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A Numerical Study on the Effect of Impact Angle in a Bird Strike
Simulation against Airfoil Profile

Ali imran Ayten
Yalova University, Faculty of Engineering,
Polymer Materials Engineering Department,
aiayten@yalova.edu.tr

Abstract: Bird strike is a common engineering problem in aviation industry. It
creates a damage on aircraft wing and causes the reduction in material strength. A
series of numerical simulations were conducted to understand the effect of impact
angle on contact force and absorbed energy. Ls-Prepost v4.8 and Ls-Dyna were
used as pre/post processor and solver software. An airfoil profile was modeled by
using shell elements and bird geometry was created by smooth particle
hydrodynamics (SPH) elements. 7k shell and 19k SPH elements were used in
modelling of airfoil and bird, respectively. Hemi-spherical-ended-cylinder
geometry was used for bird while 0°, 15°, 30°, 45° and 60° were adjusted as hitting
direction. MAT 009 null and MAT 024 ‘piecewise linear plasticity’ material
models were used for bird geometry and airfoil profile, respectively. Mass of the
bird was entered as 1.82 kg and its initial kinetic energy was 1520 J. Force-time
and energy-time graphs were plotted to the hitting angle. There was a linear
relationship between absorbed energy and hitting angle. 750 J kinetic energy was
absorbed by airfoil at 0° hitting direction while 170 J kinetic energy was absorbed
at 60° hitting direction. This behavior can be explained by contact time between
bird and airfoil at 60° is smaller than the contact time at 0°. The other result can
be compared with each other is the contact force. Maximum contact force values
were 13542, 12773, 11120, 8870 N for 0° 15° 30° 45° respectively. In sum, a
similar trend like in the kinetic energy was observed.

Keywords: Bird strike simulation, Airfoil, Smooth particle hydrodynamics, Ls-dyna
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Dynamic Lighting Architecture

Anil Kiirkcii
TOFAS Tiirk Otomobil Fabrikasi A.S.
E-mail: anil.kurkcu@tofas.com.tr

ABSTRACT: Interior and exterior lighting systems used in automobiles have an
important role in the visual differentiation of automotive manufacturers from other
brands. The network infrastructure of these lighting systems is provided by
communication protocols such as CAN, CAN-FD, LIN. However, emerging LED-
based animated-dynamic lighting applications will increase the complexity of the
vehicle’s system and increase the pressure on the in-car network infrastructure. A
large number of LEDs will be used for such applications, these LEDs will turn on
and off very quickly and will change color in milliseconds. The cost of CAN, CAN-
FD communication protocols is high on the other hand the LIN communication
protocol is insufficient to manage this weight on the system. In this study, the points
of difference and similarity of MeLiBu communication protocol, which was
developed to realize such applications, compared to CAN, CAN-FD and LIN
communication protocols will be explained, information will be given about its basic
features, benefits and content.

Keywords: MeLiBu, communication protocol, dynamic lighting, automotive
industry, LED.

1. COMMUNICATION PROTOCOLS for AUTOMOTIVE INDUSTRY

LED-based lighting solutions are increasing their share in our lives day by day, and at the
same time, this technology has many benefits for the automotive industry. It has more
advantages compared to the incandescent bulbs used before. To give a brief example of these
advantages: The power value consumed by interior and exterior lighting systems is much less
compared to incandescent bulbs (power value of 1 LED bulb approximately equals power value
of 4 halogen bulbs), their developability and reliability and life cycles are higher (The average
life cycles of LED in 15 years while the average life cycles of halogen bulbs 2 years). In
addition, it allows the development of internal or external aesthetics, thanks to the fact that it
allows different applications easily. This difference is very important for automotive
manufacturers, allowing the automotive to become more visually appealing to buyers.

LED lighting technology, which was previously used in high-class premium segment
vehicles, has become widespread even in economic models in recent years due to the benefits it
provides. Nowadays, applying more complex dynamic arrangements — animations to lighting is
something that many vehicle brands want. In today's vehicles, multi-colored ambient lighting,
cabin lighting can change the tone and intensity according to personal tastes. However, taking
this further and making animation-dynamic edits will result in increased system complexity,
which in turn will increase the pressure on the in-vehicle network infrastructure. There will be a
huge number of LEDs, these LEDs will turn on-off very quickly and will change color very
often. Unfortunately, the LIN communication protocol currently used by many cars will be
insufficient to achieve this.
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The CAN-FD protocol offers superior performance parameters over traditional CAN. It can
provide enough bandwidth needed for animated lighting. But its cost is expensive due to its
requirements. This is a big problem for vehicle manufacturers because they don't want to use
animated lighting only in luxury models, they want to use this innovation in their entire product
portfolio. MeLiBu is a new-generation communication protocol developed to deal with these
problems.

2. COMMUNICATION PROTOCOLS TYPES
2.1. LIN Communication Protocol

The LIN (Local Interconnect Network) communication protocol is commonly used in the
automotive industry for in-vehicle networking, particularly for low-end electronic control units
(ECUs) such as lighting systems. The LIN protocol is designed for simple, low-bandwidth
communication. In automotive lighting technology, the LIN protocol is used to connect lighting
systems, such as headlights, taillights, and turn signals, to the vehicle's main control module.
This allows for the centralized control of the lighting systems and enables basic features such as
turning lights on and off, dimming, and blinker signals.

One of the main advantages of using the LIN protocol for automotive lighting technology is
its low cost, as it uses less complex hardware and software than other protocols. This makes it
ideal for use in cost-sensitive applications, such as in-vehicle networks for budget cars and low-
end electronic control units. Additionally, LIN is well suited for simple and less critical
applications such as lighting, windows, and door locks controls.

The LIN protocol also supports a simple, master-slave communication model, where one
device acts as a master and controls the communication on the bus, while the other devices act
as slaves. This allows for easy implementation and maintenance of the network.

|<7 Message Header 4*7 Message Response 4>|

| Break | Sync |Identmer | Data | Checksum |

Fig.1. Message Frame of the LIN Communication Protocol

The technical specifications for using the LIN (Local Interconnect Network) protocol in
automotive lighting technology can vary depending on the specific application and the
requirements of the vehicle manufacturer. However, some common technical specifications
include:

Data rate: The typical data rate for the LIN protocol in automotive lighting technology is
around 20 kbps. This allows for low-bandwidth communication and simple control of lighting
systems.
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Network topology: The LIN protocol uses a single-wire bus topology, where multiple
devices are connected to a single bus or network. This allows for the efficient transfer of data
between devices, as all devices on the bus can access and transmit data.

Message format: The LIN protocol uses a message format that includes a header, a data field,
and a checksum field. This allows for the efficient transfer of data and the detection of errors in
the data.

