental and social problems of modern cities and consequences
brought by the industrial society including climate changes, require careful planning of cities including benefits
of urban green areas in every stage of the city design and development. Environmental, economic and social
benefits of green areas are recognized by every city resident, but information about their value finds its way to
relevant institutions with difficulty so that already existing green areas are being dilapidated and often do not
meet the required function. The aim of this paper is to analyze the criteria for green areas formation, for
reaffirmation and improvement of the existing ones as well as for creation of new ones that meet the needs of the
gravitating population.

Key words: urban green areas, criteria, green areas design

INTRODUCTION

It is a known fact that even though cities occupy only 3% of the globe surface, they include more than
50% of the world population which has increased from 1.6 billion to 7 billion people over the past 100
years. It is anticipated that this trend will continue and that in 2025 we can expect 8.2 billion people on
the planet, of which 60% in the cities. The urban population is increasing much faster than the world
one due to transfer of population from rural to urban areas, and the cities are becoming increasingly
polluted. The pressure of the population on urban areas contributes to changes in the future planning of
communities, cities, regions, etc.[1,8]

Most of environmental impacts of urbanization refer to the loss or degradation of green areas, which
can cause major disruptions in the ecosystem such as loss of habitats or reduction of biodiversity.
Built-up areas greatly hinder natural processes, and green areas are one of the possibilities to mitigate
such interference. Advantages provided to the environment by urban green areas (UGA) are reflected
in the local climate stabilization through air purification, cooling and mitigating urban heat islands.
Green areas in cities affect noise reduction, CO2 storage, have positive effects on rainwater infiltration
and water purification.[9] Urban green areas are a common good of the city and social benefits for
residents of urban areas include mental and physical health improvement, stress reduction and
relaxation through active and passive recreation. A contact with the nature and a sense of freedom that
green areas offer to the population of urban areas is essential for mental health especially in times
when we are directed to stay indoors because of our business activities. In addition to the
aforementioned benefits of public green areas, economic benefits should not be ignored as city's
locations near major parks have a higher value.

Because of their great importance, urban green areas should be designed so that they are qualitatively
and quantitatively evenly distributed within urban agglomerations.

MATERIAL AND METHODS

Public green areas include parks and reserves, sports fields, banks of streams and rivers, green
corridors and walkways, gardens, street trees, as well as less conventional areas such as green walls,
green alleys and cemeteries. Private green areas include private yards, fields surrounding the buildings
and the corporate greenery. [9]

Reviewing the literature we have identified the main problems that professionals face having to deal
with them in the design of urban green areas related to the size of green areas, then to a proper
selection of sites for urban green areas as well as to making a choice of an appropriate design and
facilities that ensure proper use and sustainability of a green area. In order to solve the above
problems, an analysis of the criteria in Table 1 was done, which was adapted for this study from the
Interdisciplinary Catalogue of Criteria "Urban Green Environment" (URGE) Project and the relevant
literature.
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Table 1. Criteria for green area formation adapted from URGE Interdisciplinary Catalogue of Criteria

[10]

No. Criterion Class range flmpgct Remarks
unction
<lha L as large as
Surface area of urban green L-3ha 3 possible
1 g 3-5ha 4 a minimum of
spaces X
5-10ha 6 4hais
more than 10 ha 7 recommended
; - <0.1 2
2 Extent of edge effects 0.1-0.2 4
Shape index
>0.2 6
_ > 500m 1
Isolation fro_m other green spaces 500-250m 3 as clo_se as
3 Interpatch distance to the nearest 220-100 c possible
neighbouring patch ~2oum max 500m
<100m 7
Connectivity to other green 0 1
spaces 1-2 3
4 Presence of different types of 3.5 5
green corridors that link a site to '
other green spaces 5+ 7
> 20% 1
5 Soil sealin 10-20% 3 the less sealed
g 5-10% 5 soil the better
<5% 7
1
4 recommendation:
Class range maximum
Catchment area must be defined number of
Number of potential users per according to potentioal users
urban green space local 7 should be the size
circumstances of greenspace
divided by 6m?
Number of 1
entrances to the 6
6 green site 7
Most common 1
form of acces by 3
users 7
- Number of
Accessibility parking places 3
closer related to
4
the average
number of 5
visitors by car
Number and 1

frequency of
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public transport
lines that
connect the site
to the built up
area of the city

Obstacle to
access

~

no
yes
7 none

Sport and play facilities

Children’s play equipment some

many

W N W RPOW|IN|PF

Safety- Existance of no
8 patrol/warden in and around the
green site yes

(65

RESULTS AND DISCUSSION

An attractive, safe and accessible park or a green area positively affect social and economic prosperity
as well as environmental comfort, improving human health and quality of life. To achieve the greatest
possible value of an urban green area and to ensure its proper use, it is necessary to observe certain
guidelines and criteria for planning it.

1. The first criterion in formation of urban green areas is the size i.e. the total area of the site. The size
of an urban green area determines to what extent it will be able to meet the users’ needs and provide
the opportunity for a variety of recreational activities. [5] Only a green area big enough can accept
different contents such as space for recreational activities, children's playgrounds, events and so on,
which will ensure its use.

Application of standards on the size of green areas is very simple and usually refers to the minimum
area of UGA per person, however it must incorporate a criterion that relates to the needs of the
gravitating population. A connection between designers and potential users should be established, and
the needs arising from lifestyle, culture and heritage as well as the demographic structure of the
population should be examined. [5]

The World Health Organization (WHO) has recommended min of 9m2 of urban green area per capita,
but in developed countries this figure is over 100m2 per capita. The usual presence of greenery in
European cities is 40 to 60m2 per capita.[4] Green areas in cities are designed to last for decades, so
we should not be satisfied with the minimum area, however the problem of finding a location becomes
more pronounced in the central, densely built, urban zones. Many cities in Europe have a high degree
of greenery because the plan included and analyzed very large areas that include rural areas around the
city. The goal is to evenly distribute green areas that are a part of the so-called “green infrastructure”
of the city.

Green areas within the city can produce a cooling effect and improve the microclimate conditions. The
air temperature is the most important characteristic of the climate. In urban areas there is a high
concentration of areas with a high heat capacity that are strongly warmed up. This causes a significant
accumulation of heat in the cities and the increase in temperature is also affected by the heat from
industrial processes, combustion engines and the heating from residential homes. A combined impact
of these factors leads to formation of a so-called "heat island". Temperature differences between the
city and its surroundings is approximately 0.5 to 1.5°C. [2] The size of a park is also important for
mitigating the heat island effect. How important is the park size was shown in a study of two different
parks in Gothenburg, where the difference in temperature ranged from 1.7°C in a small park area of
0.03km2, while in a large park area of 1.56km2 the difference was 5.9°C. [7]
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2. A shape index of a location is calculated as the ratio of the average width of the site and its breadth
where priority is given to a regular shape, i.e. it is desirable that the index is less than 0.2. A regular
shape of the site is more adequate because of easier space organization, a better insight by the user,
synoptic views and easier noticing the green area. In exceptional cases, the location length allowed is
significantly larger than the width if the green area is used for communications connectivity,
population movements or longitudinal tracks for recreation (trim trails for jogging or cycling).

3. and 4. Maintaining and restoring the connection between and within the greenery system is a central
problem in ecology, nature conservation and territorial planning in order to achieve sustainable
development. Urbane green areas should be physically and functionally connected so that each green
area is a part of a larger network. Linking does not always mean a direct physical connection between
the locations, but also the existence of green corridors in the form of a line of greenery wherever
possible. It is necessary that these green corridors permeate the central urban area, as they allow better
air circulation. This connection is reflected in two criteria, one is the distance between neighbouring
green areas and the other is presence of one or more green corridors. In the current literature, distance
between neighbouring green areas greater than 500m is not recommended. [10]

5. The degree of a location coverage refers to the percentage of urban green areas that are covered
either with constructed buildings or paving. It is recommended that this parameter does not exceed the
value of 10% for public green areas that are moderately used, and 20% for intensively used areas. The
lower value of this parameter provides numerous environmental benefits and offers its users a sense of
naturalness of the urban green area. [10]

6. Availability of public green areas implies a good traffic infrastructure connection with potential
users and has a direct impact on the use of these areas, which can greatly affect their preservation and
maintenance. Availability is defined by the number of entrances to the public green area as well as by
frequency and quality of the public transport lines in the vicinity of the public green area. Negative
impact on this criterion is the existence of certain physical barriers that are difficult to overcome in
order to access the location.

Availability is defined through the distance of residence from an urban green area (catchment area).
Short distances to the green area (300-400m) are directly related to the intensity of its use. Britain
applies the approach where availability of an open space is expressed by distance: playgrounds for
young children - accessibility within 90m, playgrounds for children aged 10-13 - accessibility within
300m, playgrounds for children aged 14-18 - accessibility within 1.000m, sports facilities accessibility
within 1.000m, parks - accessibility within 400m, open spaces within yards - accessible within 400m.
Copenhagen has adopted a strategy that by 2015, 90% of the population shall have accessibility to a
green area within the distance of 400m. [3]

Examples of other standards include ANGST "Natural England - Accessible Natural Greenspace
standard" by which each person should live no more than 300 meters away from the nearest green area
of at least 2 ha, that there is at least one accessible green area of 20 hectares at 2km from home, at least
one accessible green area of 100 ha at 5km from home, at least one accessible green area of 500 ha at
10km from home. At least 1 hectare of local nature reserve should be provided per 1,000 residents. [6]
7. By decorating and furnishing urban green areas, their utility value is increased, which contributes to
attractiveness of urban areas and improvement of the quality of life in cities, i.e. local communities.
Within the public green areas a variety of recreational activities can be accomplished and thus give
contribution to better health of the population. In addition, public green areas provide pleasant places
for local people to meet, which supports social interaction. [1,9] In order to allow such an activity to
take place unhindered, public green areas need to be adequately equipped with mobiliard, then with
necessary equipment according to the planned recreational activities and also providing enough space
for playgrounds. It is essential that playground spaces are separated according to age. In the
assessment activities, different groups of people, including those with special needs, should be
included.

8. Safety as a criterion is considered from two aspects. The first, less dominant aspect, is separation of
pedestrian and car traffic, which is required in green areas for safer movement of the user. Another,
more prominent aspect, is understanding the concept of safety through the growing crime rate, because
in the absence of control and surveillance people feel less safe. In numerous studies, the female
population has been identified as more vulnerable when it comes to safety, and park areas have been
identified as dangerous places.
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For this reason, special attention is given to planning the lighting of public green areas, while presence
of supervision has a positive impact on this criterion.

CONCLUSION

The analysis presented in this paper points out advantages and opportunities of urban planning and
makes a request to all relevant experts and institutions to consider previously stated criteria for
planning urban green areas when making decisions. This topic is underrepresented in our legislature,
which has led to increasing fragmentation of green areas where many of them are abandoned and
devastated.

Public green areas are the common good of all citizens and in order to ensure its conservation, it is
necessary to establish adequate monitoring as well as specify the conditions for further development. It
is necessary to engage all available locations for green areas in the planning documents, and in the
course of design to examine the needs of the local population through research and studies as this
would ensure their use and therefore the economic viability of investing in such projects. It is
necessary to create new green areas in accordance with the city greenery system and to revitalize the
existing, most valuable parks in the central city zones in order to meet their function.

One of the directions of green areas development could be setting up connections between the green
and blue areas, i.e. rivers and water surfaces in line with the strategy of flood control as well as in
terms of maintenance of green areas because water is a necessary element for their existence. [10]
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Abstract: Biofuels (biodiesel and ethanol) are liquid fuels produced from agricultural crops as renewable
resources. In our country, biodiesel is more common. Biodiesel is derived from vegetable oils (soybean,
rapeseed, sunflower, palm), and from waste oil and fat, by the process of transesterification, in the presence of a
catalyst. It can be used independently or in a mixture with diesel obtained by refining of crude oil and in any
ratio. Depending on the content of biofuel in the mixture, biodiesel is called B100 (pure, 100% biodiesel), B20
(20% biodiesel and 80% fossil diesel), and so on. In terms of environmental protection, the use of biodiesel
compared to fossil diesel provides reductions of greenhouse effect, emission of sulfur oxides, suspended
particles and carbon monoxide. The quantification of these effects on the environment is done by popular
approach "Well-to-Wheel" (WTW), in which the net emissions over the entire chain of production-consumption
are measured. This paper presents the reduction of motor vehicle emissions by using biofuels.

Key words: biodiesel, ethanol, exhaust gases, environmental protection

INTRODUCTION

It is well known that transport almost entirely depends on fossil fuels. The demand for energy in the
world is constantly growing, which contributes to the development of the renewable energy sector.
Biofuels (biodiesel and ethanol) are a viable alternative. Biofuels do not require production of a new
car or a new car engine; they already have a huge advantage over hydrogen technology, which is still
in its infancy. This compatibility with existing engines has prompted many countries to turn to
biofuels, confident that they will thus be able to reduce the cost of fossil fuels.

ENGINEERING PROPERTIES AND PROCESS OF OBTAINING ETHANOL

According to its chemical composition, ethanol is ethyl alcohol (C2HsOH) containing 34.7%
of oxygen, and it is completely soluble in water. In pure form it is a flammable, colorless
liquid with a sweet smell of alcohol. Ethanol is lighter than water; when its mixture with
gasoline comes into contact with minimum quantities of water, ethanol will be separated from
gasoline in aqueous layer. Pure ethanol and ethanol gasoline mixtures are heavier than
gasoline. Ethanol is highly volatile and will evaporate into the air about five times faster than
gasoline. Like gasoline vapors, ethanol vapors are denser than air and they accumulate in
lower areas.

When burning, ethanol releases less heat than gasoline. One and a half gallon of ethanol has
nearly the same energy of combustion of fuel as one gallon of gasoline. Ethanol has a higher
ignition temperature than gasoline (4,500°C to approximately 2,500°C) and has an octane
number of about 110, and when added to gasoline, it increases its octane number. The mixture
of ethanol and gasoline in ratio 85% ethanol and 15% gasoline (E85) is the one most
commonly used in vehicles. Engineering properties of ethanol E85 are shown in table 1.
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Table 1. Engineering properties of fuel E85 [1]

Engineering property Value
Volume percentage of ethanol, % 82
Reid vapor pressure (psi) 6,2
Mass percentage of water, % 0,4
Gross heat of combustion, kJ/kg 32.412,81
Net heat of combustion, kl/kg 29.649,52
Research octane number 105
Density, kg/m? 0,78
Mass percentage of carbon, % 57,92
Mass percentage of hydrogen, % 13,02
Mass percentage of oxygen, % 29,06
Conductivity, uS/cm 1,81
pH 7,6

Ethanol E85 has a distinctive scent and pink color. Composition of ethanol E85 is prescribed by
standard ASTM D5798. This standard prescribes the additives to prevent corrosion and it set the limits
for the regulation of parameters such as vapor pressure and octane number. Table 2 shows
comparative properties of E85 and E10.

Table 2. Properties of E85 [1]

Property E85 E10
Boiling point, °C 900 400+2.100
Gross heat of combustion, kJ/kg 32.412,81 45.282,57
Net heat of combustion (mass), kJ/kg 29.458,79 41.868
Net heat of combustion (volume), kJ/liter 353.942,27 486.428,26
Heat of evaporation, kl/kg 830,38 465,2
Octane number:  (RON) 109 92

(MON) 91 87
Appearance Pink Light yellow
Selling price in the USA, $/gallon 1,39 0,99+1,05

Suitable raw materials for ethanol production are cereals, wheat, sugar cane, sugar beet, Jerusalem
artichokes, etc. However, there is no "best" raw material, since in different regions of a country
different cultures from different types of soil are better suited for ethanol production. In addition to
cereals, there are other sources of waste from production of cereals and food, which can be used for
production of ethanol, but their overall potential is small. Other processes are being developed, which
would allow commercial distillation of ethanol from cellulosic raw materials such as residues of
harvest, grass, wood and paper from municipal solid waste.

The process of commercial distillation/conversion into ethanol consists of four basic steps (Figure 1).
First, raw material is processed to obtain sugar solution. Then, in a separate step, sugar is converted
into ethanol and carbon dioxide using yeast or bacteria in a process called fermentation. Ethanol is
separated by distillation, which gives a solution of ethanol and water, in which ethanol cannot exceed
95.6% (at normal pressure) due to the physical properties of mixture of ethanol - water (azeotropic
mixture). In the final step, the water is removed to produce "dried" ethanol. This is accomplished by
adding a chemical that alters the physical properties of the solution and by re-distillation.

The material that remains in water solution after distillation of ethanol, so-called residue after
distillation, contains yeast or dead bacteria and a substance from raw material that is neither starch nor
sugar. For example, cereals provide high protein residue (called "distillers grains') that can be used as
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animal feed, while sugar and cellulosic raw material give residue with little protein and less nutritional
value.

From 100 kg of corn in production of ethanol, 19.4 liters of ethanol, 23.2 kg of distillers grains, 5.4 kg
of high-protein food, and 2.9 kg of corn oil is obtained on average.

Sugar substance

Extraction
Coradls of sugar
Turning into (ollcicnon of syrup " Storage
sugar for storage
s 3 Dilution
Fermentation < : <
with water
Destillation > Drying of Animal
to 95% ethanol by-product feed
Storage . By'—producl .
with little protein
Ethanol

Figure 1. Production of ethanol [2]

It is not rational to modify vehicles designed for fossil fuels propulsion into ethanol propulsion
vehicles, due to necessary changes of some materials, especially sealing elements in the fuel system.
Hence, it is usual to design multi-fuel vehicles that can use pure gasoline and mixtures of these fuels
up to the ratio of 85% ethanol and 15% gasoline (E85). Companies that produce models of vehicles
that can run on E85 fuel are: Daimler-Chrysler, Nissan, Ford Motor Co., Mercedes-Benz, General
Motors-Chevrolet [3].

ENGINEERING PROPERTIES AND PROCESS OF BIODIESEL PRODUCTION

The term biodiesel refers to a liquid, renewable fuel derived from vegetable oils and its chemical
composition is methyl ester (mono alkyl ester). Although the slogan "diesel” is a part of its name,
biodiesel does not contain oil derivatives or derivatives of other fossil fuels. In biodiesel, those are
non-toxic raw materials, which are biodegradable and renewable. Today biodiesel is used as a pure
fuel (B100) or in a mixture with diesel fuel in the amount of 20% biodiesel and 80% diesel (B20).

In comparison to conventional diesel fuel, biodiesel fuel is characterized by higher oxygen content
(11%) and a lower content of carbon (77%), and approximately the same proportion of hydrogen. Due
to the increased oxygen content, heating value of biodiesel compared to fossil diesel is lower (37 MJ /
kg compared to 43 MJ / kg), and combustion of the fuel is improved [4]. The viscosity of biodiesel
fuel is higher than that of diesel fuel, but several times reduced as compared to the viscosity of the oil
from which it is produced (Table 3). Biodiesel has much poorer properties at low temperatures
(thickening), compared to diesel fuel.
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Table 3. Engineering properties of biodiesel and diesel fuel [6]

Property Biodiesel Diesel
(SRB EN 14214)

Density at 15°C, kg/m® 860-900 820-845
Viscosity at 40°C, mm?/s 3,5-5,0 2,0-4,5
Carbon residue, % m/m <0,3 <0,3
Ester content, % m/m > 96,5 -
Free glycerin, % m/m < 0,02 -
Ignition point, °C > 120 > 55
Particles content, % m/m <0,01 <0,01
Phosphorus content, mg/kg <10,0 -
Sulfur content, mg/kg < 10,0 < 10,0
Water content, mg/kg <500,0 < 200,0
lodine value, g 12/100 g <120 -
Oxidation stability at 110°C, h > 6,0 -
Cetane number, % v >51,0 >51,0

Biodiesel may be obtained from any type of vegetable oil (rapeseed, sunflower, soybean, palm). In the
U.S., biodiesel is mainly produced from soybean oil or recycled cooking oil, but animal fats and
vegetable oils can also be used for its production (oil of corn, flax, hazelnut, coffee, rubber tree seeds,
cotton, hemp, soy, canola, olive, jojoba, pumpkin seeds, sesame seeds, rice, sunflower, peanut,
avocado, oil palm, saffron, oats), which depends on the prices. A mixture of all types of fats and oils
will probably be used for production of biodiesel in the U.S. in the future. In Europe, the most popular
raw material for production of biodiesel is rapeseed oil, but sunflower and soybean oil can be used as
well.

In the selection of raw materials for the production of biodiesel, there are certain standards that have to
be met: type of oil, content of free fatty acid, content of phosphorus and insoluble substances. These
standards limit the application of used oil from restaurants i.e. they increase the cost of biodiesel
production because they require an appropriate pretreatment. On the other hand, the real limit is the
availability of raw materials, i.e. rapeseed or soybean oil which are the optimal raw materials for
production of biodiesel that meets the quality standard EN 14214. Therefore, as production capacities
increase, so does the area of arable land for planting oilseed crops increase.

In oil-refineries, biodiesel is obtained by the process of the esterification of fatty acids with methanol,
with the aid of a catalyst (NaOH), and then, apart from biodiesel (fatty acid methyl ester) glycerin is
obtained, which is usually further purified to purity of 99% or more, and it is sold to pharmaceutical
and cosmetics industry, equation 1 [5].

CH,-0O-CO-R, CH,-O-CO-R, CH,-OH
CH-0-CO-R, +3CH, -OH— ,CH,-0-CO-R, + CH-OH (1)
CH,-0-CO-R, CH,-0O-CO-R, CH,-OH

Other by-products in production of biodiesel are:

= hardened cake (remnants after the procedure of extraction of oil from oil seeds that are

cleaned and separated from the hull)

= distillers grains (remnants after the procedure of extraction of oil).
For production of 1 ton of biodiesel (as well as by-products: raw glycerin about 128 kg, glycerin for
pharmaceutical purposes about 93 kg, industrial grade glycerin about 5 kg) from 1,000 kg of rapeseed,
the following is spent:

= vapor about 415 kg,

= coolant (At= 10°C) about 25 m®,

- electrical energy about 12 kWh,

= methanol about 96 kg,
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- catalyst (100%) about 5 kg,

- hydrochloric acid (37%) about 10 kg,
- sodium hydroxide (50%) about 1.5 kg,
- nitrogen about 1 m® [7].

Complete estimation of energy balance of biodiesel production includes not only energy that is spent
in its production, but also the energy that is absorbed/given away by all the processes needed to reach
the final product. The overall energy balance depends on the use value of rapeseed stalks that can be
cut and used as an energy source or can be plowed. The studies, which were done for biodiesel, show
that the total energy balance (including extraction, refining and esterification) is positive (Table 4).

Table 4. Energy balance for biodiesel produced from rapeseed in MJ/ha [7]

Parameters Value

Seed yield (t/ha) 3,2
Energy input (MJ/ha)
Soil cultivation -4.300
Fertilizer -12.800
Agrochemistry -600
Seed -200
Storage/packing -300
Transportation =174
Processing/production -16.071
Total input -35.045
Energy output (MJ/ha)

Biodiesel 45.800
Hardened cake 3.700
Total output without stalk 49.500
Energy output/energy input (without stalk) 1,41
Net energy balance without stalk 49.500
Stalk 38.400
Total output with stalk 87.900
Energy output/energy input (with stalk) 2,51
Net energy balance with stalk 52.855

Car manufacturers have a positive attitude about the use of biodiesel. Volkswagen Skoda (Golf IV/V,
Vento, Passat, Polo, Fabia, Octavia I), Audi (A2, A3, A4, A6), Seat (Alhambra, Arosa, Leon, Inca,
Ibiza) allow the use of B100 in their vehicles produced after 1996. BMW and Mercedes-Benz allow
the use of B100 only in some models, but only for an extra charge, as "a package of preparations for
biodiesel." Majority of other manufacturers (Peugeut, Citroen, Chrysler, Jeep, Suzuki) allow the use of
up to 5% biodiesel in new vehicles.

REDUCTION OF EXHAUST EMISSIONS BY USING ETHANOL IN MOTOR VEHICLES

Emisije Exhaust emissions are one of the main reasons for the use of ethanol. Emissions that can be
controlled are nitrogen oxides (NOx), carbon monoxide (CO) and hydrocarbons (HC). Studies have
shown that:
e by using fuel with a high ethanol content, hydrocarbon emissions can be reduced by 66%.
Hydrocarbons typically represent 80% of total emissions from vehicles.
e CO formation is greatly reduced through the use of ethanol because of the oxygen content in
ethanol. Combustion takes less oxygen from the air, thus creating fewer by-products such as
CO, so global warming is reduced.
e in comparison with gasoline, formation of toxic compounds from ethanol in atmosphere is
relatively slow.
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e the main products of incomplete combustion in the use of ethanol are acetaldehyde and
peroxyacetyl nitrate, same as in the use of gasoline.

¢ the use of gasoline containing ethanol may lead to increased emissions of volatile substances as
rubber, plastic and other materials are permeable to ethanol; furthermore, ethanol can reduce
working capacity of active carbon filter used to control emissions of volatile substances in
vehicles.

o current models of vehicles cannot be completely controlled regarding the evaporation of
ethanol. Although stricter standards for emissions of volatile substances that apply to models
produced until 2006 were adopted in 1998, test procedures apply only to fuel used in the time of
the adoption of regulations, and do not include ethanol mixtures. However, due to lower content
of harmful volatile components in ethanol fuel, the level of harmful evaporations from these
road vehicles is lower.

e the use of ethanol significantly reduces the possibility of environmental accident during
transportation in comparison with transportation of gasoline (due to its lower toxicity).

e in comparison with gasoline, ecological convenience of ethanol as a fuel is reflected in less
pollution of water ecosystems.

REDUCTION OF EXHAUST EMISSIONS BY USING BIODIESEL IN MOTOR VEHICLES

The values of emission of individual pollutants in the use of biodiesel are:

Carbon dioxide (CO,): each ton of burnt diesel adds about 2.8 tons of CO; into the atmosphere. The
specific content of CO, from one ton of burnt biodiesel is slightly lower, about 2.4 tons. It can be
assumed that this CO, will be fully used next year by the crops that will give raw material for
production of biodiesel. Therefore, it can be said that the net CO, emission when using biodiesel,
when viewed on the WTW (Well-to-Wheel) basis, where net emissions over the entire chain of
production-consumption are measured, is almost equal to zero (Figure 2).
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Figure 2. Closed CO; cycle [8]

Sulfur dioxide (SO2): Today, 1 ton of conventional fossil diesel in the EU contains a maximum of 350
ppm sulfur on average. When diesel is burned, the sulfur is released into the atmosphere in the form of
sulfur dioxide, contributing to the formation of acid rain. Biodiesel has almost no sulfur (sulfur content
0+0.0024 ppm). On the other hand, the EU is constantly promoting the use of diesel fuel with low
sulfur content (less than 50 ppm in the UK and less than 10 ppm in Sweden), so greater use of
biodiesel and its mixtures with diesel will have a major role in the reduction of sulfur.

Nitrogen oxides (NOx): Emission of nitrogen oxides from biodiesel can be increased or decreased in
relation to the emission from fossil diesel, depending on the generation of engines and the procedures
by which they are tested. Emission of nitrogen oxides from pure biodiesel is increased by about 6% on
average compared to fossil diesel. Due to the lack of sulfur in biodiesel, it is possible to use techniques
of controlling nitrogen oxides, which cannot be used with fossil diesel.
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Carbon monoxide (CO): Biodiesel contains oxygenates that improve combustion process and reduce
emission of carbon monoxide by at least 30%.

Solid particles (Pm): Inhalation of suspended particles has proven to be a serious problem and a threat
to human health. Emission of these particles in the exhaust gases in biodiesel is about 50% lower than
that of fossil diesel.

Hydrocarbons (HC): The emission of hydrocarbons from biodiesel is by 50% lower than that in diesel
fuel. Significantly lower hydrocarbon emission in biodiesel is explained by its higher boiling point, i.e.
evaporation point.

Perhaps the emission of aldehydes, in addition to the negative impact on seals and colors, is the most
important environmental lack of biodiesel, as this substance is a carcinogen. The emission of
aldehydes is much higher (about 20%) in biodiesel compared to diesel fuel.

Table 5 shows the emissions of biodiesel (B100 and B20) in comparison to the emission of fossil
diesel fuel, taking that the emission of fossil diesel fuel is 100%, wherein only carbon dioxide is
viewed from the point of life cycle.

Table 5. Changes in emission of biodiesel compared to diesel emission

Type of emission B100 B20
Carbon monoxide -43,2% -12,6%
Hydrocarbons -56,3% -11,0%
Solid particles -55,4% -18,0%
Nitrogen oxides +5,8% +1,2%
Toxic substances -60%+-90% -12%+-20%
Mutagenic substances -80%+-90% -20%
Carbon dioxide -88,3% -25,7%

Important ecological characteristic of biodiesel is its biodegradability. Fossil diesel dissolves only
50% during the first 21 days after the spillage (e.g., an accident during transport), while 98% of
biodiesel decomposes without consequences, within the same time. According to medical literature,
substituting or mixing diesel with biodiesel would reduce the risk of cancer in humans (by 94% when

using B100, and 27% for B20).
The environmental benefits of biodiesel compared to fossil diesel fuel are reflected in:

- reduced emission of gases that cause greenhouse effect, mainly CO,, CO, SO;

- non-carcinogenicity of exhaust gases (they are free of soot, benzene, toluene);

- biodegradability and non-toxicity (accidental spillage is not an environmental risk).

Environmental effect of the use of biodiesel in buses will be shown by the results of experimental
testing done on two buses lkarbus 103 in City Transport Company Beograd, from March 6-12, 2006,

within the project “We are Powered by the Sun®, (table 6).

Table 6. Pollution emissions of buses on biodiesel and diesel [6]

Measured Idle 50% 100%
parameters A-482 A_-491 A-482 A_-491 A-482 A_-491
biodiesel diesel biodiesel | diesel | biodiesel diesel
CO, ppm 33 118 65 165 92 179
NO, ppm 171 178 114 168 113 129
NOy, ppm 23,9 22 26,3 29,4 26,5 23,4
NOx, ppm 195 200 141 198 139 153
SOy, ppm 8 83 5 92 5 102
Hz, ppm 4 3 5 14 11 19
03, vol % 18,9 18,8 18,5 17,9 17,7 17,5
COg, vol % 1,81 1,83 2,11 2,55 2,7 2,84
Pm, mg/m?3 18,2 74,9 24,5 85,2 31,2 98,3
Benzene, pg/m® <10 335 <10 621 <10 825
Toluene, pg/m® <10 168 <10 211 <10 398
Xylene, pg/m3 <10 10 <10 23 <10 40
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Table 6 shows that pollution is significantly lower in all three modes when buses use biodiesel instead
of conventional diesel fuel.
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CONCLUSION

Production of biofuel in the world is rapidly growing. Rate of growth of the world market of biofuel
will depend on several factors:

o First, the market of raw materials needed for the production of biofuel.

¢ In addition, the problem of subsidized production of biofuels needs to be solved.

e Last, but not the least important, is the question of growing prices of oil.
Taking into account the European policy for biofuels, critical success factors of implementation can be
summarized as follows:

e The availability of arable land for the production of crops for biofuels;

e Tax incentives without which biofuel would not be competitive to fossil fuel;

e Clear state involvement in the long run, by establishing a legal framework and reference

objectives of the introduction of biofuel;

¢ Promotional pilot projects were implemented at the local, regional and national levels.
What this paper irrefutably shows is that the use of biofuel in motor vehicles significantly reduces
exhaust gases emissions in comparison to fossil fuels.
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Abstract:This paper shows dependences cold water temperature of coefficient A, height of the filling hp, and air
number A for different values of temperature of wet thermometer (twg) and different width of cooling area (Atw)
in cooling towers with drop type filling. Besides, the basic features of this type of filling are shown, as well as
basic of technological calculation of cooling towers. For the purpose of analysis one — dimensional model of
water cooling in counter flow cooling tower by Merkel basic equation was applied.

Key words: cooling tower, filling, drop flow,cooling efficiency

INTRODUCTION

Evaporative water cooling is conducted by distributing water throught the nozzle over the filling,
which is designed to provide a greater contact surface between the water and the air stream. Water
cooling in hyperbolic cooling tower depends mostly on the following relevant factors:

« water distribution in the cross-section of the tower,

« air flux and air flow resistance,

« the contact surface of the water and the air,

* the type of built-in filling,

» dispersing water in different size drops or film-forming water.

To improve the level of heat transfer in the tower is necessary to ensure a larger contact surface
between water and air. Part of the tower where there is direct contact between water and air is called a
filling. Cooling water, for the most part, is done in the fillings of cooling towers. Therefore, analysis of
the application of different types of fillings is an extremely important task, but it also opens the
possibility of improving the efficiency of cooling. By the proper selection, taking into account other
factors, can be accomplished much better water cooling.

In practice, the following types of fillings used according to the flow of water:

* drop stream

* film stream

» combined (film and drop flow).

FILLINGS FOR THE DROP STREAM OF WATER

This is the simplest type of filling that is made of slats and beams arranged in an appropriate number
of horizontal lines at a certain distance. Cross-section of slats or beams can be in different geometric
shapes (Figure 1) [2]. Filling beams are usually made from high-quality wood (redwood). Different
dispositions of slats in filling for drop flow of water is shown in Figure 2 [3]. In Table 1 are presented
numerical values of parametres for this type of filling for caracteristic dimensions c1, ¢z, 81,82 [2].
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Figure 1. Cross-sections of slats for filling for the drop stream of water [2].
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Figure 2. Different dispositions of the slats in filling for drop stream of water
(dimensions are in mm) [3].

