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CALCULATION OF INSULATION THICKNESS DEPENDING ON
THE COOLEST AND HOTTEST CLIMATE CONDITIONS FOR
DIFFERENT FLAT ROOF TYPES OF BUILDINGS
Okan KON?, ismail CANER!*

!Balikesir University, Faculty of Engineering, Department of Mechanical Engineering, 10145, Balikesir, Tiirkiye

Abstract: In this study, optimum insulation thicknesses are calculated for three different flat-surfaces which are navigable terrace
roof; stone-covered and soil-covered un-navigable flat roof types. The outdoor temperature, the value of January, which is the coldest
month in winter, and the value of July, which is the hottest month in summer, and solar radiation, are considered together. Flat roof
surfaces are considered to be stone-covered and soil-covered black painted and marble. Firstly, solar-air temperatures were
determined for the winter and summer periods. Then, optimum insulation thickness calculations are made using life cycle total cost
analysis. Extruded polystyrene (XPS) is accepted as the insulation material. Natural gas is used in winter and electricity in summer as
an energy sources. The optimum insulation thicknesses have been calculated for five climate zones and three different roof types based
on the TS 825. Then the results are compared. As a result, the optimum insulation thickness calculated considering the hottest and
coldest months of the year was determined as 0.128 m in the 5th climate zone in roof one with the highest value, and as the lowest

value with the 0.052 m in the 1st climate zone for roof three.
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1. Introduction

Today, green roof applications are implemented all over
the world. Green roofs contribute positively to climate
change by reducing environmental pollution, especially
in city centers, and green roofs are an important
application in terms of energy consumption and saving.
Green roofs, which are an ecological application, can
reduce the heat island caused in city centers, also
contribute to the retention of rainwater, especially in
humid areas, and reduce the emission release (Tang and
Zheng, 2019).

In the literature, green roofs are called vegetated roofs,
bio-roofs or ecological roofs. Thanks to the green roof
application, it makes a positive contribution to indoor air
conditioning, especially in the summer period. It reduces
the insulation thickness to be applied to the building
envelope. In addition, biodiversity enrichment, air
purification, acoustic isolation can be counted as positive
effects (Lee and Jim, 2020).

Insulation of the building envelope is an important
energy-saving application. Insulation material with a low
heat conduction coefficient should be used in building
envelope insulation. In addition, the insulation thickness
value should be high. On the other hand, the cost of
insulation should be below. In a certain life, the value that
minimizes the energy consumption and the costs of the

insulation material is important. This value is the
optimum point. The insulation thickness at this point is
the optimum insulation thickness (De Rosa et al,, 2014).
In the literature, when determining the optimum
insulation value, the degree-day method, which is very
simple and can be calculated quickly, is used. This
method is based on the temperature difference between
the outdoor and indoor environments. Depending on
different climate parameters such as a lot of suns and
relative humidity, degree-day values can be calculated for
the both heating and cooling season. Thanks to this
method, it provides in the energy
consumption estimation of long-term buildings (Daouas,
2016).

When we examined the literature, Daouas (2016)

convenience

investigated a dynamic model for multi-layered roofs
subjected to constant climate conditions in Tunis by
using the incoming solar radiation. A life cycle cost
analysis was conducted to determine the optimum
insulation thicknesses (Yin et al, 2019). Ozel (2013)
numerically investigated the thermal, economic and
environmental effects of insulated external walls for
different wall layers. In the province of Kars, which is one
of the coldest cities in Tiirkiye, investigations were made
for different wall orientations during the winter period.
For this purpose, a computer model based on finite

BSJ] Eng Sci / Okan KON and ismail CANER

1

This work is licensed under Creative Commons Attribution 4.0 International License



Black Sea Journal of Engineering and Science

differences under various stable periodic conditions is
used in the study (De Rosa et al, 2014). Wang et al.
(2022) determined the roof thermal insulation type and
optimum insulation thickness. They presented an
optimization design method based on an integrated
economic and environmental consideration for the best
insulation design on building roofs. A double-layered
ventilated roof heat transfer model has been developed
in a low-temperature granary in Changsha, China.
Extruded polystyrene, mineral wool and polyurethane
were used as insulation materials. Yin et al. (2019)
evaluated the green roof at three heights (30, 60 and 120
cm) during the summer in Nanjing, China. Among the
outdoor scenarios, sunny days had the highest effect on
the thermal performance of the large green roof, while
cloudy and rainy days had less effect (Peng et al,, 2019).
De Rosa et al. (2014) proposed a model to simulate the
energy consumption in buildings. The model has some
temporary energy balance equation for walls and indoor
air and is implemented using Matlab/Simulink. The
results showed that the cooling energy demand on days
with low cooling degrees and solar radiation play an
important role in this case (Daouas, 2016). Tang and
Zheng (2019) examined the thermal properties of green
roof using a real data. Equivalent thermal resistance and
reduction factor of a green roof compared to a bare roof.
Peng et al. (2019) evaluated and compared the long-term
energy performance of large-scale green roofs in a humid
subtropical climate region of China. Based on the outdoor
temperature, roof surface temperature, roof heat flux,
and cooling/heating energy load, seasonally, hourly, daily
and year-round analyzes were made for green roof and
bare roof. Wahba et al. (2019) compared the electricity
consumption and savings potential of green roofs and
green walls when applied in arid climatic conditions for
different latitudes in Cairo, Egypt. The study investigated
the effect of green roof and walls on indoor thermal
comfort in the arid climate region. These studies were
done with the energy simulation DesignBuilder. Huang
and Ma (2019) performed a cost analysis of large green
roofs containing light expanded clay aggregate (LECA)
and Ipomoea batata, both measuring the change in
surface temperature and heat amplitude, as well as
reducing energy. Kaboré et al. (2020) investigated the
performance of heat flows using energy simulation to
research the performance of passive cooling technique.
In the building models, both a green roof and a wet roof
are used. For wet roofs, heat transferred to the
environment was found to be higher for a Mediterranean
climate. Family et al. (2020) investigated reinforced
concrete panels and three different types of plant-
covered roofs for passive cooling applications. Combined
radiation and conduction heat transfer analyses were
performed to their insulation potential.
Mahmoud and Ismaeel (2019) conducted simulation
studies to examine the usage of three different roof
design principles on the energy consumption in Egypt.
Rosti et al. (2019) calculated the optimum insulation

evaluate

configuration in buildings based on the theory of delay
and decay factor. In the study, they made investigations
for different multilayer wall configurations using the
transient heat conduction equation. Saydam et al. (2021)
investigated the effect of green roof application on
heating requirement, environmental emissions and fuel
cost in two different cities located in different degree day
regions. Investigations were made for two different
indoor temperatures of 19 0C and 21 0C. Heating
requirement, monthly fuel cost and emission values were
determined for the non-heat insulated, thermally
insulated and green roof conditions of the building.
Ragab and Abdelrady (2020) examined the green roof
application to reduce the energy need different climate
zones. The energy consumption of various types of green
roofs with different thermal properties to cool school
buildings in Egypt has been studied. As a result, green
roofs have been found to be effective to reduce the
energy demand compared to traditional roof. Lee and Jim
(2020) studied the effect of temperature and solar
radiation on the microclimate, by comparing a bare roof
with an intense green roof. Microclimatic studies were
conducted in subtropical Hong Kong during the winter
season. Sunny, cloudy and rainy conditions were adopted
for analyzes of interactions between factors such as
temperature and Kurekci (2016)
determined the optimum insulation thicknesses needed

solar radiation.
in 81 provincial centers of Tirkiye. Calculations were
made for four different fuels and insulation materials.
Three different situations are considered. Optimum
insulation thicknesses were calculated according to these
three conditions. Dombayci et al. (2017) examined the
usage of energy sources and insulation materials for
Denizli on energy consumption. Optimization was made
based on life cycle cost analysis. Ulas (2010) investigated
the schools, which are the most widespread institutions
in our country, are insulated and uninsulated; Heat loss,
fuel consumption and the amount of carbon dioxide
released to the atmosphere as a result of the combustion
of the consumed fuel for four different thermal insulation
zones and three different fuel types. Different insulations
were compared with each other by making economic
analysis according to the life cycle cost analysis method.
Then, optimum insulation thicknesses were calculated in
the thermal
Lewandowska-Iwaniak

zones. Lewandowski and
(2014)  studied  building
envelopes depending on their ability to transmit the solar
energy flows and investigate the energy-saving building
(2021)
insulation thicknesses for exterior walls of a hospital
building in Balikesir, taking into account the combustion

insulation

materials. Kon et al calculated optimum

properties of glass wool, stone wool and polyurethane
insulation materials. Based on the non-insulated and
optimally insulated external wall, life cycle savings and
life cycle total cost values were calculated for energy
consumption. Hao et al. (2022) conducted experiments in
Hunan, China, using a comparative test platform
consisting of two experimental chambers equipped with
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greenery systems and the other without greenery
systems during the transition seasons. They investigated
the effects of Greenery systems on the thermal comfort of
indoor environments and saw that energy savings were
achieved in the operating times of the air conditioner
with this system. Ayin (2021) examined the properties of
building materials to be used in the design of roof
gardens and offered different solutions for the problems
that may occur in roof gardens and gave an information
about the situation of roof gardens in Tiirkiye. Also, he
researched emerging building materials in the design of
roof gardens. El-Zoklah and Refaat (2021) simulated the
effect of Green Facades Systems on energy efficiency in a
residence with 12 cm wall thickness in New Cairo, Egypt.
They used the Design Builder program. They made
calculations for the south, east, and west directions and
different thicknesses of the wall. Juras (2022) analyzed
the experimental measurements taken on two different
large green roofs in Central Europe and compared the
results with a single-ply roof with PVC membrane.
Vermaa and Asafo-Adjeib (2021) determined the
optimum thickness of walls and ceilings according to
cities in order to reduce the energy needs of buildings in
the housing sector of the country in Ghana. For this, a
mathematical model has been developed to determine
the threshold values for cooling and heating degree days.
Dominguez-Torres et al. (2021) optimized a solution that
combines thermal insulation and a cold roof for the
renovation of residential roofs in Seville, Spain. Various
combinations of solar reflective coatings and insulation
layer thickness were considered in the optimization
analysis. Mahapatra et al. (2022) investigated how the
optimum insulation thickness will change when cellulose,
corn-based insulation, polyurethane and polystyrene
insulation materials are used together with brick
materials with different outer surface absorptivity for the
Indian cities of Delhi, Jodhpur, Mangalore and Pune.

The aim of the study is to calculate the optimum
insulation thicknesses of three different roof types, such
as a navigable flat roof, a non-navigable stone-covered
roof, and a green roof. While calculating the optimum
insulation thickness, the degree-day method and life
cycle total cost analysis were used. Firstly, the sol-air air
temperatures calculated depending on the solar radiation
value for the coldest month of the year, January, and the
hottest month of July, was
calculations are wused for outdoor and indoor
environments. Secondly, the optimum insulation
thickness calculated based on the recommended values

used. Heat transfer

for indoor and outdoor environments according to TSE
(2013). The results of the two insulation thicknesses
were compared. This study shows the importance of
green roof application in buildings in terms of energy
saving. Finding the optimum insulation thickness values
for roofs depending on the coldest and hottest months of
the year and changing them with different roof types
provides a new contribution to the studies in the
literature.

2. Materials and Methods

2.1. The Interior-Surface Combined Heat Transfer
Coefficient

Convection heat transfer coefficient for horizontal
direction; h¢i= 3.08 W/m?2 K for upward direction of heat
flow, h¢i = 4.04 W/m? K for downward direction of heat
flow were taken. Based on the indoor emissivity (&; =0.9)
radiation heat transfer coefficient was taken as in
Equation 1 (Cengel and Boles, 2002; Lewandowski and
Lewandowska-Iwaniak, 2014; Daouas, 2016);

h,=5.72 g (1)

2.2. The Exterior-Surface Combined Heat Transfer
Coefficient

The convection heat transfer coefficient based on the
outdoor air speed (V taken as 6 m/s) (Equation 2);

hg,=2.28 V+8.18 (2)

The radiation heat transfer coefficient based on the
exterior surface emissivity (€0s) and surroundings
temperature (Tsur) can be calculated in Equation 3
(Cengel and Boles, 2002;
Lewandowska-Iwaniak, 2014);

Lewandowski and

hy0=0.€05.(To*+ Tour)-(To+Toyr (3)

here, the exterior surface emissivity for roof 1 with
marble surface was taken as 0.88, and for roof 2 and roof
3 which accepted as black painted, exterior surface
emissivity were taken as 0.98. o is Stefan Boltzmann
constant (Cengel and Boles, 2002; Daouas, 2016). The
surroundings temperature temperature (Tsur) (Equation
4) based on the outside temperature (To);

Teur=0.0552 Ti® (4)

According to TS 825, interior surface combine heat
transfer coefficient is 7.69 W/mz2.K and outer surface heat
transfer coefficient is 25 W/m2.K. The equation for
combined heat transfer coefficient (hcomp) for the interior
and exterior surfaces (Equation 5) (Cengel and Boles,
2002; TSE, 2013);

hcombzhc+hr (5)

2.3. Calculation of Sol-Air Temperature
Sol-air temperature is given in Equation 6;

4 4
aabslsol €050 (To 'Tsur

Tsor-air=To* (6)

hco mb hcomb

here, as is surface absorbty, Isoi is the solar radiation
value and T, is outdoor temperature. For roof 1 with
marble surface, as (absorbty) is taken as 0.40, and for
roof 2 and roof 3 as a black painted surface, oabs
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(absorbty) are taken as 0.98. Isa is the solar radiation
value. For January which is the coldest month of the year,
the solar radiation on the horizontal surface is taken as
72 W/m?2 and for the July which is the hottest month of
the year is taken as 93 W/m? (Cengel and Boles, 2002;
Ozel, 2013; TSE, 2013).

2.4. Calculation of Degree-Day

The degree-day values based on the coldest and hottest
month temperature can be calculated as in Equation 7
and 8;

HDD= My,.30.(T;-Tsol-airmin) (7)
CDD=M_.30.(Tsol-airmax-Ti) (8)

Here, My is the number of months with heating which
outdoor air temperatures are below 19 0C. M. is the
number of months with cooling which outdoor air
temperatures are above 22 0C. Tsolairmin iS the sol-air
temperature belongs to the lowest outdoor air
temperature of the January which is the coldest month of
the year and Tsol-airmax iS the sol-air temperature belongs
to the highest outdoor air temperature of July which is
the hottest month of the year. Each month is accepted as
30 days. Degree-day calculation based on the TS 825

(Equation 9 and 10)(Ulas, 2010; TSE, 2013).

12

HDD=30 » (T;-T,) 9
2
12

CDD=30 » (T,-T;) (10)
2

here, T, is outdoor temperature and T;i indoor air
temperature. In the study, the heating temperature is
taken as 19 0C and cooling temperature is taken as 22 °C
(Ulas, 2010; TSE, 2013).

2.5. Optimum Insulation Calculation

The heat loss from unit area of roof (Equation 11) (Ozel,
2013; TSE, 2013; Kurekci, 2016; Dombayci et al.,, 2017;
Kon etal,, 2021);

q=U.AT (11)
The heat loss for heating season (Equation 12);

q,,=86400.HDD.U (12)

The heat loss from unit area for cooling season (Equation
13);

q.=86400.CDD.U (13)

Roof total heat transfer coefficient can be calculated with
Equation 14;

1

U= Xopt
(Rt,roof"'[)\,p ))
ins

(14)

Optimum insulation thickness for both season with
Equation 15;

Xopt,H,C=

(86400.HDD.a. Cng.?\ms.PWF+ 86400.CDD.a. Ce.)\inS.PWF> (15)
Hy.Cins Cins.:COP

')\ins-Rt,roof

where, HDD is heating degree-day, CDD is cooling degree-
day, Reroofis thermal resistance of uninsulated roof, Cyg is
natural gas price for the heating period (0.385 $/m3), Hu
(34.485 106 J/m3) is the fuels’ lower heating value, 1
(93%) is the heating system efficiency, Ce is the
electricity price for cooling period (0.107 $/kWh)
(Topguoglu, 2017; Limak, 2021), COP (2.5) is the cooling
system performance coefficient, Ains is
materials conduction heat transfer coefficient (0.031
W/m.K), Cins is insulation price (180 $/m3) and a is
adjustment coefficient and it is taken as 1.0 for ceilings
open to the external environment and 0.8 for ceilings
covered with roofs.

insulation

If i>g; real interest rate (Equation 16);

_ig
r= Trg (16)

If i<g; real interest rate (Equation 17);

g-i
=i (17)

Present Worth Factor (Equation 18);

PWF=——— _ (18)

where, i is the inflation rate (7.91%), g is the interest rate
(8.25%), and N is life (10 year) (Dombayci et al., 2006;
Kurekci, 2016).

2.6. The Values Used in Calculations

In the study, firstly, the outdoor bulb temperature
dependent surroundings (sky) temperature value was
calculated. Surroundings temperature outdoor radiation
heat transfer coefficient was found. The outdoor
convection heat transfer coefficient was determined
depending on the outdoor air wind speed. The outdoor
combine heat transfer coefficient, which is the sum of the
outdoor radiation and convection heat transfer
coefficient, was found. Likewise, indoor radiation heat
transfer coefficient and convection heat transfer
coefficient were calculated separately. Then, the
combined heat transfer coefficient, which is the sum of
the indoor radiation and convection heat transfer
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coefficient, was determined. Depending on the
surroundings (sky) temperature, the maximum and
minimum values of the left-air temperature were
calculated. Then, heating and cooling degree days were
found depending on these values and indoor

temperature. Financial values and present worth factors

were calculated to use in the optimization process.
Optimum insulation thickness values were determined
for three different roof types by using other cost values
and the conduction heat transfer coefficient of the
coatings forming the roof layer. These are given in Figure
1.

Literature
review
Outdoor air dry —
bulbtemperature \l/
‘lf’ OQutdoor Indoor
- diation heat radiation heat
- ra =
lemperaturs ransfer oatfier
P coefficient coefficient
Outdaor Outdoor cgr;-l\:;j;?n;n culr?vdeﬂclt]i;n
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tempereture, combine heat combine heat
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and COOLING = PresentWaorth . !
: —> transfer Fact fuel costand efficiency,
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degree-days thickness INSULATION heat conduction
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Figure 1. Study conceptual framework.

In Table 1, the structural components of three different
roof types are given. The details of roof types are given in
Figure 2. The details of plant density that can be applied
on a soil covered roof for a green roof are given in Figure
3. Outdoor temperature values calculated in the study

and recommended in TS 825 are shown in Table 2. In
Table 3, the heating and cooling degree-day values
calculated in the study and determined depending on the
temperatures recommended in TSE (2013) are given.
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Table 1. Building components of three different roof types (TSE, 2013; Topguoglu, 2017)

Roof components Thickness (m) Heat transmission coefficient (W/m.K)
Roof 1 (navigable terrace roof)
Marble Floor Covering 0.01 3.50
Underfloor Screed 0.02 1.40
Geotextile (Felt) Filter Element 0.005 0.06
Extruded Polystrene(XPS) Xopt 0.031
Bituminous Waterproofing 0.01 0.19
Unreinforced Concrete 0.05 1.65
Reinforced Concrete 0.15 2.20
Lime Mortar Interior Plaster 0.02 1.00
Gypsum Based Interior Plaster 0.01 0.70
Roof 2 (un-navigable stone-covered terrace roof)
Stone Coating 0.15 2.00
Geotextile (Felt) Filter Element 0.005 0.06
Extruded Polystrene (XPS) Xopt 0.031
Bituminous Waterproofing 0.01 0.19
Unreinforced Concrete 0.05 1.65
Reinforced Concrete 0.15 2.20
Lime Mortar Interior Plaster 0.02 1.00
Gypsum Based Interior Plaster 0.01 0.70
Gypsum Based Interior Plaster 0.01 0.70
Roof 3 (un-navigable soil-covered green roof)
Plant Soil 0.15 0.60
Geotextile (Felt) Filter Element 0.005 0.06
Drainage (Gravel) Layer 0.10 2.00
Geotextile (Felt) Filter Element 0.005 0.06
Extruded Insulation (XPS) Xopt 0.031
Bituminous Waterproofing 0.01 0.19
Unreinforced Concrete 0.05 1.65
Reinforced Concrete 0.15 2.20
Lime Mortar Interior Plaster 0.02 1.00
Gypsum Based Interior Plaster 0.01 0.70
Plant Soil

Marble Floor Covering
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Ll
¢
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Figure 2. Details of the roof types used in the study; a) Navigable terrace roof (Roof 1) b) Un-navigable stone-covered
terrace roof (Roof 2) c) un-navigable soil-covered green roof (Roof 3) (Gel, 2010).
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(a)

(b)

()

Figure 3. a) Superficially planted green roof b) Semi-densely planted green roof c) Densely planted green roof section

(Seckin and Seckin, 2016).

Table 2. Outdoor temperature values calculated in the study and recommended in TS 825 (2013)

This study TS 825
Heating Solar-air Temperature  Cooling Solar-air Temperature Heating Outdoor Cooling Outdoor

Zone (°C) (°C) Temperature Temperature

Roof 1 Roof 2 Roof 3 Roof 1 Roof 2 Roof 3 (January) Uuly)

(°C) 0

Zone 1 6.35 7.58 7.58 27.72 29.43 29.43 8.40 28.70
Zone 2 0.72 2.00 2.00 23.72 25.44 25.44 2.90 2490
Zone 3 -2.53 -1.25 -1.25 21.70 21.70 21.70 -0.30 21.70
Zone 4 -7.67 -6.38 -6.38 21.40 21.40 21.40 -5.40 21.40
Zone 5 -12.76 -11.47 -11.47 18.60 18.60 18.60 -10.50 18.60

Table 3. The heating and cooling degree-day values calculated in the study and determined depending on the

temperatures recommended in TS 825 (2013)

This study TS 825

Zone Roof 1 Roof 2 Roof 3 Roof

Heating Degree-Day (HDD)
Zone 1 2657 2398 2398 1430
Zone 2 4387 4080 4080 2573
Zone 3 6459 6075 6075 3248
Zone 4 8001 7610 7610 4074
Zone 5 11434 10969 10696 5052

Cooling Degree-Day (CDD)
Zone 1 687 892 892 556
Zone 2 207 413 413 176
Zone 3 --- --- --- -
Zone 4 --- --- --- ---
Zone 5 - - - ---

3. Results and Discussion

In the study, detailed heat transfer calculations and the
values of the coldest and hottest months of the year used
in degree day calculations, which are based on the
recommended outdoor temperature values in the
Turkish standard TS 825, given.
Accordingly, the values calculated based on the solar air
temperature for January, the coldest month of the year,
are from the first to the fifth climate zone, between 6.35
to (-12.76) for roof 1, 7.58 to (-11.47) for roof 2 and 7.58
to (-11.47) °C for roof 3. On the other hand, depending on
the outdoor temperature data in TS 825, the temperature
values for January were found between 8.40 to (-10.50)

insulation are

0C. The values calculated based on the solar air
temperature for July, the hottest month of the year, were

calculated between 27.72 t018.60 °C for roof 1, 29.43 to
18.60 0C for roof 2 and 29.43 to 18.60 0C for roof 3. On
the other hand, depending on the outdoor temperature
data in TS 825, the temperature values for July were
found to be between 28.70 to 18.60 °C.