Error detection and correction: The LIN protocol includes error detection mechanisms, such
as checksum, to ensure that data is transmitted accurately and reliably.

Voltage levels: The voltage levels for the LIN protocol in automotive lighting technology
typically ranges from 8V to 12V.

Diagnostics: The LIN protocol supports basic diagnostic features such as error frames, which
are used to identify and diagnose issues with the lighting systems.

Slave1 Slave 15

¥y
20K

SLAVE TASK
4
=
e
™
SLAVE TASK

Fig.2. LIN physical layer

2.2 CAN Communication Protocol

CAN is a communication protocol that is commonly used in the automotive industry to
control and manage various electronic systems in a vehicle, including lighting technology. In
automotive lighting technology, the CAN protocol is used to connect various lighting systems,
such as headlights, taillights, and turn signals, to the vehicle's main control module. This allows
for the centralized control of the lighting systems and enables advanced features such as
automatic headlight dimming, adaptive front lighting, and dynamic turn signals.

One of the main advantages of using the CAN protocol for automotive lighting technology is
its ability to handle real-time communication. This allows for the quick and efficient control of
lighting systems, which is critical for safety-related features such as automatic braking and lane
departure warning.The CAN protocol also allows for the integration of multiple lighting
systems into a single network, which can help to reduce the number of wires and connections
required in a vehicle. This can improve the overall efficiency and reliability of the lighting
systems, as well as reducing the complexity of the wiring harness. In addition, the CAN
protocol enables the use of advanced diagnostic and troubleshooting tools, which can help to
identify and diagnose any issues with the lighting systems.
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Fig.3. The frame of CAN communication protocol

The technical specifications for using the CAN protocol in automotive lighting technology
can vary depending on the specific application and the requirements of the wvehicle
manufacturer. However, some common technical specifications include:

Data rate: The typical data rate for the CAN protocol in automotive lighting technology is
around 500 kbps. This allows for the quick and efficient transfer of data between the lighting
systems and the main control module.

Network topology: The CAN protocol is typically used in a bus topology, where multiple
devices are connected to a single network. This allows for the efficient transfer of data between
devices, as all devices on the bus can access and transmit data.

Message format: The CAN protocol uses a message format that includes an identifier, a data
field, and a CRC field. This allows for the efficient transfer of data and the detection of errors in
the data.

Error detection and correction: The CAN protocol includes error detection and correction
mechanisms, such as bit stuffing and CRC, to ensure that data is transmitted accurately and
reliably.

Voltage levels: The voltage levels for the CAN protocol in automotive lighting technology
typically range from 2V to 5V.

Connector and cable: The connector and cable used for the CAN protocol in automotive
lighting technology are typically designed to withstand the harsh conditions found in vehicles,
such as vibration and temperature extremes.

Diagnostics: The CAN protocol supports various diagnostic features such as error frames,
which are used to identify and diagnose issues with the lighting systems.

In summary, the CAN communication protocol is widely used in the automotive industry to
control and manage lighting technology. Its ability to handle real-time communication, integrate
multiple lighting systems into a single network, and support advanced diagnostic and
troubleshooting tools make it a valuable tool for improving the efficiency, reliability, and safety
of automotive lighting systems.
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Fig.4. An example of CAN nodes

2.3. CAN-FD Communication Protocol

The CAN-FD protocol can be used for communication in the lighting systems of a car. In a
vehicle, the lighting system is made up of various components such as headlamps, tail lamps,
turn signals, and interior lighting. CAN-FD allows for efficient communication between the this
lighting components and the ECU. For example, when the driver turns on the headlights, the
headlight switch sends a message over the CAN-FD network to the ECU, which then activates
the headlights. Similarly, when the driver uses the turn signal, the turn signal switch sends a
message to the ECU, which then activates the appropriate turn signal lights.

The technical specifications of the CAN-FD protocol include:

Data payload: The maximum data payload that can be transmitted in a single message is 64
bytes, which is an increase from the 8 bytes in the original CAN protocol.

Data rate: The maximum date rate is 8 Mbps, which is an increase from the 1 Mbps in the
original CAN protocol.

Message format: The message format of the CAN-FD protocol includes a 11-bit or 29-bit
identifier, a data field, and a cyclic redundancy check (CRC) field. The identifier is used to
identify the message, the data field is used to carry the data payload, and the CRC field is used
to ensure data integrity.

Error detection and correction: The CAN-FD protocol includes error detection and recovery
mechanisms such as bit stuffing, bit arbitration, and acknowledgement like a CAN protocol.
These mechanisms help to ensure the integrity of the data transmitted over the network.

Physical layer: The physical layer of the CAN-FD protocol is based on a differential
signaling method, which uses two wires to transmit data. The wires are called the CAN High
and the CAN Low, and the voltage difference between them carries the data. The physical layer
also includes a termination resistor at each end of the bus to match the characteristic impedance
of the bus.

Network topology: The CAN-FD protocol can be used in both linear and star topologies. In a
linear topology, all devices are connected in a single line, while in a star topology, all devices
are connected to a central hub.
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Compatibility: The CAN-FD protocol is backwards compatible with the original CAN
protocol, meaning that devices that support the original CAN protocol can still communicate
with devices that support the CAN-FD protocol.

In summary, the CAN-FD protocol can be used for communication in the lighting systems of
a car. It allows for efficient communication between the lighting components and the car’s main
computer, and allows for real-time monitoring and control of the lighting system. This ensures
optimal performance and allows for the integration of advanced lighting features such as
adaptive headlights, which automatically adjust the beam pattern based on the driving
conditions.

2.4. MeLiBu (Melexis Light Bus)

MeLiBu is an innovative communication protocol that enables to complex systems that
makes it possible to perform animation applications using LED. MeLiBu allows automotive
manufacturers to implement advanced LED lighting while at the same time helping them keep
their costs at a minimum level thanks to the low BoM requirement.

In developing this protocol, MeLiBu gathered the advantages of CAN, CAN-FD, LIN
applications that are already available and in use. The MeLiBu is based on the CAN-FD
protocol and UART communication. Thanks to its extended bandwidth and reduced latency, it
can control more than 1000 LEDs simultaneously. The data rate is on 2Mbit per second and is
fully compliant with ASIL-B (1SO26262 Part 9) security requirements.

W

o -
con*m | e, || |

Fig.5. Block diagram

CAN PHY

2.4.1. Key Features & Benefits & Differentiations of MeLiBu

+  Commander-Responder based system

+  High-speed communication based on CAN-FD PHY differential interface
*  No licance requiered.