Height of the filling or number of horizontal rows of slats is calculated according the following
equation:
-pP
AV 6,07+ ABR) (qﬂ] )
mw mv

Where are:
BR- number of horizontal rows of filling slats, A and p are constants for any matrix. In Table 2 are
given coefficients A and p for disposion of slats given on Figure 2 and temperature of hot water of
49°C.
If the temparature of incoming water different from specified value we have to calculate corrected

B,av
value ——.

O

Table2. Values of A and p in equation (1)

Tablel. Numerical value of thermal for slats disposition shown on the Figure 2

characteristics for specific (c1, ¢z, 81,62) [2]

[3]

S -
lype 5_1 S, S, Ko n Disposition A p
2 a 0,060 062
153 | 228 | 0295 | 05 . 0,070 052
v | 333 | 193] 153103081 05 c 0,092 0,60
153 | 305 | 0,246 | 042 ' '
154 | 458 | 0,236 | 0,47 d 0,119 0,58
38/33 | 153 | 228 | 0,275 | 0,49 e 0,110 0,46
f 0.100 051
m | 5195 | 203 | 228 | 052 | 0,28 g 0104 057
51/95 | 203 | 305 | 0,53 | 0,26 X 027 047
= 817|763] 046 | 05 i 0135 057
254191 1 6171 152 | 032 | 05 i 0,003 | 054
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Knowing the number of horizontal rows (BR), row height and vertical distance between the rows
given in Table 2, the total filler height in the cooling tower (UV) is calculated according following
equation:

UV = BR x (row height + vertical distance between the rows) 2

The free water surface, which is thereby formed in the cooler is composed from three parts:
a) the surface of the water film, formed on the lattice during the water stream around them,
b) the surface of large drops, formed on the bottom of the beams, and then they fall down;
c) the surface of small drops produced by spraying large drops at the fall of the same from the top to
the bottom beams.

For understanding the role of film surface and drops of different diameters in the cooler, is not so
important the absolute water surface, but the different coefficients of mass and energy transfer for each
of these cases are. It was found that on the observed lattice type 70 + 80% of the free water surface is
from film, around 5% of water surface is from large drops and 15 + 20% of water surface is from small
drops. But, it was found that 65 + 70% of the total heat transfer is for small drops , 25 + 30% is for
film, while large drops in cooling water do not play a larger role [4]. Because of all of the facts
presented above, the coefficient of heat and mass transfer for this filling can only be determined
experimentally or with empirical correlations that are usually in gradation forms:

By =c-9," (wp)" @)

Where are ¢, ni m constants:

0r = gmwr/F, kg/m2s — hydraulic load of filling

gmwr- amount of spilled water, kg/s

F - filling cross section, m2

w; - air velocity, m/s

pv — air density, kg/m

On the Figure 3 are shown experimental determinatted coefficients according [5].
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Figure 3. Mass transfer coeficient for filling with spraying [5].
TEHNOLOGY CALCULATION FOR COOLING TOWER

Technology calculation requires full coordination of thermal and aerodynamic calculations, because
the air flow through the tower is not known in advance, because it is a function of the structural
parameters of the cooling tower and the individual parameters. Technology calculation consists of two
parts:
a) Determination of the tower dimensions for the external conditions, water temperature, thermal
and hydraulic load.
b) Determination of the cooling tower efficiency (temperature of cold water) with defined
geometry for different parameters of outside air.
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Figure 4. Water surface in contact with air

Consider the free water surface between the section 1 and 2, in direct contact with air (Figure 4) as is
the case in the filling of water cooling tower. Air flow is gmv kg/s , water flow is qmw kg/s, water
temperature entering in the tower tw1, and the exit water temperature tw.. Enthalpy of the air at the
entrance is hy, and exit enthalpy is h..

The basic equation of heat balance for the entire tower is:

Mey,dt, B~ B.F
W _ x| dF = &
tv-!.z s hv Arw E[ " Arw

If the coeficient S, given in relation to the volume (as f,, ), assuming that f,, does not depend on the

thermodinamic parameters of the air and water wich is very close to reality, entirely analogues for the
last equation is get:

T Cully _ BV

(4)

(®)
tyo h\/s - hv Orw
In the literature integral on the left side of equation 5 is called Merkel's number , Me.
t
w ¢ dt
Me= [ = (6)
tyo hvs - h/
The right side of integral 5 is filling caracteristic and it is usually expresed as:
Vv
—'BXV :A-/i”-hp (7)
qu

Where are: A and n — coefficients obtained experimentally, hy[m] — filling height

A= Gow air number

qmw A}
i hvs
Saturated air curve
hy
Cooling line 1
Approaching hvs-hv
the cooling  Cooling area B I
' P s area
e £ g below the
Omw
curve _
tws twe  tw[°C] tw tw2 tw[°C tw1

Figure 5. Graphical interpretation of the integral 6
COOLING DIAGRAMS FOR DIFFERENT WATER AND AIR PARAMETERS
This chapter provides an analysis of the filling characteristics for the drop stream of water depending

on the coefficient A, filling height hy and air number A for various wet thermometer temperature (twn)
and various cooling zone widths (Atw). The first is analyzed drop type filling with the following
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characteristics: A =1.0; n=0,5; hy =0.9 m; A = 0.5 for Me = 0.65; > = 1.0 for Me = 0.86; A = 1.5 for
Me = 1.065 and the following results were obtained.

Figure 7 shows the dependence of water temperature entering in the cooling tower (twi) and water
temperature at the output of the cooling tower (twz) from A = 0.5 to 1.5, Aty =5 ° C and tw, = 16,7°C
(Figure 7 a.), tw, = 20 ° C (Figure 7 b.) and tw, = 23,3°C (Figure 7 c.). Figure 7 d. shows the ty
dependence on A and tw.
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Figure 7. Water temperature dependency at the cooling tower input (tw1) and the water temperature at
the cooling tower output (tw2) on 2= 0,5 to 1,5, Atw=5 °C and tws=16,7°C (Fig.7a.), tws=20°C (Fig.7 b.)
and tws=23,3°C (Fig. 7 c.)

The Figure 8 shows dependency water temperature at the cooling tower input (tw1) and water
temperature at the cooling tower output (tw2) on A= 0,5 to 1,5, Atw=10 °C and t.s=16,7°C (Fig. 8 a.),
tws= 20 °C (Fig.8 b.) and tws=23,3°C (sl.8 c.). On the Figure 8 d., is presented dependency of tw, on A
and tws.
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Figure 8. Water temperature dependency at cooling tower input (tw:) and water temperature at cooling
tower output (twz) on A=10,5to 1,5, Atw=10°C and tws=16,7°C (Fig.8a.), tws=20°C (Fig.8 b.) and

t,5=23,3°C (Fig.8 c.)

The Figure 8 shows dependency water temperature at colling tower input (twi) and water temperature
at cooling tower output (tw2) on A= 0,5 to 1,5, Atw=15 °C and tws=16,7°C (Fig. 9 a.), twus= 20 °C (Fig.
9b.) and tws=23,3°C (Fig. 9c.). On the Figure 9 d. Is prezented dependency of twz on A and tws.
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Figure 9. Water temperature dependency at cooling tower input (tw1) and water temperature at cooling
tower output (twz) on A=0,5to 1,5, At,=15°C and t,g=16,7°C (Fig. 9a.), twg=20°C (Fig. 9b.) and
twe=23,3°C(Fig. 9c.)

CONCLUSION

In this paper are presented possibilitis of water colling improvement. The analysis of simultaneous
heat and mass transfer in counter, wet cooling towers with drop type water stream is done. For the
analysis was applied the one-dimensional water cooling model in counter cooling tower by using
Merkel basic equation. Also, in the paper are presented the coefficients of heat and mass transfer of the
drop type fillings. Tehnology calculation of the cooling tower is given. It was analyzed contribution to
water cooling by changing the water and air parameters in cooling tower. The filling height improves
cooling, not linearly, but with decreasing gradient. Hight height of fillings are not efficient. The usual
height of filling is (0,9 + 1,8) m. For higher value of air number (X) cooling tower output temperature
decreases (twz), but fall gradient is reduced. This means that high values of X are unnecessary. Typical
values of A are A= 0,6+1,3. Cooling water is in the range (5 = 15)°C. For smaller values of the output
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temperature (tw2), lesser Aty, higher value of A and higher filling height are favorable. By the proper
selection water and air parameters we can significantly affect on water cooling in cooling towers.
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Abstract: In assessing the sustainability of certian waste treatment, should take into account all aspects:
environmental, economic and social, which are quantified through indicators of sustainable development.
Indicators by their nature can be quantitative and qualitative. The major problem is determining the value of the
qualitative indicators, such as social acceptability. This paper analyzes social acceptability of waste treatments:
landfilling, recycling, composting and waste incineration in city of Ni§. A set of questionnaire which comprised
of 21 questions was applied as instrument for data collection. The analysis was conducted by surveying 268
respondents in the population the age between 18 — 27. The results show that the recycling has highest social
acceptability, as well as strong willingness for active participation of the respondents in the primary selection of
waste. The results of this research can be used in assessing the sustainability of certian waste treatment and
selection of waste management scenarios in the city of Nis.

Key words: indicators, social acceptability, waste treatment,

INTRODUCTION

The most widely used definition of sustainability refers to three dimensions of sustainability:
environmental, economic, and social. For a technical system to be deemed socially sustainable, it
should at minimum enjoy wider social acceptance. Hence, the social sustainability dimension is
approached from an angle of social acceptance [1]. Measuring sustainability and quantifying the social
dimension of sustainability are difficult tasks. The difficulty arises from the need to identify an
objective definition of social sustainability, as it is impossible to reach consensus on all the specific
ingredients in social sustainability [1].

Implementation of long-lasting, new technical systems, require acceptance by the public. In other
words, social (public) acceptance shortens the time between the first discussions of new technical
systems and their implementation and make the system sustainable, also.

Social acceptance is not simply a set of static attitudes of individuals; instead it refers more broadly to
social relationships and organizations, and it is dynamic as it is shaped in learning processes. The
acceptance among various parts of society has to be studied [2].

In democratic societies, decision making needs to consider not only what experts know but also what
the public feels and thinks. Depending on the circumstances, there might be an association between
what the public feels and thinks; and its knowledge. Different levels of perceptions, to the extent of
expressed fear at the public level, can result in a major lag between the time when decision-makers
express their interest in going forward with a proposed initiative, and the time the proposal wins
acceptance by a majority of the public [1]. This type of delay can manifest itself anywhere in the
decision-making process. For example, it took Swedish society more than 20 years to feel a lower
level of fear associated with nuclear power, even though the technology has not changed during that
time [1].

One study [3] which centered around nine European waste management programs that were seen as
advanced programs in their countries concludes that successful waste management programs have one
major factor in common: all programs considered the issues of social acceptance and communication
to be very important.

Scientists agree that social acceptance is considered most critical for the effectiveness of any
integrated Municipal Solid Waste management system. Especially for alternatives widely debated,
such as waste-to-energy in areas without any prior experience, the widely discussed “Not In My Back
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Yard” (NIMBY) syndrome needs to be considered when planning the development of the required
infrastructure [4].

Despite the fact that “it is becoming increasingly evident that a waste management program and
especially a waste treatment technique, which ignores the social aspects is doomed to failure”, it is
only in very recent years that waste management programs and policies are taking the social aspects
into account and indicators for sustainable waste management are being developed. These social
aspects include the problems of communication, social acceptance, (NIMBY/social compatibility),
public participation in planning and implementation, consumer behavior, intergenerational factors and
changing value systems [5].

Social acceptance of waste management models has been a key part of many researches. Social
aspects of public waste management in Switzerland was investigated and has led to the conclusion that
aspects concerning the problems of public acceptance, public participation in planning and
implementation, consumer behavior and changing value systems are no less important than the
technical or economic aspects in waste management research and decision-making [6]. A comparative
study on three environmental policy domains in the Netherlands was done that all deal with
legitimizing building and locating infrastructure facilities: renewable energy, water, and waste
facilities [2]. Other study investigate public acceptance of a permanent nuclear waste disposal facility
in New Mexico [7]. Social acceptance for the development of a waste-to-energy plant in an urban area
in Greece was investigated, also [4].

The paper presents a study of social acceptability of certain waste treatment in the city of Nis. The
research was conducted within the framework of sustainability research different waste management
scenarios in Ni§, because there is no adopted model of waste management in addition to waste
disposal to landfill. In order to determine the value of social indicators, such as social acceptability
survey was carried out of the sample of 268 respondents age between 18 — 27. A set of questionnaire
which comprised of 21 questions was applied as an instrument for data collection.

RESERCH DESIGN AND DATA COLLECTION
Research area

City of Nis is situated in south east of Republic of Serbia, in the Nisava valley where it joins the Juzna
Morava River. It is located at the 43°19' latitude north and 21°54' longitude east. The central city area
is at 194 m altitude above sea level. The city area covers 596.71 km? of five municipalities: Medijana,
Palilula, Pantelej, Crveni Krst i Niska Banja [8] (Figure 1Db).

In the City of Ni$, according to the census of 2011, lived 260,237 inhabitants, while in the populated
area lived 183,164 inhabitants [9], so the population of Ni§ third largest city in Serbia (after Belgrade
and Novi Sad). Based on the census of 2011 in the city of Nis live 49,421 populations aged 15 - 29
years old.

City of Ni§ is one of the most important industrial centers in Serbia, well-known for its industry of
electronics and mechanical engineering, and the textile and the tobacco industry. Statistics show that
the system of education is quite elaborate in the city: there are 50 000 pupils/students attending 32
primary and 21 secondary schools.

In most cities in Serbia, the waste is disposed of in open dumps or unsanitary landfills endangering the
environment and human health. The situation is similar in the city of Nis. At present, the city has a
dysfunctional landfill and waste management comes down to the collection and disposal of waste in
the landfill. Amount of waste that generated in the city of Nis is 68,656 t per year [10]. The current
situation in the city is such that the waste is collected by a public company and disposed of in
unsanitary landfill. In the city there are several private companies involved in the recycling of waste
(mainly metals, paper, plastics and e-waste). In the city there are several locations with containers for
the collection of recyclable materials (plastics, glass, aluminum cans, paper). The waste is collected
and transported once a week. Waste collection is charged at the surface of the housing unit.
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Figure 1. Sketch map of Nis: (a) Serbia; (b) Ni§

Questionnaire design

A questionnaire composed of 21 questions (statements) with pre-selected answers (1 — Strongly
Disagree, 2 — Disagree, 3 — Undecided, 4 — Agree, 5 — Strongly Agree) was used as the main
tool of this research. The questionnaire was divided into two sections.

The first section composed of 8 questions (Statements) and evaluated people’s environmental
awareness.

The second part composed of 13 questions (statements) and was designed to examine the public
knowledge about certain waste treatment and their attitude about proposed waste treatment and their
willingness to participate actively in their process of waste management, and a willingness to accept
the construction of waste treatment plants in its neighborhood. The statements are as follows:

9. Waste is a big problem in my city.

10. Waste problem in my city should be solved in other ways other than landfilling.

11. Certain types of waste (paper, glass, metal, plastic) can be recycled.

12. 1 would do primary selection of waste in my household.

13. Most of my friends would do primary selection of waste in their household.

14. There are a sufficient number of containers of waste that can be recycled (plastic, glass, cans,
paper) in my city.

15. Organic waste (plant residues, paper, garden waste, etc.) can be composted.

16. The best way to solve the problem of waste is landfilling, recycling, incineration, composting.

17. I'd agree that over a distance of 10 km from the place I live, build: sanitary landfill, recycling
facility, incinerator, composting facility.

18. Most of my friends would agree that over a distance of 10 km from the place they live, build:
sanitary landfill, recycling facility, incinerator, composting facility.

19. The biggest polluter is sanitary landfill, recycling facility, incinerator, composting facility.

20. Waste disposal should be charged according to the amount of waste to be disposed.

21. 1 would pay higher bills for waste collection and removal if they would solve the problem of waste
pollution in my city.

The respondents were asked to provide some demographic information including age, gender and
education.

RESULTS AND DISCUSSION

The analysis was conducted by surveying 268 respondents in the population the age between 18 — 27
years. Statistical analysis of the survey’s results is summarized in Figure 2.
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Figure 2. Survey’s demographical characteristics.

The survey results show that 70% of respondents are aware that in the city there is the problem of
inadequate waste management, and 77% of them know that waste should be dealt with and other waste
treatments except landfilling.

Examination of knowledge of waste treatment shows that 66% of respondents know that certain types
of waste (paper, glass, metal, plastic) can be recycled, and 51% of respondents know that organic
waste (plant residues, paper, garden waste, etc.) can be composted.

69% of respondents would do the primary selection of waste in their household, but only 43% of them
believe that most of their friends would do primary selection of waste in their household. Only 29% of
respondents agree that there are a sufficient number of containers of recyclable waste (plastic, glass,
cans, paper) in the city.

Figure 3a shows the attitude of respondents of prefferable waste treatment. 73% of respondents think
that recycling is the best way of waste treatment, while only 29% of them think that incineration is the
best way of waste treatment. This may be the result of lack of knowledge related to the benefits of
incineration (waste volume reduction and energy recovery from waste), and can also be a result of fear
of environmental pollution by burning waste, because 50% of respondents believe that the incinerator
is the biggest polluter of the environment, of all waste treatment facility (Figure 3b).

Prefered waste treatment The biggest polluter of envitonment
80 50
40
60
30
40
20
0 0
Landfilling  Recycling Incineration Composting Landfilling  Recycling Incineration Composting
(@) (b)

Figure 3. Attitude of prefferable waste treatment.

During questioning attitude on nearby waste treatment plants, 57% of respondents would agree that
over a distance of 10 km from the place they live, build recycling plant, but only 45% think that their
friends agreed to it. The minimum number of respondents, 20% of them would agree that over a
distance of 10 km from the place they live, build incinerator, while only 18% of them think that their
friends agreed to it (Figure 4).
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Figure 4. Attitude about waste treatment position in the neighborhood.

48% of respondents considered billing system inadequate, and agrees to the collection and
transportation of garbage should be charged according to the amount of waste to be disposed,
however, only 49% of respondents are willing to pay higher bills for waste collection and
transportation if they would solve the problem of waste pollution in the city.

Conducted research shows the biggest social acceptability of waste recycling, while the minimum
acceptable is incineration of waste. This attitude is associated with fear of greater pollution of the
environment by burning waste. As interesting conclusion has been that only 32% of respondents
considered that the landfillig of waste is acceptable waste treatment. A small percentage of
respondents (44%) who declared that the best way of waste tretment is composting of organic waste,
shows the lack of knowledge of the respondents and the benefits of composting, which leads to the
conclusion that it is necessary to work on educating the population under the age of 27 years, to get
acquainted with all the advantages and disadvantages of certain waste treatment, which may affect to
their attitude and acceptance of individual waste treatment.

CONCLUSION

In assessing the sustainability of certain waste treatment, the most difficult is to determine the value of
social indicators. They are mostly qualitative, such as social acceptability, but can greatly affect the
sustainability of the chosen waste management model, as well as the speed of model implementation
and the construction of waste treatment facilities. One way to determine the social acceptability is a
survey.

In this paper is analysed social acceptability, as one of the indicators of social sustainability, certain
waste treatment in the city of Nis. Data collection was done by interviewing a sample of 268
respondents, age between 18 - 27.

The results show that the most socially acceptable is recycling (73% respondents), and that 69% of
respondents are willing to actively participate in the primary selection of waste in their households, as
well as one of the first steps in implementing model of waste management. At least acceptable (only
29% of respondents) is incineration of waste, most likely due to oppinion of 50% respondents that the
incinerator is the biggest polluter of the environment, of all waste treatment plants.

The survey also showed lack of knowledge of the population aged 18 - 27 of individual waste
treatment, which leads to the conclusion that it is necessary to carry out continuous education and
learning population with possible ways of waste treatment.

This research is part of a larger research carried out in order to assess the sustainability of the waste
management model, as well as the selection of indicators that clearly and fully sublimate the most
important influential factors, as well as their values.
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Abstract: Using recycled materials saves energy and natural resources. Recycling creates less air and water
pollution than primary production of raw materials. Recycling saves storage space, create new jobs in companies
engaged in the collection, production and distribution of raw materials. In the paper the analysis of the recycling
of motor vehicles. Motor vehicle recycling industry contributes to sustainability, environmental protection and
energy saving. Recycling of cars includes a variety of procedures, which allow obtaining products floricane
materials (metals, plastics, rubber, glass), suitable for the production of new material goods.

Key words: motor vehicles, sustainability recycling.

INTRODUCTION

Also, the introduction of system solutions in the field of automobile recycling contributes to the
renewal of the fleet and the consequent reduction of pollutant emissions, traffic safety and saving
energy and raw material resources (Bian et al., 2010; Aleksic et al., 2011). Huge amounts of
automotive scrap today a major issue in all countries of the world. To ensure the successful recycling
of motor vehicles is necessary to create an appropriate legal framework and basic infrastructural
requirements, which undoubtedly contributed to its development through attracting investments and
building technology resources in accordance with the regulations. With the start of mass production of
cars and waste from the car, which ended his life, the idea emerged that certain parts of such cars can
be re-used (as spares). However, the number of these parts are so small that they appeared large dump
cars. These landfills affect the environment, and on the other hand represent a large amount of raw
materials that could certain technological processing be re-used for different purposes. Thus, in recent
years in developed countries (the U.S., Japan, etc.)., There are large corporations that take on the
responsibility that this job entails. One of the major contributions of this new industry is to reduce
environmental pollution. On the other hand, recycling of cars has been hiring large numbers of
workers. These problems occur in all parts of the world so that in all countries a need for companies to
deal with the recycling of old cars (Trumic et al., 2008; Puric et al., 2011; Milic and Jovanovic, 2011).

ANALYSIS OF SCIENTIFIC KNOWLEDGE IN THE LITERATURE

Energy consumption for the production of secondary raw materials from the recycling process
produced significantly lower than those used to obtain material from mining primary production (llic,
2002; Krinke et al., 2005). Recycling of used motor vehicles (ELV) in high-income countries is very
successful, especially after the introduction of the shredder in the recycling process of used cars. The
rate of recycling in developed countries more than 90% of the used motor vehicles. ELV Recycling
helps protect the environment (Hempfl, 2010; Jovanovic et al., 2008). ELV recycling reduces the
minerals from natural sources and generates a source of raw materials for the production of new
products derived from recycled materials (prawns, et al., 2005; Tadic et al., 2010). Removing
environmentally harmful components and materials, specialty oils, brake fluid, antifreeze, air bags,
mercury, freon and similar substances require special treatment and expertise in areas such waste
dismantling. In Germany, Centers for dismantling vehicles covering a circle with a radius of 50
kilometers. In Serbia there are about 1.4 million passenger cars and light commercial vehicles. The
estimated number of annual waste produced by 120.000 cars a year, which means that a larger number
of equipped recycling operators. (Junbeum et al., 2007; Medic, 2011). Recycling of used motor
vehicles in the world, is an efficient process which recycles more than 75% of the cars, along with the
rate of used cars collected by 95%. In the United States, is recycled about 11 million units,
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representing a $ 5 billion of revenue. Automobile Recycling Industry in the United States employs
more than 40.000 employees in more than 7.000 companies. In the EU, the number of recycled car
reaches 9 million per year, equivalent to 2.2 million tons of waste. As in the U.S., profit mainly by
selling used parts and metal. Based on the data (Tolmac et al., 2011a), the number of used cars in the
Republic of Serbia, is approximately 100.000 per year. Taking this estimate of the number of used
cars, as well as the percentage utilization of certain materials per vehicle, obtained 68.000 tons of
ferrous metals, nonferrous metals 6.000 tons, 8.000 tons of plastics and composites, 1.400 tons of
fluids, 5.000 tons of rubber, 3.500 tons of glass, 1.000 tons of textiles, 1000 battery tons and 6.100
tons of other waste from the used car. In the Republic of Serbia, during the process - recycles 14% of
used motor vehicles, because the capacity for industry remains underdeveloped. In the domestic
market ELV recycling, demand for secondary raw materials is high, and the level of recycling of 14%,
should increase to European levels by 75%. On the basis of the ELV recycling system, we need new
investment of over 20 million, in several plants shredder and mobile Balir presses, and increase the
efficiency of the (Subaru and Pavlovic 2006; Djordjevic and popcorn, 2004).

CAR RECYCLING TECHNOLOGIES

In Serbia, there are over a million vehicles whose average age is over 10 years. The collection and
disposal of waste vehicles mostly depends on supply and demand. Parts with use value is extracted in
smaller amount, depending on their age and condition of end. The automobile recycling facilities in
the world it is possible to recycle about 80% by weight of the car. The process of recycling cars is
complex because of the variety of materials that are part of the car. Middle-class car, on average,
consists of 76% metal, plastic 8%, 4% rubber, fluid 6%, 3% glass and other materials 3% (Trumic et
al., 2004). Apply two car recycling technologies, which differ in the way of sorting the material that
make up the car. The first technology is based on optical (manuelnoj) separation, and other technology
uses multiple methods (grinding, gravity separation methods and special). A third possibility is that the
whole car pressed in one piece, using mobile Balir presses (Trumic et al., 2008).

Further classification of non-metals and non-ferrous metals in fruiting material, achieved through a
combination of gravity and special separation methods (electrostatic, optical, etc.)., (Trumic, et al.,
2009).

RESULTS AND DISCUSSION

Motor vehicle recycling of end of life, according to (Tolmac et al., 2011), is still at an early stage and
does not engage a significant number of workers. The research within the project of technological
development is defined by a model of integrated and sustainable recycling of motor vehicles at the end
of the life cycle (Pavlovic et al., 2011). Thus the set basis for the development of new industries and
thus create real conditions for intensive employment in jobs recycling. These tasks include collection
and transportation of waste motor vehicles, their removal, selection of components and materials,
recovery of components for reuse, crushing shells and chassis, separation of materials, recycling
materials, the final disposal of waste. All this requires a different structure of professional personnel,
various recycling technologies and the different composition of objects and corresponding
requirements for their location (Bian et al., 2010; Afgan et al., 2009).In Serbia, so far no systematic
not address this problem in solving environmental and social, and economic problems when it comes
to preserving the natural resources of our country. The project aims to (Pavlovic et al., 2011) to
localize potential waste motor vehicles, which can be recycled or used for energy. The most important
thing is to determine the scope and structure of the permanent disposal of motor vehicles, especially
hazardous waste and suggest measures for their removal or safe storage (Pavlovic, 2009; Pavlovic and
Subaru, 2006).The project (Pavlovic et al., 2011), is predicted to form an appropriate centers for the
breakdown of used motor vehicles by the respective regions. The significance of the project is big,
because it provides savings in the form of recycled materials. If we know now about 120 thousand cars
a year off, and thus are ready for the recycling process, the weight of every vehicle around 1 ton, of
which about 70% feromagnetics materials, there are also non-ferrous metals, plastics, rubber; We can
not imagine how it is stored resources. Obtaining metals from recycling leads to saving power
generation, such as: steel 74%,aluminum 95%, copper 85%, lead 65%. Getting metal recycling
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reduces water consumption by 40%, reduces water pollution by 76% and air pollution by 86%. In
developed countries (35 to 45)% of the new steel is obtained by recycling (Stojanovic et al., 2004).
Recycling is the future to solve the problem of waste motor vehicles, in terms of sustainable
development. A clear example that proves the previous statement is given in Table 1 (Tolmac et al.,
2011b; Trumic et al., 2008):

Table 1. Saving energy by using recycled materials

Materials (%)
Copper 85
Lead 65
Zinc 60
Aluminum 95
Iron and steel 74
Magnesium 98
Titanium 58
Paper 64
Plastic 80

As can be seen from Table 1, the energy savings by using recycled materials is very important. The
investment costs for the construction of waste treatment plants and metal production only (16 to 20)%
of the cost to build a plant for processing the raw materials - minerals. In addition, manufacturing
technologies based on the processing of secondary metals are much easier and more acceptable for the
environment as the example of iron and steel clearly seen in Table 2

Table 2. The benefits of using iron and steel from waste materials

Benefits (%)
Energy savings 74
Saving material from ore 90
Reducing air pollution 86
Reduction of water consumption 40
The reduction of water pollution 76
Reduction of mining waste (tailings) 97
CONCLUSION

Motor vehicle recycling of end of life, according to the proposed model is based on the principles of
sustainable development (Pavlovic et al., 2011). The establishment of this model in Serbia, in addition
to environmental and economic effects of providing a high level of employment, which is very
important for social policy. Thus, the number of employees in the entire cycle of recycling of motor
vehicles at the end of the life cycle ranges from 6.000 to 20.000 employees. Number of employees
varies as a function of:

» ELV available number in the current year,

* the degree of recyclability,

« the level of motor vehicle dismantling,

* available recycling technologies,

* new products from materials provided by ELV.

Since the operators are to be deployed on the territory of Serbia, so that citizens in their old cars can be
submitted at the nearest recycling center which will be issued and a receipt which can be realized
certain benefits when purchasing a new car. In this way, the action will involve all those involved in
the recycling of batteries, waste oil, antifreeze, glass, plastic and everything that makes a car, and it is
necessary to invest a total of over 20 million Euros (Medic 2011; Kozic and Sudarevi¢ 2005; Gareth
and Shahin, 2006).
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Metals and energy consumption in the world has a great trend. The reserves are rapidly being depleted.
Scrap metal is a very important secondary resource, whose collection and return of the reprocessing
process significantly reduces the consumption of primary raw materials, extends the life of the
reserves and reduce environmental pollution. Re-use of metals from waste and general reuse of other
materials has great economic justification.
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Abstract: The subject of this paper is to give a brief overview of the risk assessment for the scaffolds and
ladders workers as part of the risk assessment for the project comprising building of new motorway from the
town of Demir Kapija down to the village of Smokvica, Republic of Macedonia. That is the last un-upgraded
section of the existing motor road/motorway E-75, that runs through the Republic of Macedonia and connects
Republic of Serbia and the Republic of Greece. Construction of the remaining section of this motorway will
enable faster and more safe transportation of people and goods from Central Europe to Greece, or to Turkey and
Near East since it will be connected to “Via Egnatia” (West-East) motorway in Greece. Team from the Faculty
of Technical Sciences — Bitola prepared risk assessment for the whole project comprising 30 different work
places and is constantly is engaged as a consultant for Health and Safety at work related issues, [1]. According to
identified risks (hazards) during works on the bridge constructions, scaffolds and ladders used very often and
there is proposed some recommendations to reduce or eliminate these risks of falling from high.

Key words: risk assessment, construction, scaffolds, ladders

INTRODUCTION

The motorway section is passing through the Demir Kapija canyon and the remaining gorge and
through the more or less flat area from the village Miravci to the village Smokvica. In total, the
project involves construction of 28.2 km of new dual carriageway, including two twin tunnels of a
total length of 4.5 km, 6 major river bridges/viaducts, 2 interchanges and 12 overpasses/underpasses.
The main Contractor on the project is AKTOR S.A., the largest construction company in Greece.

Risk Assessment is a structured process to identify risks, assess risks and define safety measures or
arrangements to remove/isolate or reduce risk as far as it is reasonably practicable and control residual
risks..

This is confirmed by the fact that the in 2011, 786 serious accidents at work and 16 fatal accidents are
registered by the State Labor Inspectorate [7], while by the Institute for Public Health 1520 serious
accidents are registered, [7]. In the annual report for accidents at work for 2011 by Macedonian
Occupational Safety and Health Association were registered 79 serious and 44 fatal accidents at work,
[7]. In the R. Macedonia, in 2012, the total number of accidents at work was 161 from which there
were 116 serious accidents that resulted in more than three days of absence from work and 45 fatal
accidents at work, [7],where the falling from the scaffolds produced 13 fatal accidents. For that
reasons, the scaffolds m ust be threated separately, with the special risk assessment. There are
different types of scaffolds like: stationary wooden or metallic scaffolds, mobile wooden or
metallic scaffolds and suspended scaffolds. The selection of the appropriate type of scaffold to be
used depends on the nature of the work, the activity itself and the height at which it is going to be
executed. Usually for outdoor work at height of 4m and above, stationary scaffolds are used and for
work height below 3,5 m indoors or outdoors mobile scaffolds. Usage of wooden scaffolds for work at
height above 6m is not allowed. For the buildings such as bridges (Fig.1, 2), i.e. pillars, usually is
practiced the usage of set of scaffoldings (Fig.2) to perform assembled steel construction. Working on
the scaffoldings without proper measures result most often with fatal accidents, therefore the standard
protection and working procedures of safety are essential of preventing accidents with death such as
falling from heights.

THE RISK ASSESSMENT METHODOLOGY
The Risk Assessment methodology presented in this paper is comprised of four levels, [2, 3].

< HAZARD IDENTIFICATION
At the first level, for each construction activity, a method statement has to be developed. Based on the
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method statement potential hazards are identified.

Smokvica

» RISK ASSESSMENT

After having identified the hazards we calculate the risk per hazard. This calculation can be a
qualitative or quantitative or both, if practicable. It is proposed that the occupational risk assessment
is calculated qualitative, but without excluding other forms of similar competence.

According to the Risk Assessment methodology each activity is broken down to tasks, it considers the
hazards associated with each task and assesses the risk by assessing the likelihood of an event of
a particular severity to occur and multiplies this likelihood with the corresponding severity (see sample
risk assessment in the next page). Always the worst case scenario is considered.

The Severity is specified qualitatively by setting classification criteria which determine how serious
the impact of a hazard is. Severity is rated into five levels as shown in Table 1.The assessment of the
likelihood of a risk is made by using Table 2.