In the study, the heating degree days calculated based on
the solar air temperature were calculated from the first
to the fifth climate zone, from 2657 to 11434 for roof 1,
2398 to 10969 for roof 2 and 2398 to 10696 for roof 3.
On the other hand, depending on the temperature data in
TS 825, heating degree days were determined from 1430
to 5052. Since cooling will be done for the first and
second climate zones with cooling degree days, the solar
air temperature has been calculated as between 687 to
207 on roof 1, 892 to 413 on roof 2 and 892 to 413 on
roof 3. According to the temperature given in TS 825, the
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cooling degree days were determined from 556 to 176.
This is due to both heating and cooling degree days and
when detailed heat transfer calculations are used, it is
seen that optimum insulation thicknesses are much
higher. This is an important situation in terms of energy
saving in buildings. Thus, much more energy savings can
be achieved on the ceilings of buildings

In the study, the coldest month of the year is January and
the hottest month of the year is July. For the values
calculated depending on the outdoor temperature, solar
radiation value, and heat transfer;
insulation thicknesses on roof 1 are calculated as 0.063-
0.128 m for zonel and zone 5, 0.061-0.123 m for roof 2,
and 0.052-0.114 m on roof 3. The optimum insulation
thickness values determined by considering the
recommended values in TS 825 (2013) are 0.045-0.080
for roof 1, 0.043-0.078 m for roof 2 and 0.034-0.069 m
for roof 3. In the insulation thicknesses calculated
according to the data recommended in TS 825 (2013), it
is stated by the engineers working in the market that the

the optimum

residents of the buildings experience heating or cooling
problems during the hottest and coldest periods
throughout the year in some meteorological conditions.
For this reason, such special cases should be taken into

thicknesses. In Figure 4, the optimum insulation
thickness values determined based on a) the values
calculated in the study and b) the recommended values
in TS 825 (2013) are given.

Wang H. et al. (2022) calculated the optimum insulation
thickness of expanded polystyrene, polyurethane and
mineral wool for a single-layered roof with a solar
radiation reflection coefficient of 0.55 as 0.148 m, 0.082
m and 0.122 m, respectively. The optimum insulation
thickness for a single-layered roof with a solar radiation
reflection coefficient of 0.25, thicknesses are 0.171 m,
0.095 m and 0.142 m, respectively. The optimum
insulation thickness is 0.128 m, 0.068 m and 0.104 m,
respectively, for a double-skin roof with a solar radiation
reflection coefficient of 0.55. The optimum insulation
thickness for a double skin roof with a solar radiation
reflection coefficient of 0.25 is 0.153 m, 0.081 m and
0.127 m, respectively. In this study, the optimum
insulation thicknesses determined by using detailed heat
transfer calculations are in accordance with the studies
in the literature. However, the optimum insulation
thickness values determined based on TS 825 was found
to be much lower than the studies in the literature. For
this reason, the calculation techniques and values in TS

account when calculating optimum insulation 825 should be updated again.
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Figure 4. a) The optimum insulation thickness values calculated in the study, b) The optimum insulation thickness
values determined based on the values recommended in TS 825 (2013).

4. Conclusion

In this study, the highest optimum insulation thickness
for five climate zones was determined between 0.063-
0.128 m on Roof 1. Based on TS 825 data, the highest
insulation thickness in roof 1 was calculated between
0.045-0.080 m for five climate zones. The optimum
insulation thickness calculated for the roof is higher than
the optimum insulation thickness values found in TS 825
for all regions. Thus, with the higher optimum insulation
thickness in this study, less heat loss will occur when the
thickness of the roof insulation is compared to TS 825
and a lower heat transfer coefficient will be obtained.

As the climate zone increases, the optimum insulation
thickness value also increases. In the optimum insulation
thickness values calculated in this study and the
optimum insulation thickness values calculated with the
recommended values in TS 825, 65.4-71.4% for the 1st

climate zone, 67.7-73.0% for the 2nd climate zone, 64.1-
68.2% for the 3rd climate zone, 64.8%-69.0% in the 4th
climate zone and 60.5-63.4% in the 5th climatic zone.

In future studies, the effect of covering the exterior walls
of buildings with plants and materials with different
properties will be evaluated in terms of heat transfer.
Accordingly, the energy saving potential and
environmental impacts will be investigated for summer,
winter and transition periods connected to external

walls.
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BAGIRKACDERE (CANAKKALE) PB-ZN YATAGI'NIN 3B CEVHER
BLOK MODELLEMESI

Sinan AKISKA, Elif AKISKA1

1Ankara University, Faculty of Engineering, Department of Geological Engineering, 06830, Gélbasi, Ankara, Tiirkiye

Ozet: Bagirkacdere Pb-Zn yatagi Edremit (Balikesir)’in yaklasik 10 km kuzeydogusunda yer almaktadir. Yatak ozellikle son 30 yildir
araliksiz isletilmektedir. Bolgede yiizlek veren birimler; sist, metakumtasi ve mermer merceklerinin bulundugu metamorfik birimler
ile cevherlesme zonuna ait cevher-alterasyon kayaclaridir. Bélgedeki faylar ¢ogunlukla KB-GD yonelimli olup cevherlesmeler de bu
yonlere uyumlu olarak gozlenmektedir. Bu ¢alismada ¢alisma alaninda yeralan 19 adet sondajda kesilen cevherli zonlar ve bunlara ait
%Pb ve %Zn degerleri modellenmistir. Yeraltinda tespit edilen cevherli alanlar arasinda, %Pb ve %Zn’'nin isletme tenorii iizerinde
kalan alanlarinin kesisim bolgeleri belirlenmis (26.337.500 hacimsel kiip) ve bu parametreler yardimi ile yorumlanmis bir galeri
haritasi ¢izilmistir. Bu modelleme ¢alismasinda Ters Mesafe Agirlikli interpolasyon algoritmasi kullanilmis ve modelleme ¢alismasinin
parametreleri test edilmistir. %Pb icin optimal parametreler, gii¢c degeri ve komsu degeri olarak 3'tiir. %Zn i¢in optimal parametreler
ise sirasiyla gii¢ degeri ve komsu degeri olarak 3 ve 2'dir. %Pb i¢in Ortalama Mutlak Hata 2,00 ve Kare Kék-Ortalama Hata 4,25 iken,
%Zn i¢in Ortalama Mutlak Hata 1,14 ve Kok-Ortalama-Kare Hata 2,95'dir. Yapilan bu c¢alisma ile bir maden sahasinda agilmasi
planlanan bir maden ocaginin yeri ve yonii tahmin edilebilmektedir. Ayrica, metal fiyatlarindaki dalgalanmalar veya diger artan
maliyetler gibi 6nemli finansal degisiklikler olmasi durumunda, ¢alisma sirasinda bu modelleme c¢alismalar1 kullanilarak yeralti
madencilik operasyonlar1 yeniden tasarlanabilir.

Anahtar kelimeler: U¢ boyut, Blok model, Ters mesafe agirhikl, Galeri, Maden

3D Ore Block Modeling of the Bagirkacdere (Canakkale) Pb-Zn Deposit

Abstract: Bagirkagdere Pb-Zn deposit is located approximately 10 km northeast of Edremit (Balikesir). The deposit has been operated
continuously for the last 30 years. The metamorphic units (schist, metasandstone, and marble lenses) and ore-alteration rocks are
outcropped in the region. The faults in the region are mostly NW-SE oriented and mineralizations are observed in accordance with
these directions. In this study, the ore zones cut in 19 boreholes and their %Pb and %Zn values were modeled. Among the ore zones
detected in the subsurface environment, the intersected areas of %Pb and %Zn above the cutoff grades were determined (26,337,500
voxel) and an interpreted gallery was drawn using these parameters. In this modeling study, Inverse Distance Weighted interpolation
algorithm was used and the parameters of the modeling study were tested. The optimal parameters for Pb% are 3 both as power value
and neighbor value, while the optimal parameters for Zn% are 3 and 2 as power value and neighbor value, respectively. Mean Absolute
Error is 2.00 and Root-Mean-Square Error is 4.25 for Pb%, while Mean Absolute Error is 1.14 and Root-Mean-Square Error is 2.95 for
Zn%. With this study, the location and the direction of an ore adit, planned for opening in a mining area, can be estimated. In addition,
underground mining operations can be redesigned using these modeling studies during work in case of any important financial
changes such as fluctuations in metal prices or other increasing costs.

Keywords: Three dimension, Block model, Inverse distance weighted, Gallery, Ore
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1. Giris elde edilen hata tahmin verileri ve ¢apraz dogrulama
Maden yataklarinin degerlendirilmesinde karsilagilan en teknikleri ile yapilan interpolasyon ¢alismalarinin
onemli problemlerden birisi, yeraltinin tamamina ait dogruluklar1 denetlenebilmektedir (Johnston ve ark,
gozlem olmamasidir. Ancak sondajlar, kuyu loglar1 ve 2001; Li ve Heap, 2008; Akiska ve ark,, 2013a).

jeofiziksel 6lciimlerden elde edilen veriler bize yer alti Jeolojik verilerin tam boyutunun belirlenmesi 1990’larda
hakkinda Snemli bilgiler saglayabilmektedir. 3D yazilimi gelistirilmeden 6nce neredeyse imkansizdi.
Sondajlardan elde edilen verilerin yer altinin tamaminin 3D rekonstriiksiyon i¢in hazirlanan yazihmlarin son
yorumlanmasi i¢in kullanimi ancak bu verilerin uygun zamanlardaki gelisimi (6rn. Lynx, GeoModeller, gOcad,
interpolasyon yéntemleri ile bir araya getirilmesi ile LeapFrog, Rockworks), diinya biliminde her tirli jeolojik
miimkiin olabilmektedir. Bu sebeple uygun interpolasyon yapinin mekansal uzantisinin ve 3D sanal modellerin n-
yontem secimi dogruya en yakin tahmin i¢in oldukca boyut analizine yol agan yeni sirlar agmistir.
6nemlidir. Yapilan interpolasyon ¢alismalari ile birlikte Giinimtizde, CBS, veritabani ve 3B gorsellestirme
BS] Eng Sci / Sinan AKISKA ve Elif AKISKA 10
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yazilimi, jeolojik bilginin jeolojik verileri goriintiilemesi,
analiz etmesi, sentezlemesi, modellemesi ve yorumlamasi
icin kullanilan yaygin araglardir (Zanchi ve ark. 2009).
Yeryiizii madenlerinin giin gectikce azalmasi ile 6zellikle
son yillarda yeralti madenlerinin arastirilmasi bir¢ok
ilkede ana hedef haline gelmistir (Zhao ve ark. 1992).
Genellikle cevher kiitlelerinin tahmini geleneksel
yontemlerden, bilgisayar sektoriiniin de gelismesi ile,
daha ayrintih hesaplamalara ve tahminlere dogru
kaymistir. Basit 2B tahminlerin yerini 3B tahminler
almistir. Su anda yeralti maden tahminine iliskin 3B
teknikler ve teoriler, 3B bilgi alma, 3B tahminler ve 3B
gorsellestirme teknolojilerinin gelismesinde dnemli rol
oynamaktadir (Chen ve ark, 2007). Yeraltinin
modellenmesi i¢in bir¢cok 6zel bilgisayar programi maden
arama, madencilik ve petrol ve gaz endistrilerinde
gelistirilmistir. Madencilik sektorii, genellikle biiyiik
miktarlarda sondaj verilerine dayanarak, cografi ve
cevher kiitlelerinin mekansal modellenmesine
odaklanmistir (Turner, 1992; Houlding, 1994; Loudon,
2000). Veri interpolasyon teknikleri ve cevherin 3B
modellemesi de dahil, madenlerin gorsellestirilmis 3B
jeolojik  modellemesi ile ilgili daha
gerceklestirilmis bir¢ok c¢alisma bulunmaktadir (6rn.
Wang vd., 2005; Feltrin vd., 2009; Ming vd., 2010).
Gectigimiz 30 yil boyunca 3B bilgisyar teknolojisinin
hizla gelismesi ile birlikte bir¢ok arastirmaci 3B
teknolojisi kullanarak cevher kiitlesi rezerv hesaplamasi
ve 3B gosterimi (6rn. Zhang, 2006; Akiska ve Akiska,
2018a; Akiska ve Akiska, 2018b), 3B jeolojik haritalama
(6rn. Zhang ve ark, 1999), 3B yapisal unsurlarin
modellenmesi (6rn. Zanchi ve ark. 2009; Dhont ve ark.,
2012) gibi bir¢ok ¢alisma yapmislardir.

Bu ¢alisma ile yeraltinda tespit edilen bir gdmiilli cevheri
kazanmak i¢in en optimum yeralt1 galerisinin modelleme
yardimi ile nasil ¢izilebilecegine dair bir ¢alisma yapilmis
ve elde edilen sonuclar istatistiksel ve ¢apraz dogrulama
yontemleri ile de denetlenmistir. icin de
polimetalik bir cevherlesme olan Bagirkagdere Pb-Zn-Cu

Onceden

Bunun

cevherlesmesine ait sondaj verileri kullanilmistir.

2. Bolgesel Jeoloji

Son 30 yilda aktif olarak isletilen Bagirkacdere Pb-Zn
yatagl Biga Yarimadasi'ndaki (KB Tiirkiye) 6nemli baz
metal yataklarindan biridir. Cevher olusumu, yan kayag
karakteristikleri ve cevherlesme sirasindaki
fizikokimyasal sartlar goz oniine alindiginda son yillarda
yapilan ¢alismalarda bolge cevherlesmelerinin distal Pb-
Zn skarn tipi cevherlesmeler olduklar1 ortaya
koyulmustur (Akiska, 2010; Akiska ve ark, 2013b;
Akiska, 2020). Camlhk metagranitoyidi, Karakaya
metamorfik birimleri ve skarnlar boélgede gozlenen
kayaclardir. Camhk metagranitoyidi, Sakarya kitasi
icerisinde yiizlek veren Paleozoyik granitoyidlerinden bir
tanesidir (Delaloye ve Bingél, 2000; Okay ve ark., 2006,
Topuz ve ark., 2007). Yasi, Okay ve ark. (1996) tarafindan
399413 my (Devoniyen) olarak tespit edilmistir.
Karakaya metamorfik birimleri Permo-Triyas yash diisiik

dereceli metasedimanter kayaclar ve metadiyabazlardan
olusmakta olup protolitleri Karakaya Okyanusu'nun
denizel sedimanlaridir (Okay ve ark. 1990). Calisma
alaninin batisinda Oligo-Miyosen yash Eybek pliitonu
tarafindan kesilmis iken doguda Camlik metagranitoyidi
ile iliskisi tarismahidir (Okay ve ark., 1990; Aysal ve ark.,
2012). Karakaya metamorfik istifi, cevherlesme zonlarini
da iceren sist, metakumtasi ve mermer mercekleridir.
Faylarin genel egilimleri KB-GD’dir. Bolgedeki
cevherlesmelerin  konumu genellikle bu yodnlerle
uyumludur. Bagirkacdere galerisi icindeki ana cevherli
zon Kkuzeybati-glineydogu yonlii olup, zon yapisal
kontrolliidiir. Sistozite diizlemleri ve bu diizlemlere
paralellik gosteren daha gen¢ faylar cevherin yerlesmesi
icin uygun alanlar1 olusturmustur (Akiska, 2010) (Sekil
1).

Sekil 1. Calisma alaninin jeoloji haritasi (Cetinkaya,
1983a).

Camlik metagranitoyidi iizerinde yapilan makroskopik
incelemelerde genellikle sari-kahverengi renklere sahip
oldugu gorilmektedir. Zayif yapraklanma gosteren
grantioyidik kayacta kuvars, plajiyoklaz, ortoklaz ve
muskovit taneleri makroskobik olarak izlenmektedir.
Baz1 kayaclarda sistozite diizlemine paralel veya onu
kesen ikincil catlaklar ve bunlar1 dolduran kuvars ve
kalsit damarlar1 da  go6zlenmektedir. Karakaya
matamorfik birimleri genellikle klorit sist, biyotit sist,
serizit-klorit ~ sist ve grafit-sist  seklinde
gozlenmekte olup bu birimler icerisinde boyutlar: birkag
birkag yiiz metrelere kadar olusan
metakumtasi, metadiyabaz mercekleri
icermektedir (Yiicelay, 1976; Cetinkaya ve ark. 1983a;
Cetinkaya ve ark, 1983b). Calisma alaninda ise
cogunlukla grafit sistler ve serizit-grafit sistler ytizlek

serizit

metreden
ve mermer
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vermektedir. Belirgin sistozite diizlemlerine sahip bu
birimler icerisinde hem sistoziteye paralel hem de
siztoziteyi kesen ikincil kuvars ve kalsit damarlar
goriilmektedir. Ana mineraller kuvars, grafit ve serizit
iken tali olarak da epidot ve Kkloritler goriilmektedir.
Metakum taslar1 genellikle agik sar1 ve beyazimsi
renklerde goriilmektedir. Cogunlukla silislesmeler
gosteren kayacta kuvars, ortoklas, plajiyoklas mineralleri
ana mineraller olarak izlenmekte iken klorit ve serizit ise
tali minerallerdir. Mermerler ise mozayik doku gosteren

orta taneli kalsitlerden olusmaktadir.

3. Yontem
3.1. interpolasyon Algoritmasi
Modelleme ¢alismalarinda c¢alisma igerigine, veri

farkli
interpolasyon algoritmalar1 kullanilabilir. Bir modelleme
calismasinda bu interpolasyon algoritmalari test edilir ve
en iyi sonuglar secilir. Bu modelleme calismasinda da,
cesitli interpolasyon algoritmalar
ardindan “Cevher Zonu” kati modellemesi i¢in Lithoblend

frekanslarina ve veri dogruluklarina gore
test edilmis ve

algoritmasi ve %Pb ve %Zn modellemesi i¢in Ters Mesafe
Agirlikli (IDW) yontem secilmistir (Sekil 2).

KAYNAK
SONDAJ VERILERI
S ISLEMLER
JEOKIMYASAL
ANALIZLER C%ﬂﬁ*
(Pb%, Zn%)
IDV\..'_‘"‘. /1ow / /LITHOBLEND //
L ANLaRa || 28 ENINE 38 MODEL
KESITLER VERILERI
BLOK
MODELLEME : v
~— : ’
YERALTI MODELLEMESI

Sekil 2. Modelleme islemlerinin akis semasi.

En yakin komsu jeo-uzamsal algoritmasi olan Lithoblend
algoritmasi, litolojik modelleme icin 6zel olarak
tasarlanmistir (Rockware, 2008). Algoritma, her bir
litolojinin etrafindaki yatay diizlemi arastirir ve her bir
litolojinin etrafinda blyiiyen bir daireyi izleyerek,
halihazirda interpolasyon yapilmis bir diigiime
carpmadig siirece, karsilik gelen sayisal degeri (litoloji
tablosunda tanimlanan) bir sonraki diigiime yinelemeli
olarak atar (Rockware, 2008). Bunun disinda, sondaj
verileri, %Pb ve %Zn isletme sinir dereceleri kullanilarak
IDW yontemi ile interpolasyona tabi tutulmustur. IDW,
en basit ve en yaygin kullanilan deterministik

yontemlerden birisidir. IDW yontemi, iki nokta
arasindaki iliskinin ve benzerligin, aralarindaki
mesafeyle orantili oldugunu varsayar (Isaaks ve

Srivistava, 1989; Li ve Heap, 2008). Bu nedenle
bilinmeyen bir nokta tahmin edilirken, yakin noktalar

¢ok ve uzak noktalar ise az agirliklandirilarak tahmin
yapilir (Franke ve Nielson, 1980). IDW Esitlik 1'deki
formiille ifade edilir;

1
p
di

1
i=1 211‘1=1@

1_9:

v; 1)

9, Oznitelik degeri tahmin edilecek noktayi; n, 6l¢iim
noktasinin toplam sayisini; d, noktalar aras1 mesafeyi; 9;,
i'inci konumdaki 6znitelik degerini ifade eder. Tahminde
kullanilan agirhiklar,
herhangi bir issii (p: power) ile ifade edilir. Bu deger
ozellikle devamliligin az oldugu durumlarda daha ytiksek
tutulur. IDW’nin dogrulugunu etkileyen ana faktor p

mesafeye ters orantili olarak

parametresinin degeridir (Burrough ve McDonnell,
1998). Optimal p degeri se¢imi icin bu ¢alismada
minimum RMSE’ye karsilik gelen 3 degeri se¢ilmistir.

3.2. Yazilim Ozellikleri

Bu calismada yeralti modellemesini kullanan Rockworks
15® yazilimy, iki farkli jeolojik veri setini kullanir: litolojik
ve/veya stratigrafik. Sondaj verilerindeki tiim birimler
yazilima girildikten sonra litolojik birimler kullanilarak
modelleme islemleri yapilir. Yerali modellemesi i¢in
stratigrafi kullanihyorsa, litolojik
yorumlanmalidir. Stratigrafiye dayali modelleme ile
litolojiye dayali modelleme arasindaki temel fark,
stratigrafik birimlerin dizide asla tekrarlanmamasi ve iist
ve alt

birimler

birimler arasindaki iligkilerinin degismez

olmasidir. Oysa litolojik birimler tekrarlanabilirdir.
Yazilim, litoloji tabanli modelleme i¢in voxel (VOlumetric
piXEL) tabanl blok modelleme ydntemini kullanir. Blok
modelleme, diizensiz aralikh verilerden tiiretilen diizenli
aralikli diigiimlerden bir kiip olusturan {i¢ boyutlu bir
1zgara islemidir. 3B modelleme sirasinda, yeralti, voxel
ad1 verilen belirli boyutlara sahip hiicrelere béliiniir ve
bu hiicrelere karsihik gelen jeolojik birimler kiipleri
olusturur. Olusturulan her voxel, diigim ad1 verilen kése
noktalariyla tanimlanir. Her digimiin bir x, y ve z
(konum koordinati) ve g (bu ¢alismada, litoloji g degerine
atanmistir) degerleri vardir (Rockware, 2008).