*  Reduces harness

*  Provides 1SO26262 and 1SO11898 standards

*  Real time update of >1000 LEDs without any delay in one bus segment

»  Driving multiple LEDs (compatible with all LED types) uses only a single IC
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« A standard MCU can be used as a Commander for vehicle communication

. CAN-FD over UART communication

MeliBu

by Melexis
= UART protocol over CAN-FD PHY

»

L
i~ @n®
Simple protocol High speed (2 Mbit)
RGB lighting optimized EMC/ESD robustness
Easy to integrate « Automotive proven PHY
Enables low BOM (RCO based) Enables light animation

Fig.6. common points of CAN and LIN between MeLiBu

Nowadays, MeLiBu is used by leading manufacturers to improve the safety features for
some of the cars (such as driver warning lights, door bike warning). Ambient lighting can
communicate with body control unit and the other units, can work with ADAS futures. Lights
may communicate with the driver through color coding, color changing, and blinking. Thanks to
the MeLiBu communication protocol, the LEDs that communicate separately produce the
lighting effects commanded by the vehicle in the light bar. The main challenges in these
systems is to ensure consistent color uniformity across all LEDs and guarantee that they all
change simultaneously.

System view

Smart light - animated

| Animated turn indicator oy
: Integrrated trim lighting
Animated DRI

Fig.7. MeLiBu system wiew
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2.4.2. Auto-Adressing

For automatic addressing, the AA_IN pin of the first slave is connected to the VIO pin. For
other slaves, the AA_OUT pin and the AA_IN pin are connected by the logic of a daisy chain.

i - K
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Fig.8. Connection between MeLiBu master and slaves

The AA_IN pin of the first slave is wired to the VIO pin. The master sends the set NAD
command. When the first slave receives this command, it sets AA_OUT to a high level. The
first address will be taken from the slave, which AA_IN is connected to VIO. For the second
address, the AA_IN pin of the second slave is connected to the AA_OUT pin of the first slave
and its signal is received through this connection. For the third address, the AA _IN pin of the
third slave is connected to the AA-OUT pin of the second slave and its signal is received
through this connection. The signal continues to be transmitted to other slaves by this method.

2.4.3. MeLiBu Message Frame

The data is transmitted via the MeLiBu Communication Line in fixed format messages of
selectable lengths. The data is first fixed to MSB, NRZ, 8N1 format (1 Start bit [low] + 8 data
bits [no parity] + 1 Stop bit [high]). The stop bit shall have a minimum length of 1 bit time, but
can be longer.

MeLiBu HW block expects the following frame format (ACK is optional):

\ —Broak 1/ D X DATA /[ X CRC )( ACK ;’ End of Frame

Fig.9. Message frame

Note: End of frame is not mandatory, next frame can follow immediately.

2.4.4. Frame Header

Each message must be initiated by the master, which transmits a header that consists of
following subfields:
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»  Break[>13bit + stop-bit]
+  Slave address[6bit]

«  R/T[1hit]
. F[1bit]
»  Sub Address/Instrction Extension[6bit]
«  P1[1hit]
«  PO[1bit]
BREAK | ID X DATA

X Slave Address SubAdr/InstrExt
Fig.10. Frame header

2.4.5. Frame Format
2.4.5.1 Data

The DATA field could contain 0 to 36 bytes, where each byte contains 8 bits (MSB first)
plus 1 start bit and 1 stop bit.

UART data format 8N1

—swwe—s b7 Y b8 X b5 X b4 Y b3 X b2 X b1t X bD —Swpor—a

Fig.11. UART data format

2452 CRC

MCU calculates the CRC value and the MCU sends the DATA. The CRC value is calculated
by the Master when M2S message is sending. Slaves will be used the CRC value for checking
the stability of the DATA.

2.4.5.3 ACK(Optional)

The ACK field is optional and needs to be enabled by the software. ACK is only valid for
M2S frames. The ACK field is added by Slaves right after the CRC field and shows the statuses
below:

»  The frame reception was OK
*  The frame reception is FAILED

»  The frame does not received by the Slave
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2.4.5.4 Data Organization

Data is stored in RAM in 16-bit. Low-byte data is available in RAM-ADDR, and high-byte
data is available in RAM-ADDR+1.

CATA Orgenisation for Receive | Trasamit - M3EIL fiest, MESyte first with Start'Stop-Bits (Bulfer A (DMA_RDA) sssumed 10 be selected|

Fig.12. Data organization

2.5. SLAVE MESSAGE HANDLING

The Bus Protocol Processing Unit (BPPU) responsible for addressing decoding as well as
MeLiBu frame reception/transmission. If a M2S frame is addressed to its NAD, the BPPU treats
the frame on a byte-wise and copies the received bytes to the IC’s RAM via DMA. The number
of bytes within the selected frame is known by BPPU after the two header bytes have been
decoded.

After receiving the header and payload bytes plus the two CRC bytes a CRC check takes
place and a MFR interrupt is raised by the BPPU at the slave CPU. The processing of the
DATA is should be carried out by the slave SW.

If the master expects a S2M frame response, it must be specified in a previous M2S frame
and supported by the dependent software. The slave software needs to prepare the response data.
This process involves two steps:

1.Step: Preparing response data

2.Step: Setting a DMA Tx pointer (PORT_DMA_TX) to the starting address of the response
data (Slave SW prepares the data, but cannot initiate the transmission of this response data itself
because each transmission must be initiated by the Master. If more than one slave tries to
transmit simultaneously using a broadcast address or multiple slaves using the same NAD, a bus
collision occurs.)

If the master wants to receive data from a certain slave then it needs to fetch these data by
sending a Breakfield plus the two ID header bytes indicating to the slave BPPU that the
transmission of a number of bytes is requested from the addressed slave. From the master’s
point of view it is a Rx frame which starts with the transmission of the Breakfield plus the two
ID header bytes. The slave BPPU of older ICs receives and decodes the ID header bytes and
immediately starts to send the data which is pointed by the DMA Tx pointer
(PORT_DMA_TX). Newer Ics could delay the transmission.

The transmission request, the slave address and the requested number of bytes is extracted
and the BPPU uses DMAto feed the expected number of bytes out the RAM of the IC to the
UART for transmission. If desired, a MFR interrupt can be raised to the CPU.
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2. CONCLUSION

In recent years, automotive manufactures have turned to using LED lighting system instead
of bulbs in their vehicles due to the advantages they provide, aesthetic improvement, lower
power comsumption and features that provided to visibility and safety. Initially, LED lighting
systems started to be used in the fields of exterior lighting, interior lighting systems and simple
warning lights. Nowadays, Manufacturers have aimed to take this technology even further, they
aimed to achieve a dynamic visual by ensuring that the LEDs in the units work in coordinated
manner. But for that happen, there are serious engineering challenges to overcome. Specially, it
is necessary to deal with problems such as having enough bandwidth to control a large number
of LEDs in the system and keeping the latency between the LEDs to a minimum. In addition,
this protocol should be as flexible as possible and allow the application of LED matrix of
different sizes and characteristics produced by different suppliers. It shouldn’t be in need off
make significant changes to the BCM and add harnesses. It must include minimal hardware(low
BoM). In summary, MeLiBu can be considered as a solution that automotive manufacturers can
use in more complex lighting applications without having to redesign BCM thanks to its fully
scalable, highly flexible and fast structure.