Table 3 is the Risk Matrix which incorporates the criteria for assessing the severity and the likelihood,
and is an effective tool for assessing and presenting the risk that can be understood at all levels.

= SAFETY MEASURES EVALUATION

Completing a risk assessment with safety measures proposed, it is expected that the residual risk is
trivial or minor. If this is not the case, then further measures are proposed.

= SAFETY MEASURES REVALUATION - REVISION

The final stage of the Risk Assessment is about revaluating and revising the assessment
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depending on the nature of the Hazards and the various changes in the method statements.

Table 1. Rating Severity

Rating Severity

1 Trivial Trivial, minor first aid treatment. Back to work same day

2 Minor Minor woods, first aid treatment. Back to work within three days from
incident

3 Moderate First aid treatment. Hospital treatment. Back to work after 3 days from
incident. No operation

4 Major Hospital treatment. Operation is required. Back to work after 60 days from
incident or requirement for changing post due to injury

5 Severe Change work, Death

Table 2. Rating Likelihood

Rating Likelihood
1 | Almost zero Impossible or almost impossible to happen
2 | low The likelihood is very low
3 | Possible It is possible to happen
4 | High It is very likely to happen
5 | Almost certain It is almost certain or certain

RISK = SEVERITY x LIKELIHOOD

Table 3. Rating Risk Summary (see table 4)

Rating
Assessment Risk o
(Quantification)

Acceptable risk. No additional safety measures required. _

Acceptable risk. No additional safety measures required apart.

A more close supervision and safety measures implementation might Minor 2 (3-5)
be required.

Not acceptable risk. Action is required. Measures should be fully

implemented within a month. Moderate 3(6-8)

Not acceptable risk. Action is required. Works must be stopped
Immediately Measures should be fully implemented immediately.

Not acceptable risk. Action is required. Measures should be fully
implemented within a week.

Table 4. Risk classification

Severity
. A . Trivial Minor Moderate Major Severe
Risk = Likelihood X Severity )
1 2 3 4 5

Almost zero 1
S [ Low 2
(@]
é Possible 3
()
= | High 4
-

Almost certain 5
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RISK ASSESSMENT FOR THE SCAFFOLDS AND LADDERS

A SCAFFOLDS

Al) Before assembling

AKTOR SA discipline engineer responsible for scaffolds has to:

Ensure that the scaffold supplier has provided all necessary information concerning safety
instructions for design and erection.

Verify that the type of scaffold selected isappropriate for the specific work to be
performed.

¢ Ensure that the scaffold is accompanied by all the necessary quality certificates, manuals
providing information about assembly/dismantling etc.

Check and ensure that the required quantities of elements are available on site to erect a
complete scaffold and all are 1 good condition.

If it is a standard type (approved type} scaffold, follow the instructions of the manufacture
to erect.

If the scaffold is not a standard type then calculate the structure. Make the calculation and
ensure they are followed precisely.

Ensure the stability of the scaffold

Ensure the safe access to the scaffold.

Check and verify before safety of the scaffold before use.

Foremen are informed in details about:

The purpose for which the scaffolds is erected

The location of erection point

The materials to be used for its construction

The number of stages required

The suitability of the ground; any arrangements needed

Where and how the scaffold has to be anchored

The safe access and egress on the scaffold during erection, use and disassembly

.0

¢

0.0

7
0.0 -,

R/
0.0

7
0.0

R/
0.0

7
0.0

4

R/
*

L)

7
0.0

A2) Assembling
During erection of the scaffold the foreman in cooperation ensures that:
% The workers assembling the scaffold are trained and experienced and use the suitable
Personal Protective Equipment required.
Mobile scaffolds are secured against overturning and accidental dislocation. The
scaffold brakes must be used and their good operating condition must be ensured.

The scaffold is put up on stable and even ground.

Stationary scaffolds are secured against horizontal shifting.

The scaffold is not used before assembly is completed.

Supervision during erection and implementation of instructions and calculations.

7
0'0

X3

%

7 7
0'0 0'0

K/
.0

*,

K/
.0

*,

A3) Work on scaffolds
The engineers and foremen supervise works on scaffolds at all times and regular inspections
are carried out in cooperation with the HSS Officer ensuring that:

% Any other equipment used during civil works construction (electricity generators,
mixers etc.) must be located at a place which does not interfere with the stability of
scaffolds.
Workers use at all times the suitable Personal Protective Equipment according to the
specific work activity.
Scaffolds must not be used for storing materials or equipment.

Loads on scaffolds will be evenly distributed to avoid disturbing of its stability.
Safe access and egress on scaffolds is available.

No work activities are performed with adverse weather conditions when working outdoors.

K/
0.0

7 7 7 7
0.0 0.0 0.0 0'0

97



IV International Conference Industrial Engineering And Environmental Protection 2014 (11ZS 2014)
October 15, 2014, Zrenjanin, Serbia

+«+ Scaffolds are fully boarded.

% Full fall protection is provided.

A4) Dismantling

During scaffold dismantling the foremen have to make sure that:
¢ No works are performed on the scaffold.

% Trained and experienced workers are employed for this work.
« Dismantling of the scaffold is done according to the supplier's/manufacturer's instructions.

B. LADDERS

AKTOR SA foremen are responsible for ensuring that:
¢ Ladders are of the appropriate type and in good condition. In any other case the ladders
must be fixed (if repairable) or destroyed removed from site.

7 7
0.0 0.0

not obstruct

other

impact or destabilization.

3

R/
0.0

7
0.0

activities

in the same space and there

employees using them are required to wear a safety harness.

7 7
0.0 0.0

workplace to ease access to it.

7
0.0

R/
0.0

ladder insulated.

Employees are required to:
«» Use toolboxes or bags hanging by the solder when climbing a ladder with

tools or equipment.

Not use equipment or tools that require the use of both hands on ladders
Check the ladder before use.

Inform their foreman for any damages.
Place the ladder properly before using it.
Fix ladder or get another person at the base to hold it before climbing.

X3

A

7
0.0

7
0.0

7
0'0

X3

%

Ladders are regularly inspected for damages or wear.
Electricians are required to use ladders only with all supporting points of the

Ladders are put up on stable and even ground or surfaces. Use always the kerb stones.
They are put up away from openings or excavations and in a way that they do
is no hazard of

» The supporting angle of the ladders with the ground must be approximately 75 degrees.
Ladders are secured or tied by the vertical sides and not by the ladders' steps.
When larger than 6 meters ladders are used, these are also tied in the middle (3m) and

Ladders are used by the separately by every worker and not at the same time.
Ladders project at least over one meter distance above the reaching point of the

Due to pages limitations, in this article only an excerpt from the detailed risks assessment for the static
or mobile scaffold and worker that uses ladders is given in Table 5.

Table 5. Recognizing the dangers and hazards and risk assessment at work — \Worker on static or mobile
scaffold, worker that uses ladders

Health & Technical or
L Safety (HS) . Organizational
(')A‘pc(:;\;'t%rl] and ses:esrli(ty Protective Measures Measures for the
Environment Control of the
al (E) risks Remaining Risk
Worker Mechanical H Assembling the scaffolding is in accordance with | To wuse appropriate and
on static hazards of fall the manufacturer's instructions. certified scaffolding.
or mobile | from scaffolding Tests by a certified engineer for installation of | Assembling the scaffolding
scaffold, scaffolding and the properties of the base. No | is in accordance with the
worker overload is permitted on the scaffold. Use of | manufacturer's instructions.
that uses checked scaffolding only. No workers on the | Inspection by a civil engineer
ladders scaffolding when it moves. before using scaffolding
embankm Probe-examination and properties of the base which | whether it is  corectly
ent) will be a set scaffolding. assembled. Do not overload
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Tests by a certified engineer for installation of
scaffolding and the properties of the base. No
overload is permitted on the scaffold. Use of
respondents checked scaffolding. Dismantling of
scaffolding to execute against previously written
instructions. Parts of the scaffold to be checked
before use.

Setting warning for protection (barriers) in the area
where outsiders have access. Check all components
of scaffolding before its installation..

Approvals for proper use of materials. Before using
scaffolding to review by a panel of experts to
determine whether the scaffold is designed for
technical documentation, safety regulations at work,
technical regulations and relevant standards.
Assembling the record for review of scaffolding
which is part of the documentation. Check the
correctness of scaffolding periodically during
operation and at least once a month. Mandatory
inspection of scaffolding after repairs, renovations,
weather and movement. Check to make head or a
certain raotnik that results of the test should enter
the control book.

the scaffolding. The ratio of
the shorter side for height of
the scaffolding is in 1:3 ratio.
Check whether the selected
type of scaffold match the
specifics of the job. You
have to use the brakes on the
scaffolding and they should
be in good working
condition.

Do not wuse scaffolding
before it is fully assembled.
Supervision of installation
and  implementation  of
instructions and calculations.
The equipment used for the
execution of construction
works Kit at all times
(electricity generators,
mixers, etc..) must be located
on the site and shall not
endanger the stability of the
scaffold

Mechanical
hazards of
stroke in
structures with a
height above the
height of the
scaffolding
when moving
the movable
scaffolding

Before moving the mobile scaffold always check if
there is free space from the top of the roof or any
other material, structure or equipment. When works
are underway extending the scaffold installations
near the scaffolding is not allowed. Before
beginning work on the scaffolding (after completion
of the shift or cessation of work) to check whether
there is enough free space..

When working on
scaffolding at night use
proper lighting

Hazards from
falls when using

Ladder used to be in good condition. Ladder must
be placed on a stable surface. The final part of the

When using a ladder, use
system (technique) with 3

ladders ladder is over 1 m above the highest point. When contact points.

using the ladder, observe the location of other Regular checking of ladder

persons. Fix the ladder at the top end. The angle of from damage or wear. Inform

inclination of the ladder should be approximately the engineer in charge about

75°. Ladder is secured or tied on the vertical damages on the ladder.

side.When using ladders higher than 6 m, it should Ladder to be left in proper

be tied to the middle (3 m), and workers must use condition after its use.

protective elastic belt. Workers must be trained in
the proper methods of setting
the ladder. Ladders should
not pose an additional risk in
the workplace. Regular and
periodic control.

Hazard of Safe placement of equipment

impact with the
equipment used

Safe placement of equipment used for lifting in
order to impacts on mobile scaffold. Lifting

used for lifting in order to
impacts on mobile scaffold.

during lifting operations always to be performed under Lifting operations always to
o o o B be performed under
supervision. To avoid similar activities. Supervision | supervision. To avoid similar
of work at all time. activities. Supervision of
work at all time.
Mechanical To use appropriate and certified scaffolding. | To use appropriate and
hazards of Assembling the scaffolding is in accordance with | certified scaffolding.

breaking down
the scaffolding
(gear) fails

the manufacturer's instructions. Inspection by a civil
engineer before using scaffolding whether it is
correctly assembled. Do not overload the
scaffolding. The ratio of the shorter side for height
of the scaffolding is in 1:3 ratio. Lighting to be in
compliance with applicable standards. Check
whether the selected type of scaffold match the
specifics of the job. Scaffolding can not be used
until it is checked by an authorized person.

Assembling the scaffolding
is in accordance with the
manufacturer's instructions.
Inspection by a civil engineer
before using scaffolding,
whether it is  properly
assembled. Do not overload
the scaffolding done. The
ratio of the shorter side for
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height of scaffolding is 1:3.
Check whether the selected
type of scaffold match the
specifics of the job. The
distance between the
elements of the scaffolding
should be used only with
funds provided technical
documentation and
scaffolding conjunction with
typical elements are made in

accordance with the
manufacturer's instructions.
Binding of individual

elements of scaffolding in
general constructive is done
in a way to reduce the
payload or payload elements
of scaffolding as a whole

Mechanical
hazards due to
fall of items and
materials from
scaffolding

Assembling the scaffolding is in accordance with
the manufacturer's instructions.

Using experienced installers of scaffolding.
Continuous supervision. Providing safe transport of
material at level. The area around scaffolding at a
radius of 2 m to be fine. Monitor weather
conditions-wind speed. Editing can be performed
stage-by-stage. Use proper equipment for lifting.
Workers who mounted the scaffold are trained and
experienced in the use and personal protective
equipment at work.

Use of protective platforms and platforms for
complete protection. Hand tools and other fine
material is always stored in a box. Setting the fence
(with warning tape) at a distance of 3 m around the
scaffold platform. Scaffolding must not be used to
store materials or equipment. Mandatory use of the
funds for personal protection.

Employees who work on scaffolding required to
wear a helmet and protective shoes. As protection
from falling material to wuse network, built
protection, range, protective side panels.

As protection from falling
material network, built
protection, range, side
protective boards etc., with
width of at least 150 mm
should be used. Use of
protective scaffolding
platform to accept or
network level so that the
receiving platform bearing
scaffolding not less than 3 m
from the edge through which
employees can fall.
Protective scaffold with
overhang to protect workers
from items can fall from the
height should be at least the
height of 2.5 m above the
ground at which workers
move. Protective scaffolding
with overhang should be so
dimensioned and designed so
that they can maintain and
heaviest object as well as to
prevent its rejection and
breaking up the surrounding
area. The width of the
receiving platform or
protective overhang must not
be less than 1,5 m.

Hazards that
occur due to the
workplace
characteristics -
risk of worker
falling from
height

Assembling the scaffolding is in accordance with
the manufacturer's instructions.

Using experienced installers of scaffolding.
Continuous supervision. Providing safe transport of
material at level. Monitor weather conditions-wind
speed. Editing can be performed stage-by-stage. Use
proper equipment for lifting. Workers who mounted
the scaffold are trained and experienced in the use
and personal protective equipment at work.

Use of protective platforms and platforms for
complete protection. Mandatory use of personal
protective equipment.

Employees who work on scaffolding required to
wear a helmet and protective shoes. As protection
from falling material to use network, built
protection, range, protective side panels.

Inspection by a civil engineer before using
scaffolding whether it is corectly assembled.

It is prohibited to step down,
hang or tilt over the platform
of scaffolding. To use fixed
ladders for approach and exit
of scaffolding. Do not move
the scaffolding when it is has
workers on it. It is prohibited
to use rafters for heights over
6 m. Workers at all times are
required to wear appropriate
personal protective
equipment (especially safety
protective belt, helmet and
safety shoes) in accordance
with specific conditions.

It is prohibited to use docks
on excavation places
(trenches) where workers can
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Use of access ladder in the phase of construction of | fall from a height greater
scaffold. Secure safe access and egress to scaffold than 4.5 m. All handles over
3.6 m height must be fixed to
the building or to provide
stability otherwise. All
platforms to have width of
at least 450 mm

Dismantling
During scaffold dismantling the foremen have to make sure that:

¢ No works are performed on the scaffold.

¢+ Trained and experienced workers are employed for this work.

+« Dismantling of the scaffold is done according to the supplier's/manufacturer's instructions.
It should be noted that the conducted risk assessment is only part of the total H&S plan implemented by
the Contractor which also involves permanent health and safety related campaigns, on-site trainings and
education of the staff.

CONCLUSION

There are several conclusion produced by the previous risk assessment of the scaffolds and ladders
work places:
« The scaffold is accompanied by all quality certificates, load bearing ability study,
assembly/disassembly manuals, supplier/manufacturer safety instructions etc.
++ Only experienced personnel must be involved in scaffold assembly/disassembly operation.
¢ The use of Personal Protective Equipment like hard hut and safety boots is compulsory for
workers on scaffolds.
¢ The scaffolds have guardrails and toe boards to prevent objects and people from falling.
+»+ The work floors have the appropriate width without any voids.
+»+ Safe access and egress is secured.
¢ The scaffold is secured against overturning.
¢ The parts of the scaffold are thoroughly checked before use.
+» Regular inspections of the scaffold are carried out by the HSS-Officer.
«» Ladders used for light and brief work activities.
+» Ladders must be regularly inspected.
«»» Employees must be trained on the correct methods of putting up and fixing a ladder.
++ The ground must be stable and even.
+» Ladders must not create additional hazards to the workplaces.
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Abstract: In this paper, some of the statistical indicators which refer to serious and fatal accidents at work in the
European Union (EU-28) and in the Republic Macedonia are presented. The performed statistical analysis shows
that the number of serious and fatal accidents at work in EU-28 and in the Republic Macedonia, in 2012 was
decreased in comparison with 2008. Nevertheless, the Republic of Macedonia has high incidence rate for fatal
accidents at work compared to highly developed European countries. The activities of public administration and
defense, construction, manufacturing, transportation and storage sector and the activities of households as
employers are the economic sectors in which it is possible to prevent injuries caused by serious accidents at
work. The activities of households as employers, construction sector, transportation and storage sector and
agriculture, forestry and fishing are the economic sectors in where prevention of injuries at work caused by fatal
accidents must be addressed.

Key words: accidents, fatal, serious, incidence rate.

INTRODUCTION

Accidents at work are directly related to the characteristics of the work process and workplace
conditions. According to the European Agency for Safety and Health at work, occupational diseases
and accidents at work, that is a consequence of inadequately organized system for safety and health at
work, each cost the country between 2.6 to 3.8% of GDP, [7]. This is the basis for serious concern,
and the problem grows further if we consider that many occupational diseases and workplace
accidents remain unregistered. In 1990 the Eurostat harmonization project of European statistics was
initiated on accidents at work (European Statistics on Accidents at Work - ESAW) to develop
methodologies for the collection of comparable and significant data within the European Union, [5]. In
European Statistic for Accidents at Work methodology an ’Accident at work’ is defined as ’a discrete
occurrence in the course of work which leads to physical or mental harm’. The phrase ‘in the course of
work” means while engaged in an occupational activity or during the time spent at work, [5]. The
following types of accidents are included: cases of acute poisoning, wilful acts of other persons,
accidents that occurred on the premises of an employer other than that which employs the victim,
accidents in public places or public means of transport during a journey in the course of works.
According to this methodology, accidents in workplace do not include: commuting accidents
(accidents that occur during the normal journey to or from home and place of work), deliberate self-
inflicted injuries, accidents from strictly natural causes (accidents caused solely by a medical
condition, e.g., cardiac or cerebral incidents), accidents to members of the public, even if such an
accident is due to a work activity within a company, [5]. In the European methodology a ‘fatal
accident’ is defined as an accident which leads to the death of a victim within one year of the accident.
It should be emphasized that according to the European methodology, in the statistical analysis of data
in order to provide comparative data, only injuries at work that has caused an absence from work for
more than three calendar days, are analyzed. In the Directive 89/391/EEC, [4] on the safety and health
of workers at work is contained provision for the employer to keep records of accidents at work
resulting in an inability to perform their duties for more than three days. In accordance with national
law regulations, employer is obliged to drawn up reports for occupational accidents suffered by his
workers. In Macedonia this area is regulated by the Rulebook on keeping records of Occupational
Safety and Health at Work (Official Gazette of RM, No. 136/2007), [8]. There are several specialized
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organizations and institutions in the Republic of Macedonia dealing exclusively with working
conditions. These include State statistical office, the Labour inspectorate, Institute for public health,
the Macedonian Occupational Safety and Health Association, Organization of the employers of
Republic of Macedonia and the Trade unions. In this paper, some statistics indicators which relate to
accidents at work in Republic of Macedonia and in the European Union are given.

SITUATION REGARDING ACCIDENTS AT WORK IN THE EUROPEAN UNION

The accident at work has a high degree of variability within the European Union, which is influenced
by different social and legal practices, [3]. The European Statistics on Accidents at Work (ESAW)
methodology considers two main types of indicators on accidents at work: the number of accidents
and the incidence rate. To define the frequency of accidents i.e. incidence rate, it is necessary to define
the relationship between the number of accidents and the reference population which ideally is the
number of persons in employment (persons exposed to the risk of accident at work). The incidence
rate is defined as the number of accidents at work per 100 000 persons in employment, [5]

Number of accidents(fatal or non —fatal)
Number of employedpersonsin the coveredpopulation

Incidence rate = x100000

This rate can be based on the variables that classify the victims of an accident (e.g. economic
activities, age, etc.), it could be calculated for the whole European Union, for a Member State or any
other subdivision of the population, and the type of injury (injured body part, etc.). For a more than-
three-day injury which results in the injured person being away from work or unable to do their
normal work for more than three days’; or for fatal accidents, the incidence rates are calculated
separately. In 2012, there were just over 1.8 million serious accidents that resulted in more than three
days of absence from work and 2797 fatal accidents in the EU-28, [5]. It is a considerable reduction
of number of accidents in relation to 2008, when there had been approximately more than 1.3 million
serious accidents and 604 more fatal accidents (based on time series for the EU-27). Across the EU-28
there were, on average 2.03 fatal accidents per 100 000 persons employed in 2012 (Fig. 1).
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Figure 1. Number of fatal accidents at work, 2011 to 2012-Source: Eurostat!®

Among the EU Member States, the highest incidence rate of fatal accidents at work in 2012 was
recorded in Malta (4.70 deaths from accidents at work per 100 000 persons employed), followed by
Lithuania with 4.50, Croatia with 3.73, Luxembourg with 3.55, Romania with 3.53 and Bulgaria with
3.37 deaths from accidents at work per 100 000 persons employed. On the other hand, the
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Netherlands, Sweden and the United Kingdom, recorded the lowest incidence rates, below 1.0 fatal
accidents at work per 100 000 persons employed. In EU-28 there were 932 serious accidents at work
per 100 000 persons employed (Fig. 2). The incidence of serious accidents at work in 2012 was
highest in Spain reporting in excess of 2594 serious accidents per 100 000 persons employed. This
trend was followed by Denmark with 2148 serious accidents. In the second group, Switzerland,
(1837), Germany (1867), Luxembourg (1814), Netherlands (1794) Belgium (1740) and Slovenia with
(1697) accidents per 100 000 persons employed, can be classified. By far the lowest rates were
reported in Bulgaria (78), Latvia (89), and Romania (42), below 100 serious work accidents per
100 000 persons employed. To explain these differences deeper statistical analysis is needed.
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Figure 2. Number of serious accidents at work, 2011 to 2012-Source: Eurostat!®!

The number of accidents at work varies considerably depending upon the economic activity. In Fig. 3
the fatal and serious accidents at work by economic activity in the EU-28 in 2012 are shown.
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Figure 3. Fatal and serious accidents at work by economic activity, EU-28, 2012-Source: Eurostat(®
(% of fatal and serious accidents)
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In the EU-28 in 2012, the construction, manufacturing, transportation and storage, and agriculture,
forestry and fishing sectors together make 68.4 % of all fatal accidents at work and 49.0 % of all
serious accidents. The construction sector with 21.7% of all fatal accidents at work is on the first
place, followed by manufacturing sector with 16.6% of all fatal accidents at work. Agriculture,
forestry and fishing with 15.7% and transportation and storage sector with 14.4% of all fatal accidents
at work are in the top four sectors. After that follows whole sale and retail trade and repair vehicles
and motorcycles 8.4% and administrative and support service activities with 4%. Nevertheless, serious
accidents were relatively common within water supply; sewerage, waste management and remediation
activities, mining and quarrying, public administration and defense, professional, scientific and
technical activities, human health and social work activities, electricity, gas, steam and air
conditioning supply (between 2.51% to 1.27%). The rest fatal accidents at work in all other sectors are
under 1%. With 22.5% of all serious accidents at work manufacturing sector took first place. Follows
construction 12.4%, whole sale and retail trade 12.3%, human health and social work activities 9.4%,
transportation and storage 8.1% and agriculture, forestry and fishing sectors with 6.0% of all serious
accidents at work.

Data according to the type of injury sustained during the accident in the EU-28 is shown on
Fig. 4.

W With more 3 days lost (4 days absence or more) M Fatal accidents

Unspecified
Other not elshewhere mentoined

Multiple injuries

Shocks

Effects of temperature extremes, light and radiation
Effects of sound, vibration and pressure
Drowings and asphyxiations

Poisonings and infections

Burns, scalds and frostbites

Concussions and internal injuries
Traumatic ampuatations (Loss body parts)
Dislocations, sprains and strains

Bone fractures

Wounds and superficial injuries

estimated 5 10 15 20 25 30 35

Figure 4. Accidents at work by type of injury, EU-28, 2012 (%), -Source: Eurostat(®
(% of fatal and serious accidents)

The data for the EU-28 for 2012 shows that there were two types of common injury which caused
more than 3 days lost (4 days absence or more), wounds and superficial injuries 31.5% of the total and
dislocations, sprains and strains 26.4 %. Next are accidents which caused concussion and internal
injuries 13.8%, while a similar proportion of accidents concerned bone fractures 12.8%. After that
accidents which caused unspecified injuries 8.1% and burns, scalds and frostbites 1.8 %, follow. All
other injuries are below 1%. The highest percentages of injuries that are caused as a result of fatal
accidents were multiple injuries 26.4% and concussion and internal injuries 23.6%. Follow accidents
which caused bone fractures (16.3%), other not elsewhere mentioned 7.4% and unspecified with 5.1%.

SITUATION REGARDING ACCIDENTS AT WORK IN THE REPUBLIC MACEDONIA
The data on the number of accidents at work in the Republic of Macedonia is not confidential for the

reason that different relevant institutions (State statistical office, Institute for public health, State
Labour Inspectorate, Institute for occupational health of Republic Macedonia, and Macedonian
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Occupational Safety and Health Association) published various statistical data. This is confirmed by
the fact that the in 2011, 786 serious accidents at work and 16 fatal accidents are registered by the
State Labour Inspectorate [7], while by the Institute for Public Health 1520 serious accidents are
registered, [7]. In the annual report for accidents at work for 2011 by Macedonian Occupational Safety
and Health Association were registered 79 serious and 44 fatal accidents at work, [1].

In the Republic of Macedonia, in 2012, the total number of accidents at work was 161 from which
there were 116 serious accidents that resulted in more than three days of absence from work and 45
fatal accidents at work, [1]. In comparison with 2008 when 178 total accidents at work were
registered, [2] it is a reduction of 10%. This is due to the reduction in the number of fatal accidents at
work that in 2008 year consisted of 62 fatal accidents at work.

The incidence rate of fatal accidents at work in 2012 in the Republic of Macedonia were 6.8 deaths
from accidents at work per 100 000 persons employed. In comparison with Malta with the highest
incidence rate of fatal accidents, 4.7 deaths from accidents at work per 100 000 persons employed in
the E-28, it may be concluded that Macedonia has a fairly higher incidence rate of fatal accidents at
work. The incidence rate of serious accidents at work in the Republic of Macedonia in 2012 was 17.2
serious accidents per 100 000 persons employed. This means that the Republic of Macedonia can be
classified in the group of EU countries that have less than 100 serious work accidents per 100 000
persons employed.

In Fig.5 the fatal and serious accidents at work by economic activity in the Republic of Macedonia in
2012 are shown.
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Figure 5. Fatal and serious accidents at work by economic activity, the Republic of Macedonia, 2012-
Source: Macedonian occupational safety and health association (% of fatal and serious accidents)!’!

The activities of public administration and defense, construction, manufacturing and transportation
and storage sector together accounted for 81.4% of all serious accidents. As far as serious accidents at
work in 2012 for the Republic Macedonia are concerned, the public administration and defense sector
with 38.1% took first place, followed by construction sector with 29.7%, manufacturing with 7.63 %
and transportation and storage sector with 5.9% serious accidents. As far serious accidents at work
Republic Macedonia in 2012, the activities of households as employers with 38.6% took first place,
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followed by construction sector with 20.5%, and transportation and storage sector with 18.2% and
agriculture, forestry and fishing with 9.1% serious accidents at work.

In Fig. 6, the data according to the type of injury sustained during the accident in the Republic of
Macedonia for 2011 is presented, mainly because there is no relevant statistical data for 2012. The
data for the accidents at work by type of injury in the Republic of Macedonia for 2011 shows that
there were two types of common injury which caused more than 3 days of absence and fatal accidents
at work, and the total number of accidents at work with more than 3 days lost (4 days absence or
more), bone fractures 45.4% of the total and other not elsewhere mentioned 28.2%. After that follow
accidents which caused concussion and internal injuries 9.5%, wounds and superficial injuries 6.0%,
injuries to the head and neck 4.8%, burns, scalds and frostbites 2.2% and injuries to the eye 1.9%. The
fatal accidents participated with 2.1% of the total number of injuries.
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Figure 6. Accidents at work by type of injury, Republic of Macedonia, 2012 (%), -Source:
Information for workplace injuries and occupational diseases in Republic of Macedonia 2010-2011["
(% of fatal and serious accidents)

CONCLUSION

From the performed statistical analyses for the number of serious accidents at work in the
European Union and in the Republic Macedonia in 2012, it may be concluded that there is
considerable reduction of number of accidents at work in relation to 2008. But the high value
of incidence rate of fatal accidents at work (6.8) ranks the Republic Macedonia as the country
above the European average. While with the incidence rate of serious accidents at work (17.2
serious accidents per 100 000 persons employed), Republic of Macedonia can be classified in
the group of EU countries that have less than 100 serious work accidents. The construction,
manufacturing, transportation and storage sectors and agriculture, forestry and fishing are the
top four sectors in which fatal and serious accidents of work in the EU-28 occurred. With
21.7% fatal accidents at work in the EU-28 in 2012 the construction sector took first place,
while manufacturing sector with 22.5% was first in the rank of serious accidents at work. In
the Republic Macedonia in 2012, top four sectors in which serious accidents at work
happened are: the activities of public administration and defense, construction, manufacturing
and transportation and storage sector, while for fatal accidents at work, the sector households
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as employers is on the first place. In EU there were two types of common injury which caused
more than 3 days of absence and fatal accidents at work, the total number of accidents at work
with more than 3 days lost (4 days absence or more), wounds and superficial injuries and the
total and dislocations, sprains and strains. The highest percentages of injuries that are caused
as a result of fatal accidents were: multiple injuries and concussion and internal injuries. This
analysis cannot be done for Macedonia because of the unmatched injuries and work according
to the Eurostat classification of injuries. But, we can say that bone fractures are the most
common injuries, while the fatal accidents at work participated with 2.1 % of the total number
of injuries.
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Abstract: In the process of metal forming continuous development and accumulation of material microstructure
damage takes place. Reaching the critical level of damage, macroscopic damages occur which is manifested by
crack and destruction of specimen (i.e. the crack) in metal forming processes. Optimal and rational design of
technological forming processes means recognizing the location the crack occurs and strain limiting value.
Ductile crack criteria is used for the purpose of solving this very complex task of material formability. In this
paper we provided overview of theoretical and experimental approaches used for the purpose of defining the
criteria of ductile crack based on reference literary resources.

Key words: ductile crack, cold bulk forming, damage microstructures

INTRODUCTION

In the metal forming process various types of microstructure damage occur, and with the increase of
forming level they take macroscopic proportions. Generally speaking, macroscopic damage occurs
during forming in cases when properties of metal components are not in line with specific features of
construction solution and designed technological process. There are many reasons why they occur: a)
wrong choice of material which includes chemical composition, microstructure state, volume content
of microstructural constituents, presence of non-metal included materials and other secondary phases,
size of crystal grain, mechanical and physical characteristics, history of thermal treatment, b)
inadequate defining of forming conditions and parameters (number and sequence of operations,
forming temperature, strain rate, non-technological properties of the product, tribological aspects,
mechanical processing of the workpiece, state of tools (geometrical precision and adequate thermal
processing), state of equipment regarding precise positioning of tools and workpiece etc. Types of
macroscopic damage in forming processes are provided in the study by Arentoft et al. [1].
Nevertheless, the most common type of material damage in bulk forming processes are cracks formed
on free surface of the specimen and internal cracks.

From the standpoint of production, occurrence of cracks and breaks is very negative feature, except in
certain forming processes where it is necessary for realization of certain operation with the final aim of
obtaining products with certain demanded characteristics (for instance, production of seamless tubes
etc.). On the other hand, in general terms, in case ductile crack occurs, any further forming has to be
stopped and that makes it main limiting factor to increase in productivity in metal forming processes.
Possibility to predict location on the workpiece and level of strain at which the initiation and
development of ductile crack occur has very important role in optimal projecting of technological
processes in metal forming. Experimental research has validated that mechanisms of nucleation,
growth and coalescence of micro-voids which control the level of microstructure damage and lead to
activation and expansion of the crack are under the influence of various factors out of which the largest
influence is presented by state of stress in the critical forming zone.

Based on the available literature, in this paper are systematically presented some of the most
commonly used criteria of ductile crack which are used for the purpose of predicting the exact location
of critical damage to microstructure and forming limit in cold bulk forming proceses. Various
approaches used for the mathematical formulation of the processes are also used in the course of the

paper.
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THEORETICAL ASPECTS OF DEFINING DUCTILE CRACK CRITERIA

It is common fact that there is large number of criteria which in various ways presents the possibility
of detecting critical level of damage to microstructure with the aim of detection of initiation of crack or
ductile crack available in scientific literature. Term damage or degradation is used here in the sense of
deterioration of possibility of material microstructure to take load during forming process.
Ductile crack criteria have the purpose to describe material damage that occurs on macroscopic level
using experimental data or through mathematical and physical models. Their basic aim is to predict the
location of occurrence of the crack and critical value of forming level during specific forming phase.
In the meanwhile, it is necessary to define the parameter which describes the intensity of damage and
which reaches its maximum value in the moment the crack occurs.
Nevertheless, it is clear that critical value of damage which can be defined as total accumulated
damage to microstructure until the moment the unwanted forming occurs at the critical location of the
metal component varies depending on the forming process applied, the forming conditions and
material used. In the literature there are no available suggestions for critical values of damage for the
specific material nor the conditions to be fulfilled while using certain criteria. Difficulties also occur
while trying to establish general values of limit strains for the tested material because nucleation of
micro-voids (the start point of crack forming) and their growth predominantly depend on generated
stress state and history of stress state indicators.
It is generally accepted that while defining the ductile crack criteria we have to take into consideration
the following [2]:
e Strain path (history of stress state indicators) because currently generated stress state is not
sufficient to characterize the level of material’s level of microstructure damage,
e Hydrostatic stress, considering the fact that material formability is very sensitive to variations
of OH,
e Adequate ratio of on/oe, making plasticity and level of damage to microstructure easier to be
more comprehensively described.
In the general case, function of damage to material microstructure Dy can be described in the implicit

form [2-4]:

0, = {010 0(0) 010). . ) 0.1 D, @

Where: o1 — is hydrostatic stress, oe — is effective stress, ¢ — is logarithm strain, ¢ - is strain rate, e’ —

is limi value of effective strain, D, ¢r —is critical value of material microstructure damage.