4. Sonu¢

4.1. Cevherlesmenin 3B Modellemesi

Calisma alani yaklasik 3 km?2'lik bir alanda yer almakta
olup diizensiz bir topografyaya sahiptir. Bélgede toplam
1100 metre uzunlugunda ti¢ adet galeri yer almaktadir.
Yeralti modellemesi olusturmak icin 19 adet sondaj verisi
Cetinkaya (1983) ve Oreks Madencilik Ltd. Sti’den
alinmistir. En s1g sondaj 60 m (S-01) ve en derin sondaj
245,65 m'dir (S-13). Toplam sondaj derinligi 4761,8 m,
ortalama sondaj derinligi 250,62 m'dir. 19 sondaj
kuyusunun 14’tinde cevher zonlar1 goriilmektedir.
Lithoblend ve IDW algoritmalari sirasiyla “ORE ZONE” ve
%Pb ve %Zn degerlerine uygulanmistir. 10x10x6m
boyutlarinda hem %Pb hem de %Zn i¢in 4.161.802 voxel
olusturulmustur. Her eleman i¢in gilic degeri (p) “3”
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olarak secilmistir. Komsu sayilar1 sirasiyla %Pb ve %Zn
icin 3 ve 2'dir. Veriler icin bolgesel otokorelasyon
tizerinde herhangi bir yon etkisi olmadig1 icin dairesel
sektor kullanilmis ve anizotropi faktéri "1" olarak
alinmustir.

Bu ¢alismada istifteki tiim birimler (serizit-grafit sistler,
kalksistler, mermerler, meta-diyabazlar, meta-kumtaslari
ve cevher zonlari) ayni stratigrafik birim icinde olup,
Bu nedenle, stratigrafi tabanh
modelleme yerine litoloji tabanli modelleme tercih
alanlara

bazilar1 tekrarhdir.
edilmistir. Bu c¢alismada yalnizca cevherli
odaklanildig1 icin jeolojik birimler arasinda yalmzca
cevher zonu (ORE ZONE) modelleme sonuglar1 3B olarak
gosterilmistir. Sekil 3 incelendiginde cevher zonu ile
temsil edilen alanlarin oldukca genis alanlar1 kapsadigi
goriinmektedir.

Bunun sebebinin de o6zellikle sondaj sayisinin oldukga
yetersiz olmasindan kaynaklandigl diisiintilmektedir.
Yalnizca bu ¢alisma ile belirli bir alana odaklanmak
oldukca zor goriinmektedir. Bu durumda, modelleme
calismasini desteklemek icin yazilima %Pb ve %Zn
verileri girilmis ve bu elemanlarin yeralti ortamindaki
dagilimi 3 boyutlu olarak modellenmis ve hem Pb hem de
Zn elementlerinin bolgedeki isletme tenéri (Pb i¢in %7,
Zn icin %4 isletme tendrii) lizerinde kalan alanlar1 model
calismasi ile tespit edilmeye calisilmistir (Sekil 4a). Hem
%Pb hem de %Zn i¢in farkli alanlar burada ayri ayri
degerlendirilebilir. Ancak bu ¢calismadaki amag ilk etapta
en olas1 cevheri en uygun sekilde yeraltindan alabilmek

A

Lithology

[ HORNFELS

] LimMESTONE

[l VETAGRANITOID
[C]METASANDSTONE
[l orRe

[ auarTzite

| |scHisT

] SERPENTINITE
[JvoLcanic

520}

43980

4398,

E

520,000 520,500

icin bir galeri olusturmaktir. Bunun i¢in de her iki cevher
elementinin de birlikte bulundugu alanlara ilk basta
odaklanmak daha mantikl olacaktir. Bu sebeple kesisen
alanlar tespit edilmis
belirlenmistir (Sekil 4b). Kesisim alanlar1 olusturabilmek

ve olast cevher zonlar
icin %Pb ve %Zn model dosyalar ikili (Boolean) model
dosyalarina gevrilmistir. Bu alanlar saptanirken her bir
kiibiin kose koordinati ve burada yer alan degerin
isletme sinirinin istiinde olup olmadig tespit edilmistir.
Bu dosyalarda, isletme sinirinin istiindeki degerlere 1,
altindaki degelere ise 0 degeri atanir. Daha sonra Pb
boolean ve Zn boolean model dosyalarina ¢arpma islemi
uygulanarak her ikisinde de 1 degerine sahip olan alanlar
tespit edilmistir (Sekil 5). Olusturulan PbxZn boolean
dosyas1 daha sonra MS Excel’e aktarilmistir. MS Excel’'de
yazilan bir makro ile bu dosyada yer alan degerlerin
yalnizca “1” olanlar1 alinmis digerleri ise modelleme
calismasinin disinda birakilmistir. Sonug¢ olarak, Sekil
4b’den de goriilecegi gibi iki farkl kesisen bolge tespit
edilmistir. Birinci bolge, yaklasik 500 ila 700 metre arasi
kotlarda ve 01/02, 01/08, 01/09 ve 05/04 sondajlari ile
sinirli alanda, ikinci bolge ise yaklasik 350 ila 500 metre
kotlarda ve 05/01, OMB-9 ve OMB10 sondajlari ile sinirh
alanda gozlenmektedir. Bu calismada ¢alisma alaninin
merkezinde yer alan ilk bélgeye odaklanilmistir. Bu
cevher zonunu icine alan mevcut sondaj noktalari
arasinda bir adet A-A’ enine kesit ¢izilmis olup (Sekil 1)
kesisim bdlgeleri icin 2 boyutlu olarak mekansal dagilim
modellemesi (%Pb ve %Zn i¢in) yapilmistir (Sekil 6).

4,398,000

4398500 4,399,000

Sekil 3. Lithoblending algoritmasi ile modellenen sondaj kuyularinin ve “Cevher Zonu”nun genel gériiniimi; A. KD’dan
goriinliim (yatay diizlemden 20° a¢il1), B. GD’dan goriiniim (yatay diizlem).
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Sekil 4. A) isletme tenérlerinin iizerindeki %Pb ve %Zn
degerlerinin genel goriiniimii, B) hesaplanan kesisim

alani.

%Zn_boolean

%PbxZn_hoolean

LELL L L LS
53

Sekil 5. A) Pb ve B) Zn Boolean dosyalarinin sematik
gosterimi (700 kat1) ve C) 700 kat1 i¢in kesisen alanlarin
tespiti.

enB

Sekil 6. A-A’ kesit hatt1 boyunca A) Pb ve B) Zn degerlerinin isletme sinir1 iistiinde kalan alanlari, C) her iki elementin

kesistigi alanlar.
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4.2. Galerinin Tasarlanmasi

Yapilan kesisim islemleri sonucunda galeri dogrultu ve
yonelimi, kesisim yontemi kullanilarak elde edilen
degerler yardimi ile tespit edilmeye calisilmistir. Bu
sebeple 700 kotu icin bir galeri haritas1 olusturulmustur.
700 seviyesindeki kesisim noktalarinin galeri hattinin
istten goriiniimii ve yorumlanmis galeri haritasi Sekil 7a
ve 7b’de verilmistir. Sekil 7b'de gosterilen seviyedeki her
nokta cevherin bulundugu alani ifade etmektedir. Ancak
bu ¢alismada sadece galerinin dis sinirlar ¢izilmistir.
Sekil 7b’deki noktalar goz oOniine alindiginda birbirine
paralel hatlar olustururarak buradaki cevher alinabilir
ancak bolgedeki yapisal unsurlarin da dikkatle incelenip
modele eklenmesi ile daha hassas galeri haritasi
olusturulabilir. Galerinin ilk giris dogrultusu yaklasik D,
genel yonelimi ise D-GD'dur. Galeri giris noktasi burada
varsayimsal olarak ifade edimistir. Tespit edilen bu nokta
tam olarak yiizeyde olmayabilir. Bunun nedeni ise
boélgenin ¢ boyutlu topografik model
bulunmamasidir. Burada verilen ve galerinin girisi olarak

dosyasinin
belirlenen nokta cevher icermiyorsa yilizeye en yakin

cevheri iceren nokta tespit edilerek buna gore galerinin
girisi belirlenebilir.

[A] N

e

N 700 kati

Sekil 7. A) 700 katina ait kesisim noktalarinin bir araya
getirilmesi ile olusturulmus ham harita, B) Yorumlanmis
galeri haritasu.

5. Modelleme Calismasinin Dogrulugu

Capraz dogrulama, bir ¢alismanin belirtilen hedeflere
ulasip ulagmadigini test etme siirecidir (Olea, 1999) ve
interpolasyonun dogrulugunu kontrol etmek igin en
yaygin kullanilan yéntemdir (Voltz ve Webster, 1990). Bu
yontem, secilen modelin giivenilirligini, 6rnek noktalarin
degerlerini, cevredeki degerlerle tahmin ederek ve
gercek degerleri tahmin edilen degerlerle karsilastirarak
test eder (Davis, 1987). Bu yontemde, ¢alisma alani veri
setinden degeri bilinen noktalar gecici olarak harig
tutulur ve c¢evreleyen verileri kullanarak ¢ikarilan
noktalarin degerleri tahmin edilir. Bu nedenle gercek ve
tahmin edilen degerler arasindaki hata paylar1 6lgiiliir.
Bu islem kalan tiim numuneler i¢in tekrarlanir (Isaaks ve
Srivastava, 1989).
kaldirmak icin ¢apraz dogrulama ¢ok 6nemlidir (Olea,
1999; Webster ve Oliver, 2001).

Yukarida belirtildigi gibi IDW, %Pb ve %Zn modelleme
calismasi icin en uygun interpolasyon algoritmasi olarak
secilmistir. Modelleme sonuglar: istatistiksel olarak ve
capraz dogrulama islemleri kullanilarak kontrol edilmis

Gereksiz veri yiikiini ortadan

ve istatistiksel parametreler ve capraz dogrulama
sonuglari sirasiyla Tablo 1 ve Sekil 8'de verilmistir.

Pb

45

40

Tahmin Edilen

45

Olgiilen

Zn

Tahmin Edilen

16

Olgiilen

Sekil 8. A) %Pb ve B) %Zn degerlerine uygulanan Ters
Agirhkli  yontem ig¢in ¢apraz dogrulama
diyagramlari.

Mesafe
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Tablo 1. Ters mesafe agirlikh yontemi ile yapilan
modelleme c¢alismasinda kullanilan parametreler ve
tahmin hatalar

Pb (%) Zn(%)
Gii¢ Degeri (P) 3 3
Komsuluk Adeti 3 2
Korelasyon Katsayisi 0,81 0,63
Ortalama Mutlak Hata (ME) 2,00 1,14
Karekdk Ortalama Hata (RMSE) 4,25 2,95

4. Sonug¢

Yapilan bu ¢alismada Bagirka¢dere (Canakkale) Pb-Zn
cevherlesmesine ait sondaj verileri ve bu verilerden elde
edilen %Pb ve %Zn degerlerini kullanarak bir model
olusturulmustur. Olusturulan bu modelde yeraltindaki
cevherli zonlar tespit edilmis ve daha sonra ise bolgedeki
isletme tenérit kullanilarak %Pb ve %Zn degerleri
modele eklenmistir. Bu degerlerin Kkesistigi bolgeler
model iizerinde yapilan matematiksel islemler araciligl
ile tespit edilmigtir. Kesisim
belirlenmesindeki amag, sahada ilk olarak odaklanilacak
en uygun bolge olmasi sebebiyledir. Modelleme ¢alismasi
sonucunda sahanin merkezinde ve kuzeyinde iki zon

alanlarinin

tespit edilmis olup bu zonlar toplam 26.337.500 hacimsel
kiipten (voxel) olusmustur. Bu veriler yardimi ile 700
kotunda bir galeri haritasi ¢izilmistir. Bu haritada da yine
kesisim alanlarinin bulundugu yerlere odaklanilmistir.
Yapilan modelleme ¢alismasinin dogrulugunu tespit
etmek amaci ile ¢apraz dogrulama ve baz istatistiki
parametreler kullanilmistir. Buna gore %Pb i¢in 6lgiilen-
tahmini degerler arasindaki korelasyon katsay1 degeri
0,81 olup bu deger %Zn icin 0,63’tlir. Ortalama Mutlak
Hata (MAE) degerleri %Pb i¢in 2,00, %Zn i¢in 2,14;
Karekok Ortalama Hata (RMSE) degerleri ise %Pb i¢in
4,25, %Zn igin 2,95'dir.

Bu ¢alismanin en énemli amaci, timitli bir sahada yapilan
rezerv hesaplamalar1 ve yeraltinda 3B cevherin ortaya
konulmasindan sonra arazide ¢alismaya ilk olarak hangi
bolgeden baslanmasi gerektigi hususunda dnemli bilgiler
saglamaktir. Bir nevi kagittan araziye gecilmesinde ara
bir yardimci arag olarak goriilmelidir. Yapilan ¢alismada
tespit edilen alan disinda da isletilebilecek cevher
bulunan bir¢ok alan olmasi muhtemeldir. Ancak burada
odaklanilan alan hem Pb hem de Zn i¢in isletme siniri
tistiinde kalan ortak alandir. Bu sebeple ilk olarak bu
bolgelerde isletmeye baslanmasi daha yiiksek kazang
saglanacagi gelmektedir.  Ayrica,
fiyatlarindaki degisiklikler, doviz kurlar1 vs. gibi isletme
tendriiniin degisebilecegi durumlar olabilir. Bu sebeple
ilgili modelde parametreler degistirilerek daha farkli
odak noktalar1 da tespit edilebilir.

Bu c¢alismada elde edilen veriler ¢apraz dogrulama

anlamina metal

yontemleri ve bazi denetleme

denetlenmistir. Ancak bir bolgede yeralti galerisi agilmasi

parametreleri ile

planlanirken mutlaka maden jeolojik ve yapisal unsurlar
gibi jeolojik parametreler dncelikle ortaya koyulmaldir.

Katki Oran1 Beyani
Yazar(lar)in katki yilizdesi asagida verilmistir. Tim
yazarlar makaleyi incelemis ve onaylamistur.

S.A. E.A.
K 50 50
T 50 50
Y 50 50
VTI 50 50
VAY 50 50
L 50 50
YZ 50 50
KI 50 50
GR 50 50
PY 50 50
FA 50 50

K= kavram, T= tasarim, Y= yonetim, VTI= veri toplama ve/veya
isleme, VAY= veri analizi ve/veya yorumlama, L= literatiir
tarama, YZ= Yazim, Kl= Kkritik inceleme, GR= gonderim ve
revizyon, PY= proje yonetimi, FA= fon alimi.

Catisma Beyani
Yazarlar bu calismada higbir ¢ikar iliskisi olmadigini
beyan etmektedirler.
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1. Introduction

Along with the advances in industry and technology, as a
result of changes in production tools and processes,
health and safety problems increase as well as the risks
that employees are exposed to. Taking health and safety
measures to eliminate these problems is only possible
with the conscious implementation and execution of
relevant regulations and methods. By
minimizing work accidents and occupational diseases,
regulations

scientific

create a healthy and safe working
environment for employees and protect the future of
both employees and their dependents (Tekbas, 2013).
Poor working conditions can cause loss of products and
materials in the workplace, damage to work equipment,
and most importantly, injuries, illnesses, loss of limbs,
and death of qualified and
Conceptually, occupational safety is defined as the
technical rules that determine the obligations of the
employer to eliminate or reduce the existing hazards in

the workplace (Demircioglu and Centel, 2007).

trained employees.

When workplace accidents are examined, it has been
determined that 80% of these accidents are caused by

dangerous behaviors and 18% are caused by dangerous
situations in the working environment. According to
these data, it is concluded that employers and employees
should be sensitive about occupational health and safety
and fulfill their duties duly. The first step in creating a
safe workplace is risk assessment for which the employer
is responsible.

There are two types of approaches to risk analysis:
reactive and proactive. In the reactive approach, it is
ensured that the system is not repeated by intervening
after the accident occurs, while the proactive approach is
based on predicting and preventing the risks that may
occur before the accident (Ozkilig, 2007).

According to the Occupational Health and Safety Law,
which entered into force on 2013, it is among the general
obligations of employers to carry out or have risk
assessments in the workplace (Anonymous, 2021). By
this law, it has become clear that employers who exhibit
reactive behavior should now take a proactive approach.

Water Treatment Plant is an infrastructure facility that
guarantees human and environmental health and plays a
key role in providing healthy clean water access to the
community (Spellman, 2003). For this reason, it is very
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important to carry out risk analysis against both external
and internal dangers, to protect the process, to take the
necessary precautions in the equipment, and,, to inform
and train the employees (Cakmakgi et al., 2013).

In the risk assessment, first of all, potential dangers that
may occur during the activities of a workplace that
produces or provide services or that may come from
outside are defined. Then a risk analysis is carried out.
The main purpose of risk analysis is to estimate the
magnitude of risk in all processes in the workplace and to
decide whether the existing risk will be acceptable.
Finally, it is ensured that control measures are taken
regarding the risks found and that death, injury, and
health deterioration are minimized (Ozkilig, 2005).
Drinking water safety is the ability to effectively protect
against the negative effects of chemical, microbiological
and radioactive pollutants at every stage where the
source of drinking water passes from the feeding area
until it reaches the final consumer. In addition to the
quality of drinking water by TS 266 standards, it is
necessary for drinking water safety that the drinking
(Ertas and
Sarimehmetoglu, 2019). To guarantee drinking water
safety permanently, each process in such plants contains
risks for the employees.

water network flow is sufficient

Dangers to be encountered in drinking water treatment
plants are listed below:

1.1. Dangers of Accidents

Slips, falls and yaws on wet and slippery ground levels
during the withdrawal of water; falls from height while
climbing or while standing in an elevated industrial
installation, and falls due to working with faulty ladders;
falling into an industrial installation or water well during
the inspection and/or taking water samples for analysis;
injuries caused by being caught in work clothes or a part
of the body between parts of unprotected moving
machinery; electric shock due to contact with active
cables or faulty electrical installations, (the danger is
usually quite high because the work is done in a wet or
humid environment); exposure to dangerous substances
due to the sudden release of toxic substances as a result
of an accidental or human-induced situation, such as the
addition of chemicals to an unsuitable installation, (for
example, the release of chlorine gas due to the addition of
disinfectants such as hypochlorite burning in aluminum
sulfate); fires due to improper storage of chemicals,
contact of a flammable chemical with a strong oxidant
(disinfectant) as a result of sudden release from the pipes
in the process; dangers of explosion as a result of contact
with ozone (a very strong oxidant), organic chemicals
and a strong reducing agent; dangers of drowning when
working in reservoirs or channels with strong currents;
dangers of drowning when carrying out maintenance or
installation works such as working in a closed space
(tank, boiler) or while performing excavation works
(collapse of tunnel or excavation area) (Cakmakg¢1 and
Ozkaya, 2013).

1.2. Physical Dangers

Exposure to  high levels caused by
electromechanical equipment and a noisy environment;
exposure to adverse weather conditions: being exposed
to the risk of colds as a result of working in rain, low

noise

and windy weather, and excessive
sweating in summer; exposure to UV rays during water
disinfection, may be damaging to the eyes and skin
(Anonymous, 2009).

1.3. Chemical Dangers

It is the exposure to different disinfectants used for water
disinfection. These are listed below:

1.3.1. Chlorine (gas)

Chlorine is the most preferred disinfectant type in
drinking water treatment (Al-Otoum et al, 2016).
Chlorine is preferred because it is cheap and easy to
operate. It is a very strong oxidizer and disinfectant. It is
a toxic and corrosive gas that causes irritates in the eyes
and respiratory system even at low concentrations
(Ozgiir, 2021).

1.3.2. Hydrochloric acid

It is a very strong acid used in water treatment processes,
especially in the reverse osmosis system, which is one of
the drinking water processes, to lower the pH value of
the water. It causes severe skin burns and eye damage if

temperatures

swallowed, in contact with skin or inhaled.

1.3.3. Sodium hypochlorite (NaOCI)

It is used as a solution in water purification as a
disinfectant. Permanent irritations occur in case of
exposure to the solution. The substance is toxic and
corrosive in certain parts of the respiratory system. It
irritates the eyes and skin and causes burns.

1.3.4. Calcium hypochlorite

It is a type of hypochlorite shown with the formula
Ca(Cl0)2. It is used in water purification and pool
cleaning systems in daily life. In case of skin contact,
serious skin damage with blistering and wound; in case
of swallowing, it causes burns in the mouth and throat,
severe nausea, vomiting, shortness of breath and shock.
It has a corrosive effect even when diluted. It is toxic to
aquatic organisms.

1.3.5. Ozone

It is an oxidizing and irritating disinfectant; when
inhaled, it causes breathing difficulties, headaches,
fatigue, eye irritation, tearing and inflammation. It does
not dissolve in nature by itself. It also oxidizes substances
that are extremely dangerous to human health, such as
iron, manganese, and arsenic in the water. It should be
used with another disinfectant that has the feature of
being a residual disinfectant (Uzun, 2011).

1.3.6. Chlorine dioxide

It is a disinfectant with proven effectiveness and is
widely used internationally, which has a lethal effect on
bacteria, mold, yeast and viruses. It is 2.5 times more
effective than other disinfectants (both reacting and
killing microorganisms). While produces
carcinogenic substances when used excessively in waters
with organic residues, chlorine dioxide does not create

chlorine
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such an environment. It is approved by the USA and
“EPA” for drinking water disinfection.

1.3.7. Aluminium Sulfate

One of the drinking water treatment stages is the
"coagulation" stage, which ensures that
substances and particles in the water are retained and
removed from the water by precipitation after this
retention, and aluminium salts are used at this stage. This
step helps to reduce the level of organic matter, turbidity
and microorganisms in the water, and removes colour
problems. Commonly used aluminium compounds for
this purpose are aluminum sulfate and polyaluminium
chloride. Aluminium sulfate has been used for a long time
in the treatment of surface waters (Srinivasan et al,
1999; WHO, 2003). It irritates in case of contact with
eyes and inhalation, mild irritation in case of contact with
skin, and irritation of mucous membranes in the mouth,
throat, esophagus and gastrointestinal tract if swallowed
1.3.8. Potassium permanganate

It is used in drinking water treatment plants to purify

various

water. It can strengthen the fire; it is an oxidizing agent.
Suspected of damaging fertility or the unborn child.
Harmful if swallowed. It has a long lasting and very toxic
effect on the aquatic environment.