Term Stands For

AA Auto-Addressing

ACK Acknowledge

BCM Body Control Module

BoM Bill of Materials

BPPU Bus Protocol Processing Unit
CAN Controller Area Network
CAN- Controller Area Network with
FD Flexible Data

CRC Cyclic Redundancy Code
DMA Direct Memory Address
LED Light-Emitting Diode

M2S Master to Slave

MCU Microcontroller Unit
MeLiBu | Melexis Light Bus

MFR MeLiBu Frame Received
NAD Node of Adress

NRZ Non Return to Zero

RAM Random Access Memory

S2M Slave to Master

SwW Software

ID Identifier

VIO Virtual Input/Output
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Abstract: Different cellular processes including cell recognition, cell-cell
interaction, adhesion, immune response are mostly carried out by cell surface
glycan. The change of cell surface glycan is correlated with the development of
cancer. An understanding of the main properties and the role of glycans in
biological systems ,especially in disease and cancer development, can provide to
generate more specific and useful therapeutic agents for human health.
Glycosyltransferases and glycosidases are the two main enzymes that are used for
glycan researches. Endo S is an enzyme which has approximately 108 kDa size.
This enzyme is produced by Streptococcus pyogenes and shows endo-p-N-
acetylglucosaminidase activity on Immunoglobulin G (IgG). The potential of Endo
S enzyme in the therapeutic studies increases in the last decades. At that point,
biotechnology helps to increase the production and yield of the enzyme by using
recombinant technology. In this study, recombinant Endo S enzyme has been
produced and optimization parameters have been tried to increase the yield of
enzyme production. First of all, the plasmid of EndoS transformation into LB
(Luria-Bertani )/ ampicillin agar was achieved and a single colony was transferred
to LB/ ampicillin broth. Then, the plasmid was isolated by using commercially
available miniprep kit. The isolated plasmid’s DNA was measured in nanodrop
and confirmed in agarose gel. Heat shock method with IPTG (Isopropyl S-d-1-
thiogalactopyranoside) induction was used for the transformation of the plasmid
into Escherichia coli BL21(DE3) plysS for enzyme production. Cells pellets were
lysed by a sonicator or homogenizer. After lysis and enzyme purification, sodium
dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) was performed to
visualize the proteins. Purified Endo S was used to hydrolyze glycans in the Fc
region of IgGs. The delocalization of Ab was shown on SDS PAGE and by
Quadrupole Time-of-Flight (QTOF) Mass Spectrometry. Different lysis buffers,
IPTG concentration, carbon, nitrogen, and mineral sources were studied to
increase enzyme production efficiency. Lysate image results were compared using
the ANOVA test to find the optimal condition for Endo S activity in 1gG
deglycosylation.

Anahtar Kelimeler: Endoglycosidase, Recombinant, Production, Deglycosylated
mAb
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Atik Gazlarin Insineratérde Imhasi ve Yanma Analizi ile Sayisal
Olarak incelenmesi

Berkay Dereli', Baris Giirel’
1S1'4'leyman Demirel Universitesi, Fen Bilimleri Enstitiisii, Makine Miihendisligi,
E-mail: yl2030102499@ogr.sdu.edu.tr
2 Stileyman Demirel Universitesi, Fen Bilimleri Enstitiisii, Makine Miihendisligi,
E-mail: barisgurel@sdu.edu.tr

Ozet: Tehlikeli atiklarin yakma islemi ile firinlarda imhast ve bu yontemle atiklarin
kalorifik degerini  kullanarak enerji iiretilmesi diinyada yaygin olarak
kullanilmaktadir. Ancak atik madeni yaglardan, katma degeri yiiksek baz yaglarin
tiretildigi rafinasyon isleminin yapildig: fabrikalarda, bu geri déniistiirme islemi
sonrast ortaya ¢ikan gaz atiklar gézardi edilmektedir. Rafinasyon iglemi sonrasi
agiga ¢tkan bu atik gazlar dogaya direkt olarak salinmakta ve dogaya zarar
vermektedir.

Bu tez calismasinda, bir baz yag rafinerisinde a¢iga ¢ikan atik gazin bertarafi igin,
firinda bu atngin yakilmasi islemi iizerinde c¢alisilmistir ANSYS Fluent 2022
yazilimi kullanilarak yanma analizleri sayisal olarak incelenmistir.

Calisma, atik gazin deneysel olarak elde edilmis kimyasal icerikleri baz alinarak
yiiriitiilmiistiir. Bu veriler 1s1ginda olusturulan sinir sartlart ile sayisal analiz
yapilmis ve yanmanin modellenmesinin avantajlari iizerinde durulmustur. Bu
bilesimler kullanilarak uygun yanma kosullarimin saglanmasi icin gerekli hava
miktart  hesaplanmigtir.  Yanma icin  gerekli uygun kalorifik degerlerin
saglanabilmesi i¢in gerekli yakit miktar: belirlenmistir. Atigin yanmasi sonrasinda
ortaya ¢tkan gazin bilesimleri teorik olarak hesaplanmustir. Ayni islemler ANSYS
Fluent 2022 yazilumi tizerinde yapilan sayisal inceleme ile daha hizli ve giivenilir
sekilde gergege yakin olarak elde edilmistir.

Atik madeni yaglarin rafine islemi sonrasinda a¢iga ¢ikan gaz atiklarin ¢evreye
duyarl: bir sekilde dogrudan yakma yontemi ile firinda imhasinin ¢evre duyarlilig
ve enerji agisindan onemi ispat edilmistir. Ayrica atik imha sistemleri iiretimi
yapan firmalarda sayisal olarak sistemin incelenmesinin, bir¢ok degiskenin hizli ve
giivenilir bir sekilde irdelenebilmesi agisindan onemi gosterilmistir.