According to equation (1), the crack in the material starts to develop when calculated value of damage
D is larger than critical value Dincr.

With the respect to recognizing the complexity of this issue various criteria of ductile crack have been
developed in the past. Their models of damage to material’s microstructure can be divided into two
groups. The division was performed depending on approach used in their defining [5]:

e Uncoupled approach — damage models are described in the manner to indirectly, through
values of certain process parameter during various numerical analysis, influence material
properties. Ductile crack criteria whose formulation is based on the energy needed to establish
limit strain and models where material’s damage to microstructure occurs due to nucleation,
growth and coalescence of micro-voids are used in this approach.

e Coupled approach — damage models in forming process progressively take into consideration
level if damage to microstructure material strength. In that process output values of every
consequent numeric iteration depend on value of current damage to microstructure or history
of indicators of stress state. In this group are the criteria based on porosity theories and
continuum mechanics.

According to the available literary resources [2-3, 5-13], in the following paragraphs is provided
overview of ductile crack criteria which provide prognosis of the place the crack occurs in the material
and strain level at which critical damage occurs with different level of success.
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DUCTILE CRACK CRITERIA BASED ON CUMULATIVE ENERGY OF METAL
FORMING PROCESS

One of the earliest attempts to define ductile crack criteria is based on the assumption that initiation
and expansion of the crack occurs at critical value of energy absorbed in the process of metal forming -
Freudenthal (1950.):

Pe
Dth =Wp = J-O-e d(De (2)
0

where: W, — specific work of deformation,
c. — effective stress,
@e% — limit value of effective strain at the place the crack occured.

Criteria suggested by Datsko (1966.) suggests that activation of the crack occurs when effective strain
reaches critical value. Criteria is mathematically formulated in the following form:

v
D, =S = [ do, ©)
0

Criteria suggested by Cockroft and Latham (1968.) assumes that the most relevant impact on initiation
of the crack is influence of main normal stress o1, or critical value of energy spent per volume unit in
the process of workpiece tension:

v
D, = [ o, dp, 4)
0

where: o1— is maximum normal stress.
Ct that there is limited number of cases where criteria (4) enables reliable prediction of crack, Oh and
Kobayashi suggested normalized version where stress state does not possess purely tension character:

v
D, = Iﬁ dp, (5)
0%
Later on Brozzo, De Luca and Rendina (1972.) modified the criteria (5), defining its explicit

dependence on the function of maximum normal stress o1 and hydrostatic stress oh:
v 20
D, = P S d(pe (6)
! '(|J‘ 3(01 ~— Oy )O-e
Norris et al. (1978.) suggested empirical system based on the influence of hydrostatic stress to
development of cracks in the following form:

4

1
D, = _c[m ap, (7)

Where: cy — is a constant depending on type of material.

When it was determined that criteria (7) did not have the potential to provide reliable prediction of
occurrence of crack in processes of deep drawing and forging, Atkins (1981), introduced explicit
dependence of ductile crack indicator values from strain path in defining the new criteria:

%141/ 2a
D, = | —————dp, (8)
g '!(l_CAGH) °
Where: o = %— iS main strains accession ratio
(2

ca — is constant depending on the material.

DUCTILE CRACK CRITERIA BASED ON MODEL OF GROWTH AND COALSCENCE OF
MICRO-VOIDS

Nucleation, growth and coalescence of micro-voids are considered to be main reason for occurrence of
ductile crack in metal forming processes. Criteria inspired by this hypothesis can be based on various
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physical aspects like geometry of micro-voids, nucleation mechanism and micro-voids growth
mechanism or model of material constitution.

McClintock (1968.) was one of the first researchers who defined the criteria of ductile crack for
cylindrical micro-voids with parallel orientation in relation to tension stress axis using the above
mentioned approach:

Dm=(Tg{in)5/'nh|:\/§(12_n)'O-a+o-b}+%(o-a_abj}d% 9)

0 21~ o, o,

Where: oa and o — are main stresses in direction of extreme values of micro-void strain

n — hardening coefficient
Equation (9) defines critical level of damage to microstructure caused by merging of micro-voids into
macro-void in the process of metal forming on the part of material characterized by plane strain.
Guided with the results of previous research, Rice and Trasey (1969.) established more realistic
criteria of ductile crack according to the analysis of increment growth of spherical micro-voids taking
into consideration ratio of hydrostatic and effective stress, i.e. interaction and unstable coalescence of
neighboring voids. The criterion is defined in the following form:

D, = TA : eXpLﬁJ dp, (10)
) 2o,
Where: A — is material constant which is experimentally determined.

Assuming that in the metal forming process generating, increment growth and coalescence of micro-
voids occurs which leads to final material destruction, Oyane et al. (1978. i 1980.) developed ductile
crack models for compact and porous materials. In case of compact material criteria of ductile crack is
presented in the following relation:

v
D, = j[1+ :H Jd(pe -C (11)
0

e

Where: A and C — are constants depending on type of material and they are experimentally
determined.

Value of effective strain in the moment the crack occurs is determined according to the expression
(12):

o
gpf:-%j[i“}d(pe+c (12)
0 e

DUCTILE CRACK CRITERIA BASED ON THEORY OF POROSITY

According to the theory of material porosity, change in density can be advantageous parameter for
characterization of material damage. Gurson [14] was one of the first researchers who defined the
ductile crack criteria based on porosity concept. Observing the material as porous medium where the
impact of stress-strain state and the flow forming to nucleation and growth of micro-voids cannot be
neglected, he defined scalar measurement (f) as a ratio of average volume of micro-voids and total
volume of material which actually represents volume value of micro-voids in the material (Figure 1).
Primary concept of describing porous properties of material is based on this assumption, where
internal variable f is used for characterization of damage to microstructure.

o

v,
Sl | - = 7
7 I 9 @

a) b)
Figure 1. Gurson’s model: a) material porosity, b) average measure of fraction of micro-voids [14]
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Gurson’s model idealizes the actual distribution of generated micro-voids in unit aggregate of material
through one spherical micro-void (Figure 2.).

b) c’)
a) Q
O
Increment
O < <]«r::ﬁﬂb‘?J —
!
" D
b tu 1

Figure 2. Gurson’s model — graphical interpretation of nucleation and increment of micro-void [14]

Using the upper bound method, Gurson defined the function of plasticity potential which depends on
fraction of micro-voids (13):

2
<D=£+2fcosh[36’"j—7—f2=0 (13)
2oy,
Where: f—is fraction of micro-void (Figure 1.)

om — 1S mean normal stress

oef — IS conventional effective stress (von Mises)

om— IS flow stress.

From the equation (13) is obvious that with the increase in damage to microstructure the reduction in
flow stress occurs. For the compact material (f=0), Gurson's model is identical to conventional von
Mises' model.

In its core, oroginal Gurson's model mathematically interprets continuous process of damage to
microstructure with the increase of fraction of micro-voids, where total loss of flow stress can occur
only if the fraction of micro-voids reaches theoretical final value, i.e. when =100 %. Such possibility
is not realistic because in physical sense material should completely disappear.

In order to take into consideration effect of coalescence of the neighboring micro-voids to occurrence
and growth of the crack Tvergaard and Needleman [15] conducted the modification of Gurson's model
of microstructure damage. Gurson-Tvergaard-Needleman (GTN) model has a goal to enable modeling
of nucleation, growth and coalescence of micro-voids mechanism through accumulated damage to
microstructure. It is based on hypothesis that micro-mechanical characteristics of development of
ductile crack can be macroscopically described by addition to von Mises' theory of plasticity taking
into consideration effects of porous properties of the material.

Unlike Gurson, who models porous properties in the material through fraction of one single isolated
micro-void, Tvergaard and Needleman represent the change of volume content of micro-voids in the
material in a form dependant of nucleation of new micro-voids, but also of effect of growth of the
existing ones[14-16]:

f = f nuk/eacl]'a+ f rast (14)
f nukleacija = /4 5 M (15)
fras[ = (l—f)g)(k (16)
Where:

A — is function of effective strain for fully compact material ew, defined in such manner that
distribution of generated micro-voids responds to normal division,
ek — IS strain tensor representing the change in volume.

Modified equation (13) represents mathematical representation of GTN model (17):

<1>=G—jz’+2q,f”cos/7[3gzij—[7+( 71‘*)2]:0 a7
(e

M M
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GTN model predicts that describing of ductile crack takes place through fraction of micro-voids f*
which takes into consideration the effects of coalescence, and two constants for the material, gi and ..
Function of fraction of micro-voids f" is defined with the following expression:

f zaf <f.

f*: —
f +(MJ(f f.), zaf <f<f,
f_f

c

(18)

Where: fc —is critical fraction of micro-voids — reaching the value f. coalescence starts,
fr— fraction of micro-voids at the moment the crack occurs.

DUCTILE CRACK CRITERIA BASED ON THEORY OF CONTINUUM MECHANICS

Generally speaking, ductile crack criteria (variables of microstructure damage) are defined according
to constitutive equations for the damaged material considering certain specific traits of dominant
mechanisms of growth and nucleation of micro-voids. In this part of paper we analyzed the aspects of
application of this approach in the area of defining the criteria of ductile crack. In the course of process
are avoided rigorous mathematical formulations.

Starting from the schematic overview of the model of damaged material, Lemaitre [2, 5, 9], (Figure 3.)
defined the variable of damage to microstructure where size of representative element of volume on
micro level is large enough to contain a lot of damage but small enough to be considered material
point in continuum mechanics with the following equation:

D — Ava/‘ds — 7 _ A of (19)
A, A,
Aef
/ undamaged area
i [ Avoids
‘iﬁ area of voids
Y /4 J \ \“ :4 ’r,
4 \VL—J' \\\ AO = Aef + Avoids \\\ ; ;
's totalarea = Teem-ee

Figure 3. Representative element of volume of damaged material [5]

When material is not damages value of variable is D=0, and when ductile crack occurs its critical level
is reached D=D¢ (0,2 < D¢ < 0,8 — for metal materials). If value of damage variable is available than in
a specific case it is possible to determine equivalent stress by calculating the nominal stress o, as a
measure of force effect to the entire area Ao:

O
O = 1-D (20)
According to Lemaitre [5], constitutive equations of damaged material are identical to equations for
undamaged material where nominal stress is replaced with equivalent stress. Characteristic example
are equations in the area of linear elasticity:
_Oer _ o
E  E@-D)
For characterization of ductile crack Lemaitre suggested criterion based on critical amount of elastic
energy released from damage material microstructure (Yc), [2]:

Oof E (1+v)+30- 2@(“—””}2

(o2 . .
&= - undamaged microstructure; € - damaged microstructure.

_Y = Zer 21
° 2EQ-DY Cor (1)

Analyzing Lemaitre criterion for ductile crack from the aspect of adequate energy use in process of
predicting the location of critical damage, Vaz et al. [17] suggested the indicator of ductile crack based
on total work done on damaged microstructures. Pires et al. [11] modified the previously mentioned
criterion so it took into consideration the impact of closing the micro-cracks under the influence of
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pressure components of stress. In this criterion, amount of released energy from the place the critical
damage occurred is expressed through main stress which enables the ability that using the parameter of
closing the micro-voids, the development of damage for tension and pressure states would be treated
differently.

CONCLUSION

Issue of defining the criteria of ductile crack is very complex area of research in formability. For that
reason various theoretical and experimental approaches were used in the past for description of
development and accumulation of critical level of damage to material microstructure in metal forming
processes. According to the available literary resources, in this paper is analyzed the state of
contemporary research in this area. From it we can draw following conclusions:

Criteria of ductile crack whose mathematical interpretation is based on the amount of
accumulated energy in the forming process are mostly defined according to research results
about specific processes of metal forming. Implementation of such approach in numeric
simulations is relatively simple and fast, but precise predictions about the moment (level) and
place of deformation can not be achieved unless the realization of forming process is
performed under conditions identical to the ones where certain criterion was defined. If the
history of stress-strain state is different from the referential values, the criteria is not able to
predict the exact spot where the crack occurs.

Regardless of the simplified representation of growth in micro-voids due to plane stress state,
McClintock’s forming model has the potential to describe the level of damage through
numerous experimental conditions and provide insight into certain findings regarding the
impact of ratio (on/ce), flow stress and history of stress-strain state to the development of
ductile crack.

Oyane’s criterion of ductile crack is advantageous for application in various conventional
metal forming processes, therefore it is incorporated in a large number of commercial numeric
applications.

Regardless of the simplification in using the numeric procedure, it is assumed that micro-voids
do not interact, which is the basic limitation to Gurson’s model. Specifically, model of ductile
crack which Gurson suggested does not allow modeling of the final phase of increment growth
when the coalescence of voids occurs due to local stress.

Modification of Gurson’s which takes into consideration the effects of merging neighboring
micro-voids to occurrence and increment of crack is defined in GTN model. On the basis of
these results a lot of research has been conducted which validated the ability of GTN model to
successfully predict the development of damage and ductile crack in metal materials.
Characterization of damage to material microstructure based on the application of continuum
mechanics theory is a powerful and reliable approach to successful prognosis of initiation and
development of ductile crack. In such manner the integral approach to the research of this
matter is made possible because effects of progressive damage to the material to its properties
in the forming process ae taken into consideration. Although the calculus is challenging,
criteria of ductile crack based on theory of continuum mechanics enable analysis of complex
strain paths which provides better approximation of realistic forming process and gaining of
more reliable prognosis.

Although there are great scientific advancements in this area, it is common opinion that there
is no unified and universal approach which can comprehensively describe all the conditions
under which ductile crack occurs in the metal forming processes.
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Abstract: This paper presents the results of comparative testing of the quality of the weld metal of welded plates
of low carbon non alloyed steel using rutile type coated electrodes produced in IHIS and electrodes JADRAN-S
produced in Jesenice. The aim was to master the technological process of producing electrodes coated with a
rutile coating based on domestic raw materials. For experimental testing used was an electrode with a medium
thick rutile coating with a core of solid wire @ 2.0 mm in diameter marked IHIS E 35 R. Based on comparative
analysis of the weld metal test results of welded joints made with electrodes produced in IHIS in relation to the
electrodes of the well known manufacturer the appropriate conclusions are given.

Key words: rutile electrodes, solid wire, manual metal arc welding process

INTRODUCTION

Coated rutile electrodes for arc welding and surfacing have a metal core. The cores of the coated rutile
electrodes as part of the electric circuit transmit power and also serve as a filler. The main functions of
the electrode coating are: protection of the welding zone from the surrounding oxygen, nitrogen and
hydrogen, stability and ionization of the electric arc, slowing down cooling of the weld metal, refining
and alloying of the weld metal, allowing welding in forced positions. These are achieved in several
ways: the drops of molten metal as they pass through the electric arc are covered by parts of the liquid
coating of the electrode and the formed gases protect the surface of the drops from the surrounding
atmosphere, while the metal bath is protected by slag which floats on the surface.

By the ratio of the total diameter (including the coating) D, and the core diameter d, the electrodes can
be divided into thinly coated (D/d<1.2), medium coated (1.2<D/d<1.4) and heavy coated (D/d>1.4).
Metal cores of rutile coated electrodes consist of solid wires on to which a designed rutile type coating
is applied using an appropriate technological process. The basic component of the rutile-coated
electrodes is the mineral TiO.. The coating consists mainly of components such as: rutile sand, marble,
granite, kaolin, ferromanganese and ferrosilicon, mica, feldspar, talc, calcium fluoride, magnesite and
Lucel. The means of transfer of filler in the E process is mostly influenced by the thickness and type of
coating and current strength. By increasing the thickness of the coating and adding ingredients which
reduce surface tension the transfer of droplets is improved. A stronger current also enables the
transition from large to small drops, because it enhances the pinch effect and gas pressure.

In order to master production of coated rutile electrodes with a solid wire core, based on domestic raw
materials, a medium coated electrode of solid wire marked IHIS E 35 R @ 2.0 mm in diameter was
experimentally produced. After that, to compare features, arc welding of low carbon steel plate was
performed with the produced electrode labeled IHIS E 35 R and the rutile electrode JADRAN S @ 2.5
mm in diameter from the manufacturer in Jesenice.

This paper presents the results of a comparative analysis of the weld metal of welded joints of low
carbon steel plates made with the new rutile coated electrode produced from domestic raw materials
and the rutile electrode from the well known manufacturer [1-4]. The new quality coated electrodes
are expected to provide the most favorable microstructure of the weld metal and optimum mechanical
properties, because the safety of the welded structure depends on the mechanical properties that are
directly related to the microstructure [5-10]. The weld metal with a high proportion of acicular ferrite
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has the optimum microstructure and mechanical properties [11]. The chemical composition and
cooling rate directly affect the microstructure of the weld metal [12-14]. The chemical composition of
the weld metal is largely determined by the type of filler, and in smaller proportion determined by the
base metal that melts during welding.

Results of comparative studies of the microstructure of the weld metal (WM) of welded joints
performed with the rutile coated electrode produced in IHIS and rutile electrode JADRAN - S
confirmed that the weld metal (WM) has a microstructure which enables its practical industrial
application

MATERIAL AND METHODS

For examination of the microstructure of the weld metal (WM) of welded joints a coated rutile type
electrode with a core of solid wire marked IHIS E 35 R @ 2.0 mm in diameter with a medium thick
rutile coating was used. For the production of medium thick coated electrodes of solid wire IHIS E 35
R, for the cores, selected was drawn steel wire marked Sv-08 and Sv-08A according to GOST standard
containing C < 0.10%, Si <0.03% and Mn 0.35-0.60%.

For comparison of the microstructure of the weld metal (WM) of welded joints, used as a parallel
electrode was a coated rutile electrode JADRAN S - Jesenice @ 2.5 mm in diameter with a core of
solid low carbon steel wire marked C.1931 (JUS C.B6.012) containing 0.80-0.89% C, 0.10-0.30% Si,
0.30-0.6% Mn, P and S < 0.040%. The coated electrodes were standard length of 350 mm designed for
manual arc welding and surfacing.

RESULTS AND DISCUSSION

Examination of the microstructure of the base metal (BM) and welded joints of weld metal (WM) was
performed on a scanning electron microscope (SEM). Examination of the microstructure of welded
joints of low-carbon steel plates was done in accordance with standard SRPS EN 1321. Etching of
microstructures was carried out in a solution of 3% Nital.

The microstructure of weld sample Nol with a rutile electrode produced by coating a solid wire
marked IHIS E 35 R @ 2.0 mm in diameter is shown in Figure 1a, b. The microstructure of the base
metal (BM) is fine grained ferrite-pearlite, with a very small proportion of pearlite, Figure 1.a (250x).
The thermal cycle of welding was optimal so there was no intensive growth of primary austenite
grains. The microstructure of the weld metal (WM) consists of multiple morphologies of ferrite,
Figure 1.b (1000x). The ferrite, which is distinguished by grain boundaries in the form of intermittent
layers, is polygonal ferrite (PF).

In the interior of the grain two types of plate-like ferrite can be observed, ferrite with a directional
secondary phase (FS) and Widmanstétten ferrite (WF) of a needle plate-like shape which increases in
depth of the grains of polygonal ferrite, which is located on the grain boundaries. In the interior of the
grains fine needles of acicular ferrite (AF) are observed.
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Figure 1. Microstructure of weld sample No.1: a) base metal (BM), 250x;
b) weld metal (WM), 1000x
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The microstructure of the welded joint in sample No. 2 with a standard rutile electrode JADRAN S
from Jesenice @ 2.5 mm in diameter is shown in Figure 2.a, b. The microstructure of the base metal
(BM) of low carbon steel is ferrite-pearlite shown in Figure 2.a (250x). In the weld metal (WM) the
ferrite, which is distinguished on the grain boundaries is in the form of intermittent layers and within
the grain the ferrite is polygonal. The most common term for this type of ferrite is polygonal ferrite
(PF) [15]. In the interior of the grains, found was a number of types of ferrite, such as a needle -
acicular ferrite (AF) with a proportion of Widmanstétten ferrite (WF), or as it is also called side plate
ferrite. It is plate needle-shaped and grows in depth of the grains directly from the polygonal ferrite
which is located on the grain boundaries. In some crystal grains, ferrite with a directional secondary
phase (FS) is present.
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Figure 2. Microstructure of weld sample No 2: a) base metal (BM), 250x; b) weld metal (WM),
250x.

Comparative analysis of the microstructure of the weld metal (WM) in welded joints derived from the
coated electrode IHIS E 35 R @ 2.0 mm in diameter and the electrode JADRAN S from Jesenice @ 2.5
mm in diameter, were identical and in accordance with the contents of C, Si and Mn and solid wire
that is was used for coating.

CONCLUSION

Based on the comparative analysis of the test results of the microstructure of the weld metal (WM) of
welded joints made with rutile electrodes with a core of solid wire based on domestic raw materials
marked IHIS E 35 R @ 2.0 mm in diameter with a medium thickness of rutile coating in relation to an
electrode of a known manufacturer labeled JADRAN S from Jesenice @ 2.5 mm in diameter the
following conclusions can be made: Produced rutile-type electrodes from solid wire marked IHIS E 35
R @ 2.0 mm in diameter with a coating based on domestic raw materials showed satisfactory quality
compared to the standard rutile electrode of solid wire @ 2.5 mm in diameter marked JADRAN S from
Jesenice.

The microstructures of the weld metal (WM) of welded joints were identical and along the weld metal
there were no visible deviations observed in the microstructure. The results confirmed that the new
coated electrode of solid wire marked IHIS E 35 R @ 2.0 mm in diameter with coating based on
domestic raw materials can be successfully applied for welding low carbon non alloyed steel as well as
low carbon low alloyed steel.
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Abstract: The paper presents an application of the Rapid Prototyping technology using a 3D Printer based on
PolyJet process to manufacture two industrial parts that are destined for educational purpose and future
researches. The procedure is defined within the work conducted in the international IPA Cross-border
Cooperation Programme Romania - Republic of Serbia project where Rapid Prototyping (RP) technology were
studied.

Keywords: Rapid Prototyping, PolyJet, 3D Printer, industrial parts, photopolymer

INTRODUCTION

The principles and early technologies of Rapid Prototyping were introduced to the world more than 20
years ago. Even though principles remain very similar, the technologies themselves improve greatly,
new materials, ways of manufacturing and application prospects are constantly introduced, this allows
3D manufacturing technologies to advance into and takeover an increasing market share among
conventional manufacturing technologies. Moreover the development of electronic and computer
technologies has dramatically changed RP processes and products. On the other hand, rapidly
developing technologies and the variety of new materials made it perfectly suitable not only for serial
production of small complex parts, but also for such specific areas as biomedicine, aviation, and
aerospace industry. Fundamentally, RP technology has hardly changed in recent years.

The most recent "new" commercial technology is probably the Objet PolyJet process, which deposits
photopolymers using droplet deposition print heads. PolyJet process already has found its fields of
application in industry. Yet, a shortage of information on conditions of application of materials is
observed as well. Objet company offers a great variety of photopolymers with different qualities, yet
there‘s a great shortage of information on the change of the properties under different conditions. In
order to fulfill customer requirements, the esthetic qualities of the prototype, color, price must also be
supplemented with material qualities, [1].

The aim of this study were to analyze the preparation of the models and the parameters of the printing
process as well as the manufacturing of two industrial parts using PolyJet process. Industrial parts
were made of photo-polymer VeroBlue FullCure840 by PolyJet process using Objet Desktop 30
machine. This RP machine was acquired by "Eftimie Murgu" University of Resita, and it is intended
to be used in Centre for Numerical Simulation and Digital/Rapid Prototyping to prototype different
parts.

Centre for Numerical Simulation and Digital/Rapid Prototyping (http://www.csnp.roedu.ro) is
established at the "Eftimie Murgu" University of Resita, financed by European Union, through the
"Romania - Republic of Serbia IPA Cross-border Cooperation Programme™. The project's partners
were "Eftimie Murgu" University of Resita — Romania and Technical College of Applied Sciences in
Zrenjanin — Republic of Serbia. The project offers the possibility to create a centre based on new
technologies, to achieve the necessary equipments and to apply these technologies in the engineering
student's education. The endowment of the Centre offers the wide range of 3D services: Rapid
Prototyping, Reverse Engineering, Dimensional Control, Structure maintenance.

The prototypes manufactured in this study were intended for education of the students and for further
researches.
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THE DESCRIPTION OF THE 3D PRINTER

Objet Geometries machines build parts layer by layer combining inkjet technology with photo-
polymerisation (UV curing) process, as shown in Fig. 1.

Jetting Head —\ B / X axis
: /t _/’ Y axis
\\‘
UV Light
Fullcure M
(Model Material)
Fullcure S —/
(Support Material) \ '
\
Build Tray v Z axis

Figure 1. Polymer jetting printing process, [2]

Objet 3D Printer Multifunctional Desktop 30, Fig. 2, used in this study has maximum print size
defined by the parallelepiped 294 mm x 192.7 mm x 148.6 mm, with a resolution of 600 dpi in the X,
Y axis respectively 900 dpi in Z axis. The layer thickness on Z-axis direction is 28 microns. Accuracy
can vary depending on the geometry, orientation and size of the object, up to 0.1 - 0.2 mm. The
models do not require further finishing, but can still be processed by drilling, soldering, metal coating,
painting. The wall thickness is 0.6 mm and minimum diameter of the holes is 1 mm.

Figure 2. Objet 3D Printer Multifunctional Desktop 30

The range of material model (material used to print the full part of a model) available include Objet
FullCure materials: VeroWhite, VeroBlue, VeroBlack, VeroGray, DurusWhite, TangoPlus,
TangoBlack and FullCure®720. In this research was applied VeroBlue - FullCure840 material, and its
properties are shown in Table 1.
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Table 1. Material properties VeroBlue - FullCure840, [3]

Property ASTM Units Metric
Tensile Strenght D638-03 MPa 50-60
Elongation at Break D638-05 % 15-25
Modulus of Elasticity D638-04 MPa 2000-3000
Flexural Strenght D790-03 MPa 60-70
Flexural Modulus D790-04 MPa 1900-2500
HDT, °C @ 0.45MPa D648-06 °C 45-50
HDT, °C @ 1.82MPa D648-07 °C 45-50
Izod Notched Impact D256-06 J/m 20-30
Water Absorption D570-98 24 hr % 1.5-2.2
Tg DMA, E” °C 48-50
Shore Hardness (D) Scale D Scale D 83-86
Rockwell Hardness Scale M Scale M 73-76
Polymerization density ASTM D792 g/cm® 1.18-1.19
Ash content USP281 % 0.21-0.22

As support material (material used to print a model empty space) were used FullCure®705 Support a
non-toxic gel-type photopolymer, that can be easily removed by Objet Waterjet System, Fig. 3, the
equipment being included in the printer configuration. Waterjet use pressure water jet to remove
material support.

Figure 3. Objet Waterjet System

MODELLING OF INDUSTRIAL PARTS

The CAD models of two industrial parts were created using the SolidWorks software. The geometries
of the Lappet and Disc with teeth are presented in Fig. 4 and Fig. 5. The maximal dimensions for the
Lappet are 28 mm x 41 mm x 63 mm and for the Disc with teeth are 18 mm x 18 mm x 6.46 mm.
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Figure 4. The CAD model of the Lappet Figure 5. The CADtergtohdel of the Disc with
The CAD geometry of the parts was exported on an STL file, resulting in 25184 triangles for the
Lappet, Fig. 6, and 12424 triangles for the Disc with teeth, Fig. 7.

Figure 6. The STL format Figure 7. The STL format
of the Lappet (25184 triangles) of the Disc with teeth (12424 triangles)

RAPID PROTOTYPING OF INDUSTRIAL PARTS BY POLYJET PROCESS

Models that are saved in a CAD program as STL files may be inserted into the Objet Studio tray. Fig.
8 and Fig. 9 shows the STL files loaded in Objet Studio software. The orientation of models on the
build tray affects how quickly and efficiently they will be produced by the 3D printer, where and how
much support material is used, and whether or not model parts will have a gloss finish. To minimize
printing time [4]:

o the longest dimension of a model must be placed along the X-axis;

o the smallest dimension of a model must be placed along the Z-axis;

e the tallest model must be placed on the left of the tray.

When a tray is ready to be printed, it is sent to Job Manager, where it is placed in the print queue.
When the job reaches the head of the queue, Job Manager pre-processes the tray file to create slices,
and feeds them to the 3D printer.
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Figure 9. The STL file of the Disc with teeth loaded in
Objet Studio software and placed on printer tray

Objet Studio software offers the following additional features [5]:

o dividing objects — to produce objects larger than the build tray by dividing the model into separate
parts.

e choosing the support strength — when producing models, support material fills some hollow and
empty sections.

e smartcast — filling models with support material.

The PolyJet process has the ability to simultaneously jet multiple materials with different mechanical
and optical properties. 3D printing could be considered a fully controllable process, since the majority
of the process parameters can be altered on user’s demand. Consequently the quality of the part does
depend on a number of factors. As basic quality indicators for the specific processes two can be
considered as major i.e. the model’s surface roughness and model’s dimensional accuracy. Both
depend on the machine and the process variables. Several attempts have been made to make a
systematic analysis of errors and the quality of the prototypes, [6].
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Experimental analysis of dimensions, surface roughness, and mechanical properties of PolyJet
processes have been investigated in study [7]. Determination of surface texture parameters Ra and Rz
for horizontal surfaces of parts produced by PolyJet have been performed in [8]. The results indicate
that for mate surfaces Ra equals approximately 1.04um while Rz about 5.6pum. For glossy surfaces Ra
is approximately 0.84um and Rz 3.8pm.

Mechanical properties of parts produced by PolyJet, has been investigated in [9]. The study concluded
that the part orientation has an effect on mechanical properties due to the heterogeneity of light energy
by the photopolymer material during jetting process. The variability in the mechanical properties of
parts manufactured via PolyJet process has also been examined in [10]. It has been concluded that part
orientation affects tensile strength and tensile modules with highest tensile modulus occurred in the
XZ orientation.

The printing parameters for the two industrial parts used in this investigation are shown in Table 2.

Table 2. Printing parameters for the two industrial parts

Parameter UM Lappet Disc with teeth
Material - VeroBlue VeroBlue
Maximal Dimensions [mm] 28 x 41 x 63 18 x 18 x 6.46
Triangles - 25184 12424
Layer Thickness (Z-axis) | [um] 28 28
Layer’s number - 2250 230
Build Style - Glossy Glossy
Scale [%%6] 100 100
Model Material [a] 24 2
Support Material [0] 4 2
Printing Time [h/min] 6 h 44 min 1 h 14 min

Fig. 10 shows the final stage in the printing of the Lappet. Fig. 11 shows the final stage in the printing
of the Disc with teeth. For optimal efficiency, the both parts were manufactured along with a number
of other parts.

Figure 10. Printing process of the Lappet
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Figure 11. Printing process of the Disc with teeth

Figures 12 and 13 shows the final shapes of the two industrial parts.

Figure 12. The final shape of the Lappet Figure 13. The final shape of the Disc with teeth
CONCLUSION

The Rapid Prototyping technology can be used to create product prototypes, like Lappet and Disc with
teeth and to use these objects in initial phases of product development. During the investigation, most
important factors influencing manufacturing cost were determined — dimensions of the part and
placement in the work area. The following advantages are important: surface quality, smoothness
details, great level of accuracy and reduced manufacturing time.

Further research will be focused on the improvement of the dimensional accuracy using the PolyJet
technology, machine and material. A set of special benchmark samples will be prototyped using
different process parameters like: layer thickness, build style and scale of the model. Dimensional
accuracy and surface quality, as well as bulk density, internal microstructure and mechanical
properties will be analyzed. A global evaluation of the studied features will lead to set up the optimal
process parameters.

Repeatability represents another limitation of RP technologies. Thus, taking into account the influence
factors that affect the dimensional accuracy, a study of the process repeatability will be developed.
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Abstract: In the paper are given the results of researches of composition and treatment parameters effects on
hardening rolled sheets of the AIMgSiCu alloys. It is found that the hardening value depends on degree of
deformation, deformation programmed and copper content. It is shown that alloys subjected to less intensive
deformation and those with larger copper concentration display a characteristically larger hardening effect.

Key words: thermomechanical treatment, hardening.

INTRODUCTION

It has long been known that it is possible to strengthen AIMgSi alloys by means of theat treatment and
plastic deformation. Investigations in that direction, such as [1, 2], resulted in the discovery of very
interesting alloys with high physicomechanical parameters.

Although thermmechanical treatment is widely used, ther are still many questions associated with the
influence of cold plastic deformation, and particularly of a deformation programme combined with
alloying, on hardening of AIMgSiCu alloys which remain unanswerwd. One would expect a change
in the cold rolling programme to affect not only hardening but also the structure and residual stresses
in the material [3].

Investigation made on copper [4], steel [5] and AIMgSi alloys [3,6,7] show that the distibution of
stress at the deformation centre during rolling resulting from defferent deformation programmes gives
rise to local changes at the deformation centre.