1.4. Identification of Gas Dangers

Gas dangers in drinking water treatment plants contain
chlorine, sulfur dioxide, ammonia, ozone and chlorine
dioxide from places such as gas storage areas, gas dosing
plants and ozone generators. These gasses constitute the
highest danger group as they trigger many things such as
industrial disasters that can endanger human life and the
environment and must be effectively monitored in the
working environment. Chlorine is a very heavy gas and is
easily absorbed by many materials that make it difficult
to detect in landfills.

1.5. Ergonomic, Psychosocial and Administrative
Dangers

Musculoskeletal disorders occur due to working in
inappropriate postures during installation or cleaning of
the piping system; when lifting or moving heavy and
large loads, excessive strain affects different parts of the
body; psychological tension and pressure occur due to
environmental factors such as disturbing noise, splashing
water, odor, high humidity etc. Due to increased
workload, the continued need for high skill levels,
increased work efficiency requirements, lack of privacy
due to increased opportunities for supervisors to reach
the worker (cell phones, especially after normal working
hours) and commitment to unexpected calls during
emergencies, the need shifts
psychosocial problems arise. It causes psychological
problems (especially for older workers) caused by
adaptation to computer-based jobs (Vasovic¢ et al.,, 2018).

to work overtime

In this study, a risk assessment was carried out in a
drinking water treatment plant located in a province in
the Eastern Black Sea region. In the light of the
information collected from the plant, dangers were
identified, and possible risks were determined. According

to the results of the risk analysis, recommendations were
made on sustainable and effective measures to ensure
occupational health and safety.

2. Materials and Methods

In a province of the Eastern Black Sea Region (the name
of the facility cannot be given due to confidentiality
principles), the potential hazards that the workers in the
drinking water treatment plant may be exposed to within
the scope of occupational health and safety were
determined and a risk assessment was made.

2.1. Facility Introduction

Drinking water needs are met from caisson wells in the
city, with a pumped system. The rapidly increasing
population of the city, the expiration of the existing wells
and the need for better quality drinking water made it
necessary to search for new water sources. The facility,
the construction of which was started by iller Bank in
1987, was completed and put into service in 1992. The
area where the facility is established is 100,000 m2. The
water of the facility, which has been meeting the water
needs of the city and its surroundings since 1992, was
supplied by the regulator of the existing stream. The
fact that the stream from which the water is supplied is
located in the city center and the risk of being very close
to the highway and the increasing water need of the city
necessitated new searches and brought the construction
of a dam to the agenda and in 1998, the foundation of
the dam was laid,
considering that the construction of the dam would take

and work started. However,

time to complete, a regulator was built downstream of
the dam as a temporary measure and the stream's water
was connected to the treatment plants in 2001 with a
2700-meter transmission line. Since 1992, when the
treatment plants were put into service, quality drinking
and utility water needed by the city has been provided by
TS266 drinking water standards (Karagtizel et al., 2003).
There are 10 units available at the facility. These are
respectively Water intake structures,
transmission lines, Water distribution structure,
Flowmeter, Coagulation and Mixing structure, Clarifiers,
Filtration, Chlorination Unit, Contact Tank, Clean water
tank, and Clean water transmission line.

2.2, Risk Assessment Method

In this study, a 5x5 Type Matrix (L Type) method was
chosen in order to evaluate the risk for the employees of
the treatment plant. The reason for choosing this method
is that it can be used by a single analyst, and it enables
rapid grading of risks according to different levels of

Raw water

importance. In this, first of all, the risk degree is obtained
by multiplying the probability of occurrence of a detected
hazard with its severity in case of realization (Equation
1). Each parameter takes values in the range of 1 to 5.
According to the risk level result, it is determined that the
risk levels are intolerable, significant, moderate, bearable
and unimportant. Then, the risks are listed starting from
the highest value and the necessary precautions to be
taken are determined (Anonymous, 2016).
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Risk = Probability * Severity (9]

In this study, the risk ratings obtained as a result of risk
analysis were categorized as follows: Inadmissible Risk if
Probability * Severity = 15

Risk to be Considered if 8 < Probability * Severity < 15
Acceptable Risk if Probability * Severity < 8.

2.3. Danger Identification

According to the risk analysis regulation (CSGB, 2012);
after determining the authorities who will conduct the
risk analysis, it is necessary to define the dangers that
may come from outside or that exist inside. As a result of
the risk analysis, the dangers that will pose the highest
risk are listed as  follows:

1. There are deformations and irregularities on the
ground throughout the facility, and irregular
material storage has been made that will cause
tripping and falling.

2. There is a wet floor problem throughout the facility.

3. Electrical panels are exposed and it is being worked
with unsuitable electrical cables.

4. There is an emergency action plan at the facility, but
it is seen that the training received by the facility
employees about what to do in an emergency is
insufficient.

5. The ventilation is not operated continuously.

6. Periodic inspections of measuring devices,
machinery and equipment used in the facility were
delayed due to workload, lack of attention, etc.

7. It has been observed that the personnel working
within the facility do not usually use personal
protective equipment.

8. There are deficiencies in the training of employees
about occupational safety, diseases that they may
catch, safe working methods and hygiene.

Table 1. Drinking water treatment plant risk analysis table

9. The thermal comfort condition of the facility
employees are high, and especially in adverse
weather conditions, factors such as snow, ice and
rain cause slips and falls.

10. It is observed that careless operation and
safety precautions are ignored during maintenance
and repair works.

11. There is a danger of 02 deficiency and
accumulation of toxic gas in closed areas.

12. There are areas in the units where there is a
risk of fire and explosion.

13. There is a danger that facility employees may
exhibit unsafe behavior (carelessness, fatigue,
difficulty in understanding, etc.).

14. There is a danger that the emergency exit
doors are not fully equipped in the facility.
15. The mud floor scraper is not closed and there

is a risk of falling from a height, electric shock and
exposure to biological agents.
16. It has been observed that the materials are left
in the facility irregularly.
17. The sound of the backwash pump causes
noise.
3. Results
Risk analysis studies carried out in the drinking water
treatment plant units were carried out by considering the
interviews with the administrators and technical
personnel and previous studies.
3.1. Risk Assessment
When the entire facility was examined, a risk analysis
was made according to the identified dangers. According
to the results of the risk analysis, the risks that are
unacceptable and need to be considered and their
degrees are shown in the Table 1 below.

Activity Danger and Risk Possibility ~Severity ~ RDS Assessment
Sliding fall and injury as a result of not taking the 4 3 12 Risk to be
necessaryprecautions in the cleaning areas considered
As aresult of the temporary staff starting to work 3 4 12 Risk to be
withoutvisiting the OHS unit, accident, injury and considered
material damage because they do not have enough
information about thefacility.
Failure to use personal protective equipment, 4 5 20 Unacceptable
occupationaldisease, injury, death Risk
Stuck and fall injury due to uneven facility floor 4 4 16 Unacceptable
General .
Risk
02 deficiency, increase in toxic gases, suffocation,
death, especially in indoor environments as a result 4 5 20 Unacceptable
of inadequateventilation Risk
Stumbling and injury as a result of irregular 4 3 12 Risk to be
placement oftools, equipment and materials in the considered
facility
Misuse and injury, material damage as a result of 4 5 20 Unacceptable
theabsence of machine operating instructions Risk
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Table 1. Drinking water treatment plant risk analysis table (continue)

Activity Danger and Risk Possibility Severity = RDS Assessment
Flash, explosion, fire and injury, death, property
damage as aresult of random storage of the stored 4 5 20 Unacceptable
materials without separating them according to Risk
their types.
The floor of the chemical warehouse is not easy to
Warehouses . . .
clean,exposure to chemicals, occupational disease, 4 4 16 Unacceptable
material damage Risk
Growth of fire, explosion, injury, death, property Risk to be
damage asa result of the lack of sufficient fire 3 4 12 considered
extinguishers in the warehouses
Injury, loss of limb, death as a result of electric 3 5 15 Unacceptable
shock fromelectrode welding current generators Risk
Welding in the welded areas
works Failure to respond to an emergency and injury due 3 4 12 Risk to be
to theabsence of a fire extinguisher in the welded considered
area
Electricity leakage due to wear in the energy
input and output lines of the machine and current 4 5 20 Unacceptable
. flow, injury, loss oflimb, death. Risk
Electricity . .. .
Electric shock, injury, loss of limb, death as a
result of contact with unauthorized persons due 5 5 25 Unacceptable
to leaving electricalpanels open Risk
As aresult of not specifying the emergency escape Risk to be
routes and the presence of materials on the roads, 3 4 12 considered
confusion andinjury in the event of an emergency
Failure to respond to the fire in a timely manner,
injury, property damage as a result of installing 4 4 16 Unacceptable
fire extinguishers inplaces that are not easily Risk
Emergency accessible
Inability to reach the safe area due to the absence Risk to be
of emergency lighting, which should be activated 3 4 12 considered
in case of anemergency, or if there is a power cut.
Confusion, injury, death as a result of uneducated 4 5 20 Unacceptable
and notknowing what to do in the event of an Risk
emergency.
Units Falling, injury, drowning, death as a result of not 3 5 15 Unacceptable
taking thenecessary precautions in the clarifier Risk
and filter pools
Inhalation of chlorine by the operating operator as
aresultof possible entry into the flow meter 3 5 15 Unacceptable
compartment, poisoning, death Risk
Inhalation of harmful air, poisoning as a result of
cleaningthe sludge accumulated in the raw water 4 4 16 Unacceptable
channel at the accelerator inlet (1 per month) Risk
Injury, limb rupture due to exposure to rotating 2 4 8 Risk to be
parts in theturbine gearbox considered
Hearing loss as a result of the backwash pump 3 4 12 Risk to be
making noise considered
Falling of the load, injury, death, material damage
Lifting tools  as a resultof not specifying the load capacities on 3 5 15 Unacceptable
the overhead cranes,forklifts, chain hoists, pallet Risk
trucks, etc.
Respiratory diseases, skin wounds as a result of .
Laboratory inhalation ofstrong acid vapor in the laboratory 3 3 9 RlSk_ tobe
. considered
and skin contact
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In order to make risk analysis more efficient and not to
overlook existing hazards, facility activities are divided
into 8 groups as General activities, Warehouse, Welding
works, Electricity, Emergency, Units, Lifting vehicles and
Laboratory. According to the obtained risk analysis
results, the activities that may result in serious injury and
death are listed in Table 1. As a result of the study, a risk
assessment was carried out to protect the occupational
health and safety of the employees at the drinking water
treatment plant in a province in the Eastern Black Sea
region. The 5x5 matrix method was used in the risk
analysis phase, which was carried out under risk
assessment. According to the results of the analysis, the
risk levels were calculated, and these risk levels were
grouped as unacceptable/to be considered/acceptable
risk. A total of 125 dangers were determined at the
facility and their risk levels were calculated. Since the
risk level of 100 of them has been determined at an
acceptable level and adequate protection measures have
been taken in the current situation, only continuous
control and follow-up is recommended. The remaining
25 risks were considered unacceptable and should be
considered. The necessary protection measures are listed
below.

3.1.1. In the “unacceptable risk” category

It is necessary to ensure that the person enters the work
area with personal protective equipment by the
determined standards and the work they do. Railings
should be built around the gaps formed on the working
floor or their tops should be closed temporarily. Items
and other obstacles on the passageways should be
removed against the risk of tripping/falling. Irregularities
(subsidence and bends) on the ground should be
removed.

In order not to cause poisoning and fire/explosion, it is
necessary to ensure that the indoor areas, unit entrances
(flow meter compartment and raw water channel
entrances) and tanks have adequate ventilation. It should
be ensured that systems such as gas detectors are
installed for the
toxic/flammable/explosive gasses
environment. The operating instructions for all the
machines used should be provided immediately and they
should be hung in visible and suitable places.

measurement of

leaking into the

In the warehouses, the cabinets and shelves should be
fixed to the floor and/or the wall, their weight bearing
capacities should be written in the visible places, and in
the case of chemical materials, they should be separated
according to their types. Care should be taken to ensure
that the floor of the warehouse is not affected by the
spillage of the stored material and is easy to clean.
Earthing of electrode current generators during welding
must be done against electric shocks. Before starting to
work with the machines, the cables should be checked for
electrical leakage and if necessary, unauthorized persons
should be prevented from contacting the machine by
tagging/locking.

All electrical panels should be kept locked and only

authorized persons should be able to access them. It is
necessary to have enough fire extinguishers suitable for
their type in the workplace, to install warning signs
indicating their locations, be placed in easily accessible
places, and check their expiration dates and fullness.
Emergency drills should be carried out at the periods
specified in the legislation, employees should know how
to act when faced with such a situation, and who the
emergency teams consist of.

All pools in the facility for purification and clarification
should be surrounded by guardrails and unauthorized
persons should be prevented from entering the area. The
load capacity that can be carried on the lifting vehicles
should be specified and the equipment should be
operated in a way that does not exceed this value.
3.1.2.In the “risk to be considered” category

To protect the employees, the noise source caused by the
backwash pump should be isolated or the pump that
causes less noise should be preferred. If this cannot be
done, employees should be provided with appropriate
ear protection.

Facility employees should prefer work clothes that are
not too loose in order not to get caught in the machines
during work; appropriate head protection should be
used. All moving parts of the equipment (turbine gear,
etc.) that may injure the worker must be protected. In
case of studies that produce toxic gas in the laboratory,
fume hoods should be used or the employees should use
gas masks. Personal protective equipment should be
used before coming into contact with materials.

It should be ensured that the emergency lightings
showing the emergency exit directions are activated in
case of a power failure and remain on for at least 2 hours.
Emergency escape routes must be shown with warning
signs, and there must be no material obstructing the
escape routes. All personnel who come on temporary
duty should be informed about the facility and working
order. Necessary qualification documents, health records,
and the training they received (occupational health and
safety, occupational, etc.) should be questioned.
Preventing slips and falls after cleaning in the workplace
is possible with precautions such as the use of non-slip
boots/shoes by employees and careful cleaning services
procedures.

4. Discussion and Conclusion

Workplaces such as drinking water treatment plants
contain very complex processes and risky areas. For this
reason, it is very important to examine them carefully in
terms of occupational health and safety, to take collective
protection measures first, to gain the habits of using
personal protective equipment to eliminate increasing
risks, and most important to develop a safety culture in
the workplace. The way to progress is possible by being
sensitive to people and the environment. By this way, the
productivity of the workforce will increase and since the
health and safety of the employee are ensured, the
conscientious responsibility will be fulfilled.
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1. Introduction

The need for space utilization and accessibility is
becoming increasingly important in Nigeria today as both
rural and urban settlements experience population
growth. In particular, in urban settlements, which are at
the center of the nation's economic life, land purchases
are expensive and the need for multi-story buildings and
skyscrapers cannot be overstated or undervalued
(Ashish, 2015). The staircase is typically one of the first
essential components to be named when listing the main
components of a building design. The placement of a
staircase inside a new building's layout is usually a
crucial choice because it frequently affects how the entire
property is laid out. Stairs serve as a straight-forward
and convenient means of going from one level to another
(Jay and Praveenra, 2016).

Various researchers have conducted numerous
experimental investigations on vehicles for ascending
stairs, such as trolleys, lorries, wheelchairs for the
disabled, forks, etc., because of the advancement in
building or home construction and the large growth of
buildings with staircases (Praveen Raj et al, 2021). It
necessitates a thorough investigation of the maximum
load a cabin can withstand and how stress affects wheel

alignment. A hand truck that climbs stairs with less effort

was invented and manufactured which is beneficial for
libraries, hospitals and ordinary goods carriers (Liu et al.,
2005). The wheel frame was where this truck's major
modifications were made. The maximum bending
moment was computed for this mechanism, which was
based on a stretched arrangement mechanism (Farhad,
2012). More than 90% of all staircases within this range
are covered by an inclination of 44° to 45°, which has a
significant impact on the transfer of load over the
upstairs. According to the analysis of the literature, an
optional maximum inclination warning alarm that warns
the operator of an inclination greater than 44 degrees is
present (Farhad, 2012). When a truck exceeds the limit,
the appropriate safety measures should be implemented
(Farhad, 2012). A stair climbing vehicle made by Hussain
et al. (2022) uses a customized form of frame that moves
across uneven terrain. In order to address a number of
technical concerns with the vehicle's design, including its
inability to maintain a high speed while climbing stairs,
its wheel arrangement were placed into consideration
during design and fabrication. According to Hussain et al.
(2022), the sun, planetary, and idler wheels that are
attached to the shaft as part of the frame arrangement
must reduce the application of load. However, this
study's main worry also relates to how steep the steps
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are (Hussain et al., 2022). For assistance while it travels
over level ground, the vehicle has four sets of wheels.
Three idler gears connect each wheel to the sun wheel.
Ashish (2015) developed a four-wheeled robot that can
ascend stairs at a height equal to its diameter. Due to the
four differentially driven wheel configurations, it has a
maximum gripping capacity and stability while moving
over uneven terrain. According to Raj et al. (2018), the
designed structure and mechanism included stair
climbing capabilities. The major component parts of this
product include modules like the seat, linkages, and
frame. The seat's dimensions took anthropometric data
into account. Focus was placed on a variety of factors,
including the product's form, utility, technology, and
architecture by creating digital mockups of various
elements created in PRO-E Creo software and integrated
to represent the designed form of the product (Marathe.
2016). In the virtual environment of the PRO-E Creo
program, the necessary simulation of the products was
created. Here, the ABS (Acrylo Butadiene Styrene)
material was employed to fabricate the wheel carriers
utilizing RP (Fused Deposition Modelling). After
gathering customer needs from various sources, the
wheel chair was added with some extra features,
including an integrated common facility. A hand trolley
was to reduce the strain associated with carrying loads
while standing on level ground (Pratik el al, 2020).
However, when it comes to carrying the load over a
staircase, these technologies typically fail. The major goal
of the project is to develop a practical and user-friendly
way of moving heavy goods up and down stairs while
requiring the user to exert the least amount of effort
possible (Virag et al,, 2022). In this project, a motorized
trolley with trilobed wheel frames on both sides of the
climber was built. Each trilobed frame had three wheels.
A gear-motor system was used to turn the wheel
assembly, and a DC gear mesh was employed to slow the
wheel's rotation. The DPDT switch was connected to the
motor using a lead acid battery with a comparable rating
(Raj etal,, 2018).

This study therefore focused on the design and
construction of a locally sourced electric powered stair
climbing trolley.

2. Materials and Methods

2.1. Design Concept of Motorized Staircase Climbing
Trolley

The electric stair climber trolley is full of innovative
features that make moving products or packages simple
and efficient. With a charging system to keep the cell
(battery) charged when it runs out, this idea essentially
consists of an electric motor for rotating the chain and a
gear system attached to the shaft of the tires, which
makes it possible for the tires to rotate. Due to its
noiseless mode of operation, it has been adopted by
various homes, businesses, or industries for moving
heavy objects. The electric-powered stair climber utilized
in this study is reinforced with a robust, foldable steel

frame that makes it easier to lift and manipulate stairs by
securely holding the burden and facilitating a quick and
easy transaction.

2.2. Design Considerations and Factors

Numerous aspects were taken into account when
designing this system in order to achieve the desired
results. For example, if loads or items can be moved up or
down stairs with ease, more people will be interested in
using them for this purpose Alaspure et al. (2016). The
following are the design considerations.

1. Cost: After doing a market study, the materials and
other essential parts for the design idea were
determined.

2. Safety: When the machine is operating, whether
engaged or loaded, this element takes safety into
account.

3. Functionality: This refers to how well the machine
performs when loaded or engaged.

4. Efficiency: The system's capacity to complete its
tasks without error was also taken into account. The
motorized trolley's efficiency was determined using
Equation 1

Work output

_ 0,
Work Input x100% (1)

Efficiency of Trolley =

2.3. Concept Chosen in this Project
Due to its present relevance in terms of energy
applications, manageability, and stress-free control, this
concept was selected. The wheel-frame, wheel, shaft,
gear, motor, battery, and bearing are the major elements
used in the design of the motorized stair climbing trolley.
2.4. Material Selection and Fabrication
The fabrication of the trolley begins with the fabrication
of quasi Tri-Star frame setup. Various links are joined
together using welded and bolted joints.

2.5. Components/Materials

Components/materials are presented below;

1. Tri star wheel
. Battery
. Wheel holder
. Gear motor
. Supporting frame
. Bearings
2.6. Description of Components
2.6.1. Tri - star wheel arrangement
The Tri-Star is a revolutionary wheel design with three

N U1 A W N

wheels arranged in an upright triangle, two on the
ground and one above them. It was created by Robert
and John Forsyth and given to Lockheed in 1967
(Shriwaskar and Choudary, 2013). The entire system
turns over the obstacle if either of the wheels in contact
with the ground becomes stuck (Figure 1).

2.6.2. Battery

Any family of devices that directly convert chemical
energy into electrical energy is referred to as a battery in
the fields of electricity and electrochemistry. Although a
single cell of this type is frequently referred to as a
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battery, a battery is actually an assemblage of two or
more galvanic cells capable of such energy conversion. In
this study, a 12 volt 100Ah battery was employed.

Figure 1. Wheel arrangement of a motorized staircase
trolley.

2.6.3. Gear motor

A gear motor combines a motor and a gearbox into one
unit. When a gear head is added to the trolley, the speed
is decreased but the production of torque is increased.
The three most crucial gear motor performance factors
are speed (rpm), torque (LB-IN), and efficiency (%).

High torque output

The torque of a geared motor of the fabricated trolley
was multiplied by the gear ratio and gear efficiency when
one it was utilized. An ungeared standard motor will
produce less operating and holding torque than a geared
motor (Figure 2). Along with increased torque output
and strengthened stiffness, additional
advantages can be attained, including motor torque times
the gear ratio times the gear efficiency is the geared
motor torque. When a specific gear ratio is exceeded, the
line flattens out since most gearheads have a maximum
torque limit.

numerous

Figure 2. Gear used in the motorized staircase trolley.

2.6.4. Supporting frame

A rigid framework made of beams (rafters, posts, struts)
is used to support other constructions like staircase
trolley, bridges and roofs.

2.6.5. Design of shaft

Shafts used in this study were created using a
combination of stiffness and strength. To ensure that any
stress on the shaft does not exceed the material yield
stress, it is designed based on strength (Figure 3).

e

o~ -
W G— =)~

Figure 3. Designed shaft.

2.6.6. The bearing shaft

A shaft bearing, also known as a cutless bearing, is the
last part of the drive train that is located forward of the
propeller. It is a rubber-lined composite brass bearing
through which the propeller shaft rotates.

2.6.7. The roller chain

In various types of home, industrial, and agricultural
machinery, such as conveyors, wire-and tube-drawing
machines, printing presses, cars, motorcycles, and
bicycles, roller chains or bush roller chains, are the type
of chain drive that is most frequently used to transmit
mechanical power.