Anahtar Kelimeler: yanma, hesaplamali akiskanlar dinamigi, tehlikeli atiklar, atik
Sfirmm

Giris

Niifus artisi, enerji talebi, endiistriyel faaliyetler ve diger teknolojik gelismeler kaginilmaz
olarak atik artisina yol agmaktadir. Geleneksel atik toplama, tasima ve bertaraf yontemlerinin
saglik sorunlarimi ve ekonomik kayiplar1 6nlemede artik yeterli olmadigi iyi bilinmektedir. Atik
yonetiminin aritilmasi, depolanmasi, bertarafi ve diger siiregleri i¢in bir¢cok teknoloji
gelistirilmistir. Her yontemin kendi gii¢li ve zayif yonleri, erisilebilirligi, uygulanabilirligi ve
en Onemlisi ihtiyaglari karsilama yetenegi vardir. Atiklari bertaraf etmenin en yaygin yolu
yakmadir.
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Tehlikeli atiklar teknolojik ilerleme ile dogru orantili olarak artmaktadir. Bunun nedeni, ¢cogu
tehlikeli atigin endiistriyel kaynakli olmasidir. Karigik endiistriyel atiklar, tarimsal atiklar,
kullanilmis madeni yaglar ve hastane ve laboratuvarlardan ¢ikan patolojik atiklar tehlikeli atik
kaynaklaridir.

Insan saghigm ciddi anlamda tehdit etmesi ve ekolojik dengeyi bozmasi nedeniyle tehlikeli
atiklarin bertarafi 6nemli bir konu haline gelmistir. Ancak tehlikeli atiklarin siniflandirilmasini
standardize etmek ve tanimlamak da zordur, ¢linkii bu konu kapsamli bilgi gerektirir. Genel
olarak tehlikeli atik, canli organizmalar, binalar veya ¢evre lizerinde yangin, patlama, agindirict,
toksik veya benzeri istenmeyen etkiler gibi potansiyel bir tehlike olusturan maddeler olarak
tanimlanabilir. Tehlikeli atiklar kati, sivi, gaz ve ¢amurdur. Her durumda, oncelikle atigin
tehlikesi ve boyutu belirlenmeli ve uygun bertaraf yontemleri uygulanmalidir. Atik ayirma ve
bertaraf etme yontemleri iilkeden {ilkeye degisir. Bu ¢esitliligin sebepleri tilkelerin gelismislik
diizeyi ile ilgili olmakla birlikte iilkelerin sosyal ve politik bakis agilarini da gostermektedir.
Gelismis iilkeler bu konuyu ciddiye alip tehlikeli atik yonetimine biiylik yatirimlar yaparken,
gelismekte olan tilkelerde mevzuat bosluklart bulunmaktadir.

Bu caligsmada, atik madeni yaglardan yiiksek katma degerli baz yag iiretimi saglayan bir tesis
incelenmigtir. Rafinasyon islemi sonunda yukarida bahsedildigi gibi ek olarak bazi atiklar
kalmaktadir. Tesiste rafinasyon islemi sonrasi arta kalan atik gaz normal sartlarda farkli
tesislerde gevreye zarar veren geleneksel yontemler ile bertaraf edilmektedir. Fakat incelenecek
olan tesiste, Sekil 1.'de goriildiigii sekilde, bahsi gegen atiklar, sisteme entegre edilen yakma
firminda yakilarak bertaraf edilmektedir. Yakilan sivi ve gaz atik, 1s1 degistirici vasitasiyla
tesisin 1sitma suyunun enerjisini karsilamakta ve kuru, islak filtreleme yontemleriyle tiim
islemler sonrasinda uygun emisyonlarla ¢cevreye salinmaktadir. Arastirmalar neticesinde baz yag
iretimi saglayan herhangi bir tesiste boyle bir uygulamaya rastlanmamig ve literatiirde bu tiirde
bir islem sonrasi agiga ¢ikan gazlarin yakilmasi ve sayisal olarak incelenmesi iizerine yapilmig
arastirma bulunamamustir. Bu tez ¢alismasi ile yapilacak sayisal ve teorik incelemeler, bir
benzeri olmayan bu uygulama i¢in bilimsel anlamda da bir farkindalik olusturacaktir.

Atik Gaz

Baca Gan >

Sekil 1. Atik Gaz Yakma Semasi

Deneysel Calsma

Yag rafinerisinde aciga ¢ikan gazin kimyasal bilesimi lisansh bir kurulus tarafindan tespit
edilmistir.
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Distilasyon ve Hidroislemci biriminde aciga ¢ikan atik gaz bircok farkli bilesikten olusan
komplike bir gazdir. Incelenen atik gaz icerisinde hava, su, hidrojen, metan, etan, propan,
hidrojen siilfiir, hidrojen kloriir, amonyak, benzen, etil benzen, toluen, biitan, pentan, hekzan,
karbon monoksit ve karbon dioksit tespit edilmistir.

Atik gazin debisi koryolis tipi debimetre ile 6l¢iilmiis ve 110 kg/h olarak okunmustur. Sicakligi
ise 40°C'dir. Agi8a ¢ikan gazin basinci ise 0,25 bar'dir.

Tablo 1. Distilasyon ve Hidroislemciden Gelen Atik Gazin Deneysel Sonuglari

Karisim Bilesenleri 1(\:1(;100 rant, Ni mz)l(zll(goﬁglrhgl
Hava 02+3,76N2 0,051 28,97
Su H20 0,020 18,02
Hidrojen H2 0,709 2,02
Metan CH4 0,005 16,05
Etan C2H6 0,010 30,08
Propan C3H8 0,012 44,11
Hidrojen Siilfiir H2S 0,103 34,09
Hidrojen Kloriir HCI 0,001 36,46
Amonyak NH3 0,008 17,04
Benzen C6H6 0,002 78,12
Etil Benzen C8H10 0,001 106,18
Toluen C7H8 0,001 92,15
Biitan C4H10 0,021 58,14
Pentan C5H12 0,003 72,17
Hekzan C6H14 0,004 86,20
Karbon Monoksit | CO 0,004 28,01
Karbon Dioksit CO2 0,043 44,01

Teori

Bir maddenin termal o6zellikleri, i¢ enerji, u, entalpisi, h, ozgil 1s1s1, ¢, gibi niceliklerle
tanimlanir. Yakma sistemlerinde bir¢ok farkli gaz ve bilesen imha edilmekte oldugu icin bir
karisimin termodinamik Ozellikleri, tiim bilesenlerin sahip oldugu bu niceliklerin bir
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kombinasyonundan kaynaklanir. Gazli karisimlar i¢in ideal gaz yasasi varsayilir ve her bir gaz
bilesenine ideal gaz iligkilerinin uygulanmasina izin verilir. Adet olarak n farkli gaz
karisimindan baslayarak, sistemin toplam kiitlesi, m,

1)
burada m;, her bir i bileseninin kiitlesidir. Sistemdeki toplam mol sayisi, N,
n
N = Z Ni
i=1
)

N;i, her bir i bileseninin mol sayisidir. Kiitle orani, y; ve mol orani, x;, belirli bir tiiriin nispi
miktarini tanimlar. Tanimlari su sekildedir,

m; Ah
YVi=—_ ve xl::]f
3)
Tanim olarak, i = 1,2,3,...,n
n n
Zylzlve2x1=1
i=1 i=1
4)