We know [8] that the stress distribution at the deformation centre during rolling is determined by a set
of geometric parameters; for instance, the pressure distribution depends on the ratio I/xm (I is the length
of the deformation centree; xm- mean thickness of deformed specimen). The deformation is
inhomogeneous at the centre and that has a strong influence on turn of the crystallites and on
hardening [9, 10].

EXPERIMENTAL

We have investigated two AIMgSiCu alloys. The first (denoted L;) contained 0-57%, the second (L>)
1-0,4% copper. The two alloys contained the same quantity of Mg.Si phase — 1-5%. The aluminium
used in preparation of the alloys was 99-99,5% pure.

After homogenization for a day at 520 °C and preliminary rolling with annealing (15 min, 520°) and
guenching in cold water, sheets of the alloys were deformed to different degrees: 15, 30, 50, 70 and
80%. After preliminary annealing for 30 min at 520° in salt bath and quenching in water the specimens
were aged for 10 min at 160°.
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Figure 1. Relative hardening of alloy L, as a function of degree of deformation and
deformation programme: e - D5; % — DO0,7; O - 1A; ¢=40°

The aged specimen was deformed in twee programmes. The first, with 1/xn=>5, involved a small
number of passes, and will be denoted as programme D5. The second, D0-7, with I/x»=0-7, involved a
large number of passes. In both cases the rate of deformation was constant — 0,73 sec™. Hardening of
the specimen was examined after initial ageing (IA) and initial ageing and deformation (IA+D).

In order to determine hardening, the specimens were subjected to variable deformation by bending

with a given maximum angle of bend [10].
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Figure 2. Dependence of relative hardening of alloy L, on degree and programme of deformation:
¢ -D5; % —0,7; 1 - 1A; 9=40°
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Figure 3. Relative hardening of alloys L1 and L2 as function of degree and programme of deformation
separately: alloy Ly: s~ D 0,7; 0 - IA; » - D5; alloy L,:  ® - 1A ; % - D0,7; © - D5; ¢p=40°

The increment of flow stress Ac was determined relative to the flow stress for specimens after 1A with
angle bending ¢=40°. In order to eliminate the contribution of bending to hardening, the angles of
residual bending ¢r were verified to be the same for the same instantaneous angle of bende.

RESULT AND DISCUSSION

The results are shown in Figures 1, 2 and 3. Figures 1 and 2 shows the dependence of relative
hardening of the alloys as a function of degree of deformation and programme. The dependence of
hardening of the alloys on copper content and degree of deformation and programme. The dependence
of hardening of the alloys on copper content of deformation and programme is shown in Figure 3.

For both alloys, maximum hardening is obtained at 15% deformation (see Fig. 3). Hardening
continues to grow with further increase in degree of deformation, but at a lower rate relative to the
initial increment at 15%. A difference is first seen in the curves for the IA+D specimens after 70%
deformation: for the less intensive deformation programme (Fig. 3, D0,7) hardening is greater than
that achieved at 70%, while for the more intensive programme (Fig. 3, D5) it is lower.

The Ac value for programmes D5 and DO0,7 can be compared with the hardening value after IA+D.

It turns out that the hardening effect is greater for programme DO0,7 than for D5, and greater for alloy
L, than L.

The results show that, other conditions being equal, the copper content in AIMgSi influences
hardening of the alloys (see Fig. 3). The hardening value of specimens of alloy L, after IA and IA+D
is higher than for similar specimens of alloy L; (see Fig. 3). We assume that copper is responsible for
higher dispersion of the inclusions, increasing the number of nucleation centres [11, 12] and thereby
improving corrosion resistance and the mechanical parameters of the AIMgSi alloy.

CONCLUSION

All the specimens had identical treatment before deformation, that is, they had identical structure, and
identical thickness after rolling. We can therefore say that the observed differences in hardening of
AlIMgSi alloys are due to: a) difference in copper content and b) use of different deformation
programmes.
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Abstract: This paper examines the influence of heat treatment on the properties of explosive welded bimetal
many types for different areas of application and operating conditions.
Key words: explosive welding, bimetalls, cutting tools

INTRODUCTION

Multi-layer construction materials in recent years has been developed and used for various purposes.
They united the collection of good qualities, which mono-metal materials, whatever the alloy, do not
possess. Their characteristics have extended the application, thus meeting the growing demands of
technology, particularly in equipment operating under high pressures, temperatures, and aggressive
actions of the working environment, dynamic loads and the like [3-5].

Multi layered materials possess good weldability, are suitable for all types of machining and heat

treatment and are economically attractive because it saves on expensive high alloy metals up to 90%.

EXPERIMENTAL

For the experimental tests, Fig. 1. sheets of steel quality 50CrV4, X155CrVMo121 (OCR12ex),
60WCrV7 of 3-5mm thickness and steel S355J2G3 were used.

Figure 1. Technological process for production of bimetal for a blade

A typical shape of the line of the welded joint is undulating with mutual penetration of the base metal
into the other metal, followed by a high degree of plastic deformation.
Upon explosion welding and after heat treatment of the bimetal, carried out were examinations of

microstructure in the joint zone, non-destructive testing of macroscopic faults, shear, braking, bending
and toughness testing and also measuring of hardness distribution.

RESULTS AND DISCUSION
After annealing, as per regimes for given alloyed steels, the expected hardness distribution in the zone

of the explosion welded joint is achieved, shown in Fig. 2-5. It is assumed that the increase in hardness
is primarily due to a high degree of plastic deformation during welding.
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Figure 2. Hardness of intersection of explosion welded joint 50CrV4 + S355J2G3, the boundaries of
the joint (50CrV4-down S355J2G3 -up), rolled and normalized state, 100x

Table 1. Result of metallographic testing of bimetal 50CrV4 + S355J2G3

Sample State Grainze Decarbonizing Microstructure
——=
50CrV5 Biometal 5.0 0.20 Sorbite+fine lamellar
pearlite+ferrite
rolled - - -
5355J2G3 6.0 0.15 Ferite+pearlite+martensite
50CrVv4 Normalized 6.5 0.20 Sorbit+ferite
S354J2G3 state 8.0 0.00 Ferite+perlite
A
gl w—.
-
- ocr1z
[NV

Figure 3. Schematic of measuring hardness of HV5, Jomt boundaries C0562 (S355J2G 3) -10mm and
(4850 (x153CrMoV12) -3mm. State: explosion welded (1), tempered in furnace (2)
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Figure 4. Microstructure of explosion welded joint C4173, 2mm and C0361, 8mm, Microhardness
distribution in the joint area. State: welded, heat-treated
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Figure 5. Microstructure of the zone of welded j(;int C.4830 + C.0361 (in a tempered state and

annealed),

Hardness distribution in the zone of the welded joint (State: explosion welded, soft annealed,

tempered)

Table 2. Resuvlts of testingvof mechanical properties and technological properties of the explosion
welded joint C.4830 with C.0361

Testing metod
State Tensil force Shear force Force Bending angle P
(kN) (kN) (kN) ©)
Welded 242 9.5 11.5 12.5 19.5
Annealed 521 75 13| S0nocracs 737
apear

TO-1 Tempered at
840 °C i oil 528 9.7 14.7 29 44.8
TO-2 Tempered at
840 °C in molten 672 11,7 11 15 41.2
pool
TO-3 Tempered at
840 °C in molten oil ) 112 ) ) 42.2
TO-4 Tempered at
840 °C in molten 509 12.6 11.2 12 45.6
pool

Bimetal is used in making self-sharpening plowshares and industrial knives, Fig. 6.
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Figure 6. Blades and knives made of multi layer steel
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CONCLUSION

1.

During welding, metals under the effect of shock waves, obtain entirely new favorable
characteristics, which in heat treatment give greater hardness, with the possibility of maintaining
while in service. These bimetal features allow that certain knives (graphic and knives for peeling
softwood - veneer knives) be successfully made even with blades of steel 50CrV4, which is
more accessible and cheaper than tool steel.

. The bimetal is made with a layer of tool steel, thickness 3-5 mm. This coat is evenly hardened at

the cross section, with a minimum level of residual stress and the fear of appearance of initial
cracks in the closing stages of production of the blade is reduced.

. The bimetal allows heat treatment to be done before milling of the blades, grinding and

sharpening of the knife. As heat is intensely channeled down the sides of the bimetal base, it is
impossible to burn out the blade and fray it during exploitation.

. Bimetal knives are easily flattened, ground faster with a minimum amount of abrasive material

used. With bimetal there is no risk of cracking of the knife and injuries during use, especially
with scissors where the blade is in direct contact with the worker.

. In general, the process of making a knife is faster, more reliable, with less scrap. Consumption of

high alloyed (expensive) steel is reduced to 15-20%. All this contributes to a lower production
price and a more acceptable market price than mono metal knives, of now present foreign
manufacturers.
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Abstract: Design for reliability, a partial approach that allows determination of design parameters based on pre-
defined level of reliability. That means defining reliability in a specific way which is suitable for this purpose.
Reliability of design structure and elementary reliability of design components are used as a functional
requirement of automotive gearbox (in relation with service life and service conditions) and also as a design
constraint in analytic relations. In these circumstances, carrying capacity as a functional requirement is related to
service conditions and service regime. This paper presents the results of load spectrum for representative
operating conditions of the gearbox, which served as the basis for design parameters determination. The
experimental results of the probability of destruction of the gearbox components, as well as processing of the
probability of working conditions and as components of reliability for design, are some of the methods used in
this paper. On the basis of the developed model the software for the structural optimization has been made.

Key words: gear, gearbox, service condition, reliability

INTRODUCTION

Design for reliability is one of the partial approaches in the engineering design of components and
technical systems and the whole of their structure. This is one of the wider systems of partial
approaches known as Design for X, which includes design for manufacturing, Design for Cost, Design
for vibration and noise and so on. Functional requirements of design structures, for instance, carrying
(load) capacity, reliability, service life etc. are strongly related to service conditions that are, as a rule,
random and very often uncertain. The aim of this approach lead to the optimal level of each of these
properties of technical systems separately, variation, interrelating or optimization of design
parameters. The basic idea is to apply a set of methods in Engineering Design to develop methodology
for carrying capacity identification concerning service conditions. An automotive gearbox has been
taken for a case study, because it represents the design structure with very variable service conditions.
The aim of this paper is to apply this approach and specific settings of reliability model for gear box,
define the optimal design parameters or load defined for the given deign parameters for representative
operating conditions. In advance given level and trend of reliability gear box is a limitation (design
constraint) from which we begin in this approach. Reliability of structures such us gearboxes is one of
the main indicators of quality and important functional requirement.

To achieve this aim, different methods and approaches were taken into account such as robust design
[6], [13], [2], axiomatic design [14],[15], property-based design, design for X [4], [7], [9], [1] and
investigations in the field of automotive gearboxes[12], [3], [8], [10], [11], gears [16]-[18] etc.

Work is also continuing studies that were presented in the paper [10] that includes reliability model of
gear box and paper [8] who related to the specific way of defining the reliability of gear pairs and
bearings in the gearbox. Analysis of possible failure of components of gear box preceded the
definition of these models. They conclude that the failure of tooth flank gear, pitting in bearings, seals
wear, difficulty in synchronic couplings and mechanisms for inclusion, the main causes of failure
gearboxes. Potential failures of tooth flanks of gears and bearings are essential for caring capacity.
Failure of flank tooth gear depends on the material of the gears and heat treatment, processed in the
work [5].

ANALISYS OF THE DRIVING CONDITIONS

Vehicles in which this type of gear (trucks, bus, etc...) is installed exploit in the diverse and changing
conditions. The same vehicle can be exploited under favorable or unfavorable conditions, when it
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comes to quality of roads, terrain, vehicle capacity utilization, quality of drivers handling and so on.
These conditions vary from vehicle to vehicle, and change during life of the vehicle. Representative
sample of the exploration service conditions is necessary that would be relevant for defining the
design parameters or load design solution which is developed using empirical experience. In this
research it used the following approach. We analyzed the conditions of exploitation depending on the
terrain, the quality (level) of the road network and capacity utilization. We formed spectra
participation of each travel speed along with the size of torque at output shaft gear. Example of the
results of this analysis for a ride and exploitation in extremely difficult conditions is given in Figure 1.
Based on this set of views consisting of a variety conditions the representative shown in Figure 2, is
made with numerical values given in Table 1 Representativeness was obtained by the adopted
transmission will be exploited with 30% in the driving conditions in mountainous terrain, 40% for
plain terrain and driving on the freeway 30%.

The representative sample shows no significant differences in the use of gears, except first and seventh
speeds that are used exceptional. This will affect the election results design parameters of each gear.
This means that they will be similar to each other. Since the real exploitation does not follow a
representative sample rather than to the individual one that is used to obtain representative, the damage
components gear in operation will carry out by the component spectra. Upon completion of work life,
or at the end of the work life for an operating conditions will be damaged some of the component and
for the other conditions other components will be damaged. Overall reliability, according to the
participation speed will be close to the reliability of most damaged components.

Table 1. The participation speeds and the output torque for representative operating conditions and
maximal output torques measured in service conditions

Maximal
Transmis | Speed | Output output
sions participat | torque in torque
gear ionin % | Nm Toutp-max
in Nm
I 1,16 684 4824
I 23,33 645 4630
Il 22,1 596 1987
v 19,27 566 820
\Y 18,27 584 710
VI 15,67 686 550
R 0,2 880 4900

The second part of the identification of the gearbox exploitation conditions is measurement of the
output torque on the Cardan shaft, which is connected to the output of gearbox shaft, for each
corresponding gear. The measurements were made using the strain gauges mounted on the Cardan
shaft and connected with the software for data processing. In table 1. the values of the measured
maximum torque on the Cardan shaft are given. Combining the results obtained by interview for the
percentage participation stages of transmission and statistically analyzed results of measurement, load
spectrums for all gear pairs were formed (Figure 2) (except for the sixth speed, direct gear) on which
the participation of torque in one million rotation of the gears was presented. The gear pair 0
participates in work of all stages of transmission, except when working sixth gear pair.
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Figure 1. Participation speeds and torque for representative operating conditions

Ratio x;=T; /T is in relation 0...1, T1 is maximal torque of the pinion of gear pair, T1o for gear pair O,
Ty for gear pair 1, Ti, for gear pair 2, etc. Torque T; is variable torque. Maximal torque T, for the
pinion of every gear pair is obtained by recalculation (deduction) of gearbox maximal output torque

presented in table 1.
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Figure 2. Load spectrums for the pinions of every gear pairs

RELIABILITY OF GEARBOX

Total reliability of the box gear consists of individual reliability gear, the reliability of coupling,
bearings, seals, etc. [8] [9][10]:

R = Rg Rb Rc Rse le (1)
Where are Ry - reliability of the gears against teeth flanks wear, Ry, - reliability of the bearings, Rc -
reliability of couplings, R - reliability of the seals, Rin - reliability of the steering assembly. If the

gearbox includes r components, which are introduced in the model of reliability, assuming that the
elementary reliability is same, the reliability of each of them is:
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R, =R 2)
Where are:

r=g+b+c+se+Im=7+7+4+2+1=21

g- number of gear pairs;

b- number of bearings;

c- number of the couplings (three synchro couplings and one sleeve coupling for drive in reverse);
se - number of the seals

Im - number of the steering assembly

In this model, the partial reliability of the gear can be represented by following equation:

Rx = RQORglRQZRg3Rg4Rg6RgR (3)

In (3) each of the elementary reliabilities Rgo, Rg1, Rg2, Rg3, Rgs, Rgs, Rgr IS reliability of gear pairs
embedded in gearbox, which when damaged should be replaced in pairs. The number of these
reliabilities corresponds to the number of gear pairs x=7. Elementary reliability of each pair of gears is
R¢=R; according to the equation 2.

As for the gears, the reliabilities of synchro-couplings and bearings make a serial connection of
elementary reliabilities.

Ry =RuRcoRe3; Rz = RptRp2Rp3RbaRpsRoe 4)

Number of synchro couplings is y = 3, and the number of bearings in this gearbox is z = 6. Control
system in terms of its failures is treated as one component p= 1. Number of the seals on the input and
the output shaft is m=2.

Reliability of one pair of gears Rgx is complement of its unreliability Fpx.

Rgx =1-Fpx ®)

g
LOAD CAPACITY CALCULATION

Calculation of load capacity implies that all design parameters, design properties of components and
characteristics of materials and parts are known and defined. The load capacity of automotive gearbox
is the result of load capacities for every speed of level that has to correspond to service load. The
relation between load capacity and design parameters for a certain gear pair is:

b — Ta uX+1ZZK

" 2(O-Hdes )2 dfl u

(6)

dZ  u
T, =| Clges — =5 —— |b=ab
1 (O-Hdes 2K22 u+1J

In the formulas T, is the torque at the pinion (less gear in gear pair), d1 is pitch diameter of the pinion,
b is the gear pair width, u=z,/z, is transmission ratio, z; — teeth number of the pinion, z; — teeth humber
of the gear. Load distribution in the gear teeth contact and load dynamics effect is included by value K,
and contact conditions by value Z, all according to standards about helical and spur gear calculation
ISO 6336 and DIN 3990. Design allowable stress ongesj 1S calculated in relation to elementary
reliability for a corresponding gear pair j and all material and service characteristics including
variation and randomness. For all gear pairs in the gearbox this relation has the form.
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SOFTWARE DRAG

Based on previously developed model for load capacity calculation of gear pairs, software DRAG, in
which users have the possibility to calculate gear width or load capacity, is developed. In both cases, a
limitation is the reliability that gearbox needs to meet after crossing a certain number of kilometers. In
both variants constraints may vary. The software is consisted of five modules that allow solving the
appropriate tasks. The first of these is the definition of allowable stress, the second module relates to
the identification of gearbox load capacity with known design parameters, the third module in the
software is the inverse calculation in relation to the other module where calculates the load or load
capacity is carried out. The software is interactive, which means that the user during its application
must make numerous decisions and enter certain information in the iterative approximation to the
solutions. In this regard, the fourth module provides iterative optimization of design parameters and
gearbox load capacity, while the fifth module enables calculation of gearbox bearings.

CONCLUSION

Reliability model of automotive gear box, specially designed and application-oriented for approach to
Design for Reliability, is given in short form. This model is based on the application of experimental
results in conditions (load spectra) in the exploitation of gearboxes, and application of the results of
extensive research in the probability of failure of tooth flanks of gears, bearing and other components.
The paper presents the load spectrums formed on the basis of experimental results for certain
conditions of exploitation, as well as the way of determining the load capacity and load. For developed
model the software for structural optimization was made.
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Abstract: This paper focuses on SSA reliability prediction methodology to quantitatively assess the
effectiveness of a PM strategy on the reliability improvement of a complex system, and thus support optimal PM
decision making. A particular concern of the research is to explicitly predict the reducing amount of probability
of failure of a system over a certain period due to PM, compared with the probability of failure without PM. In
this paper, maintenance includes repair and replacement. From now on, when “repair” is mentioned, it usually
indicates maintenance and includes “replacement”.

Key words: reliability, SSA model, PM, complex system

INTRODUCTION

Today, Preventive Maintenance (PM) is often conducted in industries to reduce the probability of
unexpected breakdown of assets during a certain period. An asset can be subject to multiple PM
actions over its operational life-span. Many companies develop their PM strategies at the stage of
acquisition of assets. Observation from industries has revealed that different PM activities can have
different effects on the reliability of assets. If PM is conducted at the right time and in the correct way,
it can improve the reliability characteristics of assets. Otherwise, PM may not have an effect on the
reliability of assets or even worse - decrease the reliability of assets. The majority of physical assets in
industries such as machines, buildings and vehicles are repairable. Hence, there is a need to investigate
the effects of PM on the reliability of repairable systems comprehensively.

A complex system is normally composed of several components. These components can have different
life cycles - a fact that leads to the result that different components may have different failure patterns
and distributions at the same time. The conduct of PM of a system usually comprises PM on individual
components in the system according to the states of their conditions. Accurate estimation of the effects
of PM of these components on the reliability of systems is essential to the optimal decision making of
PM strategy.

The issues associated with repairable systems have attracted much attention of researchers. The
research about repairable systems is focused on two aspects: reliability predictions of repairable
systems and the optimal maintenance policy for repairable systems.

CONCEPTS OF SSA AND ASSUMPTIONS

The basic concept of the SSA is to separate repaired and unrepaired components within a system
virtually when modelling the reliability of a system after PM activities. This concept enables the
analysis of system reliability at the component level, and stems from the fact that generally when a
complex system has a PM action, only some of the components are repaired.
In the analysis, the following assumptions were made:

1. The failure of repaired components is independent of unrepaired components

2. The reliability function of a new repairable system is known. The reliability functions of

repaired components are also known.

3. The topology of a repairable system is known.

4. The repair time is negligible.

5. The PM time is a deterministic variable.
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MODELLING

In this paper, the SSA is developed based on model developed using a simple scenario where always
the same single component is repaired in all PM activities.

RELIABILITY BLOCK DIAGRAM (RBD)

RBD is a logic network used to describe the function of a system. For a system with multiple
functions, different RBD might be established. In most cases, a fault tree can be converted into a RBD,
and vice versa. Generally, fault tree is more suitable for root cause analysis and RBD is more suitable
for quantitative analysis. When used for quantitative analysis, RBD can be used to calculate exact
system reliability at a given time t. Many methodologies have been developed to analyse and calculate
RBD.

THE SAME SINGLE COMPONENT REPAIR

In this scenario, the original system can be described using two virtual parts: the repaired Component
1 and the remainder of the system - often referred to as the subsystem. The PM strategy is to repair
Component 1 whenever the reliability of the system falls to a predefined control limit of reliability R, .
The term “control limit of reliability” indicates the required minimum reliability level of a system.
Although this scenario is mainly used to demonstrate the basic concepts and procedures for SSA, the
models based on this scenario can be applied in industrial cases. For example, a system has a
vulnerable Component 1, i.e., this component is more likely to fail than the rest of the system. Both
series and parallel systems are considered.

Series system

A series system is shown in Figure 1. The repaired component is connected with the subsystem in
series, but the subsystem can be any complex system. In Figure 1, R (7). and Ry, (7). are the
reliability functions of the repaired Component 1 and subsystem after the i'"" PM interval, respectively.
In this thesis, the second subscript i is used to denote “after the i PM action”. Subscript i =0 stands
for no PM. Sometimes, for simplicity, subscript 0 will be omitted if the meaning of no PM is clear.
Two time coordinates are used in the modelling (refer to Figure 2):

Absolute time scale t:0<t <.

Relative time scale 7:0<7 <t (i=12,..,n).

R (2), R, (7),

— 1 » sub |——»

Figure 1. Series system

Usually, the reliability of a system after a PM action cannot be restored to its original state, i.e., not “as
good as new”. The most common phenomenon is that the reliability of a system after a PM action is
lower than its original reliability, leading to an imperfect repair. After imperfect repairs, the reliability
of a system declines in a manner shown in Figure 2.

In Figure 2., R, is the predefined control limit of the reliability for the system, At; is the interval time
between the (i-1)" PM action and the i PM action (i=12,...,n).

Parameter t;is the i" PM time and also the start time for a system to run again after the i"" PM action.
Therefore
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=Y At 47 (1)

Let R, (z')i represent the reliability function of the system after the i"" PM action.
Using reliability theory, the following expression can be obtained:

R (7). =R(7), Ry (7)., (i=12..,n) (2)

Initially, the reliability function of a system can be expressed as:

R.(7), =Ru(7), Ru (7), 3)
R}

Rs(r)n-l R (T)

AN

Ro

Ah

At

Afs... At,

—

A t, f t {

n

Figure 2. Changes of the reliability of an imperfectly repaired system

The reliability function of the subsystem can be derived from Equation 3:

(4)

Equation 4 implies that R1(T)o # 0. The reliability functions for typical failure distributions such as

exponential distribution, normal distribution, lognormal distribution and Weibull distribution all meet
this requirement.

At time t,, the reliability of the system falls to the control limit R, and Component 1 is repaired as
requested by the PM strategy. After the first PM action, the reliability function of Component 1
becomes R, (r)l, but the reliability function of the subsystem remains the same since it is not repaired.

Considering the cumulative effect of time, the reliability function of the subsystem after the first PM
action, Ry (7). , isRy(z+At), . Hence, the reliability of the system after the first PM action

becomes
Rs (T)l = Rl(z-)l Rsb (T+At'l)o (5)

" Rl(z')1 = R1(2'+At1)0, R, (r)1 R, (T+Atl)0

This indicates that the system is repaired as bad as old.
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If Component 1 is repaired or replaced by an identical one so that Rl(TJFAtl) Rl( ) Rl( )
then Equation 5 represents the situation where the system is repaired imperfectly because

R (r+At), <R.(7), <R(7), in this case.

I the reliability of Component 1 after the repair is better than its original reliability, R, (7), >R, (7),,

so that R, (7), > R, (7),, Equation 5 then represents the case where the state of a system after repairs

is improved to be as good as new or even better than original new one. As a result, Equation 5 can
describe all possible states of a system after PM (The case that a repair decreases the reliability of a
system is not considered in this thesis).

The reliability function of system after the nth PM interval can be derived as:

R, (7). =R.(7), R [Hémi JO ©)

Substituting Equation 4 into Equation 6 gives

R (7). R{Himij
RS(T)n = n I : (7)
Ri[r+iz_l:Ati jo

Equation 7 can be rewritten using absolute time scale as follows:

&Lt_gAt‘J R, (7),
R0,

R, (7), = .t zZn:Ati ®)

where, R, (t) is the reliability of the system after the nth PM interval.

Note that Equation 7 and Equation 8 both describe the reliability of a system which has been
preventively maintained for n times, i.e., these two equations both describe the conditional probability
of survival of a system with n PM intervals. Neither of these two equations considers the cumulative
effect over time of the repaired components. To predict the probability of survival of a system over its
whole life time, these cumulative effects need to be considered, i.e., the probability of survival of these
repaired components until their individual repair times need to be considered. The probability of
survival of a system over its whole life time is termed as the cumulative reliability of the system. The
cumulative reliability function of the system with the first PM action is

Rsc (T)l - Rl(Ati )o Rs (T)l ©)

where, R, (r)l is the cumulative reliability of the system after the first PM action.

R, (At,), is the probability of survival of Component 1 until t,.
Generally, the cumulative reliability of the system with n PM intervals can be expressed as:

R, (t)=HR1(At,+1 ,t> ZAt (10)
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where R, (t) is the cumulative reliability of the system with n PM intervals.

A low reliability of the unrepaired components of the system, or poorly repaired components, or both
will cause a low R (0)n . Obviously, the system should not be repaired any more if

R(0),R (a1
R,(0) = =2 <R (11)

w[2)

i.e., a PM action is unworthy if the reliability of the system after this PM action cannot recover to
excess the required reliability level.

Parallel system

In this case, the repaired component is connected with the subsystem in parallel as shown in Figure 3.

R (D),

sub

Rsb (T)I

Figure 3. Parallel system

The relationship of reliability functions R (7)., Ry, (7). and R (z), is given by

R,(z), =R, (7). + Ry (2),—R.(2). +Ry (7). (i=0,1,2,...,n) (12)

To simplify mathematical operations, let F,(z)., F,(z) and F, (z), be corresponding failure

distribution functions of Component 1, subsystem and the system after the ith PM action respectively.
According to reliability theory, Equation 12 becomes

F.(7),=F(7) Fp(2).(i=012,..,n) (13)

Based on the same derivation procedure as in Subsection 5.1, the following results can be obtained
(see Figure 4.):

F (r)n F, (z‘ + Zn:Ati J
F (), = 0 (14)

F (r + Zn:Atij
i=1 0

AR g
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where, Functions F, (z) and F,(t) are the failure distribution functions of the system after the nth
PM interval described in the relative time scale and the absolute time scale, respectively. Functions
F,(z), and F(7)_ represent the failure distribution functions of Component 1 before any PM and

after the n™ PM interval, respectively. Function F, (t)O is the failure distribution function of the

original system. In Figure 4, F; is a predefined control limit of the failure probability of a system.

Fy@)
Fs(r)l
Fs(t)ﬂ
F, AN — % / ——
| N
: : F, J(T)nl : F S(T)n
AI] : At : Afs... Afn :
t, t t, t, t

Figure 4. Changes of the failure distribution function of an imperfectly repaired system

Equation 15 can be rewritten in the term of reliability function as follows:

R, (t)=1- {1_ Ri(t %AF;I;:)JF "~ , (t > iZl:AtiJ (16)

Generally, F (z) <F(z+At) , and F,(z), increases monotonously with the increase of
operational time, so
F.(z+At) , >F (7). >F (7). (i=12..,n) (17)

Equation 17 indicates that a system is repaired imperfectly. It is noted that Equations 14 and 15 or 16
can represent all different states of a system after PM due to the similar reasons mentioned in
Subsection 5.1.

The cumulative reliability of the system can be derived as follows:

The cumulative reliability of Component 1 with n PM intervals is

R.(2), ~ TR (8. R (), 18)

n
The cumulative reliability of the subsystem is R, (z‘ + ZAtiJ since it is not repaired as assumed by
i=1 0

the PM strategy. Hence, the cumulative reliability of the system with n PM intervals is

Ree (1) =1- [1— Ry (r)nﬂl— Rep (f " élAti )OJ (19)

Equation 19 can be rewritten using absolute time scale as follows:

)t \} LRy (Atm)iil(;l(itz)l:ti )nJ[l R (t)OJ | (t . %1 N ) 20)
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CONCLUSION

In SSA, the changes of reliability are calculated based on individual system and repair condition rather
than assumed or estimated by human experience. Therefore, the rate of change may not be constant.
Compared with existing models, the model developed in this chapter has the following advantages:

1. Ability to explicitly predict the reliability of a repairable system with multiple PM actions over
multiple PM intervals and to decide when the system has deteriorated to a point where it is
unworthy of further PM from the reliability view of point. Most of the existing models are
applied to predict the next PM time, MTTF or/and the expected number of failures. SSA is
hence more suitable for supporting long term PM decision making of complex repairable
systems in industry.

2. Ability to deal with the individual contributions of different parts in a system and the influence
of system structures on the reliability of a repairable system. This ability provides an
understanding of PM of a system in more depth.

3. Ability to model different states of a system after PM such as “as good as new”, “imperfect
repair”’, “improvement repair” (i.e., better than new) and “as bad as old”.

4. No restrictions on the forms of failure distribution.
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INTRODUCTION

In order to reduce maintenance costs and to optimize a maintenance strategy, it is necessary to
understand reliability and its variations, the consequences of failures, the factors affecting maintenance
and the relationship between the maintenance tasks and production or other performance of assets to
be maintained. Reliability is the ability of a system to perform a required function under stated
conditions for a given period of time. It is usually measured by determining the probability that a
system survives in a time interval (0, t]. The most direct expression to describe the properties of
reliabilities of systems is the reliability function R(t) . The reliability function is also called as survivor
functio. Another mathematically equivalent way of specifying the reliability of systems is in terms of
failure distribution function F(t) or failure density function f(t) . “Failure” in this thesis means that a
system or a component fails to meet its performance requirement. This “failure” will naturally lead to
a need for maintenance. The models and techniques for reliability assessment and analysis can be
classified into two categories: The mathematical models and the conceptual models and techniques.
Analitical models are related with the repairable systems. A repairable system is usually defined as one
which will be repaired to recover its functions after each failure rather than to be discarded during
continuous operation. A complex system usually means that it is composed of multi-components
which can be connected with each other in either series or parallel or in a complex way. This review is
concerned with classifications and characteristics of analytical reliability prediction models of
repairable systems. Some major limitations in these models will be identified.

CONDITION MONITORING AND FAULT DIAGNOSIS (CMFD)

CMFD has been playing an increasing role in maintenance research so that a new term - condition
based maintenance (CBM) is now used. CBM is currently the best preventive maintenance strategy
because it enables maintenance decisions to be made based on the current status of the equipment, thus
avoiding unnecessary maintenance and thus facilitating timely maintenance when there is a strong
indication of impending failure. Condition monitoring is popular and has a wide range of applications.

FAULT TREE AND ROOT CAUSE ANALYSIS

Root cause analysis is used to find out causes of failures. The classic technique is Fault Tree Analysis
(FTA). A related technique is Event Tree Analysis (ETA). A fault tree is a model that graphically and
logically represents the various combinations of possible events, both fault and normal, occurring in a
system that leads to the top event.It can be used for qualitative analysis, quantitative analysis or both.
FTA enables one to find the most likely causes of system failure, but it is costly and time consuming.
This method will also fail to identify some important causes and effects. It is difficult to apply Boolean
logic to describe failures of items that can be partially successful in operation and thereby have effects
on the performance of the system.
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RELIABILITY BLOCK DIAGRAM (RBD)

RBD is a logic network used to describe the function of a system. For a system with multiple
functions, different RBD might be established. In most cases, a fault tree can be converted into a RBD,
and vice versa. Generally, fault tree is more suitable for root cause analysis and RBD is more suitable
for quantitative analysis. When used for quantitative analysis, RBD can be used to calculate exact
system reliability at a given time t. Many methodologies have been developed to analyse and calculate
RBD.

FAILURE MODES, EFFECT AND CRITICALITY ANALYSIS (FMECA)

The FMECA is a combination of Failure Mode and Effect Analysis (FMEA) and criticality
analysisThe basic task of FMEA is to identify and list the modes of failures and the consequences.
FMEA is very important in the application of RCM. Criticality analysis is generally used to evaluate
the severity of harmful effects of a failure on the function and operation of a system, on other
components, on the environment, and more importantly on mankind so that the most suitable
maintenance policies can be made.