Types of roller chain

Standard, heavy duty, double pitch for small loads,
attachment choices, and several application-specific
geometries are among the different types of roller chain
(Figure 4).

Figure 4. The roller chain.

2.7. How does this Project Work?
A stair-climbing truck is a piece of manual material-
handling equipment that can securely transport items up
and down stairs with the least amount of human effort. It
operates on a similar principle to that of a straight
forward screw jack. Here, a nut and a lead screw
assembly were used to power up and down the weight
that is put on the platform. The lead screw, which is
fastened to the main frame, is only permitted to revolve
in one direction: centrifugally. The nut, which is attached
to the second frame, moves along the lead screw while
being restrained from rotating. A battery is attached to a
high-torque motor, which in turn powers the lead screw.
The equipment is always fully within the operator's
control.

2.8. Mechanical Design using CATIA

The tri-star wheel trolley in this study was created with
CATIA P3 V5 R11. CATIA is a multi-platform mechanical
design suite. It is a parametric solid modeling design tool
with characteristic-aided support. Phases supported by
CATIA include conceptualization, design, engineering,
manufacturing, and PLM. Due to its user-friendly
graphical user interface, CATIA makes it simple to
convert 2D sketches into 3D parts. Complete 3-D replicas
are built with or without limitations by employing
automatic or user-described relations to restrict design
objectives. The various elements employed in this design
include Pad, Pocket, Revolve, Rib, Slot, Loft, etc. to
conduct operations like add, remove, rotate, sweep, and
cut the material while modeling (Praveen Raj et al,
2021).

2.9. Fabrication Process of the Staircase Climbing
Trolley

1. Purchase of construction materials

2. Making out and cutting of construction materials
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. Machining / machine tools process

. Assemble of fabricated and purchased components

. Surface finishing

. Painting/spraying
treatment (Figure 5, 6)

N U1 A W

painting/coasting metal

7. Testing evaluation, installation and.

Figure 6. Pictorial view of the tri-stair wheel during

fabrication.

2.10. Performance Traits

The machine was also tested for other traits of
performance such as:

2.10.1. Efficiency

This is the ratio of the useful work (output work)
completed by a machine to the total work input; work
output is equal to work input. This is also the case when
the device effortlessly performs the task at hand.

2.10.2. Durability

A performance testing method called the durability test
was used to identify a system's characteristics over time
and under diverse load circumstances. During this test, it
was determine whether transaction response times are
consistent over the course of the test.

2.10.3. Strength

This test determines a machine's material's tensile
strength as well as how far it can be stretched before it

breaks or reaches its limit.

3. Results

3.1. Determination of Basic Dimensions

The basic external dimensions were considered based on
literature survey only (Liu et al, 2005). The designed
model has the dimensions which are calculated based on
the step size (height and width) where the fabricated
model is tested. The design of the staircase trolley is
modeled to allow others to use stairs at once. The
following were the basic dimension used.

e The external diameter of the solid shaft is taken as
25 mm.

e The length of the shaft is 825 mm.

e Two pairs of Quasi-static frames and a total of six
rubber wheels are used (Murray, 2003)

e The diameter of wheel is taken as 120 mm for
suitable dimensions of the stairs which is about140-
150 mm in height and 300-350 mm in depth.

¢ The inter-lobe angle of Tri-Star clamp is assumed as
120°

¢ The distance between the centers of two wheels was
taken as 190 mm.

e The distance between two wheel frames is taken as
635 mm.

3.2. Tri-Star Wheel Design Calculation

The position of the Tri-Star wheel on the stairs affects
how the wheel characteristics are determined as shown
in Figure 7, it is dependent on two factors; the distance
between the edge of the wheel on the lower steps and the
face of the following stair (L1) and the distance between
the edge of the wheel on the top stair and the face of the
following stair (Lz).

By comparing these parameters three states may occur
as follow: L1 <Ly; Li>Ly; Li=L2

Figure 7. The five parameters on tri-star wheel.

In the design of the Tri-Star wheel, five factors are
crucial: the height of the stairs (a), the width of the stairs
(b), the regular wheel's radius (r), the Tri-Star wheel's
radius, the distance between the center of the Tri-Star
wheel and the center of its wheel (R), and the thickness
of the holders (2t) that secure the wheel in place on the
Tri-Star wheel. According to the project requirement, the
value of (a) and (b) are determined as a = 20 cm, b =
25cm, r = 5cm and the Distance between frame center
and wheel center is given in Equation 2.

R = }az ;bz @
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R= /202;252= 17.569 =18.484 cm.

The minimum value of the radius of regular wheel (rmin)
to prevent the collision of the holders to the stairs was
calculated using Equation 3;

_ 6Rt+a(3b—V3a) _
Tmin = V32 )ar (3432 )b wheret=1 3)
6 x 18.484 x 1+ 20(3 x 25 —/3x 20)
(3—=+3a)x 20+ (3++3a)x25
=10.135cm

Tmin =

The maximum value radius of the radius regular wheels
(rmax) to prevent the collision of the wheels together was
obtained using Equation 4.

a? + b2
Tmax = 2
202 + 252
Tnax = — = 22.64 cm

The maximum value of the thickness of holders (t1.max) to
avoid the collision between the holders and stairs was
obtained using Equation 5

(4)

~

I

o
N
r~

ar(3-+v3)+br(3++v3)+a(3a—V3b)

t1.max 6R
20x5(3 - V3 ) + 25x5(3 + V3 ) + 20(,/3x20 — /3x25)  (5)
tmax 6x18.484
=4.915cm

Furthermore knowing the amounts of r and R, we can
derived the maximum height of stairs that the robot can
pass through was calculated using Equation 6;

Amax =V a? +b% —12 )
Gmax = V202 4+ 252 — 52=31.622 cm

For traversing the stairs with maximum height derived
above, the half thickness of the holder must be in the
following range (Equation 7):

r(r ++/3(a? + b% —12))
2VaZ+b?*

(7
5(5+,/3(202+252-52)) _
e - 4.667 cm

2.max

tz.max

Regarding to the limit that have been derived for t and
the point tzmax is less than timax and to fulfil both
condition of not colliding of the holder with the stairs and
traversing stairs with the maximum height derived
before, it is only necessary that the t to be in tzmax
Orthographic view of the staircase climbing trolley was
given in Figure 8.
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G
.
=
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Figure 8. Orthographic view of the staircase climbing trolley.
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3.3. Test and Performance

The electric powered trolley moved smoothly over the
staircase. The trolley also moved uniformly on a flat
surface without any issues, and as it climbs the staircase,
there is no difference in speed between steps. On a flat
surface or stairway, the machine was found to emit
relatively little noise and vibration. Additionally, it was
noted that the machine became agitated when it
encountered steps of various sizes. The size and shape of
the wheel frame caused such agitation, although it is
uncommon to find different step sizes in a building. On
identical-sized steps, the machine performed admirably.
The machine's test run revealed that it operated on stairs
at an angle between 30 and 60 degrees. Although the
machine's smooth ramp angle could not be determined, it
is clear that the stair inclined angle is smaller than the
ramp angle.

4. Discussion

The weight of the fabricated trolley is 15.5kg. The wheels
were held together by the Tri Star wheel Frames. The
wheels were attached to each of the frame's arms, and
the Tri-Star arrangement spins as it approaches the
stairway's edge. Oxy-fuel gas cutting, grinding, drilling,
and boring are among the processes used in the
construction of the Tri-Star frame configuration.
Although it is simple to make a straight wheel frame, a
quasi-static wheel frame was chosen with a 50mm radius
curve in between two arms to give the wheels strength
and stability. The angle between the two wheel axes was
also chosen at 1200 for smooth operation. The maximum
thickness is maintained as 5mm. Stainless steel with high
chromium and low carbon content was selected in order
to minimize corrosion and carbide precipitation due to
welding. The design of the Tri-Star wheel frame, which
binds the three wheels together, is depicted in the
following picture according to its measurements. The
project's primary job is the alteration of the wheel frame
(Mogaddam and Dalvand, 2005). It is tiresome to ascend
stairs with a single wheel. As it climbs the stairs, the tri-
wheel configuration turns in accordance with how the
wheels are positioned in relation to the frame. For the
trolley body, mild steel was chosen rather than iron since
it has more versatile material features. Mild steel has a
density of about 7850 kg/cm3 and a Young's modulus of
210 GPa. Mild steel is affordable and malleable despite
having a relatively low tensile strength. As a result, the
handle and body are made from mild steel metal pipe
with a circular cross section and a one-inch diameter.
The trolley moved at a steady 20 rpm over a flat surface,
and there was no speed difference when going up or
down stairs. It was observed that there was relatively
little noise and vibration on a level surface or staircase.
The trolley appeared to be under stress as it approached
a stairway with different step sizes. The size and shape of
the wheel frame were the major causes of this. As a
result, this automated staircase trolley can be used for a
variety of staircase sizes. Nevertheless, different step

sizes are not typically included in building designs. When
the step size was uniform, it demonstrated strong
performance. Here in this project, a separate frame may
be utilized to move over stairs of various sizes and
shapes, making it useful for a variety of stair sizes. The
vehicle's test run revealed that the highest stairs with a
maximum 45° gradient was the height the vehicle could
climb. It would be impossible to climb the stairs if the
inclination was greater than 45 degrees. Few staircases
with an inclination higher than that angle are typically
accessible in building construction. The vehicle's smooth
ramp angle (s) was not provided. However, it is obvious
that the stair inclined angle is smaller than the ramp
inclined angle. It was observed that due to the wheel
frame's larger radius being used to ascend the stairs, the
vehicle's velocity while doing so was higher than it would
have been on a flat surface. The car was moving up the
stairs at a 55 in/hr speed. The speed of the car moving up
a ramp, however, was not recorded. There should be no
difference between this speed and the speed on the
horizontal surface. The explanation above can be
summarized by saying that, despite its drawbacks, the
vehicle was a good substitute for utilizing stairs to move
cargo.

5. Conclusion

During testing, the main goal of supporting a heavy
weight of 120-140 kg is accomplished. When the straight
tested for different step
performance was a little more challenging. However, the

frame was sizes, the
automated trolley performed better even for steps of
varying sizes when tested with a quasi-static frame. The
results of a static structural analysis show that it can
move large loads with little distortion and without
breaking. However, using it on stairways, elevations, and
uneven surfaces is highly ergonomic. It is effective,
affordable, and simple to put together, this why it is
suggested for handling materials. The machine's benefits
include the simplicity with which heavy items of
furniture and luggage can be moved from one floor to
another. Bricks of various kinds and sizes are light and
portable, making them ideal for construction sites. With
consistent steps, the trolley's overall performance is seen
to be strong. The frame and wheels cannot break under
typical conditions because of how safe the design is.
According to the tests that were done, the stair climbing
trolley can support a load of 100 kg on a flat surface. It
has the ability to climb a 45-degree stairwell while
towing a 50-kg load.
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1. Introduction

Plant physiological functions characterize anatomical,
biochemical, physiological, or morphological properties
of plant individuals or species that are significant to
ecology and reveal the environmental standards a plant
must cope with (Perez-Harguindeguy et al, 2013).
Growing interest has been shown in researching the
variance of plant properties (Diaz et al, 2016).
Functional features from several species of plants,
research, and locations have been compiled into sizable
databases, yet there are still apparent taxonomy and
geographical deficiencies (Jetz et al., 2016).

Leaf area one of the most crucial aspects of a plant's
anatomy (Diaz et al., 2016). It may be viewed as a crucial
attribute that affects other traits, and is used to anticipate
the need for irrigation depending on evapotranspiration
and performance (Perez-Harguindeguy et al, 2013).
Furthermore, it is crucial for the development of the
foliage economics continuity (Jetz et al.,, 2004), which is
connected to variabilities in plant life approaches. It
corresponds favorably with rate of photosynthesis, leaf
nitrogen intensity, light infiltration, and comparative rate
of growth and adversely with leaf durability and carbon
equity (Garnier et al, 2017). Alfalfa (Medicago sativa L
cv.) is the most widely utilized warm weather forage
legume on the earth (Acharya et al, 2020). Plants are
vulnerable against abiotic stress elements such as
drought, salt, and high or low temperature, which results
in yield loss in agricultural production (Janmohammadi
et al,, 2008). Alfalfa, which has %18 crude protein in its

dry forage (Dale et al,, 1983), is the most essential and
beneficial quality roughage source in Tiirkiye and over
the world. This plant, that has completed its growth, is
still resistant to the effects of drought. It requires
significantly more water, particularly in dry locations,
than other farmed plants since alfalfa have a long harvest
period and a rich vegetative portion (Wissuwa et al,,
1997).

A variety of techniques are using to measure leaf area
along with some traditional and non-traditional methods
which are time consuming and laborious as well. Smart
phones have an enormous opportunity for research
(Welsh and France, 2012), since they are widely
available, have powerful computational capability (Lane
et al,, 2010), and offer a variety of precise instruments
such as Geolocation, cameras, and many sorts of sensing
power (e.g., acceleration sensors, gyroscopes, magnetic
field sensors, light sensors, barometers, thermometers,
and air humidity sensors). Smart phones that use this
combination of sensors might be useful tool for fieldwork
(Welsh and France, 2012), especially because many of
them are free. Despite the numerous precise sensors in
cellphones, remarkably few software has been created as
instruments for ecology and evolution, rendering them
an underutilized resource (Teacher et al,, 2013).

On the other hand, estimating leaf area in the field can be
challenging since typical techniques involve a scanner,
computer, and digital image processing using specialized
costly software e.g.
UK), LICOR (Lincoln,

:Delta-T Devices
NE, USA), and

and often
(Cambridge,
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WinFOLIA (Regent Instruments Canada Inc.. It frequently
limits leaf area analyses to labs with access to power and
computers (Perez-Harguindeguy et al., 2013). As variety
of techniques are available for leaf area assessment.
Scientists have been exploring for further feasible and
efficient ways to estimate leaf area. Therefore, the prime
goal of this study is to assess the most effective leaf area
measurement among traditional and mobile application
methods for alfalfa crops.

2. Materials and Methods

This experiment was carried on alfalfa (Medicago sativa
L. cv Nimet) at Nigde Omer Halisdemir University
research field located in Nigde, Turkiye. As each plant
have different number of leaves, so 20 random leaves
samples were taken from each alfalfa plants. Leaves from
three random alfalfa plants were collected to examine the
comparison of two different leaf area measurement with
PETIOLE mobile application and automatic leaf area
LICOR, LI-3100C. In this
comparison of mobile application (PETIOLE) and
traditional method (automatic leaf area meter, LICOR, LI-
3100C) in two different techniques: (i) individually
measured (LICOR-I) and all leaves were measured at the
same time (LICOR-II) as commonly applied for leaf area

meter research work

measurement were used for the estimation of leaf area.
Leaf area measurement directions: (1) Snap the leaf
horizontally, with the leaf completely flat on the work-
surface, and using a measure; (2) Launch Image] and
open the image: File > Open; delete unnecessary things:
Adjust the scoring system: image > Crop Set Scale >
Analyze; (5) Configure Comparison: (6) Calculate the
area: Image > Type > 8-Bit Image > Customize >
Threshold; Analyze > Following
photography process, the leaves were measured with a
leaf area meter (LICOR LI-3100C).

Leaf-IT operates on
Android operating systems and doesn't need a Web or
data system connection. The integrated smartphone

Particle Analysis

smartphone device with an

camera captures an image of leaves. Following picture
acquisition, Leaf-IT performs area measurement using
digital image processing in three steps: (1) border
spotting of the leaf with well delineated borders, (2) pixel
counts, and (3) comparison with a reference object with a
known area. For optimum effects, set the leaf on a
backdrop with a strong contrast to the leaf. For instance,
for darker foliage, a white background works best.

Data were evaluated as means * standard error showing
P<0.05 were considered statistically significant. Box plots
of variables were used for graphical representation.

3. Results

It is exhibited that mean of total leaf area measured by
the automatic leaf area meter was 61.65 + 3.50 cm?2 while,
PETIOLE App measurement’s mean was observed 61.56
+ 3.15 cm2. According to ANOVA results, it showed non-
significant difference (P=0.106) between the machines

reading. On individual basis, no significant difference was
observed in replications 1, 2, and 3. Analyses showed
almost the same results with the average values of 2.89
and 2.82 cm? in replication 1, 3.43 and 3.36 cm? in
replication 2, and 2.92 and 3.06 cm? respectively for
LICOR, LI-3100C and PETIOLE app (Figure 1).
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Figure 1. Average leaf area comparison of individual
alfalfa leaf samples using LICOR-I and PETIOLE App
(n=20).

On the other hand, when three different techniques
(LICOR-I, PETIOLE App, and LICOR-II) were used to
measure the leaf area, the results showed that the LICOR-
II was found with the least leaf area measurement
(Figure 2).
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Figure 2. Total leaf area comparison of using with three
different methods (LICOR-I, LICOR-II and PETIOLE App;
n=20).

Whereas the LICOR-I exhibited the maximum values in
replication 1 and 2 (57.8 and 65.2 cm?) as compared to
PETIOLE app values (56.3 and 63.7 cm2) respectively.
While, in replication 3 the petiole app was found with
maximum leaf area 61.2 cm?, as compared to LICOR-I
58.2 cm2. According to the P values there is no significant
difference between the two machines as shown in the
box plot (Figure 3).
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Figure 3. Box plot graph depicting comparison in
individual alfalfa leaf samples measurement (LICOR-I;
left) and PETIOLE App (right); n=60).

4. Discussion

This study was carried out to compare to different
approaches (LICOR, LI-3100C and PETIOLE App) for leaf
area measurement using alfalfa leaves as a sample. There
was no significant difference was observed using both
sources (LICOR, LI-3100C and PETIOLE App). A study
carried out by Singh et al. (2021) estimating leaf area by
using PETIOLE app also found no significant difference.
Similarly, Janmohammadi et al. (2008) found differences
for height and time of year for the direct, destructive
technique when comparing methods for estimating leaf
area in palisade grass, and did not suggest the use of a
meter for gathering LAI data for modeling purposes.
Clarke and McCaig (1985) described a microcomputer-
based leaf area measurement system that was capable of
measuring multiple green scales, allowing the device to
measure chlorotic portions of leaves. In cucumber and
tomato, a time- and labor-saving alternative to
calculating leaf area (using PETIOLE app) was put into
place (Blanco and Folegatti, 2003). In a similar vein,
Ramirez and Zullo Jr. (2010) used Quickbird satellite
orbital photos to examine the leaf area parameter in a
coffee crop and came to the conclusion that employing
high-resolution imaging is a potential way for measuring
leaf area. However, there are multiple results are
available in the favor and contrast of our study.

5. Conclusion

Two different methods were used in this study for the
estimation of leaf area analysis. This outcome indicates
that there is a variance even in the measuring
application. As a result, the PETIOLE app measures the
area of each leaf separately, faster and efficiently than
before, especially in the field. Individual leaf
measurement with LICOR, LI-3100C is most effective
than total leaf measurement with same equipment.
Measurement in the filed with mobile application is not
require to carry to plants until lap so it is more fast and
more applicable in the field.
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Ozet: Bu calismada, Gaziantep - Islahiye bélgesi diasporitik boksitten mikrodalga liciyle aliimina iiretimine mekanik aktivasyon ve
Ca(OH): katkisinin etkisi arastirilmistir. NaOH ile yapilan mikrodalga li¢ ¢alismalarinda mikrodalga giicii, Ca(OH): katkisi, sivi/kati
orani ve li¢ siiresi gibi parametreler hem orijinal diasporitik boksit hem de 60 dakika aktive edilmis diasporitik boksit i¢in
incelenmigstir. Ca(OH). katkili li¢ islemlerinde 1200 W mikrodalga giicii, sivi/kati orani 20 ve li¢ siiresi 30 dakika oldugunda,
aluminyum verimi orijinal cevherden % 48,59 ve aktive edilmis cevherden %?78,51 olarak gerceklesmistir. Son olarak ¢oktiirme ve
kalsinasyon yoluyla a-Al.0s elde edilmistir. Arastirmada elde edilen sonuglara gore, Islahiye bolgesi diasporik boksitten mekanik
aktivasyon sonrasinda atmosferik kosullarda ve Ca(OH)2 katkisiyla mikrodalga li¢i yapilarak kabul edilebilir oranda aliimina elde
edilebilecegi goriilmiistiir.

Anahtar kelimeler: Diasporitik boksit, Mekanik aktivasyon, Mikrodalga lici

Production of Alumina from Mechanically Activated Diasporic Bauxite by Microwave Assisted Leaching at
Atmospheric Conditions

Abstract: In this study, the effect of mechanical activation and Ca(OH). additive on alumina production by microwave leaching from
diasporic bauxite in Gaziantep - Islahiye region were investigated. In microwave leaching studies with NaOH, parameters such as
microwave power, Ca(OH): addition, liquid/solid ratio and leaching time were investigated for both original diasporic bauxite and 60
min activated diasporic bauxite. In microwave leaching with Ca(OH). additive, while the aluminum extraction from original ore was
48.59% and it is 78,51% from the activated ore at 1200 W microwave power, 20 as liquid/solid ratio, 30 min of leaching time. Finally
a-Al;03 was obtained by precipitation and then calcination. According to the results obtained in this study, it was seen that an
acceptable percent of alumina could be obtained by microwave leaching in atmospheric conditions after mechanical activation and
Ca(OH): addition from diasporic bauxite in Islahiye region.
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2021).
Boksit; ticari olarak farkll uygulamalar igin, biliyiik bir
cogunlugunun diinyada Bayer prosesiyle retildigi

1. Giris
Diinyanin toplam boksit rezervinin %1,6’sina sahip olan
Tiirkiye, ¢ok genis boksit yataklarina sahip bir

konumdadir ve iilkemizin boksit cevherleri daha ¢ok
Toros kusaginin orta ve bati kesimlerinde yaygin olarak
bulunmaktadir (Sari, 2019). Ulkemizde boksit rezervi
toplam 450-500 milyon ton civarinda oldugu tahmin
edilmektedir ancak isletilebilir rezerv yaklasik 87 milyon
tondur. Tirkiye’'deki boksit yataklar1 genel olarak Milas-

Yatagan, Yalvag-Sarkikaraagag, Seydisehir-Akseki,
Alanya, Bolkardagi-Karaman, Tufanbeyli-Saimbeyli-
Kadirli,  Payas-Islahiye =~ ve  Kokaksu-Zonguldak

bolgelerinde bulunmaktadir. Bu rezervlerin bir¢ogu ayni
zamanda ekonomik degeri olan kism1 Seydisehir-Akseki
bolgesinde yer almaktadir (Hanilgi, 2019; Birinci ve Gok,

aliminanin baslica hammaddesidir. Yiiksek sicaklik ve
basingta kostik soda igerisinde ¢oziindiiriilen boksitin
operasyon sartlarl minerolojik kompozisyonuna baghdir.
Trihidrat bagh Gibsit [y-Al(OH)3] ortalama sartlarda
(100-150 °C) ¢oziinlirken, monohidrat iceren Bohmit [y-
AlOOH] ya da Diasporit [a-AlIOOH] daha zor sartlarda
(>200 °C) ¢oziinmektedir (Alex ve Rakesh, 2017).