Toplam debisi, m bilinen gaz ve siv1 atiklarin her bir bileseni i¢in debi hesabi su sekilde yapilir,

n
E Yi*m = m;
i=1

®)
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Her bir i bileseninin molekiiler kiitlesini gosteren M; ile, karisimin ortalama molekiiler kiitlesi M
su sekilde belirlenir

(6)

Dalton'un "toplam basinglar kanunu" ve Amagat'n "ilave hacimler kanunu" ile ideal gaz
kanunundan, bir karisimdaki bilesenin mol kesri, o bilesenin kismi basincindan su sekilde
bulunabilir

()

Pi, her bir i bileseninin kismi basinci, P, gaz karigiminin toplam basinci, V;, her bir i bileseninin
kismi hacmi ve V, karigimin toplam hacmidir. Bir karigimin birim kiitlesi basina i¢ enerjisi, u,
bilesenin kiitle fraksiyonu ile agirliklandirilmig her bir bilesen igin birim kiitle basina i¢ enerji
toplanarak belirlenir

n

n

yo U _Thimuy _zyu

m m ' iU
=1

(8)

burada U, karisimin toplam i¢ enerjisi ve u;, her bir bilesenin kiitlesi basina i¢ enerjisidir. Benzer
sekilde, karisimin birim kiitlesi bagina entalpisi ise,

)

ve karigimin birim kiitlesi bagina sabit basingta 6zgiil 1s1s1,
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n
Cp = Z YiCp,i
i=1

(10)

Termodinamik bir siire¢ sirasinda sabit 6zgiil 1silar varsayildiginda, birim kiitle basina her bir
bilesenin enerji ve entalpi degisimleri asagidaki gibi tanimlanir

Au; = ¢, ; (T, — Th)
(11)

Ah; = ¢ i(T, = T1)
(12)

Ancak atik imha firinlarinda sicaklik degisimi yiiksek oldugu i¢in T, ve T, i¢in 6zgiil 1silar
hesaplanacak ve formiil su sekilde olacaktir
Auy =cyir, * Ty — Cyir, ¥ T1

(13)

Ah; = Cp,iT, * T, - Cpity * T,
(14)

Bir atik yakma firininda, atiklarin tamamen yakilmasi i¢in ne kadar yakit ve hava gereksinimi
oldugunun belirlenmesi gerekir. Genel bir hidrokarbon bilesimi olan C,HgO, igin hava ile
yanma stokiyometrisi su sekilde ifade edilebilir

[nCHgOy +n (o + £ =Y) (0, + 3.76N;)]r, — [naCO, + n2H,0 +3.76n (a + E- 1) Ny,
(15)

Tam yanma kosullar1 altinda bu denklem kullanilarak veya genel denklik saglanarak hava
ihtiyac1 ayr1 ayr1 hesaplanir. Bu sayede atiklarin tamamen yanmasi i¢in beslenmesi gereken
hava girdisi hesaplanmis olur.

Bir tepkimenin entalpisini hesaplamak istersek trtnlerin entalpisi ile girenlerin entalpisi
arasindaki farki bulmak gerekir. Ornegin yukaridaki denklem igin
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Ah = Hyrinier — Hgirenter [k]]

(16)
_ B B_Y —
Ah = na * Cp,co, * T, + N> % CpHy0 * T, +3.76n(a + 2 2) *Con, * T, —n=* Cp,CqHpOy *
Ti—n (0( + % - %) Cp,0,+3.76N, * 11 [k]]

(17)

denklemi kullanilmalidir. Bu sayede T, sicakligindan T, sicakligina gegerken bilesigin kimyasal
reaksiyonunun entalpisi hesaplanmis olur.

Kinetik ve potansiyel enerjilerin ihmal edilmesi sebebiyle i¢c enerji degisim etkisi
uygulanmayacaktir. Bu durumda,

Ahi=Aui+W=W
(18)

olacaktir.

Gaz karisiminin yogunlugu ise p (kg/m?®) yogunluk, P(Pa) basing, M(g/mol) molekiil agirligi, R
(8,314 J/mol.K) gaz sabiti, T (K) sicaklik olmak iizere,

PM P mj+my +myz.tomy

—_-— = — %
P RT RT (ni+ni+1+ni+3...+--~nn)

(19)

ile hesaplanir.

Sabit basing altinda 6zgiil 1silarin teorik olarak hesaplanmasi igin tiiretilen bir ¢ok korelasyon
bulunmaktadir. Bu tezde, R. L. Rowley, W. V. Wilding, J. L. Oscarson, Y. Yang, N. A. Zundel,
T. E. Daubert, R. P. Danner tarafindan 2007'de gelistirilen giincel korelasyonlar kullanilmustir.
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Tablo 2. Distilasyon ve Hidroislemciden Gelen Atik Gaz

i Karisim Bilesenleri
Distilasyon ve Hidroislemciden Gelen Gaz
1 Hava 0,+3,76N,
2 Su H,0
3 Hidrojen H,
4 Metan CH,
5 Etan C;He
6 Propan C3Hg
7 Hidrojen Salfir H,S
8 Hidrojen Klorr HCI
9 Amonyak NH;
10 Benzen CsHs
11 Etil Benzen CgH1o
12 Toluen C;/Hg
13 Biitan C4Hyp
14 Pentan CsHy,
15 Hekzan CeHy4
16 Karbon Monoksit Cco
17 Karbon Dioksit CO;

Tablo-2'de bahsedilen atik gazin karigim bilesenleri i¢in ve ek olarak bu bilesenlerin yanmasi
sonucu olusan Nitrojen (N,), Siilfiir Dioksit (SO,) ve Klor (Cl,) i¢in ideal gaz varsayimi ile

_ ST VY =T
Cp = Cl1+C2 [sinh(C3/T)] +C4 [cosh(CS/T)]

(20)

denklemi temel alinmistir. (R. L. Rowley, W. V. Wilding, J. L. Oscarson, Y. Yang, N. A.
Zundel, T. E. Daubert, R. P. Dan ner, DIPPR® Data Compilation of Pure Chemical Properties,
Design Institute for Physical Properties, pg. 2-181, AIChE, New York (2007)).
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Hava Yakit Oran1 (HYO) ile 1 kg yakit i¢in sisteme ilave edilmesi gereken kg hava miktar
hesaplanabilir. Yakit i¢in yanma denklikleri kullanilarak HYO,

Mpava _ Nhava * Mhava

HYO = =
Myart Nyakie * Myakae
(21)
bu sekilde hesaplanir. Yakit karigim halinde n adet bilesikten olusuyorsa,
m N * M
HYO = hava — hava hava
myaklt Nyaklt * Myaklt
_ Nhava,1 * Mhava + Nhava,2 * Mhava + Nnavan * Mhava
Nyarat1 * Myarae1 + Nyarat,2 * Myakae,2 + Nyakien * Myakien
(22)

Sayisal inceleme

Mevcut firin igerisinde tesisten ¢ikan bir¢cok atik yakilmaktadir. Bu sebeple firin
boyutlandirmasi tiim atiklarin imha edilebilecegi sekilde yapilmistir. Firin 1,6 metre capta, 6
metre uzunlugunda silindirik ve sabit yapidadir.