MONTE CARLO METHODS

Monte Carlo methods are possible to be used to solve the reliability prediction problems that cannot be
solved analytically. With increasing computing speed and memory size of computers, Monte Carlo
methods have received more attention from maintenance researchers. However, efficient Monte Carlo
algorithms are often difficult to develop.

ADVANCED TOOLS AND METHODOLOGIES

Some maintenance research uses advanced tools and methodologies which havefound wide
applications in other fields such as fuzzy logic, neural network, the Kalman filter, the genetic
algorithm, data fusion, Monte Carlo or combination of those techniques. The application of data fusion
techniques in maintenance is attractive, because there is an increasing demand for the accuracy of
prediction and decision. Using computer techniques to enhance maintenance analysis ability is another
attractive respect of maintenance research. Software packages such as EXAKT and RELCODE are
programmed to determine the failure model and to carry out maintenance optimization. Relax (Relax
software corporation) and Reliability Workbench integrate the performance of reliability prediction,
maintainability prediction, FMECA, RBD analysis, FTA, ETA and Markov analysis.

BASIC PRINCIPLES OF PROBABILITY

Several models for the reliability prediction of a repairable system have been developed using the
basic principles of probability. The time-dependent maintenance model mentioned is an example.
According to this model, a system is always replaced at a fixed time T or failure, whichever happens
first. The models based on basic probability principles were developed to determine the most
appropriate preventive maintaining time T according to the reliability function or failure distribution
function of the system. The most common distribution function in use is the Weibull distribution due
to its ability to fit a greater variety of data and life characteristics by changing its shape parameter.
Normal distribution and exponential distribution are two popular models as well.

MARKOVIAN THEORY

The Markov model plays an important role in the reliability evaluation of engineering systems. A
Markovian stochastic process with a discrete state space and discrete time space is referred to as a
Markov chain. If the time (index parameter) space is continuous, it is referred as the Markov process.

The model based on the Markov process assumes that a system has a finite state space and a series of
possible transitions between these states. The functions, various failure modes, standby and various
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maintenance activities all can be described as different states. If the transition between the states can
be approximately described by a stochastic process with Markov property, the Markov method can be
used to determine the reliability of the system after several states. Therefore, it is fairly common using
Markovian theory to model the reliability prediction problem of a repairable system.

POISSON PROCESS

The Poisson point process is a kind of Markov process. This model assumes that the failures are
independent of each other and the number of failures in each time interval follows a Poisson
distribution. The Homogeneous Poisson Process (HPP) model requires stationary increments whereas
a Non-Homogeneous Poisson Process (NHPP) model does not require these increments. Therefore, the
NHPP is more favorable for modelling imperfect repairable systems. The NHPP can also be used to
study the Rates of Occurrence Of Failures (ROCOF) when they are time dependent, and the times
between failures are neither independent nor identically distributed.

CONDITION MONITORING DATA BASED MODELS

With increasing applications of condition monitoring techniques, maintenance personnel naturally
wish to improve reliability prediction accuracy using monitoring data. The Proportional Hazard Model
(PHM) is currently the most popular condition based model. Another similar model is Proportional
Intensities Model (PIM). PHM is more flexible and avoids some of the problems related with PIM, but
the latter has a clearer mathematical and physical justification. The advantage of PHM is that it
includes both the age of a system and its condition in the calculation of the hazard of the system at
time t.

BAYESIAN THEORY

The Bayesian model allows using the knowledge of designers, operators and maintenance engineers to
reduce the uncertainties when modelling the reliability of a system. An observed value is used to
update the priori (the prior density) of the Bayesian model. Bassin developed a Bayesian block
replacement model for a Weibull restoration process under the assumption that repair costs are known.
Mazzuchi and Soyer extended this model to the traditional age replacement policy and the block
replacement policy with minimal repair under the assumption that repair cost is constant and the scale
parameter and shape parameter are initially independent.

CONCLUSION

The models and methods presented above have found their applications in maintenance. However,
they have fallen short of finding practical applications. He found over 100 applications of maintenance
optimization models. Most of them cannot meet the demands of today’s industry.

There is a lack of effective methodology to analyse the relationship between a failure and its root
causes quantitatively, especially when reliability information is incomplete, e.g., new equipment.
Improper maintenance activities such as repeatedly deferred inspections or repairs result in very costly
failure. On the other hand, too often inspections or unnecessary monitoring may also cause high cost.
One needs to estimate the states of a system more accurately. Current maintenance models including
PHM, FMECA and FTA usually do not specify which items fail. However, the real situation is, more
often, that a system fails because some and not all items fail. One therefore may not need to repair the
entire system or all of items in the system. In order to carry out actions particular to business goals,
one needs to get information which is perception, or recognition and localization, of structures. It
involves the spatial-temporal form of components and their relationships.

It is a challenge to scientists to develop an appropriate model which can take account of historical
failure records, monitoring data and other available information to enhance the accuracy of
predictions.

Historical records are valuable, but they are often incomplete and inaccurate. The records normally
contain the activities of maintenance rather than the causes of failures. They may have erroneous
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records. On the other hand, condition monitoring is more expensive and in many cases the monitoring
techniques may not be available. Hence new approaches and models are needed to overcome these
limitations.

As a result of the above discussion, future research directions are identified as follows:

1. New methodologies and models need to be developed which can bridge the gap between
theoretical research and industry applications. Most of reliability models have been developed
for mathematical purpose or computational convenience, rather than solutions to real industry
problems. Most case based research focus on short term solutions and lack vision on whole
life cycle modelling.

2. A number of topics for complex repairable systems are still in their infancy and need further
research, such as, investigating dynamic component-system relationship, releasing the
assumption of “as good as new”, and predicting multiple failures of whole life.

3. Models dealing with very small set of data or zero failure data need to be developed more
intensively.

4. The accuracy of reliability prediction needs to be improved. Reliability prediction of systems
and maintenance decisions making should be based on comprehensive considerations of
current conditions of a system together with historical maintenance/failure records and other
information.

5. Little attention has been paid to integrated spare parts inventory management, which is
important especially to asset intensive industries.

6. The integration of maintenance, monitoring and production is a major issue and needs to be
addressed.

An intensive literature review has been conducted on the analytical reliability models. The literature
review indicates that analytical models for reliability were mainly developed based on stochastic
process and probability theory. However, analytical reliability models were also empirically developed
based on experience or experiments, or derived from failure mechanism. In existing models, the
renewal process and minimal repairs are still two basic assumptions although more and more attention
has been paid on imperfect repairs in recent years.
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Abstract: This thesis shows corrective measures taking place in order to increase the level of reliability of
casting machines under high pressure. The complex structure of press molding, their high cost, high costs of the
"state of failure”, as well as high maintenance costs, indicate the great importance and the need for research and
development of design methods for analysis and reduction of failures on complex technical systems, as one of
the most important part of the system for continuous exploitation.

Key words:

INTRODUCTION

"State of failure” may be caused by insufficient quality and unreliability of all the system components,
as well as the impact of the "environment™ in the sense of failure caused by design solutions, installed
materials, production methods, control methods, operating procedures, quality of maintenance,
characteristics of the working environment, physical, chemical, atmospheric and other relative factors.
To prevent the above effects, and thus avoid many problems, especially related to the total life-cycle
costs, it is necessary to provide vast information about the behavior of each of the technical system,
especially throughout its exploitation.

Using mathematical statistics, new methods have been discovered that allow during design stage,
development and exploitation of elements, significant level of reliability to be achieved. Therefore,
reliability research problems of technical systems may be established during early design stage.
Establishing reliability during concept design as well as through design stage itself, occurrence of
system failures and the state of failure during exploitation is reduced. The reliability must be taken
into account throughout the whole process of design. We may say that the reliability is established
during design stage, ensured during development, and utilized throughout the process of exploitation.
Established level of reliability during design and production stages should sustain during the
exploitation without change in the structure.

DESIGN PROCESS OF MECHANICAL SYSTEMS

The function of the system design, through a series of planned and systematic activities, establishes
and defines the key features of the system such as the ability to function, reliability, lifetime,
maintainability, ability to support the maintenance and availability. System design consists of several
phases of work, which makes the design process transparent, rational and independent of specific
industries. Analysis of any existing project will show that the main stream of design flows from the
market, which belongs to the field of marketing research activities, thereby life-cycle of the
mechanical system begins with identifying the needs, requirements and deficiencies, subsequently
being translated into technical specifications.

Principles of construction with respect to the functionality, as distinctive characteristics of the system
to perform the required function with prescribed physical characteristics (strength, speed, acceleration,
bandwidth) and properties (weight, volume, size, shape), are easily understandable and quite
perfected. Also, the problems of strength and "packaging" of the structures were solved by
computational techniques development and mastering the methods of exploitation and laboratory tests,
which is basically directed towards improvement of the system durability. However, reliability design
principles are a time-consuming and hard-labor task, involving a series of procedures and modes of

159


mailto:vladimir.trninic@cimos.eu

IV International Conference Industrial Engineering And Environmental Protection 2014 (11ZS 2014)
October 15™, 2014, Zrenjanin, Serbia

performance which essentially have the character of prediction and confirmation of certain conditions
that must be carried out in different phases of design process and development of the system.

The only constant denominator that system designers need to reconcile with is the project uncertainty,
mostly emphasized in the early stages of the design process, and it is reflected through analysis
resolution implemented at the later stage, all the way till important decisions and choices have been
made.

PROCESS OF DESIGN RELIABILITY OF CASTING MACHINE UNDER HIGH PRESSURE

At the beginning of the design process of mechanical system, uncertainty arises as a result of the "gap"
between the commitments on one side and specific project awareness of the designers on the other.
Sources of uncertainty in the beginning of the design process are imprecise identification of user
needs, inaccurate translation of those needs into qualitative and quantitative requirements at the system
level, and imprecise and unclear requirements priority at system level.

Design specification of mechanical systems is essential in all areas of project activities, from
architecture to shipbuilding, from electronics to mechanical engineering. Also, for any stage of design
process, it represents basic reference with its integral elements.

Design specification of mechanical systems is the starting basis for design of the system, and the
synthesis and analysis of all the identified needs of customers and markets ... Many studies have
shown that over 90% of the observed problems in system design can be directly attributed to errors in
the design specifications. The term specification is the total set of data needed to define and describe
user requirements. It should be noted that the specification itself has a dynamic character, and is
treated as an evolutionary and developmental document.

Also, the overall composed and unambiguously defined specification is the starting point and the
necessary basis for the start of the design process.

Simple pressure vessels are serially produced welded containers that are exposed to higher internal
overpressure of 0.5 bar, which are designed for air or nitrogen, which are not intended for exposure to
flames.

IMPLEMENTATION OF CORRECTIVE MEASURES FOR RELIABILITY LEVEL
INCREMENT

Technical requirements relating to the design, development and conformity assessment of simple
pressure vessels are laid down in the Standard of technical requirements for design, development and
conformity assessment of simple pressure vessels ("RS Official Gazette", No. 87/2011)

Because of the occurrence of overheating problems of casting machines under high pressure, it is
necessary to apply the two corrective measures, the implementation of the means for control of algae
and other impurities in the system design, and design of second additional heat-exchanger.

Application of the first corrective measure

Use of funds for water conditioning - Hidrocid 306
Hydrocid 306: - broad spectrum biocide for the control of algae, bacteria, fungi and slimes in water
systems.

Avrea of application:

Hydrocid 306 is a growth inhibiting medium against algae, fungi and bacteria in industial cooling
systems. Hydrocid 306 can be used as an agent for the removal of large amounts of slimes in the plant,
and as inhibiting medium.

Technical description and features:

Hydrocid 306 reacts on substantially developed algae, bacteria and fungi. The product acts in a wide
pH range. Active components are isothiazolin. Application Hydrocid a 306 does not include foaming
at the facility.
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Method of application:

Hydrocid 306 is an addmixture to the water in the system as periodic dosage when large amount of
slime is present, used with a constant dose and frequency, e.g. once a week. When adding, additional
care must be taken that the product reaches all parts of the system treated. The dose depends on the
condition of the system. In systems with substantial slime increament, product must be added at a dose
of 250-400 ml/m3 of water in the system. With frequent pulse dosing: add 100-200 ml /m3 of water in
the system.

Description of chemicals:

Hydrocid 306 is a growth inhibiting medium against algae, fungi and bacteria in industial cooling
systems.

The effect of this product is based on the physical-chemical effects. Application of Hydrocid does not
imply foaming at the facility. The active components are isothiazolin contained in an aqueous solution
(pH of the solution is 4), and causes the hazards to persons and environment during accidental release:

* Must not be swollowed
 Causes burns to skin, mucous membrane and respiratory system when inhaled
» Must not reach water and sewage systems

Method of dosing and container discharge:

Hydrocid 360 is added to the water as a single dose or as continuous proportionate doses according to
predefined quantity. When adding, care must be taken that the product reaches all parts of the system
treated. The amount of dosage depends on the condition of the system. The effect of treatment may be
determined by using a blade for biological growth, and if necessary, by laboratory analysis of bacteria
amount after treatment. If bacteria / fungi are still present after treatment, the dosage is repeated.

If the dosage is not automated, it shall be proportioned over existing dosing-pumps with monitoring of
pH; controlled by a technician. Any transfering of Hydrocid 360 from the canister into the container
for dispensing is done by the transfer-pumps with application of HSE measures.

One of the corrective measures for machine overheating is application of water conditioner Hydrocid
306.

Figure 1. Schematic view of resources for water conditioning
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The use of second corrective measure

The use of plate heat-exchangers TR 200

Second corrective measure for overheating of casting machines under pressure is the additional use of

plate heat-exchanger TR 200 (Figure 2).
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TEHNICAL CHARACTERISTICS

Connection/plug NO65

Maximum flow rate 60

Dimensions 345x 860 x L

End plates thickness 40

Inner plates thickness 0,6

Maximum number of plates 200

Threaded rod 10 x M20

Length 3,0 xn*

Exchanger weight 164,3 + 0,89 x n*

Nominal preassure NP25, NP16, NP6

Test preassure 32

Maximum operating temperature 150 °C
MATERIALS

End plates C.0351

Inner plates C.4580, C.4576 (AISi 304, AlSi 316)

Threaded bars C.1531 (8.8)

Gaskets EPDM

Figure 2: Schematic view with technical characteristics of plate heat-exchanger
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CONCLUSION

When designing technological systems / equipment and processes, it is necessary to take into account
the required reliability as one of the important data, given that todays design from the standpoint of
reliability is not sufficiently saturated through practice by the designers.

As an example, machines under high pressure can be effectively used as the basis for reliability
analysis of many processes in the industry, both in the period of exploitation and in the design phase.
The main reason for this is that records are kept regularly about the process, with an information
systems and databases for process in place, which makes it easier to collect the necessary data needed
for design reliability.

Knowing the general causes of failure of casting machines under high pressure, and in case reliability
activities are established during design stage, technology of maintenance is more effectively
conducted during exploitation. This provides a small number of failures and malfunctions of the
system, thereby increasing the level of system reliability and reduce maintenance costs. Use of
medium for water conditioning - Hydrocid 306 and second corrective methods; use of plate heat-
exchanger TR 200 inevitable lead to increment of reliability levels.

With the use of medium for water conditioning Hydrocid 306 and plate heat-exchanger TR 200,
overheating problems of casting machine under high pressure are solved.
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Abstract: In this thesis, and based on the known failure analysis methods developed primarily for the electronic
resources, possibility of their application to complex mechanical resources has been introduced. Therefore,
failure analysis of specific mechanical resources, resulted in the creation of "adjusted" procedure for failure
analysis process. Method of Failure Modes and Effects Analysis (FMEA) for monitoring is shown herein, with
functionality analysis of casting machine under high pressure, and it is demonstrated that with the
implementation of certain corrective measures, grade of level of criticality for system failure will reduce to the
satisfactory grade.

Key words:

INTRODUCTION

Due to weather conditions and environmental impact, technical system designed for the execution of
the functional objective in a certain period of time is usually adversely affected. Under this influence,
working disorders firstly come to its state of appearance, followed with certain failures, and finally
with the cessation of process, resulting in the system "state of failure". One of the ways of providing
these information is conducting certain methods of failure analysis on the technical system. When it
comes to failure analysis, FMEA method is widely accepted. Analysis of modes and effects
(consequences) of failures is based on consideration of all potential failure of system components, thus
their failure effect on the overall system. This thesis covers the reliability of machines under high
pressure during their exploitation throughout certain period of time, which is shown hereinafter within
graphs of failures and distortions of technical systems in process.

Conducting FMEA on the complex mechanical resources can be time-consuming and hard-labor task,
primarily because of the large number of system components. It is known that all parts do not have the
equal importance on the performance and reliability of the system itself. Therefore, it is justified, in
order to achieve particular operability during the implementation of the method, to rank system
components in accordance to its significance, however from the aspect of reliability.

TECHNICAL SYSTEMS RELIABILITY

Reliability troubleshooting requires the determination of many factors, on which reliability indicators
depend. Time factor and mode of system technical exploitation are considered as the basic factors.
Technical systems of today are characterized by its complexity, which means that they include many
of diverse technologies (mechanical engineering, electronics, energy, etc.). By virtue of introduction
of certain assumptions, establishment of regular maintenance procedures, and organizational data
collection of failures, altogether with widespread use of statistical methods, we now can determine the
reliability of such complex technical systems. For predicting the reliability of the technical systems,
information on the change of the working ability of system components during the planned period of
operation is required. Such information is necessary at all stages of their creation; during design,
construction, testing, operation, maintenance and finally their disposal.

Statistical information on the reliability of system component in the process of exploitation allows us
to determine the index of reliability for a particular type of model, taking into account its mode and
exploitation conditions for a certain interval of time.
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Totality of the factors that determine the reliability of the system components is characterized by
random variables, therefore indexes of reliability also appear as random variables, and are determined
based on the method of probability and mathematical statistics.

APPLICATION OF FAILURE MODES AND EFFECTS ANALYSIS METHOD (FMEA)

FMEA is a method used for the evaluation of modes and effects of potential failures of subsystems,
sets, components or functions within the system. FMEA is an inductive team method that requires
time and good knowledge of the system being analyzed. The aim of the method is to identify failures
that may adversely affect the reliability of the system as whole.

The aim of FMEA application (Figure 1) is to detect potential failures as well as the collection of
knowledge and experience over the character of failure and failure impact on the quality of technical
system. The most complex application FMEA analysis has found in the automotive industry.

Data P Method FMEA (FMECA) P> Results ]
\

| |

J L \

Ot \

OPERATION MODE V;/?Tk spots |
-Identifying Potential failure (assessment of potential -larures |
failures) -criticality |

-Analysis of potential failures consequence
-Evaluation and categorization of failure consequence ‘
-Identifying Possible potential causes of failure ‘
-Definition of corrective measures ‘

-Evaluation of criticality failure level Su1tab1e. measures |

-Determination of criticality failure factors -correction ‘
-changes |
-optimization <4
-testing

Figure 1. Purpose of FMEA application
FMEA procedure for casting machines under high pressure

Number of risks (priorities) - Risk Priority Number
To determine the Risk Priority Number (RPN) it is required to:

»  Evaluate the severity of each failure effect
»  Evaluate the likelihood (probability) of occurrence of each effect of failure

»  Evaluate the likelihood (probability) of detecting each effect of failure (likelihood - probability).
Problems should be detected before the product reaches the end-user.

RPN is defined by multiplying the following three:

RPN = Severity * Occurrence * Detection

RPN can be used to compare failure during the analysis and prioritization of corrective measures
(action).

Table 2.1. and Table 2.2. represent an analysis of modes and effects of failure through FMEA
procedure (severity, occurrence, detection), applied to casting machines under high pressure. Table 2.1
provides a tabulation of specific technical system prior to corrective measures (action), whereas Table
2.2 provides a same tabulation of specific technical system upon correction measures (actions) took
place.

Noticeable, corrective measures (actions) are applied wherever the RPN was over 100, which is

specifically seen in Table 2.1. Upon the corrective measures took place, RPN reading is less than 100,
and as shown in Table 2.2.
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Table 2.1 Functional FMEA method of casting machines under high pressure prior corrective
measures

Probability ;
Part Function M?dc ot Failure effects | Seriusness | Cause of failure of Detc.cllon o Detection RPN Action
failures failure
occurrence
Thi Thi Insufficient S . <
1 hlrd_pl!ase “"rd_ !)hase third phase (vaslmg.vdnp 9 Battery leakage 5 Pressure gauge 2 92 (hECki"ps_(.)?l
multiplier pressure porosity 3 hourly basis
pressure
" Maintenance
Dosing of castin; Faulty Terperatire Furnace Read parameters
furnace g S (casting) under 8 Cracked heater 4 ammeter 2 64 P X <
temperature in heater IR . on hourly basis
heathers the limit heater display
the furnace
. Regulation of Second Second phase Operation 3 Preventive
Second . ; G . Second phase <
second phase phase valve | low (excessive) 8 blockage (dirty 4 2 i 2 64 cleaning once a
phase valve A = display
speed failure speed oil) month
— Machine o~
Heat (.oollng Of. . Foox il malfunction Insufficient (.asn.ng Introduce
exchanoe hydraulic oil insufficient (ol 8 coilingcapadiiy 7 machine 2 112 additional coolin
2 nger: in the machine flow By s ) g eApACYY display A0 g
over 2)
Tools Nozzle Digital - sre
5 e thermometer Use biocide within
coating Tool heat Poor tools Overheated contamination & A
3 A 2 9 . 6 (temperature 2 108 | the system (anti-
(cooling) dissipation spraying tool (algae in the h
3 measurement algae)
device system)
# tools)
oS Use CARB
Tools AR Algae within the R
Casting tool | Casting Drips | insufficient Crac!“d pleces 9 system (clogged 6 Flont (for. 2 108 bwr_'."gs (.:23]4
" (casting drips) % water flow) (vibration
cooling flow cooling channel) § N
r
Realization Insufficie Axis vibration MIKROLOG
ump System nsufficient in gear pump CMVA 65 Replace gear with
P . GRS Pump failure system 8 5 - S 4 160 %
(hydraulic pressurizing (pump (Thermal wing pumps
pressure 2 % : o
pressure) overheating) ging)

Table 2.2 Functional FMEA method of casting machines under high pressure upon corrective
measures

Mode of LI Detection of
Part Function 3 Failure effects | Seriusness | Cause of failure of 5 Detection | RPN Action
failures failure
occurrence
5 . Insufficient < Y
Thlrd_plfase Third phase third phase Castmg.drlp 9 Battery leakage 5 Pressure gauge 2 90 Check-ups o
multiplier pressure porosity . hourly basis
pressure
Dosing Maintenance Temperature Furnace
furnace of casting 3 Faulty (casting) under 8 Cracked heater 4 ammeter 2 64 Réad paramet.L:r.'s
temperature in heater T 2 on hourly basis
heathers the limit heater display
the furnace
Second Regulation of Second Second phase Operation Sicond ohiss Preventive
i second phase phase valve | low (excessive) 8 blockage (dirty 4 RO P 1as 2 64 cleaning once a
phase valve 2 2 ~ display
speed failure speed oil) month
" Machine .
Heat Coolmg of. § e x malfunction Insufficient Casn.ng
ssehunges hydraulic oil insufficient (oil 7 coalid capacity 5 machine 2 70
& in the machine flow B £ CAPAEE) display
over 2)
Tools Nozzle the?rlngll(:l ter
coating Tool heat Poor tools Overheated contamination e
% RUDERDA § 8 X 4 (temperature 2 64
(cooling) dissipation spraying tool (algae in the
A ? measurement
device system)
tools)
Tools F Algae within the
Casting tool | Casting Drips | insufficient Crac!(ed oo 8 system (clogged 4 Float (for 2 64
7 | (casting drips) ) 1 - water flow)
cooling flow cooling
Realization Insufficient Axis vibration MIKROLOG
pump System Pump failure sveteii 7 in gear pump 4 CMVA 65 3 84
(hydraulic pressurizing & (pump (Thermal
pressure B I
pressure) overheating) ging)

In light of this method, and throughout its analysis, we came to some specific results in terms of grade
of level of criticality. We may say that based on such grade, we easily determine the priority of action
or corrective measures required for certain components or sets by prioritizing the known failures.
Thus, this method therefore identifies all the failures that may adversely affect the reliability of
components, sets or complete system of casting machines under high pressure. Results of diagnosis
may allow us to evaluate the condition of the machine at a given point of time, to detect deviations
from the performance mode, from technical maintenance, as well as to notice the first signs of
excessive wear-and-tear that may cause the machine overall system failure.

Irregularities discovered during diagnostics are eliminated throughout the regular daily maintenance,
as well as through planned technical maintenance and repairs. Prompt and qualitative execution of
control-regulation works during daily maintenance will significantly contribute to the overall
reliability of the casting machines.
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Based on the assumption that the implementation of certain remedial measures and their monitoring
during exploitation of casting machines for a particular time period will provide significant results, we
arrive to certain conclusions in terms of improving the performance of such machine for a specific
period, and for which the results obtained upon corrective measures took place already confirm. This
can be easily noticed in the table prior corrective measures (Table 2.1), with a high RPN score (>100),
and in the table upon corrective measures (Table 2.2), where RPN score dropped to some optimal level
of reliability (<100).
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Abstract:Problem solving and sustainable development have a global character, but also a result of the huge
number of activities individually. In the sphere of global character gives a brief overview of the industrial policy
of the EU Sustainable Development.Industrial processes and logistics of these processes, maintenance before all
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DEFINITION AND IMPORTANCE OF SUSTAINABLE DEVELOPMENT

The concept of sustainable development leads to the most common, in connection with environmental
protection, social development planning, environmental, economic and political issues (Figure 1) [4].
The concept of sustainable development is a new development concept, a new strategy and philosophy
of social development.

Figure 1. Spectrum impact on sustainability —
sustainability as a cross-section of influential factors

Sustainable development combines both care for wildlife on Earth and to preserve the capacity of
natural systems (natural resources), social and environmental challenges, which are located at every
society, state and mankind as a whole

The major challenges of sustainable development are: global warming, depletion of the ozone layer,
"the greenhouse effect”, the disappearance of forests, conversion of arable land into desert, the
phenomenon of acid rain, extinction of animal and plant species.

DEFINITIONS OF SUSTAINABLE DEVELOPMENT

There is no unique and universally accepted definition of sustainable development. However, there is
agreement on the need to introduce the concept and awareness of the reasons for its creation.
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The most commonly cited definition of sustainable development is in the report "Our Common
Future", which is, at the invitation of the United Nations prepared by the World Commission on
Environment and Development (the so-called. Brundtland Commission) in 1987.

The definition reads:
"Sustainable development is development that meets the needs of the present without question the
ability of future generations to meet their own needs."

Per second, sustainable development implies a balance between resource consumption and the ability
of natural systems to meet the needs of future generations.

A comprehensive definition of sustainable development as follows: Sustainable development is an
integral economic, technological, social and cultural development, in line with the need to protect and
improve the environment, which enables current and future generations meeting their needs and
improving the quality of life.

Agenda 21 (the 21st century) is one of the key documents adopted at the Earth Summit (United
Nations Conference on Environmental and Development UNCED, also known as ,, Earth Summit ,,
was held in June 1992 in Rio de Janeiro, Brazil).lt is a declaration of intent and commitment to
sustainable development in the twenty-first century. At about 500 pages there are 40 chapters; of
issues of poverty, health issues to waste [2].

Basic principles of sustainability:
e Intergenerational equality - the present generation should not diminish the chances for the
development of future generations,

e The precautionary principle, in terms of global environmental uncertainty

e The principle of conservation of natural resources with minimal damage to the environment

e Suppression of pollution at the source

e The principle that the polluter pays, through the internalisation of eco-costs through charges,
fees and permits

e Using the best available technology,

e Prevention and elimination of creating unnecessary wast,

o Isolation and control of waste that can not be recycled is still used

o Inclusion of environmental analysis and assessment, decision-making in the economy;

o Respect for the capacity of the environment and eco-space

Sustainable society can be seen as a society:
e That recognizes that economic growth has its limits and that they are certain main capacity
resources in the environment,
That values the cultural diversity,
That cultivates respect for all forms of life and encourages diversity of wildlife,
That wider social system the values through education about sustainability,
That should hire experts for the environment when making all development decisions,
That makes plans balanced development, respecting the social, health, economic and
environmental needs,
That used local resources and capacities of the long term the best way,
e That using renewable and reliable energy sources,
e That strengthens the activity in which the materials are recycled.

MAINTENANCE - THE MOST IMPORTANT LOGISTICS COMPANY TO WORK FOR
SUSTAINABILITY

Steady growth in industrial production and manufacturing systems (Figure 2) in developed countries
has led to a tightening of environmental protection, use of energy and natural resources, and waste
disposal [3].

The current trend is to manage the process of being fully verifikivan and assessed in accordance with
the requirements of the standards of the 1SO 9001 standard.

169



IV International Conference Industrial Engineering And Environmental Protection 2014(11ZS 2014)
October 15, 2014, Zrenjanin, Serbia

From this point of view it is necessary to monitor the crucial processes in the maintenance and focus
on their performance, such as cleaning machines and equipment, lubrication and oil change,
monitoring and diagnostics, safety checks, replacement of machinery and equipment, the possibility of
monitoring and assessment analysis of effectiveness, internal and external maintenance planning,
control, spare parts, restoration of damaged parts, check-ups, etc..

Maintenance is the basic logistics of industrial systems, both in terms of their capacity to work, and the
aspect of meeting the requirements of environmental protection and sustainable development in
general.

Maintenance is a multidisciplinary collection of indirect (preparatory) and direct (executive) activities
in the prediction, prevention and elimination of failure of machines and equipment in order to achieve
an optimal level of effectiveness of the system.

PRODUCTION SYSTEM AND SUSTAINABILITY

Monitoring
s and
INDUSTRIAL
ENGINEERING management
SUSTAINABILITY processes
v
I_ _____________________________ 1
| |
DESIGNWORK FOR b PRODUCTION |1 [ \IANAGEMENT SUSTAIN. PRODUCT. | |
SUSTAINABILITY . EQUIPMENT  _tp —»{ EQUIPMENT | PROCESSES [-
|
4 ] |

4
EN\/tRONMENT / SOCIETY ASUSTAINABILITY

v A 4

Necessary - Materials, - Recycled scrap - Waste EFFECTIVE | |
feedback from - Energy, - Effective production processes PRODUCTS
customers - Information - Information and Technology
- Sustainability

Figure 2. The functional structure of the production system

Maintaining a process model (Figure 3) acne is caused by the multiple roles that each of them has its
place in both the standards of the 1SO 9000 and in the standards of the ISO 14000, and in terms of
sustainability [1]:

a. Maintenance as the main productive activity in the company
The process of maintaining a basic production activity of enterprises in terms of providing services to
third parties, and result in a final product companies. Then maintenance has a fundamental
responsibility to protect the environment.

b. Maintainance the logistics of production activities of the company
The process of maintaining a basic logistics of the manufacturing sector. Results in facilitating the
production process
Then the maintenance involved in protecting the environment with the dual responsibility:

e the secondary - that its function prevents the technological equipment that threatens the
environment (piping, pumps, motors, gearboxes, crushers, mills, furnaces and many others.)
and

e primary - to their function in the technological and system maintains the function of the
equipment that prevents contamination of the environment (filters, sedimentation tanks,
separators, collectors, purifiers, etc..).
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c. Maintain its own production and development function
Maintenance functions has activities of designing and developing their own capacities and their
products out to the external market.
Then maintain a fundamental role in protecting the environment as a potential manufacturer of
environmental protection as its servicer.

d. Maintenence to the basic services.
Maintenance functions has its own elementary utility task (legal and financial advice, education and
training, public relations, consulting services, craft character etc..).
In this case the maintenance is emerging as a service technician and assumes a secondary role in
protecting the environment. The primary role of a user equipment for environmental protection.

CONTINUOUS IMPROVEMENT OF QUALITY
y MANAGEMENT SYSTEM MAINTENANCE i
S T
E S
R Management F
responsibility for the A
0 maintenance c
F T
|
M Measuremer, (0]
A Resource analysis and N
| management improvement
N for of 0
g maintenance maintenance F
2 Requirements Product - lsJ
N f a . Realisation of the ability E
or preventive X K
o and correcti maintenance wor R
E . equipment
maintenance

Figure 3. The process model in the management of the Quality Maintenance
CONCEPT AND DEFINITION OF CLEANER PRODUCTION

Cleaner production is a preventive approach.

This approach aims to meet human needs without endangering lives or integrity of the ecosystems on
which we depend.

The main goal of cleaner production (fig.4) that focuses on the prevention or reduction of waste and
inefficient use of energy and resources [4].
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Figure 4. Terms of cleaner production
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In essence, cleaner production can be written as:
reducing the amount of waste, or avoiding production of the same,

o efficient use of energy and resources,

e production of environmentally friendly products and services,

e achieving smaller quantities of waste produced, lower prices and higher profits.
CONCLUSION

Sustainable development is a process of change in which the exploitation of resources, the orientation
of technological development and related activities in a certain harmony with each other,

Sustainable development will increase the possibilities of meeting the needs and expectations of
current and future generations, focusing on the balance of social, economic and environmental factors.

A strategy for sustainable development of the EU has a significant impact on the adoption of policy
development at all levels, while requiring an integrated and balanced approach to the important
economic, social and environmental aspects.

Production logistics system is a set of actions that achieves the requirements of sustainable
development.

Maintenance functions, as particularly significant logistics of manufacturing processes, has an impact
on a wide range of environmental aspects

From the standpoint of maintaining internal character realizes immediate impact in a narrow
environment of its operations.