Boksit icerisindeki aliiminyum oksidi diger maddelerden
ayirmak icin oncelikle kostik soda ¢ozeltisi ile li¢ islemi
yapilmaktadir. Boksitin ¢6ziinme reaksiyonlar1 boksit
tipine gore degiskenlik gostermektedir;
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Gibsit  (100-145°C)

Al(OH)s + NaOH —NaAl(OH)4
Bohmit (200-240°C)

AIOOH + NaOH + H20 — NaAl(OH)4
Diasporit (220-260°C)

AIOOH + NaOH + H20 — NaAl(OH)4
Alliminyum  ¢6ziindiirme hidrat
coktiirmesi adi verilen sodyum aliiminat (NaAlOz)
¢ozeltisinden aliiminyum hidrat Al(OH)3 halinde ¢6kmesi
saglanmaktadir. Bu islemi amaciyla
¢ozeltiye Al(OH)3 asilama hidrati ilave edilir. Elde edilen
aliminyum hidroksit kristalleri ¢6zeltiden ayristirilarak
kalsinasyon amaciyla firinlara verilmektedir.
NaAlOz + 2H20 — Al(OH)3 + NaOH
2A1(OH)3 — Alz203 + 3H20
Bayer prosesinin son asamasi olan kalsinasyon isleminde
firm ya da akigkan yataklarda 1100°Cde
aliminyum hidroksitin aliiminaya (Al203) dontsimii
gerceklestirilmektedir (Birinci ve Gok, 2018).
Mekanik aktivasyon, malzemelerin partikiil boyutunu

isleminden sonra

hizlandirmak

doner

kontrol etmek/azaltmak icin gelistirilmis en yaygin
yontemdir. Mekanik aktivasyon sirasinda malzemelerin
kristal yapisindaki kusuru ortaya c¢ikararak, kimyasal
reaksiyonun sicakliginin ve siiresinin azalmasi beklenir
(Abdi ve Ebadzadeh, 2013). Ekstraktif metalurjide, kati
parcaciklarin reaktivitesini biiyiikk o6lglide artirabilen
ylksek enerjili 6giitme ile numune aktive edilir. Artan
reaktivite, enerjisinin
minerallerde bulunan degerli metallerin ¢déziinmesinin
hizlanmasina yol agar (Yang ve ark., 2021). Li¢ 6ncesi bir
on islem olarak kullanilan mekanik aktivasyonun, daha
az enerji tiketimi ve atik salinimi ile minerallerin
islenmesinde etkili oldugu bildirilmistir (He ve ark,
2018). Reaksiyon sicakligini diisiirmek, ¢6ziinme hizini

aktivasyon azalmasina ve

artirmak, daha kolay suda ¢dziinmeye imkan saglamak,
reaksiyon siiresini azaltmak, daha ucuz reaktoér iiretimi
gibi ustiin o6zellikleri nedeniyle mekanik aktivasyon,
metalurjik siirecler i¢in 6nemli hale gelmistir (Goktas,
2018).

Mikrodalga, mineral isleme ve esktraktif metalurjide
ozellikle pirometalurji
uygulamalarinda 6nemli
kaynagidir. Oksitli
proseslerinde  mikrodalga

ve hidrometalurjinin c¢esitli
potansiyele sahip enerji
cevherlerin pirometalurjik
uygulanarak  kurutma,
kalsinasyon ve sinterleme, rediiksiyon ve ergitme, curuf
1sitma ve rediiksiyonu, segregasyon islemleri, elektrik
ark firin tozu ve altin igeren malzemeler prosesi gibi
cesitli  arastirmalar  yapilmistir  (Pickles, 2009).
Hidrometalurjik uygulamalarda ise benzersiz mikrodalga
1sitma  Ozellikleri olan dogrudan, segici ve hacimsel
1s1tma, diislik islem siiresi, kolay kontrol edilebilir proses
sayesinde mikrodalga destekli li¢ islemleri,
esktraksiyonunda potansiyel uygulama alanlarina
sahiptir (Al-Harahsheh ve Kingman, 2004).
Bu c¢alismada,
dolay1 aliimina tretiminde kullanilamayan diasporitik
boksitten yapilabilmesine
saglayan mekanik aktivasyon on islemi ve mikrodalga

metal

¢oziindiirme sartlarinin  zorlugundan

alimina {retimi olanak

destekli li¢ gerceklestirilmistir. Cevherden
aliminyum mekanik
Ca(OH)2 katkisinin, mikrodalga giicii ve siiresinin etkileri

incelenmistir.

islemi

¢ozliniirligiine aktivasyonun,

2. Materyal ve Yontem

Bu calismanin deneysel akim semasi Sekil 1'de
verilmistir. Diasporitik boksit cevheri, Gaziantep-islahiye
bolgesinden edilmistir. Cevher Sekil 2'de
gosterildigi gibi oncelikle kaba kirma islemi ile halkali
degirmende 15-20 mm boyutuna getirilmistir. Bu boyut

temin

araligindaki cevher, 100 pm elek alt1 olacak sekilde eleme
islemine tabi tutulmustur.

Diasporitik Boksit

Mekanik Aktivasyon

l

NaOH ¢ozeltisi ey Mikrodalga Destekli Li¢
+ Ca(OH),

Kati/ Siv1 Ayirim

l

Kat1 Atik Siv1 Cozelti

(Kirmizi Camur)

Al(OH); Coktiirme

|

Kalsinasyon

a-= A1203

Sekil 1. Deneysel akim semasi.

Fritsch
Pulverisette 6 model gezegensel bilyali degirmen ile
gerceklestirilmistir. Bilyalar 10 mm c¢apinda, degirmen
kab1 250 ml hacminde olup her ikisi de Tungsten
karbiirden (WC) den imal edilmistir. Mekanik aktivasyon
islemlerinde bilya/numune agirhk oram 25 ve
degirmenin 600 devir/dakika
sabitlenmistir. Mekanik aktivasyon siiresi 15, 30, 60, 90
ve 120 dakika olarak gergeklestirilmistir. Mekanik
aktivasyon islemlerinin diasporitik boksit yapisina
etkileri bir baska calismada (Yilmaz ve ark, 2018)
yayinlanmistir. Bu calismada mekanik aktive edilmemis
ve 60 dakika siireyle aktive edilmis diasporitik boksit
kullanilmstir.

Mikrodalga islemlerinin tamaminda 1 g diasporitik boksit

Cevherin  mekanik aktivasyon islemleri

devir hizi olarak

numunesi ve 20 g NaOH (yogunlugu 2,13 g/cm3)
kullanilarak hazirlanan NaOH ¢o6zeltisi kullanilmstir.
ilave olarak cevhere aliiminyum kayiplarim énlemek icin
0,64 g Ca(OH)2 katkis1 yapilmustir.

Mikrodalga destekli li¢ c¢alismalarinda
flexiWAVE mikrodalga sentez cihazi kullanilmistir. 1900
W kapasiteye ve 70 litre i¢c hacme sahip bu cihazda,
deneylerin atmosferik kosullarda yapilabilmesi igin i¢
kismindaki rotorlar ¢ikarilarak i¢i bosaltilmis ve cihazin

Milestone
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st kismina spiralli cam boru ilave edilerek geri sogutma
sistemi diizenegi entegre edilmistir. 250 ml hacminde bir
cam balon igerisinde mikrodalga destekli li¢ calismalari
Sekil 3'de

gerceklestirilmistir. Deney diizenegi

gosterilmistir. Bu ¢alismalarda cevherdeki aliminyumun
¢oziinlrligline Ca(OH)z katkisinin, mikrodalga giiciiniin
(800, 1000, 1200 ve 1400 Watt) ve li¢ siiresinin (10, 20,
30 ve 40 dak) etkileri incelenmistir.

-

Sekil 2. a) Temin edilen cevher, b) kirma, c) 6gilitme, d) eleme islemleri.

Sekil 3. Mikrodalga destekli li¢ ¢alismasi icin deneysel
diizenek.

Li¢ islemlerinden sonra santrifiij yoluyla kati/siv1 ayrimi
yapilmis, sivi kisimdaki ¢éziinmiis aliminyum miktar1
Thermo Scientific-X Series 2 marka ICP cihazi ile tespit
edilmistir. ~ Cozeltide  bulunan  aliiminyum, pH
diizenlemesi ile AI(OH)3 haline ¢oktiiriilmis ve tekrar
kati/sivi ayrimi yapildiktan sonra iki kez yikanmistir.
Kalsinasyon islemi ile AI(OH)s'ten «-Al203 eldesi

gerceklestirilmistir. Kalsinasyon islemi i¢in Protherm
marka PLF 120/30 model yiiksek sicaklik firim
kullanilmistir.

Cevherin kimyasal bilesimi icin XRF analizi, Rigaku
marka Supermini200 model dalgaboyu dagilimh XRF
(WDXRF) cihaz1 ile, faz analizi i¢cin X-i1sinlar1 kirinim
(XRD) analizi Rigaku SmartLab (40 kV, 30 mA, Cu_K-
Beta) cihazi ile gergeklestirilmistir. Elde edilen
aliiminanin karakterizasyon ¢alismalar1 (SEM-EDS) i¢in
Tescan Maia3 cihazi kullanilmistir.

3. Bulgular ve Tartisma

3.1. Cevherin Karakterizasyonu ve Mekanik
Aktivasyonun Etkisi
Deneysel calismalarda kullanilan Islahiye bélgesi

diasporitik boksidin XRF kimyasal analizi Tablo 1'de
verilmistir. XRD faz analizi ise Sekil 4'de gdsterilmistir.
Diasporitik boksit cevherinin XRF sonuglarina goére
%50,63 Al203, %13,87 Fez03, %14,52 SiO2, %7,64 TiO:
icerdigi ve kizdirma kaybinin %12,75 oldugu tespit
edilmistir. Cevherde, XRD analizi sonugclarina gore ana faz
olarak diasporit (AIOOH), minor fazlar hematit (Fe203),

kuvars (Si02), anataz (TiO2), muskovit
(KAI:SizAlO010(OH)2) ve kaolinit (Al203.25i02.2H20)
bulunmustur.

Bu calismada kullanilan diasporitik boksidin yapisina
mekanik aktivasyonun etkileri yayinlanmis olup
bilya/numune oraninin 25 oldugu ¢alismada 60 dakikalik
mekanik aktivasyonla %64,3 oraninda amorflagsma
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saglanmistir. 60 dakikadan daha wuzun mekanik
aktivasyon islemlerinde olusan aglomerasyon nedeniyle
ortalama partikiil boyutu bir miktar artmistir. FT-IR
analizi ile gozlemlenen mekanik aktivasyon sonrasi
piklerin kaybolmasi ya da azalma egiliminde olmasi
kaybi, gerilim, amorflasma gibi
nedenlerden kaynakli bag yapisimin zayifladig ifade
edilmistir (Yilmaz ve ark., 2018).

kristalin mikro

Tablo 1. Cevherin kimyasal kompozisyonu

Al203 50,63
o = Fe203 13,87
O < .
] [= SiO2 14,52
=X 32 .
B Q TiO2 7,64
< /M Toplam eser bilesenler 0,59
Kizdirma Kaybi 12,75
10000
8000 -
?:3 6000 -
7
3
& 4000 -
bl 1 .
2000 - 1 | ' )
L "' 8 j"”hl‘\«ﬁ: 55,
0 20 3 4 S 6 70 8 9

20/°
1. Diaspor - AIOOH (01-074-1879)

Hematit - Fe203 (00-002-0915)

Kuvars - $i02 (01-073-6619)

Kaolinit - AL:03.2510,.2H:0 (00-003-0052
Muskovit - KALSi:AlO1(OH)2 (00-007-0025)
Anataz - Ti02(00-002-0387)

15

N W L W

Sekil 4. Diasporitik boksidin XRD faz analizi.

3.2. Ca(OH): Katkisiz Li¢ Calismalar:
Diasporitik  boksitin mikrodalga destekli li
calismalarinda, Ca(OH)2 katkis1 olmaksizin orjinal cevher
(1 g) ve 60 dakika mekanik aktive edilmis cevher (1 g)
1000 W mikrodalga giiclinde ve 20 dakika siireyle farkl
sivi/kati oranlarinda NaOH c¢ozeltisi ile li¢ edilmistir.
Ca(OH): katkisi yapilmadan cevherden aliiminyumun
¢Oziinirligine sivi/kati
oraninin etkisi Sekil 5’de verilmistir. Mekanik aktive
edilmemis diasporitik boksitin Ca(OH)> Kkatkisiz
mikrodalga destekli li¢ islemlerinde aliiminyum li¢
7-10 araliginda olmasi,

mekanik aktivasyonun ve

verimlerinin % cevherdeki
aliminyumun ¢ok ¢6ziinemedigini ortaya koymaktadir.
Buna karsihlk 60 dakika aktive edilmis diasporitik
boksitten aliminyumun ¢6ziinme degerleri, orjinal
daha fazla oldugu

cevherden Kkazanima nazaran

gorillmistiir. Aktive edilmis cevherde sivi/kati oran1 10
iken % Al verimi %28,24 olarak gercgeklesmis, bu deger
daha biylik sivi/kati oranlarinda %36-39 aralifinda
olmustur. Ca(OH)2 katkis1 yapilmaksizin gerceklestirilen
mikrodalga destekli li¢ islemleri sonucunda yiiksek
oranlarda  aliiminyum  ¢dziinirlik verimi elde
edilememistir.

50

—#— Orjinal diasporitik boksit
—O— 60 dk aktive diasporitik boksit

40 1

30 1

% Al Verimi

20 4

0 T T T T
0 10 20 30 40 50

Sivi/ Kati Orani

Sekil 5. Ca(OH): katkisiz li¢ verimine sivi/kati oraninin
etkisi.

3.3. Ca(OH): Katkili Li¢ Calismalar1

Bu c¢alismada amag¢ cevherden c¢o6ziinebilir sodyum
aluminat (NaAlO2) ve c¢oziinemeyen kalsiyum silikat
(CaSiO4) elde etmektir. Cevherin ¢oziindiiriilmesine katki
saglamak icin belli oranlarda NaOH, silikay1 baglayip
¢ozlinemeyen hale getirmek icin de Ca(OH): ilave
edilmistir. Oncelikle uygun sivi/kati oranim belirlemek
icin 1000 W mikrodalga giicli ve 20 dakika mikrodalga
sliresi sabit tutulmustur. Sivi/kat1 orani 10, 20, 30 ve 40
olacak sekilde hazirlanan NaOH ¢ozeltisi ile diasporitik
boksit + Ca(OH)z karsimlari li¢ edilmistir. Bu ¢alismada 1
g diasporitik bokside 0,36 g Ca(OH): ilave edilmistir.
Sekil 6’da mekanik aktivasyonun ve sivi/kati oraninin
aliminyum ¢6ziinme verimlerine etkisi goriilmektedir.
Sekilden goriildiigii lizere diasporitik boksitin NaOH ile
mikrodalga destekli li¢ isleminde Ca(OH)2 katkisinin
diasporitten alminyum ¢oziinme verimlerine énemli bir
etki olusturmustur. Ca(OH): katkis1 yapilmadan orjinal
cevherin siwvi/kati oram1 10 oldugunda %7,81 olan
aliiminyum ¢6ziinme verimi, aynm sartlar altinda Ca(OH)2
katkisi yapildiginda bu deger %31,81 olmustur. Sivi/kati
orani artmasina bagh olarak % aliiminyum verimi %39-
41 arahiginda gergeklesmistir. Ca(OH)z katkis1 olmadan
60 dakika mekanik aktive edilmis diasporitik boksitten %
alliminyum verimi, sivi/kat1 orani 20 oldugunda % 36,14
olarak gerceklesirken, aym sartlar altinda Ca(OH):
katkisinin  yapildigi %64,27'ye
cikmistir. Diasporitik boksitten alliminyum ¢6ziinme
veriminin sadece mekanik aktivasyon
isleminin degil aymi zamanda li¢ ortamina Ca(OH)2
katkis1 yapmanin da etkili oldugu goriilmiistiir.
Mikrodalga giiciniin (800 - 1000 - 1200 - 1400 W)
aliminyum ekstraksiyonuna etkisini incelemek igin

calismada bu deger

artmasina

yapilan deneylerde sivi/kati oran1 20 ve li¢ siiresi 20
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dakika ile sabitlenip, optimum mikrodalga gici
belirlemeye calisilmistir. Elde edilen sonuglar Sekil 7°de
verilmistir. Sonuglara goére mikrodalga giici 800 W
degerinden itibaren 1200 W degerine kadar hem orijinal
hem de aktive edilen diasporitik boksitten aliiminyum
¢ozinirligli artmaktadir. Mekanik aktive edilmis
diasporitik boksitin Ca(OH)> katkih ve 1200 W’hk
mikrodalga giiciinde % aliiminyum verimi %71,85 olarak
gerceklesmis ve mikrodalga giicliniin 1400 W degerine

cikarilmasiyla ¢ok fazla artis gdzlenmemistir. Bu nedenle

lic siiresinin etkisinin incelenmesinde 1200 W
mikrodalga giicii sabitlenmistir.
100
—a— Orjinal diasporitik boksit
—— 60 dk aktive diasporitik boksit
80
E 60 4 /——M’é&
=
o
>
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Sekil 6. Ca(OH)z katkili li¢ verimine sivi/kati oraninin
etkisi.

—#— Orjinal diasporitik boksit
—C— 60 dk aktive diasporitik boksit
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Mikrodalga Giicii (W)

Sekil 7. Mikrodalga giiciiniin alliminyum li¢ verimine
etkisi.

Mikrodalga destekli ve Ca(OH): katkil li¢ calismalarinda
sivi/kati orami 20, mikrodalga glici 1200 W sabit
tutularak, li¢ stiresinin (10, 20, 30 ve 40 dakika) etkisi
incelenmis ve deneysel sonuclar Sekil 8'de verilmistir.
Bu calismada hem orijinal hem de 60 dakika aktive
edilmis boksitten alliminyum ¢6ziinlirliigiinin 10
dakikalik li¢ stiresinden 30 dakikalik li¢ siiresine dogru
arttigl, daha uzun siireli li¢ isleminde ¢ok fazla verimin
artmadifl gozlenmektedir. Mekanik aktive edilmis
diasporitten aliiminyum ¢6ziiniirliigiiniin 10 dakikalik li¢
siresinde %60,57 iken bu deger 20 dakikalk li¢
isleminde %71,85’e, 30 dakikahk li¢ isleminde ise
%78,51 degerine ¢ikmistir. 40 dakikalik li¢ isleminde ise

aliiminyum veriminde kayda deger bir artis olmadigi
gozlenmistir.

100
80 4

i 0//—A
0 /".

20 1

% Al Verimi
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Sekil 8. Lig siiresinin aliiminyum li¢ verimine etkisi.

3.4. Alimina Eldesi ve Karakterizasyonu

Mikrodalga destekli Ca(OH). katkili li¢ islemlerinde
optimum kosullar olan sivi/kati oram 20, mikrodalga
glicii 1200 W, li¢ siiresi 20 dakika olan calisma sonrasi
sivi/kati ayirimi santrifiij sistemiyle yapilmistir. Kati/sivi
ayrimindan sonra c¢ozeltide pH degeri 4 seviyelerine
getirilerek Al(OH)s olarak ¢oktiirme islemi yapilmistir.
Cokelen alliminyum hidroksit etlivde suyu
buharlasincaya kadar bekletilmis, akabinde havan
yardimiyla ufalanip toz haline getirilmistir. Mevcut
numune 900°C sicaklikta 3 saat siire ile kil firiminda
bekletilerek dehidratasyona ugratilmistir. Elde edilen a-
Al203 maddesinin XRD analizi Sekil 9°da ve SEM-EDS
analizi Sekil 10’da verilmistir. Sekil 8'de verilen XRD
analizi sonucunda yapida sadece «-Al203 (Pdf kart
numarast ICDD 00-046-1212) fazi bulundugu tespit
edilmigstir. Sekil 10’da verilen SEM-EDS analiz sonucu
incelendiginde yapida Al ve O pikleri
bulunmaktadir. Au ve Pd pikleri ise analiz esnasinda
kullanilan kaplamadan kaynaklanmaktadir. Elde edilen
a-Al203 tanelerinin genelde altigen sekilli oldugu
goriilmektedir. Bu karakterizasyon sonuglarina gore
SEM-EDS ve XRD analizleri birbirini desteklemektedir.
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1000
o AlLO,
.
800
[ ] L]
= 600+
E .
w
k)
= 400
2 .
L ] | ™
200 + . "
L | | ‘ LJU [i \\ ®* . h
0  tmaind b i bt (S 1| S LS W e W |
T |l T T I 1 T

10 20 30 40 50 80 70 80 90
26/

Sekil 9. Aliminaya ait XRD analizi.
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WD 7.03 mm I__J

SEM MAG: 2,00 kx Det: SE 20 pm

SEM HV: 200 kV

Bt 16.00 Date(m/dly): 08/04122

Sekil 10. Aliiminaya ait SEM (iistteki 5 kx, alttaki 2 kx) -
EDS analizi.

4. Tartisma

NaAlOz ¢ozeltisinde diisiikk denge ¢oziinilirligiine sahip
diasporitik boksitlerden 6nemli oranda aliiminyum
ekstraksiyonu elde etmek icin yiiksek sicaklik (>250°C)
ve yiiksek alkali konsantrasyonu (>200 g/L Na:0)
gereklidir. Fakat ¢ozeltiye CaO ilavesi ile diasporitin daha
diisiik sicakliklarda ¢oziinmesi saglanabilir ve dolayisiyla
¢cozlinlirligi arttirllabilmektedir (Demir, 2017). Bayer
prosesi ile aliimina iretiminde katki maddesi olarak
yaygin kullanilan kireg, daha yiiksek aliimina geri
kazanimi ve daha diisiik kostik soda tiiketimi sagladigi
icin sodyum titanat ve safsizliklarin engelleyici etkisini en
aza indirmektedir (Arikan ve ark., 2019). Solymar ve

arkadaslari kirecin diasporitten aliiminyum

¢cozlnidrligini boéhmitin  ¢oziiniirligini
hizlandirip  tam sagladigin1  bildirmistir
(Solymar ve ark. 2004). Kumar ve akadaslarinin
calismasinda 1:1 oraninda diasporit + NaOH karisiminin

2:1 oraninda karisima goére mikrodalgaya daha iyi yanit

arttirdigy,
¢ozlinme

verdigi bildirilmistir. Esit miktarda karisim iceren
numunenin maksimum sicakliga ulasma siiresinin daha
kisa olmasi ve termogravimetrik analizi sonrasi ayni
sicaklik araliginda daha fazla agirlik kaybina ugramasi
gibi avantajlar1 oldugu tespit edilmistir (Kumar ve ark,
2020).