Sayisal inceleme, mesh yapisi {iggen olacak sekilde ve duvar yakinlarinda ince mesh
uygulanarak yapilmustir.

Sekil 1. Atik Yakma Firin1 Mesh Yapist
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Ansys User Guide icerisinde mesh kalitesini 6lgmek icin bazi kistaslar vardir. Skewness
degerinin 0-0,25 arasinda olmasi durumu "Excellent", 0,25-0,50 arasinda olmasi durumu "Very
Good", 0,50-0,80 arasinda olmasi durumu "Good", 0,80-0,94 arasinda olmasi durumu
"Acceptable” ve 0,95-0,97 arasinda olmasi durumu "Bad" ve 0,98-1,00 arasinda olmasi durumu
ise "Unacceptable" olarak bildirilmistir.

ess
15.03.2023 11:41
0,56795 Max
0,50485
044175
0,37864
0,31554
0,25244
0,18934
0,12623
0,063129
2,6071e-5 Min

Sekil 2. Atik Yakma Firin1 Mesh Skewness Kalitesi

Sekil 2.'de goriilecegi iizere Skewness degeri maksimum 0,57 ¢ikmistir ve "Good" kategorisine
denk gelmektedir. Bu durumda Skewness kalite sartim1 saglamis olup Orthogonal kalitesine
bakmamiz gerekir.

Orthogonal kalitesinin ise 0-0,001 arasinda olmasi durumu "Unacceptable", 0,001-0,14 arasinda
olmasi durumu "Bad", 0,15-0,20 arasinda olmasi durumu "Acceptable", 0,20-0,69 arasinda
olmasi durumu "Good", 0,70-0,95 arasinda olmasi durumu "Very Good" ve 0,95-1,00 arasinda
olmas1 durumu "Excellent” olarak ifade edilmektedir.

Mesh .
Orthogonal Quality
15.03.2023 11:44

0,99998 Max
0,96269
0,9254
0,88811
0,85082
0,81353
0,77624
0,73895
0,70165
0,66436 Min

Sekil 3. Atik Yakma Firin1 Mesh Orthogonal Kalitesi

Sekil 3."te goriilecegi lizere minimum deger 0,67'de "Good" kategorisine ve maksimumda 0,99
ile "Excellent" kategorisine girilmektedir. Bu durumda mesh Kkalitesi sinanmis ve basarili
olmustur.
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Sinmir Sartlarn

Adyabatik duvar siil kosullar1 altinda her bir bilesenin tam yandig1 senaryo incelenmistir. Atik
gaz 313 K sicaklikta ve 25000 Pa basingta olacaktir. Yakit ise 293 K sicaklikta ve 30000 Pa
basingta beslenecektir. Mol, agirlik¢a oranlar ve debiler de Tablo 3. ve Tablo 4.'te gdsterilmistir.

Tiirbiilans modeli olarak Standart k-omega modeli se¢ilmistir. "Species Transport" yontemi ile
tiim yanma reaksiyonlari tanimlanmustir.

Tablo 3. Atik Gaz Girig Sinir Sartlar

Karisim Bilesenleri Mol Molekiil [Karisimdaki
i Oram Aglrl_lgl, Molekiil Aglrllkg:?l Debi [Sicakhik| Basing
Atik Gaz Ni ’ Mi Agirhigl, mi | Oran, yi| (kg/sa) | (K) (Pa)
i (mol)
(9/mol) (9)
1 |Hava 0,+3,76N, | 0,051 28,97 1,477 0,122 | 13,452
2 |Su H,O 0,020 18,02 0,368 0,030 | 3,354
3 |Hidrojen H, 0,709 2,02 1,431 0,119 | 13,036
4 |Metan CH, 0,005 16,05 0,085 0,007 0,770
5 |Etan C,He 0,010 30,08 0,310 0,026 2,827
6 |Propan CsHg 0,012 44,11 0,544 0,045 4,952
7 Hidrojen H.S
Stlfiir 2 0,103 34,09 3,521 0,292 | 32,075
8 Hidrojen HCl
Klortir 0,001 36,46 0,044 0,004 | 0,404
9 |Amonyak NH3 0,008 17,04 0,141 0,012 1,286
10 |Benzen CsHe 0,002 78,12 0,162 0,013 1,472 313 25000
Etil
Ygenzen | Mo | 0001 | 10618 | 0084 | 0007 | 0766
12 |Toluen C;Hg 0,001 92,15 0,093 0,008 | 0,844
13 |Biitan C4Hyo 0,021 58,14 1,241 0,103 | 11,302
14 |Pentan CsHy, 0,003 72,17 0,230 0,019 2,094
15 |Hekzan CeHis 0,004 86,2 0,348 0,029 3,168
Karbon
16|monoksit | “© | 0004 | 2801 | 0119 | 0010 | 1,086
Karbon
17 Dioksit O, 0,043 44,01 1,879 0,156 | 17,112
TOPLAM N=1,000 m=12,077 110,000
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Tablo 4. Yakit(Dogalgaz) Giris Sinir Sartlar

Yakit Mol M? lekvu ! . Karlsufldakl Agirhikea | Debi Sicakhik | Basing
Bilesenleri | OF3n, | Agirhd, mi) Molekiil oran,yi |(kglsa) |(K) | (Pa)
Ni (mol) | (g/mol) Agirhgi, mi (g) ’

Metan [CH, |0,88 16,05 14,124 0,755 25,281

Etan C,H¢ 0,07 30,08 2,106 0,113 3,769

Propan | C3Hg | 0,03 44,11 1,323 0,071 2,369 293 30000
Biitan |C4Hy0|0,02 58,14 1,163 0,062 2,081

TOPLAM N=1,000 m=18,716 33,500

Cikis sart1 olarak sisteme gosterge(Gauge) basinci 0 (sifir) tanimlanmistir ve operasyonel basing
101325 Pa alinmustir.

Coziim tipi olarak basing tabanli(pressure-based) metot kabul edilmistir. Yapilan ¢aligsma 2(iki)
boyutlu ¢aligilmis olup, zamandan bagimsiz oldugu i¢in "steady-state" olarak devam edilmistir.

Atiklarin yanmasi i¢in 1077,479 kg/sa ve yakitin yanmasi i¢in 564 kg/sa olarak hesaplanan hava
ihtiyaci da sistem girisine beslenmistir.