Maintenance has a direct and indirect impact on the wider environment, depending on whether the
maintenance logistics of a production process or the main production process of the company.

REFERENCES

[1] Bulatovi¢ M., FUNKCIJA ODRZAVANJA PROCESA U UPRAVLJANJU ZASTITOM
ZIVOTNE SREDINE, Svjetski dan kvaliteta 2003, Beograd 2003.

[2] Publikacije: POSLOVNI SVIJET U ODRZIVOM RAZVOJU 2002. god., SVJETSKI
POSLOVI SAVJET ZA ODRZIVI RAZVOJ, (Www.gesi.org).

[3] Pesi¢, R., ODRZIVI RAZVOIJ, Ekonomika Zivotne sredine i prirodnih resursa, Tema 1, 2009.

[4] WEB adresa: www.bbnet.org.yu/bdnet/development/htm.

172


http://www.gesi.org/
http://www.bbnet.org.yu/bdnet/development/yug/staje.htm

IV International Conference Industrial Engineering And Environmental Protection 2014 (11ZS 2014)
October 15™, 2014, Zrenjanin, Serbia

METHODOLOGY FOR APPLYING THE DIFFERENTIAL
QUADRATURE (DQ) METHOD TO THE FREE VIBRATION
ANALYSIS

Istvan Kucora?, Ljiljana Radovanovic?, Zivoslav Adamovic?

1 HIP-Petrohemija* Pancevo, Serbia
2University of Novi Sad, Technical Faculty “Mihajlo Pupin”, Zrenjanin, Serbia
e-mail: kucoraistvan@gmail.com

Abstract: A methodology for applying the differential quadrature (DQ) method to the free vibration analysis
of arbitrary quadrilateral plates is developed. In our approach, the irregular physical domain is transformed into a
rectangular domain in the computational space. The governing equation and the boundary conditions are
also transformed into relevant forms in the computational space. Then all the computations are based on the
computational domain.
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INTRODUCTION

A methodology for applying the differential quadrature (DQ) method to the free vibration analysis
of arbitrary quadrilateral plates is developed. In our approach, the irregular physical domain is
transformed into a rectangular domain in the computational space. The governing equation and
the boundary conditions are also transformed into relevant forms in the computational space. Then all
the computations are based on the computational domain.

In recent years, the differential quadrature method has become one of many popular ways of solving
the problem of initial and boundary conditions [2]. The advantage of the differential quadrature
method is that it is easy to use and flexible in regards to any spatial coordinate system. In comparison
to the conventional computation techniques of lower order, such as finite element methods and finite
difference methods, the differential quadrature method gives precise solutions with more mesh points.

THE DIFFERENTIAL QUADRATURE METHOD

One of the moot points in differential quadrature method is defining its impact coefficients. For the
differential of function f(x,t) n- order, in comparison with x and mesh point X; the approximity of the
differential quadrature method can be presented as:

frlx,t) = TV e fxt) 1)
n=12,..., N-1,i=1,2,...N

where N is number of mesh points in the whole domain, and Cy"™ is the impact coefficient determined
by the differential quadrature method.

PLATES VIBRATION EQUATION IN CURVILINEAR COORDINATE SYSTEM

The plates vibration equation in curvilinear coordinate system which will be presented in this section,
can directly apply the traditional rules of the differential quadrature method to the problems of
vibration of plates with irregular quadrangle domains. The equations of vibration plates conditions can
be expresed as follows:

w + 2w, +W =Nw (2)

XTEXXX ¥¥y¥y
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where
"
= = wa“ |E
\

D- plate rigidity

h-plate thickness

p-thickness

w-plate buckling, and

wo-frequency of its own free vibrations

Equations of condition (2), can be transformed in (& # )system (computing space) in form of:
=(42)_ =(43)

b ) | e PN
QW=D Weee + D Wy + D
L =45, =3
+D W Snnn +D " Sp +D "-é'-é'-é'-
=(32), =063 =(34)
tDT W, + DT W, DT W 3

=i =22, =(23)_ .
+D 1|_¢.¢.+D 1|_¢.}}+D Won

+5':1"]11'_¢. + D%,

The domain of changeable Eqg. (3) is quadrangle. That is shown in Eg. (3) with changeable
coefficients D ““which are much more complex than in the form of Eq. (2). When the computing
domain is regular, Eq. (3) can be solved in the same way as the problem of regular domain by using
the differential quadrature method.

Simply supported and clamped boundray conditions will also be discused in the present work. They
are presented as following:

For clamped:

w=20 (4a)
dw

P 0 (4b)
For supported:

w=0 (5a)
82w 8% w

d%n tv gzr 0 (5b)

n and r mark the normal and tangent direction, respectivelly. Eq. (4a) and (5a) present null point
bending, Eq. (4b) present null point of normal rotation and Eq. (5b) present null normal moment. Null
bending condition can be applied easily. In the works of Bert and Malik [1], null point of normal
rotation and moment conditions in clamped and simply supported bounderies can be presented as
follows:

W, cos8 +w,sind =0, (6)

(cos?8 +vsin? B)w,., + (sin* 8 + cos?flw,,, + 2(1 — v) cos@ sinfw,.,, = 0 @)

where & - is the angle between the normal to the plate boundary and x — axis. That is shown in Eq. (6)
which is equivalent to Eq. (4b), and in the Eq. (7) which is equivalent to Eqg. (5b). The following
passage presents simplification of Eq. (6) and (7) along ¢&-constant and - constant boundary in the
curvilinear coordinate system.

For clamped and simply supported edges, w buckling is always equal to null. The results are as
follows:

8w
an 0, (8
8w
4%y 0. (%)

within & constant boundaries, and
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8w
o 0 o
8w
a2 0. )

within » - constant boundaries
On the other hand, @ is the angle between normal to the plate boundaryand x-axis. As a result, along
¢- constant boundary there is:

cosf = i—’E"—, (10a)
sinf =L, (10b)

By using Eqg. (8) and (10) the null of normal rotation condition (6) along & constant boundary can be
simplified as follows:

dw

oy (11)
And the null of normal condition moment () along &-constant boundary can be simplified as follows:
w2 w dw

37 watan TSar =0 (12)
where:

1 [G‘EFH —2afy,, + ﬁz}’nn)xn V]
s= + [:}’nnxn _xnn}’n)

Ja? _[“23{5%’ — 2afxg, +ﬁ:xnn)}’n a’
Along 7 - consatant area, cos © and sin © can be expressed as follows:

cosf = }—; (13a)
sin@ = — I—; (13b)
Because the Eq. (6) is reduced to:

ﬁ =0 (14)

the Eq. (7) is reduced to:
w 2885w 2w
- —=10 15
8n2 yafan dn ( )
where:

1 [ﬁzxﬁ—zrﬁxﬁ—i-}*:xw)}? V]
= 7.2 2\ XY }Tnnxf)

V(B — 2vBys, ViV )xE] Y

APPLICATION AND DISCUSION

In this section, the differential quadrature method used for solving the Eqg. (3), by defining transversal
vibrations of irregular shaped plates, will be presented. Dependant changeable & and y in quadrangle
comuting domain take values in a range -1 to 1. The result of the application of the differential
quadrature method to Eq. (3), is as follows:

2 _ & a)= & — (42) F _

Mw, ;=D "Dy wy, + Dy ka‘q;mwkm + Dy
—= (48] = n —

+ Di}' D_:l'm Wim T D:'_;l'

(34)

(43) (44) & n
A ComW nnn

(33)

é-‘ —
Bz‘kg_ﬁnw,km + Dy;
(31) & = (32) & — £
CoWa; + Dy Bikﬂ_?mwkm T Dy A B_;l'?:nwkm (16)
=2 g;-’ —

Ej;lznwim + D 1}Bikwk}' +D;;

e e
(22

— e;-’ = (23)
+ Dy Aik‘q;mwkm +Dy; Bﬁlwmn

+ Ez’}'lxll}‘qfk wk_;l' + Ei}'lxl‘}‘q}??mwim
where i,j =3,...,(N-2), and Aj;, Bij, Cjjand Dj; with exponents & and » which mark weight coefficients of
matrix of first, second, third and fourth order derivation along ¢ and » direction. N and M are
numbers of mesh points along & and nj direction respectively. Index k which is repeated presents the
total from 1 to n along & and » direction, and index m which is also repeated present the total from 1
to M along # direction. Here are presented all the imporatnt coefficients of the differential quadrature
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method in the Eq. (16), which are obtained the same way as when the differential quadrature method
is applied on problems in regular domian. This means that the Eqg. (16) only additionally includes
N2M? of the scalar product.

There are four types of approaches available for application of multiple boundary conditions. The
oldest is called 6-technique, suggested by Bert and his assiciates [3], which is widely used is literature.
In this approach, the geometrical boundary conditions are applied on the present boundary points and
on the derivative boundary conditions in §- point, which are at a little distance (5= 10°in the units
without dimensions [1] from the respective boundary. As already mentioned, the approximately
chosen value 6 can cause the unexpectd oscilations in the achived results. To overcome the deffects of
& —approach, Wang and Bert [4] developed a new technique, which includes boundary conditions in
matrices of impact coefficients of the differential quadrature method in advance, and than the impact
coefficients with implemented boundary conditions are directed towards discretisation of the
comprehensive equations for the problems in question.

The main idea of this approach is that the boundary conditions, applied during the formulation of the
impact coefficients of matrix, are used for inner mesh ponts. The technique increases the accuracy of
the differential quadrature method for the problems with simply supported boundary
conditions.However, the technique is limited to simple problems, since it can not be applied to
problems with discontinuos geometric forms and the measures that are found in derivative boundary
conditions.

The validity of the methods was proved by compering the presented results and those of Bert and
Malik [1], who have used different approaches for transformation of the coordinates and application of
the multiple boundary conditions. We made this program by using the approach in [1], then, we started
the program on the personal computer Pentium 1V generation and compared the speed of the methods.
The Fig. 2 shows the ratio between the processing time and the number of mesh points (N) in
direction of x-axis for vibration analysis of occasionally excentric plates [5]. In this approach, the
same number of mesh points in direction of x and y is adopted. As a result of using our method, much
less CPU time was needed for the same number of mesh points than by using the method proposed by
Bert and Malik. It is also relevant that computing weight in solving the result scalar, for which there is
such non-null vector that the scalar multiplicaton of vectors equals to the vector value under given
linear transformation of the equation system is the same in the presented approach as in the Bert and
Malik approach.

The comuting efficiency of the presented method lies in the fact that it is not included in the order
N2M? of scalar product for obtaining quantization matrix for derivations of of higher order. The Fig. 1.
shows that for the solution of the result scalar, for which there is such non-null vector that the scalar
multiplicaton of vectors equals to the vector value under given linear transformation of the equation
system, less CPU time is used in our present work, while on the contrary, the multiplication of
matrices in Bert and Malik's approach require more CPU time (Fig 2) [5]. On the other hand, by
comparing it with the solutions for plates with changeable boundary conditions, it can be seen that the

processing time, when the same number of mesh points is used, does not change much.
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The solution for plates with CCCC edges (C-clamped, SS-simply supported), by using PV-2 Ritz
method is also included in table 1. Thus we also compared the solutions we achived by using
differential quadrature method and Ritz PV-2 method, and came to the conclusion that the difference
is very small and insignificant. We came to the same conclusion as regards to symmetric parabolic
trapezoidal plates with simply supported boundaries, the present method has faster convergence using
uneven number of mesh points than by using even number of mesh points along & and » direction.
This coincides with the approach of Bert and Malik.

Table 1. The convergence of the solutions for the first six frequencies of flexural vibrations of
parabolic trapezoidal plate (Fig. 2. @/0=3.0, b/c=2.5,Q=wa’ /7’ \Jph/D

FREKVENCY

4
Approach U-U-U-U
MDRII 3723 13.9641 19.7460 21.8375 272672 29.1650
Bert & Malik 13.9770 19.7990 21.8430 273340 29.1390
PV-2 14.1186 20.0527 21.6208 27.6616 202138
JO-U-JO-U
MDRERII 12.880 18.0984 20.7258 246152 277824
Bert & Malik 12.886 18.1540 20.7460 246910 27.7570
U-JO-U-JO
MDEII 99289 15.4196 16.1466 21.930 242740
Bert & Malik 99535 15.4240 16.1780 21.942 243060

At the very end of this discussion, we present the table 2, with the first ten frequencies of the clamped
rhombic plates which ratio between the bigger and smaller diagonal of length (b/a) is 1.5:1. In this
case, Bert and Malik were not able to get closer to the third frequency [1]. Maybe it was due to the
fact that one of the double boundary conditions at certain edges was performed under the influence of
8- point, which is not precisely on the boundary.

Table 2. The convergence of the solutions for the first six frequencies of flexural vibrations rhombic

olate (Fig. 5. =" [7°\[ph/D

Approach FREKVENCY
N=M
MDRII
Bert & Malik | 12.703 | 23.369 - 34738 | 45948 | 48969 | 49794 | 61.130 | 65362 | T4.535

Gorman 12.70 3.37 2825 34.74 45.95 4898 | 49.79 61.13 - 74.54

CONCLUSION

This work presents a new approach to the study of vibrations of irregular-shaped plates with simply
supported or clamped boundaries. In this approach, the irregular physical domain is transformed into
regular physical domain (square) in curvilinear coordinate system (computing space), and through
accompanying equations, the conditions are transformed into relevant forms of curvilinear coordinate
system. In this way all the computing is within certain computing domain. As long as the computing
domain is correct, the application of the differential quadrature method on the irregular-shaped plates
in computing space is also correct, as well as the application of the differential quadrature method on
the irregular-shaped plates in physical space. The only difference is that there are more members
included in the accompnying equation as well as there are more boundary conditions in the curvlinear
coordinate system. By using the present method big operations with matrix multiplications, used by
Bert and Malik [1], are avoided, and as a result, the computing weight has been noticably reduced as
well as the size of virtual storage necessary for the important operations. The presentation of the above
mentioned is performed by using the application test on the presented approach, which proved to
require less than 1/10 of the processing time in comperison with Bert and Malik's approach when
comparing the same number of mesh points. The comparison of speed characteristics of these methods
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is performed by using the service program Test CPU, and the comparison of the memory space needed
for computing the vibration frequenc of four-sided plane plates of irregular shape is performed by
using service program Ram Booster vl.6. The service program Ram Booster vl.6 is also used to
establish the involvment of computer processor -Pentium IV, in solving the above mentioned
problems.

This work presents a simple way for application of the differential quadrature method on the simply
supported and clamped boundray conditions , which avoid weight determination of the angle between
the normal to the plate boundaryand the x-axis, used in the Bert and Malik approach. From this work,
it can be concluded that applying differential quadrature method on the problem of vibration of
quadriangle plates of irregular shape is more promising way to improve the efficiency and flexibility
of numerical techniques for solving practical engineering problems.
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Abstract: Different inventions are very much contributed to emergence modern machines, as well as to their
further development and improvement. Applying machine greatly simplifies the operation because it is
eliminated a large physical strain, has been increased productivity and quality, design, variety of shapes of
products, as well as of all other relevant factors related to the product. However that of machinery could meet all
the requirements must be maintained properly. There are several research studies the state of how the technical
systems in exploitation as well as experimentally, and represents the most frequent problems that lead to the
damage to of certain parts of the technical systems. Faults and problems which occur in this systems of, leading
to maintenance problems, environmental problems, and management problems. Regularly Machine maintenance
and the organization itself of maintenance includes a broader area of and should be understood as permanent task
of of experts to reliably and quality manage physical resources and properly to maintain them throughout the
entire lifetime.

The working life of machines depends on the maintenance process and if one machine better maintained
working life a longer, and the basic goal is that the technical system in exploitation is always in a state of
working ability.

Key words: Machine maintenance, lifetime of machine, roughness of the surface

INTRODUCTION

The accelerated development of modern technology resulted in the expansion of the number of
services and applications in smaller as large companies, in order to achieve efficient of utilization
production resources, and the serious reduction in errors of, manufacturing and of maintenance of
mechanical systems that are interconnected phases of the total the life cycle of technical systems.
Qualitative process of maintenance is achieved only if it is still under development - mechanical
system enable maintenance. Behavior of mechanical systems in exploitation depends on not only on
the design solution, but also the quality of maintenance. Service represents a technology that allows
the optimization of the system, increase safety, easier maintenance. Constructional solutions modern
machineries and plants tend reducing the dimensions, increasing the movement speed and of specific
load elements which are in mutual contact and relative motion, increase security and reliability,
increased service life etc. that order to achieve higher the productivity of and efficiency of
exploitation. Such technical systems and solutions in addition to adequate of materials of elements
require safety and reliability of automated systems for monitoring failure. Modern machinery and
industrial plants, as well as increased level of mechanization and automation in various areas of
industrial production and application have led to the rapid development of devices and systems for the
maintenance and monitoring the status systems of control and diagnostics. On the importance of and
the needs of for quality and a precise of diagnostic devices tells us the experience, because, on
average, every sixth defect in the mechanisms of tribological reason, a benefit generated by the low
quality access diagnosis, unprofessional diagnosing, and often times insufficient lubrication can
amount up to 60 % of the total maintenance costs [1, 6].

Maintenance in industrial conditions, implies the maintenance of critical equipment for the production
of operating condition or restoring the same to the operating state. However, the technical diagnosis
should be considered at a higher level - in the 21st century will largely be necessary determined
management strategy equipment. Will be necessary to work each department and the individual to be
fully coordinated and implying mutual support so as to achieve maximal reliability and reached a the
maximum production capacities critical equipment during the entire its the life cycle [1].
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MATERIAL AND METHODS

Determining the situation of the technical system is one of the main problems in the process of
maintenance. It is necessary to follow change of the state of individual parameters of assemblies and
elements that over time leads to weakening, and if do not taken and the to failure or interruption of
work. Is also necessary that in case of sudden failure discover what the cause is, what the defect is and
how to eliminate them. Avoiding the consequences of failure by applying the intelligent of tools and
applications modern technologies, particularly monitoring the situation and conditions, and effective
use accurate, timely and complete information is an of effective method of using the information.
Diagnostics and maintenance the technical systems in exploitation is complex functional system. Their
intended uses as of adequate maintenance to the desired goal, the inspection, testing and determining
of technical system, as well as maintenance in a condition. The technical state of the system in the
process of exploitation affecting the following factors [2, 15]:

- climatic conditions,

- workload of the technical system and the speed of rotation,

- production quality of parts,

- quality of maintenance and repair,

- quality of constructions of mechanical systems,

- method of operation and maintenance.

A good portion of these factors does not depend on whether you the technical system is managed by a
qualified worker or someone else. Contemporary technical systems in production systems have a
higher intensity of exploitation, and This is why a shorter century, more of repairs and etc. The
intensity of exploitation of the industrial system, who often has a seasonal character, such as pumps, to
which affect the needs of individual business activity (energy, water, mining, etc.), Without going into
the technical correctness and the need for maintenance is considerably higher in winter than in
summer months.

To the desired goal, there are preventive and corrective maintenance. Preventively consists of
activities in order to prevent the emergence of the state of ,,in failure. Corrective maintenance is
applied after the onset of the disorder in the system, to the state of ,,failure* returned to the state of ,,in
work®. It follows that the there is a planned and unplanned maintenance.

According to sources of funding - there are current (cleaning, lubrication, control examinations,
eliminating weak points) and investment to (high repairs to funded from of amortization of assets)
maintenance.

THE TECHNICAL MANAGEMENT SYSTEM PREVENTIVE OF MAINTENANCE

Systems of is operated in order to achieve a certain goal system, based on the receipt, transfer,
processing and use of information. The objective is regulation of a process that allows the functioning
of mechanical systems. Its regulation of increases with authoritative information. Task of management
system for preventive maintenance is to achieve the of optimal technical state of and exploitation of
reliability.

The project information system is necessary to include data of information bearers of who determine
the state of the technical system, and form the databases, processing data and the information, methods
of analysis of the information obtained and decisions. How this information is used for the operational
management of the effectiveness of the process of technical exploitation of the system, they will be
useful only if their flow is the timely. Continuous flow of information to allows their use for the
forecasting of the reliability of mechanical systems. The same data are used in the elaboration of the
technical requirements of for a new generation of mechanical systems [3].

METHOD OF EFFECTIVE USE OF INFORMATION

The method of effective use of information is a base which contains the results measurements of
relevant information about the state of the system. The number data carriers and information has to be
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as small as possible, but sufficient for a total consideration of the state of the system. The main carriers
of data and information are:

- the structural map system (with an overview of component parts whose maintaining monitored,

as well as characteristic information to them,

- map of conduct mechanical system (with data on the recall),

- overview of the reliability of the system (the by statistical indicators),

- temporal picture of the situation (with data on mechanical system ,, in work® and the ,,in

denunciation over* for 24 h.) [14].
The mentioned information, at the same time, serve for prediction reliability, control and
determination of maintenance costs. For parts with the changing intensity of failures helpful to
determine the statistical distribution.
Basic documentation of system maintenance is a database information system and maintenance
management functions and consists of:

- assembly drawings of mechanical systems, assembly drawings, shop drawings, schemes

installations, etc.;

- technological documentation (including the technological maintenance procedure, map

lubrication, etc.);

- planning documentation (working orders, maintenance instructions, accumulated spare parts, etc.).
For the rational implementation of maintenance are needed and other documents. One of such document is
a guide for operation and maintenance that describes the method of assembly - disassembly of component
parts of mechanical systems. The goals of each of Maintenance Programs are the following:

- Elimination of the failures of the machine. It is very common that a malfunction causes
significant damage to the accompanying the machine, whereby can significantly increase the cost of
repairs. Complete elimination of failures is not possible in practice, however, to this goal can be closer
to a systematic approach to the maintenance.

- Substantiation the ability to predict and correct planning needs maintenance. This includes
minimizing the of inventory of spare parts and a significant reduction of overtime. In the ideal case,
the repairs of mechanical systems are being planned for the time of planned downtime of the plant.

- Increasing the operational readiness of installations, so as to significantly reduce the chance of
failure occurrence during operation, and maintenance of the system capacity by reducing time downtime of
critical machines. In the ideal case, the working condition of machines to be familiar and documented.

- Ensuring of predictive and reasonable working hours for personnel engaged in the
maintenance. How do would the obtained a representation of modern maintenance programs based on
technical diagnosis, it is hecessary to examine in more detail the historical experience.

The earliest type of maintenance has been working to failure, which meant operation of the machine to
the occurrence a fault that has stopped. Such approach is obviously expensive, with the bulk of cost
occurs due the unpredictable the state of machines. It is surprising how this approach is in the
application even today in our industry [12].

Gradually came to the idea of periodic preventive maintenance, which included dismantling and repair
of machines at regular intervals. According to this theory, the machine will be less spoil in work, if the
repairs. Preventive maintenance is existed debt of time, but it became increasingly present in the early
eighties years old last century. Undisturbed work machines is not interrupted by the theory of
improve is if it is not defective®.

The latest knowledge in the field of maintenance are known as ,,pro-active®, and include a technique
called ,,analysis of the root causes of failure®, according to which it is necessary to detect and
eliminate the underlying cause of machines failure [7].

In 1991 he was performed an international analysis of most of types of industrial plants and found that
all of indicated techniques for maintaining the application and to the following the scope:

- Several than half of the hours spent on maintenance is a reactive manner, carrying out

emergency repairs to unplanned time,

- Less than 10 % on the maintenance hours been spent on preventive maintenance,

- Less than 40 % of maintenance activities is planned character and

- Very little has time is spent on active techniques, including techniques and of diagnostic

methods.
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Based on these data it can be seen that maintenance procedures are still not systematically came to the
last quarters the 20 th century, let alone entered into 21st century. It is reasonable that a modern the
program of maintenance of the entire of industrial equipment include elements of all of these
techniques, and the reason for that is between other things, the economic nature [3, 4, 5].

MONITORING OF MECHANICAL SYSTEMS OF EXPLOITATION

In the research represents the result of testing of the mechanical vibration the state of pumping
installations. In Fig. 1. is presented the centrifugal pump way intended for the suppression of the
working fluid in the technological process in the framework of the pump station TEC 2. ,, Energetics —
Kragujevac® [4].

Evaluation of mechanical vibration condition of tested pumping installations was carried out in
accordance with the recommendations of ISO 2372. On the basic of installed capacity electric motor
drive (P = 250 kW) tested the technical system has been classified in groups I11.

Figure 1. Side view of the cross section of centrifugal pumps: 1-the impeller,
2-suction apparatus, 3-the spiral conductive device, 4-sealing system,5-drive shafts,
6-pump housing, 7-bearings, 8-elastic couplings, 9-electric motor, 10-pedestal pumps.

The impeller pump (1) is attached to the drive shaft (5), who rely on antifriction bearings (7). The
drive is realized across flexible couplings electric motor (8), centrifugal pump work the of the rotor
number of revolutions n = 1479 min, which is the couplings (8) connected to the pump shaft and the
electric motor. In further considerations we will point out the causes of disorders of balance rotating
mass of the rotor by centrifugal pumps, monitoring the work systems in exploitation and ways to of
removing imbalances rotating mass of the rotor [4, 9].
The most common causes of pumps problems are those that create an imbalance:

- unequal accumulation of dirt on the rotor blades,

- the lack of homogeneity in the cast iron parts, such as the bubbles, air vents, a porous parts,

- eccentricity of of the rotor,

- bending of rolls,

- errors in machine design,

- uneven distribution of mass on the electric motor of the rotor or the wings,

- uneven the erosion and corrosion of the impeller pumps,

- lack of of weight of balance,

- bent shaft.
In addition to imbalances vibrations are the basic indication of the state of the system. At the level of
vibration of pumps, in addition to rotating mass unbalance of the rotor affect the dynamic occurrence
of which occur in the bearings, and aerodynamic occurrence, as well as the transmission of vibrations
from the drive motors, couplings and other external exciter. Particularly is unfavorably if it appears
resonance imaging between of Individual harmonic evoked in some of the listed parts of the pump.
The main causes of increased levels of vibration in the pump operating conditions are: corrosion of
materials, creating the adhesives at various parts of the pump, as well as changes in bearings [13].
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Influence of corrosion: During transport of the working fluid can create a variety of concentrations
causing corrosion of the material. The treatment of surfactants corrosion of metal parts to eroding.
That process can be so intense that in extreme can be completely damage the shoulder blades of the
impeller. At the same time, some parts of the rotor will be adversely affected differently. So it disturbs
the initial balance of rotating masses and the disorder will be even more more expressed if the
corrosion process intensive.

Influence of the binding agents: Despite the filtration, working liquid containing metal particles, of
iron turnings or other impurities which cause the creation of influence of the binding agents of the
spiral in the space between the casing and the impeller, the of impeller between screws and carrier
plate, and on the pump shaft. On periodic reviews of the working parts of the pump are observed
unequally formed by influence of the binding agents, resulting in, among other things, a of balance
disorder of engines.

The impact of bearings: Journal bearings of are suitable due the reduction of rolling forests and
vibration, which is more more pronounced in shaft with a higher number of revolutions. On the
occurrence of vibrations in these bearings is influenced by numerous factors: the radial clearance in
the bearing, drafting the accuracy of the and surface quality of the sleeve shafts and the bearing
bushings, accuracy assembly and the like.

If you are satisfied with the newly built pumps hydrodynamic lubrication conditions in bearings after a
specified the period those conditions are deranged. Due to the disturbance of balance rotor
substantially grow additional dynamic forces acting on the pump shaft and transmitted to the bearings.
That is why in some time periods of the total size of the force that is transmitted to the bearing sleeve
will not be balanced with a hydrodynamic oil film force of educated. As a result, the sleeve begins to
swing additionally and it will in some points in time be destroyed by the oil film and the sleeve will
touch the bearing the casing. This causes a increased wear of the bearing casings and affect, among
other things, the increased vibration. That process will continue and intensifies if it fail to timely
intervene until they-bearing bushing completely damaged.

A vibration control: The impact of working conditions and the exploitation time to increase in the
level of vibration pumps the most manifested through changes in of balance rotating masses. That is
confirmed experimentally by measuring the of vibration of the pump bearings. Vibration measurement
was carried out the device Vibrobalance 5000 BNL which allows vibration analysis according to
recommendations 1SO 10816-1: 1995/Amd 1:2009 [8, 17]. Analysis of obtained results can be noted
changes and critical points in accordance with ISO 2372 standards and recommendations about
permitted levels of vibration in machines 1SO 10816-1:1995/Amd 1:2009. Measured is the dominant
vibration amplitude corresponding to frequency of working speed of the rotor and is 18 um. If you take
it during the occasional balancing of the rotor achieves balance of that matches the equivalent
amplitude who do not exceed the value of 6 um, it is dependent on the intensity of creating influence
of the binding agents and corrosion this initial an imbalance can increase several times. It can be
concluded that in order to increase the efficiency of the maintenance service necessary continuously
control the level of vibration, respectively - introduced continuously control the vibration levels. For
determination a limit level of vibration when is necessary to exclude from the pump operation and
maintenance warned, using the recommendations VDI-2056. According to them the adopts solution
solution that includes luminous signaling when the vibration amplitude reaches 20 um. Vibration level
of 30 um indicates to noise and the pump automatically switches off the drive [3, 4, 5].

THE PROBLEM THE PUMP INSTALLATIONS BEARING WITH MOTORS

In this case, the pump was tested in the engine speed 1479 min, and based on the installed power of
the electrical drive power P = 250 kW. Pump is a operated 3276 hours of work (one season). Pump at
the measuring point M1 has at the end bearing type SKF 22317 barrel shaped roller, self adjusting
bearing, where the bearing of the measuring point M2-type 29417 SKF. The frequency of the various
components of each bearing is calculated. All in all vibration level measured is 4,34 mm/s, which is
above limits in accordance with 1ISO 10816-1. Dynamical analysis was performed automatically
spectrum shows different levels of vibration tops of which implies either a hydraulic problem or the
problem of bearing. It is also a constant percentage of flow confirmed the same trend of higher levels
of vibration acceleration for maximum amplitude A, 1,7 m/s? at the end of the season measuring point
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M1 and M2 at the measuring point, 1,9 the end of the season. Spektar envelope was a was made and
showed vibration tops of 100 Hz and its harmonics, which involves identification of the defect on the
outer ring bearings on the M1 place the end of the pump shaft in accordance with the calculated with
exciting frequencies. The injured party bearing is not replaced, and the envisaged corrective measures.
Measuring the vibration have shown improvement in dynamic performance, where the vibrations tops
of the excitation are almost very insignificant as shown in Figs. 2, [4].

Pressure pipe connection

@ @ Electrical the engine

i’ i Couplings (
\I
&) = =1
Pumped||] I —
. &3 ={

Figure 2. Schedule of measuring of the vibration in the pumps installation
DEVICE FOR MEASURING AND ANALYSIS OF VIBRATIONS

There are several cases studies that have explored the exploitation and in the laboratory, and they
represents the most frequent problems that lead to of failure and damage to individual components of
the pumping installations. Faults and defects that occur in these pumping plants, leading to
maintenance problems, environmental problems as well as problems water management, Vertically
mounted axial of flow pumps indicate a higher level of vibrations and the of noise in relation to the
horizontal. A common cause of these occurrences on pumping plants was a problem of imbalance, and
the problem of bearing pumping system. Also the case for laboratory studies pumps is a model with a
variable speed, where they modal test and forced vibration analysis realized at different speeds, the by
simulating of problems of imbalance at different angles [10, 11]. Measurements of vibration and
dynamic analysis were tested on a physical model of horizontal centrifugal pumps, such as the
measured velocity and acceleration of horizontal, vertical and axial vibrations and temperature of
bearing assemblies. General vibration level indicates severity of the vibration compared to 1ISO 10816-1
[16, 17]. According to ISO 10816-1, class Il is been used as a guide or limitation the application of
the pumping system. The good the effective (RMS) limits the vibration velocity is to 1,12 mm/s, the
speed of is acceptable limits to 2,8 mm/s, is simply the limits tolerable to 7,1 mm/s, and the
unacceptable limit is greater than 7,1 mm/s. Vibratory signals were recorded on different components
of the pumping system, and axially and radially , [5, 18].

As device for measurement and analysis of vibration system was used Vibrobalance 5000 BNL. The
device provides a simple, yet extremely effective way of checking machine condition by measuring
the vibration and noise measurement bearings (BNL) to evaluate the operating state. When of
vibrations are measures of size speed and acceleration. The average speed of vibration is an excellent
indicator for determining the rotational and structural problems like imbalances, unbalance, looseness
in, etc. The vibration acceleration extent high frequencies that are usually associated with problems of
bearings.

For measuring the temperature of bearing assemblies was applied as a non-contact infrarod the
thermometer device. Transferable the infrared the laser thermometer containing air for better special
orientation and the sighting of the measuring object. Contactless temperature measurement is used
where it is necessary to quickly and accurately measure the temperature as well as moving objects and
objects under voltage and hardly available places [5].
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RESULTS AND DISCUSSION

Measurement of vibrations were performed on a horizontal installed pumps, of axial of flow type in
the field of energy. Grades vibrating mechanical state of the test the pump installations was carried out
in accordance with the recommendations of ISO 2372. The general assessment of the state of a
particular of pump installations was determined on the basis of measurement of with the highest level
of vibration. The vibrations measurements were carried out at 2 measuring points (locations) on the
pump, and the bearing and basics foundation in the axial and radial and horizontal directions as shown
in Figure (2). At the motor and foundation the vibrations are not analyzed. In Fig. 3 is shown are
measurement of bearing shaft 3D, [4].