Lu ve arkadaslarinin calismasinda boksit cevheri ile odun
kémiri karisitminin 360 saniyelik bir 1s1ma siiresi igin,
gelen gii¢ seviyesinin manyetik malzemenin hem sicaklig1
hem de kiitlesi tizerindeki etkisi arastirilmistir. 600 W ile
1175 W araligindaki degerlere karsilik numune sicakligi
ve magnetik fraksiyon kiitlesindeki degisim grafigine
gore manyetik malzemenin kiitlesinin 825 W giiciinde 4,8
g’'dan 1000 W giiciinde 5,1 g'a hafifce arttig1 ve daha
sonra 1175 W giiclinde hizla 8,8 ga yilkseldigi
bildirilmistir (Lu ve ark., 2012).

Le ve arkadaslarinin yaptiklar1 bir ¢alismada, diasporit
boksit ile belirli oranlarda NaOH ve Ca(OH)2 karisimi
hazirlanmis, 800°C sicaklikta 5, 10, 20, 30 ve 45 dakika
mikrodalga siliresinde kavurma islemleri yapilmistir.
Farkli bekleme siirelerinde cesitli fazlarin varligi, XRD
analizi ile tanmimlanmistir. Mikrodalga
artmasiyla Al203 fazinin XRD pik yogunluklarinin yavas
yavas azaldign ve NaAlO; piklerinin arttigi ifade
edilmistir. Bekletme siiresinin uzatilmasinin NaAlO:
fazinin olusumunu destekledigini gostermislerdir. En
ylksek Al ekstraksiyonunun 45 dakika siirede %82,24
oldugu bildirilmistir (Le ve ark., 2019). 800°C gibi yiiksek
sicakliklarda mikrodalga ile kavurma 6n islemi yapilarak
diasporitik boksitten %82,24 aliiminyum ¢6ziinme
verimine ulasilmasi ekonomik olmayabilir. Ciinkii yiliksek
sicakliklarda Dbelli siirelerde bekletilen mikrodalga
firinlarin enerji sarfiyati oldukga fazladir. Yapilan mevcut
calismada aliiminyum ekstraksiyonu 110°C sicaklikta

siiresinin

yaklasik %79 olarak gerceklesmistir. Ekstraksiyon verimi
¢ok az miktarda diisiik olmasina karsin ¢alisma sicakligi
oldukea diistiktiir. Burada mekanik aktivasyon 6n
isleminin reaktif yiizey alani olusturmasinin ¢ok biiyiik
etkisi oldugu diisiintilmektedir.

Le ve arkadaslarinin ¢alismasinda Cin’den temin edilen
diasporitik boksiti yiliksek sicakliklarda mikrodalga
kavurma islemine tabi tutulmus ve sonrasinda alkali li¢i
uygulanmistir. 1000 W mikrodalga giiciinde, 800 °C
sicaklikta, 20 dakika siire ile Ca/Si orani 2 olacak sekilde
hazirlanan numune i¢in NaAlO; ve CazSiO4’tin hedef iiriin
fazi olusumu maksimize edilerek, atmosferik basing
altinda, 80°C sicaklikta, 20 dakika siire ile disik
konsantrasyonlu alkali licinde Al, Na ve Si i¢in sirasiyla
%97, %98 ve %7’lik li¢ verimi elde edilmistir (Le ve ark,,
2017). Arastirmacilarin bu ¢alismasinda dncelikle yiiksek
sicakliklarda mikrodalga islemi
gerceklestirerek NaAlOz fazinda aliiminyumu suda
¢ozlinebilir hale getirmek ve silisin Ca2SiOs4, SiOq,

kavurma
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CasFe2(Si04)3 seklinde suda ¢6ziinemeyen halde kalmasi
amacglanmigtir. Bu sayede cevherin silika igerigi
¢oziinmesine negatif yonde etki etmedigi ve diisiik
tendrli  diasporit cevherinden yiksek aliminyum
verimle ekstraksiyonu bu sekilde agiklanabilir.

5. Sonug¢

Ca(OH): katkisiz mikrodalga destekli li¢ calismalarinda
orijinal cevherde % Al verimleri %8-10 araliginda
kalirken bu verim mekanik aktive edilmis diasporitik
boksitte %28-39 araliginda gergeklesmistir. Ca(OH)2
katkis1 yapildiginda ise %Al ¢éziinme verimleri artmistir.
Kati/siv1 20 olarak alindiginda, mikrodalga
giiciinin 1200 W ve li¢ siiresinin 30 dakika oldugu
mikrodalga destekli li¢ c¢alismalarinda
orijinal cevherde %48,56 olarak gerceklesirken bu deger
60 dakika aktive edilmis cevherde %79,14 olarak
gerceklesmistir. Mikrodalga destekli li¢ islemleri
sonucunda suda ¢6ziinebilen sodyum aliiminat i¢eren bir
cozelti ile suda ¢oziinemeyen ve atikta kalan kalsiyum
silikatl bilesikler elde edilmistir. Bu sayede diasporitin

orani

%Al verimi

¢oziinmesinde en 6nemli engel olan silisin negatif etkisi
en aza indirgenmistir. Diasporitik boksidin mikrodalga
destekli li¢ islemlerinde hem mekanik aktivasyon on
isleminin hem de Ca(OH):
alliminyum ¢6ziinme verimine olumlu yénde ¢ok énemli
etkisi oldugu gorilmiistiir.

katkisinin cevherden

Katki Orani1 Beyam
Yazar(lar)in katki yiizdesi asagida verilmistir. Tim
yazarlar makaleyi incelemis ve onaylamistir.

V.MY. KY.
K 50 50
T 50 50
Y 50 50
VTI 50 50
VAY 50 50
KT 50 50
YZ 50 50
KI 50 50
GR 50 50
PY 50 50
FA 50 50

K= kavram, T= tasarim, Y= yonetim, VTI= veri toplama ve/veya
isleme, VAY= veri analizi ve/veya yorumlama, KT= kaynak
tarama, YZ= Yazim, KI= kritik inceleme, GR= gonderim ve
revizyon, PY= proje yonetimi, FA= fon alimi.

Catisma Beyani
Yazarlar bu c¢alismada higbir ¢ikar iliskisi olmadigin
beyan etmektedirler.

Destek ve Tesekkiir Beyani
Bu ¢alismada kullanilan veriler Sakarya Universitesi Fen

Bilimleri Enstitiisi'nde yapilan “Islahiye bélgesi
diasporitik boksidin alumina iretiminde
degerlendirilmesinin arastirilmasi” baslhikli doktora

tezindeki verilerden yararlanilmistir.

Etik Beyani
Bu c¢alismada, “Yiiksekogretim Kurumlar1 Bilimsel
Aragtirma ve Yayin Etigi Yonergesi” kapsaminda

uyulmasi gerekli tiim kurallara uyuldugunu, bahsi gecen
yonergenin “Bilimsel Arastirma ve Yayin Etigine Aykiri
Eylemler” baslig1 altinda belirtilen eylemlerden hi¢birinin
gerceklestirilmedigini taahhiit ederiz.
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Ozet: Bugiinlerde 6zellikle otomobil teknolojisinde ¢ok hizli gelismeler olmaktadir. Hem otomobil hem de agir vasita araglar1 olan
otobiis ve kamyonlarda disk fren sistemi aracin tekerlegin doéniisiinii yavaslatan ve durduran sistemlerdir. Araglar1 durdurmak igin
frenleme yapildiginda bir 151 meydana gelmekte ve sistem atmosfere acik olmasi sebebiyle kolayca dagilabilmektedir. Ureticiler bu
durumu kisa émiirlii ve agir gelik diskler ile agsmaya ¢alismaktadir. Gergek bir otobiis fren tertibatinda farkli malzemelerden yapilmis
disk fren rotor diskinin gecici termal ve yapisal analizi FEM tabanli ANSYS yazilimi 6grenci lisansi yardimiyla frenleme kosullari
altindaki termomekanik davranisini analiz etmektir. Disk freninde olusan gerilme ve gerinimleri analiz etmek i¢in bazi sinir sartlari
uygulandiktan sonra diskte meydana gelen deformasyon, kesme gerilmesi, elastik gerinim ve esdeger gerilme degerleri sekilleri
alinmigtir. Tasarim agisindan farkli malzemeler kullanilarak disk fren tertibatini dayanim karsilastirmasi yapilmistir.

Anahtar kelimeler: : Fren diski, Sonlu elemanlar analizi, Termal gerilme, Yapisal, Agir ara¢

Finite Element Thermo-Mechanical Analysis of Heavy Vehicle Brake Disc

Abstract: Nowadays, there are very rapid developments especially in automobile technology. In buses and trucks, which are both
automobiles and heavy-duty vehicles, the disc brake system is a system that slows down and stops the vehicle's wheel rotation. When
braking to stop the vehicles, a heat is generated and the system can easily disperse because it is open to the atmosphere.
Manufacturers try to overcome this situation with short-lived and heavy steel discs. Transient thermal and structural analysis of disc
brake rotor disc made of different materials in a real bus brake assembly is to analyze the thermomechanical behavior under braking
conditions with the help of FEM based ANSYS software student license. In order to analyze the stresses and strains occurring in the
disc brake, after applying some boundary conditions, the deformation, shear stress, elastic strain and equivalent stress values of the
disc were taken. The strength comparison of the disc brake system was made by using different materials in terms of design.
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1. Giris iki tarafina mekanik, hidrolik, pnoématik veya

Gilniimiiziin bilyilyen otomotiv sektoriinde araglarin elektromanyetik olarak zorlanir. Siirtiinme, diskin ve

seyir halindeki gilivenligi a¢isindan en 6nemli makine
elemanlarindan bir tanesi fren sistemleridir. lyi bir fren
sistemi hem giivenlik agisindan hem de 6zellikle yaris
araclarinda rekabet Ustlnliigli saglayacaktir. Bir aracin
tekerleginin doniisiinii yavagslatarak aracinda hizinda
azalmaya yol acan ve durmasi istendiginde de durmasini
saglayarak siiriis kontroliinii saglayan sisteme fren
sistemi denir. Frenler genellikle tek diskli (metalik) ve
cok diskli (karbon) frenler olarak kullanim amacina
uygun kullanilirlar. Tekerlegi durdurmak icin tekerlege
ve aksa baglanan donen disk, sabit tutulan fren
kaliperleri ve asbest, seramik, karbon vb. gibi
malzemelerden yapilmis fren balatalar: igerir (Nathi ve
ark., 2012; Shaik ve Srinivas, 2012; Sarip, 2013).
Tekerlegi yavaslatmak i¢in, fren kaliperine monte edilen
fren balatalar1 seklindeki stirtinme malzemesi diskin her

bagh tekerlegin yavaslamasina veya durmasina neden
olur. Fren diski saglam govdede ise 1s1 transfer hizi
dusiiktiir ( Papinniemi ve ark., 2007; Kuciej, 2011; Reddy
ve ark, 2013). Tekerlegin yavaslamasina sebep olan
strtiinme kuvveti neticesinde kinetik enerji 1s1 enerjisine
doniiserek 1siya doniisen mekanik enerji kaymali
slrtinmeye tabi balata ve diskte sicakliin artmasina
neden olur (Mahmoudi ve ark., 2015). Karbon-Karbon
kompozit ve homojen disk fren icin termoelastik temas
problemini sonlu elemanlar yéntemini kullanarak Choi
ve Lee tarafindan incelenmistir (Choi ve Lee, 2004).
¢alismalarinda,
o6zelliklerinin ylizeylerinin
tizerindeki etkilerini arastirarak en biiytik etkinin termal
genlesme katsayisi ve elastik modiilii oldugu sonucuna
varmiglardir. Ayrica c¢alismalarinda ortotropik disk

Yazarlar stirtinme malzemesi

siirtiinme temas orani
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frenlerin, uniform ve yumusak basing dagilimlar:
nedeniyle izotropik disk frenlere goére daha iyi fren
performans1 saglayabildigi gorilmiislerdir. Sarkar ve
arkadaslar1 konveksiyon ve radyasyon parametreleri géz
oniinde bulundurularak disk iizerindeki sicaklik
dagillmin1 statik termal analizini sonlu elemanlar
yontemi kullanarak arastirilmistir (Sarkar ve ark., 2014).
Sonlu elemanlar analizine dayali olarak yapilan analizde
ara¢ hizindaki artigla birlikte sicakligin Aliminyum metal
matriks (AMM) kompozit i¢in gri dékme demir (GCI)'ye
kiyasla daha az oldugu sonucuna varilabilmektedir.
Havalandirmali disk fren sistemine sahip binek araclarin
disk fren rotorunu sonlu eleman analizi ile Zaid ve
digerleri tarafindan bir ¢alisma sunulmustur (Zaid ve
ark, 2009). Calismalarinda yazarlar disk fren rotoru
tizerindeki 1s1 ve sicaklik dagilimiyla ilgili frenleme
sirasinda asir1 1sinma nedeniyle fren pabuglar: ¢alismayi
durdurur, en kotli senaryoda eriyebilir ve bu nedenle
malzeme se¢imi, 1s1 dagilim orani ve fren birakma stiresi
gibi faktorler, disk frenlerin performansini optimize
etmek icin Onemli kriterler oldugu
varmislardir. Fren disklerinin termal analizinin sonlu
eleman yontemleri ile literatlirde ¢ok sayida makalenin
konusudur. Havalandirmali ve i¢i dolu disklerin 1s1

transferi ( Belhocine ve Bouchetara, 2012; Belhocine ve

sonucuna

ark., 2014; Zhou ve ark., 2020) ile frenleme esnasinda ve
hemen sonrasinda meydana gelen sicaklik davranislari
karsilastirllmistir  (MacuZzi¢ ve ark., 2015). Verilen
frenleme kosullar1 icin sayisal simiilasyon, radyal
havalandirmanin frenleme asamasinda diskin
sogutulmasinda ¢ok 6nemli bir rol oynadigi, analizden
farkli  sonuglar  Kkarsilastirildiginda,
havalandirmali fren diskinin 1sinin dagildig ek ytizeyler
icerdiginden daha iyi bir ¢6ziim oldugu sonucuna

elde edilen

varilabilir. Parabolik 1s1 denklemini kullanarak disk fren
sistemlerindeki termal davranis hem sayisal hem de
sonlu elemanlar yontemi kullanilarak karsilastirilarak
sonuglar elde edilmistir (Satope ve ark., 2017). Farkl
malzemeler icin cesitli tasarim modelleri iizerinde
yapilan bu c¢alismadan, dokme demir icin maksimum
sicaklik artisinin paslanmaz celige kiyasla ¢ok daha az
oldugunu gozlemlenerek ve bu nedenle termal analiz
temelinde, disk fren iretimi icin dokme demir en ¢ok
tercih edilen malzeme oldugu, ancak dékme demir disk
fren nemle temas ettiginde paslanma gibi bir dezavantaja
sahiptir ve bu nedenle iki tekerlekli aracta kullanilamaz
ve bu nedenle paslanmaz ¢elik tercih edilmesi gerektigi
belirtilmistir. Kompozit ve
yapilmis dolu ve
tekrarlanan frenlemelere maruz birakilarak 1sinin bu

demir malzemelerden

havalandirmali fren disklerinin
stiredeki sicaklik degisimini karsilastirilmali olarak
ortaya koyulmustur (Chandana ve Reddy, 2017). Yazarlar
gecici analizden, havalandirmali kompozit diskin, kati
diskten daha fazla 1s1 yayarak tekrarlanan frenleme
kosullarinda Dékme Demir diske gore daha iyi bir
performansa sahip oldugu sonucuna varmislardir. Fren
disklerinde yapilan yapisal degisimler ve diskin
tekrarlanan frenlemeler ile kirilma olusumundaki

sicaklik degisimleri de arastirmacilar tarafindan ele
alinmislardir (Grzes 2019; Jian ve ak. 2020; Manjunath
ve Suresh, 2013). Bu calismalardan su sonuglara
varilabilir; tekli ve ¢oklu frenleme sirasinda siirtiinme
katsayisinin  ortalama  degerini, tutarhligimi  ve
salinimlarinin ortalama degerini tahmin etmeyi saglayan
elde edilen ciftinin
malzemelerinin 0zelliklerinin kapsamli bir sekilde
degerlendirilmesinde 6nemli bir unsurdur. Hem deney

hem de simiilasyon kosulunda, havalandirmal disklerin

sonuclar, verilen siirtiinme

ylzeylerine giren 1s1 borularinin, havalandirmal
disklerin ytizey sicakliginin sicaklik homojenligini ve 1s1
dagihmini  etkili  bir  gsekilde iyilestirebilecegi

gosterilmistir. Farkli sicaklik artisi, sapma ve gerilim
alant  sonuglarmin karsilagtirilmasi,
dékme demir diskte kati diske gore sirasiyla sicaklik,
gerilim ve  deformasyonda oldugunu
gostermektedir. Bu c¢alismalarin  tiimidi, sicakhik
farklihklar1 yiizlerce santigrat dereceye ulastifinda
termal enerji geri kazanimi icin dnemli bir potansiyel

havalandirmali

azalma

oldugunu gostermektedir. Sowjanya ve Suresh (2013)
farkli kompozit malzemelerden yapilmis kat1 modelleme
programi kullanarak modellenen fren diskinin statik
analizini Ansys yazilim programini kullanarak analizini
yapmustirlar. Havalandirmali tip disk frenin mevcut
uygulama icin miimkiin olan en iyi oldugu sonucuna
varilmistir. Disk fren rotorunun yapisal analizi igin
paslanmaz celik en iyi malzeme oldugu tespit edilmistir.
Ozel bir aracin 6n fren diskinde statik ve modal
simiilasyon analizi yapmak i¢in sonlu elemanlar yontemi
(1982) uygulanmistir.
Calismalarinda statik analizde rijitlik gereksinimlerinin
karsilandigl, ancak fren sesinin fenomene egilimli oldugu
sonucuna varilmistir. Son yillarda yapilan ¢alismalar fren

Chu ve ark tarafindan

performansim farkli yiikk kosullar1 altinda degisken fren
basinglar1 uygulanarak fren diskinin yapisal ve tasarimi
Saheb  (2020) sunulmustur.
calismasinda fren sistemine dahil olan parametrelerden
fren pedalinin oranlar degistirilerek fren performansini

tarafindan Yazar

¢ok kiiciik parcalarin dahi etkiledigini vurgulamistir.
Yadav ve ark. (2020), disk fren sisteminin fren
performansini iyilestirmek i¢in bir
saglamistir. Yazarlar, havalandirmali tip disk frenin kendi
uygulamalar1 i¢cin miimkiin olan en iyi oldugu sonucuna

tasarim araci

vardilar. Havalandirmali diskin, kullanim 6mrii maliyetini
iyilestirmek ve motor sporlarinin ¢ok énemli bir noktasi
olan ara¢ agirhigini birkag kilogram azaltmak i¢in modern
ulasim araglarinda kullanilabilecegini belirttiler. Anil
Babu Seelam ve Krishanmurthy (Seelam ve ark., 2021),
iki farkli malzeme (paslanmaz ¢elik ve gri dokme demir)
ile 17 ing¢lik bir rotor disk tlizerinde yapisal ve termal
analiz gerceklestirmistir. Daha iyi termal kararhliga sahip
oldugu icin yiiksek hizli araglardaki diskler icin daha iyi
bir secenek olarak gri dokme demiri dnermislerdir. Suo
ve Shi (2022) deneysel testten fren diskinin termal
elastik-plastik yapisal iligkisini elde ettiler ve farkli
frenleme kosullar altinda fren diskinin gerilim-gerinim-
tepki iliskisi sirali baglanti yontemine dayali sayisal
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hesaplama kullanilarak simiile edilmistir. Calismalarinda,
elastik plastik sonlu elemanlar yéntemi, ylizeyde daha iyi
bir 1s1 ve gerilim dagilimi elde etmek icin farkh frenleme
kosullarinda fren diskinin sicaklik alani ve gerilim alani
dagilimini belirlemiglerdir. Seo ve ark. (2021), disk
malzemesinin fren emisyonu izerindeki etkilerini
arastirmak icin fren
gerceklestirmislerdir. Sonuglari, fren emisyonlarinin disk
sertliginden ve balata ylizeyine aktarilan demirden
biiyiik olciide etkilendigini ve aktarilan demir, balata
yizeyindeki plakalarin kohezyon kuvvetinin azalmasi
nedeniyle fren emisyonlarinmi artirttigini goéstermektedir.
Sainath ve ark. (2021), sonlu elemanlar kullanarak disk
frenlerin sabit durum termal analizini incelemislerdir.
Calismalarinin sonuglarini, Karbon-Karbon kompozit,
Paslanmaz c¢elik ve Dokme demir disk frenlerin termo
elastik davranisini belirleyerek, yapisal analizden Von
miss gerilmelerini ve gerilme  dagilimini
hesaplayarak ve mevcut sonuglarla karsilastirmisladir.
Bhat ve ark. (Bhat ve ark., 2021), deformasyonu azaltmak

emisyon testleri

nodal

ve termal ozellikleri gelistirmek i¢in daha oOnceki
arastirmacilara dayanan yeni bir tasarim ve malzeme
kombinasyonunu analizini yapmislardir. Calismalarinda,
aliminyum, dékme demir ve silisyum karbiir malzeme
kombinasyonuna dayali modelin, temas bolgesindeki
yuvalarin giderek artan alaninin daha iyi 1s1 dagilmina
yardimci olacagl sonucuna varmiglardir.

Yukaridaki literatiir incelemesi, cesitli disk frenleri icin
FEM  kullanilarak
gergeklestirilmis olmasina ragmen, farklh malzemelerden
yapilarak iretilen otobiis, kamyon gibi agir vasita
araglar1  icin  bir yapilmadigini  ortaya
koymaktadir. Bu nedenle bu ¢alismada farkli malzeme
icin otobiis fren diski i¢in termal karakteristigini

statik ve termal analizin

analizin

belirlemek amaciyla, FEM tabanlit ANSYS yazilim1 6grenci
lisans ile kullanilarak gergeklestirilmistir. Sekil 1.'de
gosterildigi gibi bir otobiisiin yaygin olarak kullanilan
fren tertibat1 verilmistir.

Sekil 1. Sehir ici alcak tabanli otobiise ait arka fren diski.

2. Tasarim Hususlar1 ve Hesaplama

Tasitlarin kazalarinin énlenmesi agisindan, tasitlarin fren
performansi belirlemek icin fren sistemi ile ilgili bazi
verilere sahip olmamiz gerekir. Bu veriler gorecelidir ve
uygulamaya gore degisir. 27,77 m/s (100 km/s) hizla
hareket eden tasit icin
hesaplanmistir ve hesaplama prosediirii icin gerekli
parametreler Tablo 1.’de verilmistir.

rotor model 1s1 akisi

Tablo 1. Hesaplama prosediirii i¢cin gerekli parametreler

Arac Kiitlesi 10000 kg
27,7 100

Baslangi¢ hiz1 (u) kﬁi)shg
F 1 d

ren uygulamasi sonunda 0m/s
tasit hizi (v)
Fren rotor ¢ap1 426 mm
Her iki tarafta %30 aks 03
agirhigr dagihm (y) ’
Diskin emdigi kinetik enerjinin 09
yiizdesi (%90) (k) ’
.Yer cekiminden kaynaklanan 9,81 m/s?
ivme (g)
Kuru kaplama i¢in stirtiinme 07

katsayisi (p)

Kinetik enerji Limpert (1999) tarafindan asagidaki
sekilde hesaplanmistir. Frenleme sirasinda firetilen
enerji formiilii (Denklem 1);

m(u-v)?

K.E=lkzy =517920,75] (1)

seklinde hesaplanmistir. Durma mesafesini hesaplamak
icin (Denklem 2);

2

u
d=—=5618m (2)
2ug

Yavaslama stiresini hesaplamak i¢in (Denklem 3);
v=u+tatiset=4s 3
Fren Glicli: Stirekli frenleme sirasindaki fren giici,

enerjinin zamana gore farklilasmasiyla elde edilir
(Denklem 4);

E
Py = K.— = 32366,25 (4)

Is1 Akisinin (Q) Hesaplamasi: Is1 Akisi, birim alan basina
birim zamanda, bir ylizeyden veya yiizeye aktarilan 1s1
miktar1 olarak tanimlanir (Denklem 5);

Py w

Fren bilesenlerinin balatalar1 ve diski arasindaki temas
alani, strtiinme nedeniyle 1s1 dretir. Bu iki kayar
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govdenin ara yiizeyindeki 1s1 liretiminin hesaplanmasi
icin, “hareket sirasinda aracin kinetik enerjisinin, arag
durduktan sonra yayilan 1siya esit oldugunu belirten

enerjinin korunumu yasas1” temelinde iki ydntem
onerilmektedir. Hesaplamalarda benimsenen malzeme

ozellikleri ve parametreler Tablo 2'de gdsterildigi gibidir.

Tablo 2. Paslanmaz celik (SS), Dokme demir (CI) ve Aliminyum (Al) i¢cin malzeme 6zellikleri

Malzeme Ozellikleri SS Cl Al
Termal iletkenlik (w/mk) 60,5 52 148,62
Yogunluk p (kg/m3) 7850 7200 2770
0z1s1, ¢ (J/kg °C) 434 447 875
Termal Genlesme, o (10-6/Kk) 16,3 11 23
Elastisite Modiilii, E (GPa) 200 110 71
Siirtiinme Katsayisi, p 0,42 0,15 1,4
Is1 transfer katsayis1 h(w/km2) 50 0,55 239
Operasyon sartlari
Acisal hiz (rad/s) 50 50 50
Durma zamani, Sec 10 10 10
Hava basinci, P (MPa) 1 1 1

Tek durakl sicaklik artisi Tmay, tek frenleme kosulundan
kaynaklanan sicaklik artisidir (Denklem 6);

0,527 x q x/t

Tnaks = \/m + Tortam (6)

N'inci fren uygulamasindan sonraki bagil fren sicakligi,
bagint1 kullanilarak hesaplanabilir (Denklem 7);

(—nhAt,)
AR
7
Troa —Ti = (—hat,) (7)
1 —e (pcv)

Ani sicaklik artislarindan bir diskin ytlizeyinde gelisen
sikistirma gerilmeleri (Denklem 8);

o= xaAT 8

3. Sonlu Elemanlar Modellemesi

Sonlu elemanlar yontemi, ¢ok ¢esitli miihendislik
problemlerinin sayisal ¢oziimleri icin giigli bir arag
haline gelmistir. Yiiksek hizli elektronik dijital
bilgisayarlarin artan kullanimi ve miihendislik analizi i¢in
sayisal yontemlere artan vurgu ile es zamanlh olarak
gelistirilmistir. Sonlu elemanlar analizinde analiz tipini
ve sinir kosullar ve yik tipleri belirlenerek yiikleri
uygular ve sonlu eleman ¢oéziimiinii baglatir. ANSYS
Workbench programinin kendi malzeme kiitiiphanesinde
siklikla
Tasarlayacagimiz modele uygun malzeme kiitiiphaneden
cagrilarak sec¢imi yapilir. Daha sonra Workbench
programinin “Design Modeler” ya da “Space Claim”
bolimleri  kullanilarak model olusturulur  veya

Workbench ile uyumlu c¢alisan diger programlarda

kullanilan malzemeler bulunmaktadir.

tasarlanip model Workbench programina aktarilabilir.
Workbench, bu gorev modiilleri arasindaki bilgi akisi
izerinde gelismis birlikte calisabilirlik ve kontrol saglar.
Biiylik modelleri verimli bir sekilde yonetmek icin gesitli
araglar ve teknikler dahil edilmistir. Agac filtreleme gibi

agac Nesneleri etiketleme, baglantilar calisma sayfasi,
nesne lreteci, alt modelleme. Veriler, 2B kaba modelden
[Tam Model] bir 3B alt modele aktarilabilir. Kati
geometrili yapisal ve termal analiz tiirleri igin alt
modelleme mevcuttur. Sekil 2'de gésterilen boyutlar i¢in
yapilan disk frenin sonlu eleman modeli, disklerin i¢
yaricapl, dis yaricapl ve flans kalinliklari, dékme demir,
paslanmaz celik ve aliiminyum alasiml i¢in her iki
durumda da kati ve havalandirmali disk i¢in sirasiyla
0,21, 0,43 ve 0,045 m'dir.

Durum II

Sekil 2. Sehir i¢i algak tabanli otobiisiin havalandirmali
ve havalandirmasiz arka fren diskine ait FEM modeli.
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Ag yapisi(meshleme) ayrintilari Workbench'teki amaci,

mesh olusturma silirecini basitlestirecek, saglam,

kullanimi  kolay meshleme araglar1  saglamaktir.
Kullanilan model, sonlu elemanlar olarak bilinen birkac
kii¢lik parcaya boliinmelidir. Model bir dizi ayr1 pargaya
boliindiigiinden, basit bir ifadeyle, bir sonlu eleman
analizini gerceklestirmek i¢cin matematiksel bir ag veya
"ag" gereklidir. Olusturulan bir sonlu eleman ag modeli
Sekil 3'te gosterilmektedir. Modelin ag1 i¢in kullanilan
elemanlar 8 diigimli dort ylizli ii¢ boyutlu elemanlar
olup, her bir model i¢in Element sayis1 55614, Node

sayis1 93279 secilerek meshleme yapilmistir.

Sekil 3. Havalandirmali ve havalandirmasiz disk i¢in FEA
Modeli meshleme.

baslangic kosullar1 tanimlanarak ANSYS Workbench
modiiliine tamtilir. Bu ¢alismada, ANSYS kullanilarak
frenleme icin 1s1 akisi degeri uygulanarak her tli¢ diskteki
sicaklik degisimini arastirmak icin bir gecici termal analiz
yapilacaktir. Daha fazla yapisal analiz, termal analiz
birlestirilerek gerceklestirilir.

4. Bulgular ve Tartisma

Mevcut modelleri dogrulamak i¢in, 10 saniye boyunca
sabit hava basin¢g P =1Mpa ve ag¢isal hiz w = 80 rad/s
(siirekli fren uygulamasi) ¢alisma kosulu i¢in disk frenin
bir gecici termal analiz davramsi gergeklestirilmistir.
Hava basinci ve agisal hiz sabit tutuldugu varsayilmistir.
FEM c¢oziimlerinden elde edilen sonuglar, modelin hem
gecici termal hem de yapisal davranigi i¢in verilmistir.
Mevcut sinir sartlari ti¢ farkli malzemenin havalandirmali
ve kati(havalandirmasiz) disk fren analizi yapilmistir.
Sonuglart dogrulamak icin kati disk durum
havalandirmali disk durum II karsilastirmalari yapilir.
Sekil 4’de 1tg¢ farkh
sonucunda disk
gosterilmektedir.

I ve

malzeme
frenleme

icin yapilan analiz
icin sicaklik  dagilimi
Kullanilan malzemelere gore en yiiksek sicakligin hem
kat1 hem de havalandirmali diskte aliiminyum malzemesi
icin maksimum sicaklik degerlerinin en yiiksek oldugu
gorilmektedir. Ayrica dizayn agisindan bakildiginda da
her ili¢ malzeme icin kat1 disklerdeki sicaklik dagilimlari
havalandirmali disklerdeki sicaklik degerlerinden diistik

Simnir  kosullari, simiilasyon modu segilerek ve oldugu gdrillmiistiir.
malzemelerin fiziksel oOzellikleri ve similasyonun
a. Paslanmaz celik b. Aliiminyum Alagimh c. Dokme Demir

Temperature
Type: Temperature
Unit: *C

Ternperature
Type: Temperature
Unit: °C

Time: 10, 5 Tirme: 10, 5
21.09.2022 22:58 21.00.2022 22:49
60,36 Max 40,452 Max
56,987 47,295
53,613 5,138
50,24 42,882
46,867 40,825
43,483 36,860
40,12 36,512
26,747 34,355
33,373 32,193
30 Min 30,042 Min
Temperature Temperatl‘.ire
Type: Temperature Type: Ternperature
Unit: °C Unit: °C
Time: 10, 5 Time: 10, 5
21.09.2022 22:19 21.00.2022 22:05
61,493 Max 66,46 Max
97,004 62,414
34,454 58,368
50,095 54327
47,498 50,275
43,997 46,229
40498 A2183
36,998 36137
33499 24,001
RILRE 30,045 Min

Ternperature
Type: Temperature
Unit: °C

Time: 10, 5
21.00.2082 22:30

47,621 Max
45,663
43,708
41,748

73

37832
35,874
33,918
31,958

30 Min

Ternperature
Type: Temperature
Unit; °C

Tirne: 10, 5
21092022 21:55

50,227 Max
55,979
52,732
49484
26,337
42,99

30,742
36,495
33,247

30 Min

Sekil 4. Farkli malzemelerden yapilmis kat1 ve havalandirmali disk i¢in frenleme sicaklik dagilimi.

Diskleri kendi kategorilerinde degerlendirildiginde ise
kat1 diskler i¢in en yiiksek sicakligin paslanmaz gelik i¢in,
havalandirmali diskte ise aliiminyum malzemesinde en

yiksek sicakligin olustugu tespit edilmistir. Asir

sicakliklar uygulandiginda yapi genisleyebileceginden ve
sicaklik her yerde sabit olmadigindan sicaklik simiilasyon
sonuglar1 dokme demir ve paslanmaz celik alliminyuma
kiyasla daha diisiik bir sicaklik araligina sahip oldugunu
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gostermistir. Paslanmaz celik, Aliiminyum ve ddkme
demir malzemelerinden yapilmis kat1 ve havalandirmal
disk icin toplam deformasyonlari Sekil 5’de verilmistir.

Kati ve icin yapilan
neticesinde en yiliksek deformasyonu aliiminyumda

havalandirmali  disk analiz

meydana gelmektedir. Havalandirmal ve kat1 disk olarak
kiyaslanma yapildiginda havalandirmali diskte daha fazla

a. Paslanmaz celik

0,00011327 Max 0,00019533 Max

0,001 0068 0,0001 7363
8,8095e-5 0,00015192
7.551e-5 0,00012022
6,2025e-5 0,00010852
5,034e-5 B8,6813e-5
3:7?55e-5 6,510%-5
2,517e-5 4,3406e-5
1,2585e-5 2,1703e-5
0 Min 0 Min

0.00018813 Max
0,00016723

0,00030942 Max
000027504

0,00014632 0.000240686
0,00012542 000020628
0,00010452 00001719
83613e-5 0,00013752
6,2700-5 000010314
4,1906e-5 6,876e-5
£,0903e-5 3,438e-5

0 Min 0 Min

b. Aliiminyum Alasimh

deformasyon oldugu goriilmektedir. Disk kati olarak
alindiginda aliiminyum> paslanmaz ¢elik> dékme demir
seklinde bir deformasyon
Havalandirmali diskte de ayni davramis ve siralama
sergilenmektedir.

siralamasi mevcuttur.

c. Dokme Demir

8.1164e-5 Max
7,2146e-5
6,3128e-5
5.411e-5
4.5091e-5
3,6073e-5
2,7055e-5
1,8037e-5
0,0183e-8
0 Min

000012682 Max
0,00011273
9,8635e-5
845025
7,0453e-5
5, 6363e-5
4,2272e-5
2,8181e-5
1,4001e-5
0 Min

Sekil 5. Farkli malzemelerden yapilmis kat1 ve havalandirmali disk i¢in toplam deformasyon.

a. Paslanmaz celik b.

4,3367e8 Max 98,6579 7 Max

3858808 8,606:T
338098 7,5542e7
2,003¢8 6,5023:7
2,4251e8 5,450e7
1,5472e8 43086 T
146032 32,3467 7
991367 3 704067
5134667 134507
3,5566 Min |

1,9113e6 Min

3,9458e8 Max
3,5148:8

1,0352e8 Max
920687

3,0838e8 8,0618:7
2 652800 60177
2221868 57727
1,7908e0 4607167
1350808 34087
820057 233727
407527 11037
6,6823e6 Min 47355 Min

Aliiminyum Alasiml

c. Dokme Demir

8,1796e7 Max
7, 2842e7
6,3880e7
5,4935e7
4,5982e7
3,7028e7
2,8074e7
1,9121e7
1,0167e7
1,2137e6 Min

8.0844e7 Max
7,195807
6,3072¢7
5418767
453017
3,6416e7
2,753e7
1,8645¢7
0,7502¢6
8,7361e5 Min

Sekil 6. Farkli malzemelerden yapilmis kat1 ve havalandirmali disk i¢in esdeger gerilme.

Yapilan simiilasyon sonucunda aliiminyum
malzemesinden yapilan diskte diger iki malzemeye

kiyasla 6nemli 6l¢lide daha fazla deformasyon olustugu

tespit edilmistir. Sekil 6’da farkh malzemelerden yapilmis
kati ve havalandirmali disk i¢cin esdeger gerilme
degerlerini gostermektedir.
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Kat1 ve havalandirmali disk i¢in yapilan analiz sonucunda
paslanmaz c¢elikteki esdeger gerilme miktarinin en
yiiksek oldugu daha sonra aliiminyum ve dékme demir
sirasl ile devam etmektedir. Kat1 disk ve havalandirmali
disk olarak incelendiginde paslanmaz celik ve dékme
demir malzemeleri i¢in esdeger gerime degerleri kati
disklerde maksimum degerlerinin daha yiiksek oldugu
goriilmesine karsin  aliminyum malzemesi igin
havalandirmali disk i¢in esdeger gerilme degerlerinin
maksimum degerleri ¢ok daha fazladir. Analizler sonucu
en yiiksek esdeger gerilmesinin disk lizerindeki etkisi
paslanmaz c¢elige ait disk malzemesinin elastiklik
modiiliiniin diger iki malzemeye oranla ¢ok daha ytiksek
olma sebebiyle iliskilendirilebilir.

Kati ve havalandirmali olarak tasarlanan disklerin ii¢
farkli malzeme i¢in kesme gerilme dagilimlar1 Sekil 7°de
verilmektedir.

Kati ve havalandirmali olarak tasarlanan disklerin ii¢
farkli malzeme i¢in kesme gerilme dagilimlar1 Sekil 7°de
verilmektedir. Paslanmaz ¢elikten yapilan disk hem kati
hem de havalandirmali olarak tasarlanan disklerde

a. Paslanmaz gelik

v L=
8,994e7
6310167
3,704367
1,0884e7
-1,5255¢7
-4,14047
-6,7553T
-0,3702¢7
-1,1985e8 Min

3
34351e7
244607
145877
4, 70566
-5,1761e8
-1,5058 7
-2,4%4e7

-3,4827e7
-4.4703e7 Min

3 !
1,06898
Ta31e7
4,5726e7
1,5142e7
-1,5442:7
-4,6026:7
-T.661eT
-1,07108
-1,3778e8 Min

3,7036e7
2,64207
1,5881e7
5214126
-5,3033¢6
-1,6001e7
-2,6608e7
-3,7H16e7
-4,7823e7 Min

b. Aliminyum Alasiml

kesme gerilmesi degerleri en yiliksek oldugu tespit
edilmistir. Aliiminyum alasimli ve dékme demirden
yapilmis disklere bakildiginda dokme demir kati diskte
daha yiiksek kesme gerilmesine sahipken aliiminyum
alasimli diskte ise havalandirmali disk icin kesme
gerilmesi degerinin maksimum degeri daha ytiksektir.
Kesme gerilmesi malzeme 0zelliklerine gore farklilik
gostermesinin ilk bakilmasi gereken parametre hizdir.
Ancak burada hiz sabit alindigindan her bir malzemenin
islenebilirligi kiyaslandiginda paslanmaz celik de kesme

gerilmesi diger iki malzemeye gore daha biiyik
olmaktadir.
Esdeger elastik gerinme dagilimlar1 Sekil 8'de

gosterilmektedir. Her iki tasarim i¢in meydana gelen
esdeger elastik gerine degerleri biitiin malzemeler igin
birbirlerine ¢ok yakin ¢ikmistir. Kat1 ve havalandirmali
disk olarak ele alindiginda esdeger elastik gerinme
degerinin maksimum degerleri siralamasi paslanmaz
celik, aliminyum alasimli ve dékme demir seklinde
siralanmaktadir.

c. Dokme Demir

| e
2,8208e7
2,081e7
1,2121e7
4,0320¢6
-4,055626
-1,2144e7
-2,02327
-2,8321e7
-3,6409¢ 7 Min

,0396e
2,3525e7
1,665507
9,7530e6
2,0131e6
-3,0577e6
-1,0828e7
-1,7600e7
24577
-3,1441e7 Min

Sekil 7. Farkli malzemelerden yapilmis kat1 ve havalandirmali disk i¢in kesme gerilmesi.
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a. Paslanmaz gelik b.

0,0013615 Max
00012152
0,001069
0,00002274
00007765
000063026
0,00048402
000033778
0,00019154
4,5301e-5 Min

00022508 Max
0,0020044
0,0017579
0,0015115
0,0012651
0,0010187
0,00077225
0,00052583
0,00027%4
3,298e-5 Min

0,0020522 Max
0,0018282
0,0016042
0,0013802
0,0011562
0,00093218
0,00070818
000048418
0,00026018
3,6175e-5 Min

0,0014638 Max
0,0013047
0,0011453
0,0000863
0,00082712
0,00066704
0,00050876
0,00034958
0,0001904
3,1224e-5 Min

Aliminyum Alasimli C.

Dokme Demir

000074383 Ma:
0,00068361
0,00058339
0,00050317
0,00042295
0,00034273
0,00028251
000078229
0,00010207
2,1848e-5 Min

0,00073854 Max
0,000865809
0,00057764
0,00049719
0,00041674
0,00033629
0,00025554
000017338
04034e-5
1,4484e-5 Min

Sekil 8. Farkli malzemelerden yapilmis kat1 ve havalandirmali disk i¢in esdeger elastik gerinme.

5. Sonug

Bu calismada, gergek otobiise ait fren tertibatinda
Paslanmaz Celik, Aliiminyum Alasimli ve Dokme
Demirden yapilmis disk fren rotor diskinin gecici termal
ve yapisal
incelenmistir. Bu ¢alismadan elde edilen 6nemli sonugclar:
asagidaki gibi siralanabilir:

analizi sonlu elemanlar analizi ile

e Her ili¢c malzeme icin sicaklik etkisini azalmak ic¢in
havalandirmali disklerin kullaniminin daha uygun
oldugu tespit edilmistir.

e Havalandirmall ve kati disk olarak kiyaslanma
yapildiginda havalandirmali diskte daha fazla
deformasyon oldugu ve malzeme olarak da
aliminyum> paslanmaz ¢elik> doékme demir
seklinde bir deformasyon siralamasi1 mevcuttur.

e Esdeger gerilme bakimindan degerlendirme de ise
paslanmaz celik, aliiminyum ve dokme demir sirasi
ile devam etmektedir. Kati disk ve havalandirmali
disk olarak incelendiginde aliiminyum malzemesi
icin havalandirmali disk i¢in esdeger gerilme
degerlerinin ¢cok daha yiiksek degerlere sahiptir.

e Paslanmaz celikten yapilan disk hem kati hem de
havalandirmali olarak tasarlanan disklerde kesme
gerilmesi degerleri en yliksek oldugu tespit
edilmisgtir.

e Her iki tasarim i¢in meydana gelen esdeger elastik
gerinme  degerleri
birbirlerine ¢ok yakin ¢ikmistir.

e Sonug olarak, belirli bir agir vasita fren disklerinin

biitin  malzemeler igin

tasariminda uygun malzemeyi, uygun boyut ve
uygun sekil segilir.

Katki Oram Beyani
Yazar(lar)in katki yilizdesi asagida verilmistir. Tim
yazarlar makaleyi incelemis ve onaylamistir.

RK.S. 1K
K 50 50
T 50 50
Y 50 50
VTI 50 50
VAY 50 50
KT 50 50
YZ 50 50
KI 50 50
GR 50 50
PY 50 50
FA 50 50

K= kavram, T= tasarim, Y= yonetim, VTI= veri toplama ve/veya
isleme, VAY= veri analizi ve/veya yorumlama, KT= kaynak
tarama, YZ= Yazim, Kl= kritik inceleme, GR= gonderim ve
revizyon, PY= proje yonetimi, FA= fon alimi.

Catisma Beyan
Yazarlar bu calismada hig¢bir cikar iliskisi olmadigini
beyan etmektedirler.
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