Figure 3. The shaft of the pump unit in 3D

Pump station has been monitored in the initial stage of operation (start season of mode) at full load and
at the end of the season (Table 1).

Table 1. Measured values of of parameters
Measured values of of parameters of the mechanical
vibrating
condition of of the pumping installations
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Overall two progress assessment from | Is still allowed
the aspect of vibrations: (nry
Measured temperature of at the 65[°C]
measuring point M1[°C]:
Measured temperature of at the 60[°C]

measuring point M2 [°C]:

Comparing system health status at the beginning and end of the heating season of (in order to conclude
that the system is behaving in progress each The seasonal exploitation of), according to standard I1ISO
2372 the general condition of of pumping installations P was assessed as allowed (I1). Compared with
previous by checking condition of (at the beginning of the season) were not reveal any large deviations
(system has remained in the same set of standards), and it can be concluded that one hi season
exploitation did not derail the state of the system.
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Given that the system is at the upper limit set of standards allowed (I1), and that these measurement
points had been problematic, an analysis of diagrams from which one can conclude the following:
- the measuring point M1 vertically, the dominant of pik vibration occurs at the 8 th the accordion,
followed by low-intensity peaks which occur at higher frequencies (815 and 840 Hz);
- the measuring point M1 horizontally, the dominant of pik vibration occurs at the 8th the
accordion, follows him a peak at the primary frequency and a lower of pik intensity occurs on
higher frequencies (815 Hz);

Pump station was in its initial phase of the work which marked a high level of vibration and noise, in
addition been observed a problem bearing failure which often occurs during the final operation of the
plant (Abdel-Rahman et al. [18]). Measurements were made on 1 pumping unit without any additional
loading conditions, where the engine is completely switched off of a pump across couplings and under
full load. At unladen condition, vibration measurement is performed on 2 measurement points on the
pump at full load.

The total vibration measurements were carried out on the pump unit under normal operating
conditions and showed that vibration level is not allowed on some places the measuring sites on the a
pump units. So that we determine the exciting the source of vibration and to find out if the vibration
level is high due to the excitation force of or due to system resonance, the engine was turned off by the
system pump and insulated from any source of resonance pumps or structures. Motor driven in these
conditions and the vibration level was not measured.

A maximum vibration levels without any loading conditions occurs at point 1, in Fig. 4: the for unit 1
V for vertical of vibrations the beginning of work is 2,29 mm/s, and eventually work 3,17 mm/s, a unit
of 1 horizontal of vibrations (H) is 4,34 mm/s, at the end of 4,24 mm/s, the axial of vibrations of unit 1
the beginning of work 1,82 mm/s, and at the end of season 1,95 mm/s. However, the maximum
vibration level was measured in unit (1) for the unit pumps P is the level of 4,24 mm/s, according to
the VDA is unsatisfying.

O Start of season measurements

B End of season measurements
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!
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&
!
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Measurement points

Figure 4. Results of measurements of the vibration

The overall vibration level measured at full load is presented in Figure (2). It is obvious that the
measured vibration levels in progress full-load slightly larger than the in progress no load conditions at
the appropriate locations. However, the maximum vibration level was measured in unit (1) for the
pumping unit P increases for 7 % for the position of V at the end of season level 3,17 mm/s. In
addition, many the load conditions produce other sources of high levels of vibrations 1,95 mm/s, due
to improper alignment and pumps bearings and the problems of for some pumps units. Connecting the
motor with the pumps system has little effect on the level of vibration measured on the engine.
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Therefore, the source of of vibrations motor itself is, whether it is connecting with the load or is not.
There was a problem in keeping the motor for for more than 5 years in the horizontal direction of in
accordance to the mounting and functioning of the applied areas. Also, there is another problem of
attaching the the motor to the fundament through the ribs of weak.

These large pumps should be connected with the foundation through strong fundamente-carrie.
Otherwise, they work as a console fixed at the bottom of the fundamentals of vacuuming of swimming
pool and the free on the top end of the. Since it is not subject to the work of research engine vibration,
but it turned out that the the level of vibration at the end of of the motor without actuator in the radial
the direction of, and the upper and lower determining the direction of movement, the bearings show
expressed in vibration forces at those locations.

Given the the excitation sources, motor drives that were not in operation and end of the pump bearings the
level of vibration on these areas is made usually changing by the presence of defects and problems in
these areas and work during of these failures, increases the the level of vibration and can lead to
damage and of failure.

CONCLUSION

The method represents of effective use of the information on which contains the result of measurement
of relevant information about the state of the system (temperatures, vibrations, noise), as well as
causes of occurrence of such occurrences. Number of data subjects and information should be as small
as possible, but sufficient for a total consideration of the state of the technical system. The choice of
such optimal model of optimization of method Vibrodiagnostics is a complex procedure which is
based both on theoretical and the empirical data.
During measurement is followed by the proper working of pumps bearings and vibration levels which
occur due to of the nonlinear of oscillation of complete of pump aggregates. On the basis of the
measurements, and adequate information about the state of the system can be said that this approach
monitoring the work pumping systems allows determining of working propriety the vital organs of
pump aggregates and their control, and the use of information in order to prevent of large failures in
the fields of energy-pumping systems, at which the survey was conducted. Based on the of
measurement results for the observed pumping systems are recommended the corrective measures.
When repair manual of the pumping systems additional attention should be paid to:

- The geometry of impeller pump (able blades);

- Of clearance between the of impeller and housings;

- Connection between the pump shaft and impeller;

- The state of rolling bearings.
It can be emphasized that vibrations levels generated on the horizontal pumps is high a dangerous, is
not permitted in accordance with the standards (ISO 10816-1). The maximum vibration level
measured without the loads of an increased level at the end of the motor without actuator. However,
the maximum vibration level are increases 7 % at full load at the end of the drive motor. The pump
creates other sources of vibration level due to improper alignment and problems pump bearings
(imbalance not shaft alignment, the imbalance, temperature). A damaged bearing manufactures high
vibration levels 4,1 mm/s velocity vibration. Replacement of damaged bearing increases the dynamic
behavior and reduces of vibration 95 %.
The tendency of using the variables velocity drives in pump systems increases the necessity of the
application of the predictive maintenance and periodic controls in order to increase the vibration levels with
the by increasing the velocity and vibration amplitude is increasing greatly with increasing the excitation
force. In normal operating conditions, the level of vibration increases with increasing velocity of
movement, both with minor problems unbalanced, and with the moderate and severe unbalanced.
To ensure proper functioning during exploitation and safe operation of the pumps it is very important to be
known source of damage to the of components of the pumping systems. Industry Specific techniques
can be applied for identifying problems such as unbalance pumps, centering, the turbulence,
cavitation, and many others. Knowing the causes of vibration and using appropriate diagnostics the
tools, one can easily savings on with spare parts and the personnel. With the proper applying the
vibrational techniques and diagnostics, pumps can operate with a greater reliability and efficiency.
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STAND FOR THE STUDY OF VEHICLE BRAKING PHENOMENON:
STATIC ANALYSIS OF THE HELICAL COMPRESSION SPRING

Vasile Alexa, Sorin Ratiu, Vasile George Cioata, Imre Kiss
Politehnica University of Timisoara, Faculty of Engineering Hunedoara, Romania
e-mail: vasile.alexa@fih.upt.ro

Abstract: In this paper is determined the maximum values of Von Mises equivalent tension, respectively the
displacement produced by a single-action hydraulic cylinder to a spring (suspension). This spring is mounted on
a didactic stand showing the interaction between the tire and the rolling way, while having the opportunity to
study the braking phenomenon. The variation of the speed of the tire is achieved using a electric power
actuation, and the loading of the suspension is achieved by supplying the hydraulic energy by a manually
operated pump by means of a single action hydraulic cylinder.

Key words: braking phenomenon, equivalent tension, helical compression spring

INTRODUCTION

Together with increasing the road traffic density and average traveling speeds, there have also

increased the number of traffic events, thus increasing of the security level has become a priority for

the car builders.

The brake system is designed to reduce the vehicle speed totally or partially, immobilization of the

parked vehicle or to ensure a constant speed at downhill going.

Slowing or stopping of the wheels is obtained by friction between a fixed element, connected in one

way or another to the body or chassis of the vehicle (brake pads or shoes) and an integral element with

the moving wheels (brake discs, drums).

In this paper, will be analyzed the tire loading in the conditions that must be fulfilled by the main

geometrical parameters of a roller brake stand so as to ensure actual braking conditions. For this, the

didactic stand will include:

v' a hydraulic press for tire loading;

v' a frequency electric converter for speed control of the electric motor for driving the roller, in order
to simulate different traveling speeds of the vehicle;

v" a belt transmission (the connection between the motor and driving roller).

L]

|E‘Ig u

STATIC ANALYSIS OF HELICAL COMPRESSION SPRING
We shall refer to determining of the maximum values of Von Mises equivalent tension and

respectively the displacement, produced by the force F that actions on the spring (suspension) by the
piston of the single-action hydraulic cylinder.
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The helical cylindrical compression springs take axial forces and the guiding surface is cylindrical. For
preparation of the analysis model with finite elements in Figure 2 is represented a helical cylindrical
compression spring with geometric parameters:

v' exterior diameter D = 90 mm;

v" coil diameter d = 10 mm;

v unloaded spring length HO = 140 mm;

v" spring pitch t = 20 mm;

v’ total number of turns N = 8.
The force acting on the spring is F =50 N.

Figure 2. Constructive elements of the springs
In this respect, the modeling of the link with the spring base is achieved through a restriction that
requires the cancellation of the 6 possible degrees of freedom of the spring bearing surface.
The spring is made of spring steel 38Si7, with the following mechanical properties: modulus of
longitudinal elasticity E = 2.1105 N/mm? and the transversal contraction coefficient (Poisson) n =
0.3.The value of the allowable tear resistance for the helical cylindrical compression spring made of
spring steel 38Si7 is 6,=1180 MPa, and the allowable torsion resistance 14=660,8 MPa.

Preprocessing of analysis model

This includes the following stages:

a) Geometric modeling includes:

defining of the spring coil and selecting the reference plane;

getting the coil,

link between the supporting coil and the active coils of the spring;

getting the active coils of the spring;

selecting the connecting point between the active spring coils and bearing coil;
obtaining the bearing surfaces;

the bearing surfaces of the spring;

the bearing areas of the spring.

Modeling of the material — input of the values of the material characteristics necessary for finite
element analysis is done using the materials library of CATIA environment, from which it is selected
the metallic material from the group of steels (Steel), for which are modified the values of modulus of
elasticity (Young modulus) and Poisson coefficient, taking into account the values given as input data
selecting the assembly Part.l _ (Apply Material) _ Libray (ReadOnly) Metal, Steel double
selection_ Properties, Feature Properties, Feature Name: Steel; Analysis, Young Modulus
2,1e+011N_mz2, Poisson Ratio 0,3, Cancel, OK.

b) Finite Elements Modeling

To generate the finite elements model are performed the commands Start_ Analysis & Simulation _
Generative Structural Analysis _ New Analysis Case Static Analysis, OK that involve the static
analysis of the structure under imposed constraints and of some loads independent of time. The size of
finite element Size is chosen of 15 mm and the maximum admissible deviation for Sag geometric
modeling is required to be 5 mm (menu activation is done by double clicking on OCTREE
Tetrahedron Mesh.1: part.1 of specifications tree) (Figure 3).

AN N N N N NN
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Figure 3. Activation of the menu from specifications tree area
c) Constrains modeling;
The constraints imposed to the model are defined by the cancellation of the 6 possible degrees of
freedom of the spring bearing surface: (Clamp) Clamp Name: Clamp.1, Supports: 1 Face selecting
of a spring bearing surface, OK (Figure 4).

Figure 4. Selecting of a spring bearing surface Figure 5. Loading the spring model
d) Tests modeling
Loading the model is materialized through an axial force of 50 N, distributed on the bearing surface of
the spring (surface without constraints): (Distributed Force), Distributed Force Supports: 1 Face
selecting of the spring bearing surface without constraints; Force vector X ON, Y ON, Z -50N, OK
(sign "-" corresponds in this case, to the direction of the axial force that produces spring compression)
(Figure 5).

Verification of the model

In the verification stage, is obtained information about the correctness of the created model (Model
Checker), OK; the green light is on and accompanied by a message confirming the correctness of the
model (Figure 6).

Computation Resources Estimation

|0.9 s of CPU

| S.4e+003 kilo-bytes of memory

| 1.58e+004 kilo-bytes of disk

[Intel MiL{c) Library found: OWin32 CDECL Dynami

Do you want to continue the computation?

Figure 6. Verification of the model Figure 7. Resolving the model

|

Resolving the model

The resolving the model is achieved automatically by the soft: (Compute) _ Compute _All; OK _
Computation Resources Estimation, Yes; Computation Status ... (Figure 7).
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The results postprocessing

The deformed status of the model is visualized by activating the command (Deformation) (Figure 8);
changing of the scale factor is achieved by activating the icon (Deformation Scale Factor). The
animated status is viewed by (Animate).

Figure 8. The deformed status of the model
The displacement field is viewed by command (Displacement) (Figure 9). and the Von Mises
equivalent tensions by (Stress Von Mises) (Figure 10).

Wor Mises stress (nodal walues). 1
N_m2
1,13e+008

Translatonal displacement magnitude. 1
mm

15,3
I 138 I 1,02e+008
12,3 9,03e+007
10,7 7,52+007
2,19 6,78e+007
766 5,565e+007
I 613 I 4,528+007
a6 3,3%e+007
3,06 2,26e+007
I 1,53 I 1,13e+007
0 3,29e-021
on Boundary On Boundary
Figure 9. Displacement field Figure 10. Von Mises equivalent tensions

CONCLUSIONS

From the finite element analysis of cylindrical compression spring results that the maximum
equivalent tensions are found on the inside area of the coils, which confirms the specialized studies.

Numerically, the maximum of Von Mises equivalent tension (121 MPa) is less than the allowable
torsion strength at tat = 660.8 MPa, which confirms the spring resistance to stress. In terms of
deformation, the finite element analysis is useful in determination of the elastic characteristic of the

spring.
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Abstract: In this work an original solution of a mobile, periodically operating, ecological, universal dryer for
biological materials, which completes the drying process of drying, using only solar energy, is shown.
Preparation of the drying agent is carried out on flat plate collectors of solar energy located laterally on the dryer,
during transportation, but when the dryer is in the working position the flat plate collectors of solar energy are
opened and launched. One characteristic is that both sides of the collector can be raised or degraded by height;
another is that the collector together with the entablature of the side car can swing around a vertical axis. It is
driven by PV modules placed on the roof of the dryer. In this paper the results of an executed experiment,
regarding the work of flat plate collectors and the dryer as a whole are given. Using the experimental results
obtained we can define an analytic formulation for the drying curve and drying rate curve.

Key words: solar dryer, PV panel, drying curves

INTRODUCTION

Dryers using solar energy can be solar radiation ones, whose characteristic is direct exposure of the
material being dried to solar radiation and solar using corresponding collectors of solar energy for
the preparation of drying agents. They can have additional energy sources with natural or directed
circulation of the drying agent, ventilator drive with electric energy or energy from PV modules and
differently constructed drying chambers. The characteristic of solar dryers is the use of solar energy
for the preparation of drying agents. Differing from some solutions of drying in the Sun in these
dryers the product does not get dirty, it is protected from insects, dew and rainfall and it enables
better preservation of materials determining the nutritious and biological value of the products and
the quality of the material. Solar dryers enable a significantly shorter drying time, higher
productivity and lower product price as a cheep energy source is used.

JUSTIFICATION FOR THE SOLUTION

The facts [1][2]:
- the intensity of solar radiation in our area is the highest in late spring, the summer and early

autumn that is exactly the time

- when agricultural cultures are taken care of,

- different materials are dried, fruit and vegetables, aromatic plants and spices,

- the interest for dried biological material has grown both in our country and in the world,

- these cultures grow far from urban areas where it is hard to deliver relatively expensive liquid
or solid fuel,

- energy saving and indirect drying methods are required,

- most materials must be dried immediately after picking in order to preserve quality,

- the requirement for clean technologies and quality dried products is more expressed,

- the only and highest item when using solar dryers is the investment value and costs of
constructing the dryer,
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- from the economic and ecologic aspect the dried product obtained by drying in a solar dryer
is more competitive in relation to the product obtained by drying in dryers using classical
fuels as energy sources,

indicate the need and justification for the solution of a mobile, chamber, ecological, universal dryer
for drying biological materials.

CHARACTERISTICS OF THE ADOPTED SOLUTION CONCEPT

The adopted and defined solution concept enables the most favorable reception of solar energy, better
quality of the dried material and energy saving.
The basic characteristics of the dryer are [1],[2) :

- itis of a chamber type with a periodical working regime,

- all dryer components are devices that are fixed on an one axle trailer and represent a compact
mobile whole,

- the dryer solution enables operation at any location,

- the complete dryer is transported to the operation point and transformation from transport to
working mode is fast and easy,

- the material in the drying process is stationary on pans placed vertically along the drying
chamber,

- the drying agent is pure air heated in flat collectors of solar energy whose position and slope
are changeable,

- the collectors of solar energy for heating air, preparation of the drying agent are placed on the
side of the dryer and are knuckle joined to the construction frame of the drying chamber so
that they can rotate around the horizontal axis and be placed in a vertical position during
transport,

- the drying agent flows around and through layers of the material during the drying process,

- movement of the drying agent is natural or compulsory and enabled with ventilators,

- two accumulator batteries built in the rear of the trailer are used for charging the electromotor
used to drive the ventilator and they are recharged using an electric energy regulator from PV
panels,

- modular design system,

- possibility of regulating the drying process regime by recycling the drying agent,

- the most favorable reception of solar energy,

- softer drying regime,

- small exploitation costs,

- universality, different materials are dried,

- ecological, does not pollute the environment,

- enables a standing time of the material during the drying process.

The dryer is intended for farms that have an arable land of about 0.5 ha under medicinal herbs,
aromatic plants or spice cultures.

The construction of the walls, the roof, the floor and the door prevents loss of heat from the dryer, Fig.
1. The walls consist of three parts: the outside is made of aluminum sheet 1 mm thickness (1), the
inside is made of wood 21 mm thickness (3) and the air gap is in-between (2). This gap also allows the
usage of already used drying agent from the chamber exhaust (7) for regulation of the drying agent
temperature during the drying process. For that purpose a shutter with a flap (4) is installed at the
entrance into the drying chamber and it is manually controlled on the prototype. It enables mixing of
the air from the wall insulation space of the drying chamber with heated air from the collector in
different ratios, maintaining the required temperature regime and humidity of the drying agent at the
entrance into the drying chamber. The shutter on the chamber exhaust (8) on the roof gives additional
control of the drying agent characteristics and it is manually controlled, too. The centrifugal ventilator
(6) has three working speeds.

The wall above the solar collector (9) is a reflective surface and it increases the effect of solar radiation
on the solar collector. The roof, the floor and the door have similar construction with the air gap. Plates
for placing the drying material (5) are placed with alternately facing openings for circulation, which
enables optimal circulation of the drying agent around the plates.

196



IV International Conference Industrial Engineering And Environmental Protection 2014 (11ZS 2014)

October 15™, 2014, Zrenjanin, Serbia

The rod (10), perpendicularly mounted on the frame of the solar collector, is used for optimal
positioning of the dryer and the solar collector. The optimal position is obtained by lifting or lowering
the collector jack (11) or trailer jacks and by turning the whole dryer on the trailer. The mesh of
concentric circles and lines in the base of the rod gives good orientation in positioning.

Figure 1. Cross section of the dryer chamber with walls enabling recirculation of the drying agent

and regulation of the drying agent temperature

Description and characteristics of a dryer module prototype

On Fig. 2 a prototype of a module of a mobile, universal, ecological, chamber dryer for
drying biological materials using solar energy is given [2].The basic dryer element is a drying
chamber with a rectangular surface area with pans distributed upwards for placing material in
a dense immobile layer. A hydraulic jack is built in the middle of the trailer. It is used to lift
or lower the chamber with the solar energy collectors (dryer in the narrower sense) to the
height that corresponds to the optimal angle of the working position of the solar energy
collector for a given location and conditions. The front wheel can be used to turn the trailer in
the most favorable position in relation to the spreading angle of solar radiation in dependence
on the time of day and given location that is controlled by a pole built-in the frame of the
solar energy collector. The solar energy collector used for heating air is installed on the side
of the dryer and knuckle-joined to the construction frame of the drying chamber so that it can
rotate around the horizontal axis and by turning place into a vertical plane. This turning
enables lifting and fixation of the solar energy collector into a vertical position during
transport and also lowering to a corresponding angle, below horizontal. A photovoltaic panel
installed on the sloped roof surface is used to provide electrical energy for driving the
ventilator electromotor for moving of the drying agent. Its slope can be changed according to
requirements. An accumulator battery with a corresponding regulator is built-in the rear part
of the trailer. The structure of boundary surfaces (walls and roof) is: wooden plating on the
inside, a layer of air and then Al sheets on the outside. A system with a flap is installed at the
entrance of the drying chamber that enables mixing of air from the wall insulation space of
the drying chamber and heated air from the collector maintaining the required temperature
regime of the drying agent at the entrance to the drying chamber. The basic technical
characteristics of the dryer module are: dimensions of the mobile part, trailer 1300 x 2650
mm,

dimensions of the drying chamber 800 x 1000 x 1200 mm,

absorber dimensions 805 x 1180 mm,
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- dimensions and useful pan dimensions 800 x 1000 mm; 760 x 920 mm,

- power and surface of the PV module, N= 75 W, F = 0.66 m?,

- centrifugal ventilator with three working speeds,

- maximal and minimal height of the lower frame of the drying chamber in the working
position 600 and 960 mm.

Figure 2. Prototype of a module of a mobile universal solar dryer
EXPERIMENTAL RESULTS AND KINETICS OF THE DRYING PROCESS

Experiments drying spin age leaves, selected for their characteristic parameters (exceptionally high
starting moisture, moisture content from 9 kgwn/kgasm and high ratio between the fresh and dried
material — 100/8) and easy availability during the whole year, were conducted. The unit surface load
of the pan surface with fresh material was 1.5 kg. Investigations were performed on September 08
and 09 2005,[3],[4]. During the experiment the following parameters were measured: temperature of
the environment and the drying agent at the entrance to the drying chamber, temperature of the
material, flow speeds of the drying agent and mass of the material samples on representative pans.
For drawing the drying curve values of absolute moisture of the material in each point (instant
measurement). Mass of the absolutely dry material was defined by drying a corresponding sample in
a laboratory dryer using a standard method.

The corresponding drying curves are given in Figs. 3 and 4 for the following conditions:

tdgam =465°C. e =313°C, Pemi =423%  and  tgy,, =38778°C, to, =288°C,

®emn =46,3% ., The drying rate is defined by the expression N :—j—u that means that it can be
T

defined as the first derivative of the function u = f ( 7 ) or graphical differentiation of the drying
curve. Based on the drying curves presented in Figs. 3 and 4, corresponding fitted curves, the
corresponding analytical expression was obtained for the drying curve (for mean values of absolute
material moisture) of the form:

—05(=5y?
u=a+b-e ¢ €))

where a=6.0714276, b=3.0876823, ¢= 10.530993, d= 2.4667399, residue r>=0.99608194, and
differentiation gave the corresponding analytical expression for the drying rate:

=cy,
_au )

0 )

b
=d—2(r—c)-e
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A conclusion can be made on the operating quality of the solar energy collector based on
experimental results of the investigation of the solar energy collector and dryer as a whole that means
the attained values of the temperature of the drying agent at the exit from the solar energy collector
and realized temperature differences (difference between the temperature of the drying agent at the
entrance and exit of the solar energy collector). Oscillations in temperature values are obvious in the
diagrams and they are the consequence of the time of day and also the occurrence of cloudy periods
during the experiment. Having in mind the realized temperature values at the exit from the solar
energy collector and corresponding temperature differences and values of regime process
temperatures of biological materials (first medicinal, aromatic herbs and spices and then fruit and
vegetables) one can conclude that the solar energy collector satisfied completely. Investigations of the
solar energy collector showed satisfactory results regardless of not so good weather conditions and
temperature differences even up to

20 ° C were realized. Analysis of drying curves on representative pans 1, 4 and 7 give a picture of the
unevenness of the drying process regarding the drying chamber height that is a disadvantage of all
chamber dryers. Due to specific experimental conditions changing of pan positions during the drying
process was not possible, even though this is usually done in practice. One should note that a
significant moisture reduction of the material occurred during the night (see kinetic diagrams) that is
partly the consequence of the construction and structure of boundary surfaces of the drying chamber.
Analysis of the drying rate curves gives the best picture of the moisture separation rate. Analysis of
the material’s drying curves enables obtaining of a picture of the moisture separation intensity from a
moist material. Definition of the drying time and dryer capacity per separated amount of moisture,
moisture flow is possible.

However, having in mind that the energy source is free, the value obtained would not be relevant for
comparison with values obtained for existing dryer types for artificial drying of biological materials.
Application of solar energy in drying processes is not just exchange of classical fuel with solar
energy, but also provision of a better quality product in a more economical way.

CONCLUSIONS

In the last few years the world has started to understand that the ecological crisis is more serious than
the energy one. As the main threat to environmental protection stems from activities connected with
energy solution of the energy problem would at the same time become significant from the ecological
viewpoint. Thus, renewable and clean energy sources have come up front. The rapid development of
technical knowledge and technologies with prior understanding of physical laws and also continual
growth of energy needs and the fact that energy sources are limited have contributed to the
application of solar energy. Research results on this project are a new solution of a solar, mobile,
universal, ecological, chamber dryer that satisfies the basic three requirements in the drying process:
maximal process intensity, good quality of the dried material and minimal energy consumption. Its
characteristics are based on a construction solution: operation at any location (mobile solution),
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insignificant costs in the exploitation period, execution of the drying process, universality, possible
drying of different products as soon as they are picked, the most favorable reception of solar radiation
(the angle and illusory path of the Sun are followed), better quality of the material from the viewpoint
of nutritious and biological values, a better economic effect as a cheap energy source is used.

NOMENCLATURE

a, b, ¢, d- constants, F - surface, N — drying rate, power, r -factor coleration t - temperature of the
drying agent and material, PV - photo panel, u - absolute moisture, moisture content, | — first day, Il
—second day.

Subscripts

da - drying agent, adda - absolutely dry drying agent, adm - absolutely dry material,
m - mean value, e- environment,

Greek letters

o - relative air moisture, 7 - time,

REFERENCES

[1] Topic M. R., Direct use of Solar Energy for drying medicinal herbs, aromatic plants and
spices, SETT- 2002 — Moscow, Russia, Volume 2, pp. 130-135.

[2] Topic, M. R. Development and research mobile solar dryer for biological materials. Project
N°. 211068, Ministry of science and the environment R .Serbian, 2004.

[3] Topic M. R. A Mathematical model of the solar drying process of biological materials, SETT-
2005 — Moscow, 2005..

[4] Topi¢, M.R, Cuprié, Lj.N, Topi¢, R.J., Topié, R.G., 2012. Solar mobile dryer for biological
materials and kinetics,Proceedings of the 7th International Symposium “Machine and
Industrial Design in Mechanical Engineering KOD 2012”, Balatonfured, Hungary

200



IV International Conference Industrial Engineering And Environmental Protection 2014 (11ZS 2014)
October 15™, 2014, Zrenjanin, Serbia

A DESIGN OF MICROPROCESSOR-BASED CONTROLLER FOR
SMALL AUTOMATION

Krassimir Kolev, lvan Maslinkov
University of Food Technologies Plovdiv, Technical Faculty, Plovdiv, Bulgaria
e-mail: k_kolev@uft-plovdiv.bg

Abstract: This paper presents a method for synthesis of firmware for microprocessor-based controller for small
automation. The microprocessor embedded system for small automation was implemented by microcontroller
C8051F120. An algorithmic firmware structure of based on a fast method by fusion of state diagrams on
Moore’s automata and sequential graph algorithmic diagrams. The relation between Moore’s automata states and
algorithm realization is described. The connection of states and sequential program steps are presented by a chart
diagrams and interim variables. The synchronization between states is made by timer interrupt service routine of
microcontroller. The algorithm is converted to assembler program for the microcontroller. The ability of
synthesized firmware for filling-capping machine control is analyzed.

Key words: microprocessor, firmware, embedded systems, controller, small automation.

INTRODUCTION

Control algorithms of discrete systems typically have cyclic structures. Process control of complex
systems are characterized by multiple internal states and certain numbers of conditions causing
changes in the status of the control system. Therefore, these systems could be modeled and analyzed
by finite automates. It is evident that algorithms operation of microprocessor firmware is the single
programming model, and can be designed on the basis of the finite automata. This approach allows to
obtain algorithms optimal structure, practically free from logical errors as pre-built model based on the
theory of finite automata allows to analyze carefully detailed operation of the system state by state.
For that reason is easy to detect errors as early as the design phase of firmware. Best suited for
algorithmic construction of firmware is the finite automate of Moore. For-mal presentation of this
machine is done by graph of transitions. The graph of transitions by using the nodes displayed the
status of the machine, and by directed arcs — transitions between states [2]. An example of what kind
machine is shown in Fig.1. This finite state machine has 4 states: A, B, C and D. The initial state is A,
and the final state is D. In general operation of the machine Moore comes down to that in every state
generate a specific output signal. If it occurs an appropriate input (X1, ..., X8) transition to an-other
final state is performed. In real microprocessor sys-tem any condition characterized by a set of
performance features is the output state of the machine. The input signals of microprocessor system
are logical conditions of internal state variables. Every microprocessor system in general is a

synchronous machine.
X4

X3

ok

Figure 1. Graph of finite automate

Frequency synchronization of mass eight bit microcontrollers is dozens of megahertz [4]. To build the
firmware algorithm using the synchronous approach and the period of synchronization can be formed
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by any of the built-in timers of microcontroller. If a graph scheme of desired behavior is presented it is
possible to move to the algorithmic scheme. In Fig. 2 is shown one way of transformation into an
algorithmic circuit for the graph model of Fig. 1.

Global
Initialization

j Interrupt from
Initialization for timer
state A

Calculation of
function for state

Calculation of
function X1

Calculation of
function X2

Initialization for
state B Calculation of
function X3

Calculation of
function for state

Calculation of

function X4
N Calculation of
function X5
Initialization for
state C
Calculation of Calculation of
function for state function X6

Return from
interrupt

Initialization for
state D

Calculation of
function for state
D

End

Figure 2. Algorithm chart
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After initialization of the microprocessor system goes initial state A. The scheme of each cycle
represents the finite states including operator initialization state operator function of the state in the
loop body and checks the input signals of the machine to exit the loop. If the input signals are inactive,
the cycle continues i.e. machine stores the current state, if the signals are active transition is
performed. The goal of this paper is to present and analyze a fast design method for firmware of
microprocessor-based system for small automation. The presented transfer method is base of fusion of
state diagrams on Moore’s automata and sequential algorithmic diagrams. The proposed method is
tested for control of machine for small automation. The connection of states and sequential program
steps are presented by a chart diagram and interim variables.

HARDWARE DESIGN

The design of a microprocessor-based system for automation starts with analysis of controlled object.
As object for our synthesis is chosen a small filling-capping machine (Fig. 3). The machine has four
inputs sensors (10 - level sensor, 11 - bottle stop sensor, 12 - stop piston sensor, 13 - cap plunger limit
switch) and four outputs activator (OO0 - stop bottle piston, O1 - bottle filling piston, O2 - cap plunger
piston, O3 - conveyer).

OUTPUT

Figure 3. Filling-capping machine [1]

Hardware synthesis is base on eight bit microcontroller C8051F120 [3]. The selected controller
support widespread Intel MCS-51 instruction set [6] and can use free development software [5]. The
C8051F120 provides the following standard features: 100 MIPS, 64 1/O Lines, 5 Timers, SPI, I°C, 2
UARTS, Watchdog Timer, Real-Time Clock, 8 Channel (12-bit) A/D, 2 Channel (12-bit) D/A, On-
Chip Temp Sensor, on-chip oscillator, 128K Byte In-System Programmable FLASH, 256 Bytes RAM,
8K Bytes XRAM 2K bytes of Flash and 128 bytes of RAM. The basic form of proposed controller
has embedded four discrete inputs and four discrete outputs and expanded connector with route all
signals of microcontroller. The schematic diagram of proposed microprocessor-based controller is
shown in Fig. 4. All discrete inputs are for 12V AC/DC operation voltage and they are photo-couplers
isolated from the microcontroller. All discrete outputs are galvanically isolated by relays (K1, K2, K3
and K4). The inputs and outputs can expand by presented diagram connection. The power subsystem
of the proposed controller is realized by two cascaded step-down switching regulator LM2576 and
LM2937. The first regulator 1C2 provides 12V DC for periphery interfaces and the second regulator
IC3 provides 3.3V DC for the microcontroller. The R1, R2 and C3 group is standard for the processor
and produces the signal for the initial resetting after the switch on of the power supply. A 24 MHz
quartz resonator Z1 has been selected. The value of the resonator Z1 is not critical for designed system
and can be change. In this case interrupt time interval will be change too.
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Figure 4. Schematic diagram of the microprocessor system

SOFTWARE DESIGN
The system has five states. ST1 is initial state, ST2 is barrier close state, ST3 is filling state, ST4 is cap
putting stage and ST5 is cap closing stage. 11 is signal from sensor for bottle presence, 12 is signal

from sensor for close bar-rier, 10 is signal from high level sensor, 13 is signal from sensor for cap
presence, pul e time delay input. The state diagram of the proposed system is shown in Fig. 5.

11 12

ul

Figure 5. State diagram of the proposed system
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