Sonuglar

Sonuglar yakitin ve atiklarin finn igerisinde teoriye uygun olarak tamamen yandigim
gostermistir. Ornek sonuglar Sekil 4'ten Sekil 11.'e kadar gosterilmistir.

contour-1
Maole fraction of chd
089

080
071
0.62
054
045
0.36
0.27
018
0.09
0.00

Sekil 4. Metan'in Tam Yanmasi
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con fou r-2
Mole fraction of c2h&

8.10e-02
7.290-02
6.48e-02
567e-02
4.86e-02
4.05e-02
3.24e-02
243e-02
1.62e-02
8.10e-03
0.00e+00

contour-8
Mole fraction of c3h8

4.25e-02
3.83e-02
3.40e-02
2.08e-02
256e-02
213e-02
1.70e-02
1.28e-02
851e-03
4.25e-03
0.00e+00

contour-9
Mole fraction of ¢4 h 10

4.15e-02 |
3.74e-02
3.32e-02
2.91e-02
249e-02
2.08e-02
1.66e-02
1.25e-02
£.30e-03
4.15e-03
0.00e+00

contour-5
Mole fraction of h2o

4.73e-01
4.26e-01
3.78e-01
3.31e01
2.84e01
2.36e-01
1.8%-01
142e-01
946602
4.73e-02
0.00e+00

Sekil 5. Etan'in Tam Yanmasi

Sekil 6. Propan'in Tam Yanmasi

Sekil 7. Biitan'in Tam Yanmasi

Sekil 8. Olusan Su Buhar1
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contour-6
Mole fraction of cBh 14

4.056-03
3.656-03 .
3.24e-03
284e-03
243e-03
203803
162e-03
1.22¢-03
£.10e-04
4.056-04
9756-19

Sekil 9. Hekzan'in Tam Yanmasi

contour-6
Mole fraction of co
4.27e-03

3.85e-03
3.42e-03
2.99-03
2.56e-03
2.14e-03
1.71e-03
1.28e-03
'+ ©.55e-04
4.27e-04
1.74e-21

Sekil 10. Karbon Monoksit'in Tam Yanmasi

Yapilan teorik ¢alismada yanma sonrasi sicakliklar 1123 K olarak varsayilmis ve tiim hesaplar
buna gore yapilmist.

Sayisal ¢aligmada ise ortalama sicaklik 1133,915 K olarak sonuglanmustir.

3500.00007
3000.0000+
2500.00007
2000.0000+
1500.0000+

1000.0000+

Mass-Weighted Average of temperature [K]

500.0000 T T
0 200 400 600

iteration

temp

Sekil 11. Yakinsayan Ortalama Sicaklik Degeri (1133,915 K)
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Sicaklik olarak sayisal analiz ve teorik hesap arasinda ki fark teoriye kiyasla %0,97 olarak
gozlemlenmistir. Atik yakma firmmlarinda sicaklik ¢ok onemlidir ve yonetmelik sarti olan
850°C(1123 K) ile 1100°C(1373 K) arasinda kalmay1 saglamalidir. Sonuglar teorik olarak elde
edilen veriler ile sayisal analiz verilerinin tutarli oldugunu gostermektedir. Sayisal analiz ile
ayni zamanda atik tiirlerinin firimin hangi noktasinda yanacagini gorebilmekteyiz. Bu sayede
atik davranisi, firin boyutu gibi kavramlar konusunda 6n bilgi sahibi olabilmekteyiz.

Yapilan ¢alisma, bu tarz problemlerin hizli ve giivenilir olarak ¢oziilebilecegini gdstermistir.
Atik yakma sektoriinde sayisal ¢alisma yapmanin 6nemi de gozler dniine serilmistir.
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Can Giilayinl, Ozgiir Kabak®
Ystanbul Teknik Universitesi, Lisansiistii Egitim Enstitiisii, Miihendislik Yonetimi Boliimii, Istanbul,
E-mail: gulayinl5@itu.edu.tr
2Jstanbul Teknik Universitesi, Isletme Fakiiltesi, Endiistri Miihendisligi Béliimii, Istanbul,
E-mail: kabak@itu.edu.tr

Ozet: Siirdiiriilebilir kalkinma son zamanlarda tiim diinya icin 6nemli kiiresel bir
konu haline gelmistir ve onemi giin gectikce artmaktadur. Siirdiiriilebilir kalkinma,
cevrenin korunmasini saglarken ayni zamanda mevcut ve gelecek nesillere
ekonomik kalkinma, sosyal kalkinma ve refah saglamaya odaklanmaktadir. Bu
nedenle, siirdiiriilebilir ~ kalkinmanin ~ birbiriyle iligkili ii¢ kavrami sosyal
stirdiiriilebilirlik, ekonomik siirdiiriilebilirlik ve c¢evresel siirdiiriilebilirliktir.
Stirdiiriilebilir kalkinmayr saglamak igin her eylem veya kararda dogal, beseri ve
ekonomik sermayenin timiintin dikkate alinmasi gerektigi anlasilmaktadir.
Diinyayr daha siirdiiriilebilir bir yasam alanina ¢evirebilmek icin ¢esitli amaglar
ve hedefler belirlenmistir. 2015 yilinda Birlesmis Milletler tarafindan belirlenen
Stirdiiriilebilir Kalkinma Amaglart ile diinyanin yiizlestigi ekonomik, sosyal ve
cevresel sorunlarla miicadele etmek ve siirdiiriilebilirlik adina farkindalik
olusturmak hedeflenmektedir. Calismada Siirdiiriilebilir Kalkinma Amaclarinin,
2000-2015 yillar: arasinda gegerli olan Binyil Kalkinma Amaglarindan farklarina
ve zaman i¢inde amaglarin nasil bir doniisiim yasadigina da deginilmistir. 2030
yilina kadar, daha siirdiiriilebilir bir diinya yaratmanin bir yolu olarak insanlik,
refah, gezegen, ortaklik ve baris konularinda planli stratejilerin iistlenilmesi ve
uygulanmast gerekmektedir. Sirdiiriilebilir Kalkinma Amaglart insan gelisimi,
sosyal gelisim ve cevresel gelisimin amaclarini entegre ederek bir ¢ati altinda
toplayan 17 amag, 169 hedef ve 232 indikatorden olusan bir yapidir. Ulkelerin
Siirdiiriilebilir Kalkinma Amaglarina uyum gostermesi iilkelerin hem bugiinkii hem
de gelecekteki kusaklarinin kalkinmasi i¢in olduk¢a onemlidir. Fazla sayida amag,
hedef ve kriter bulundugundan dolayt iilkeleri Siirdiiriilebilir Kalkinma Amaglarmma
uyum performanst bakimindan analiz edebilmek icin ¢ok kriterli karar verme
tekniklerinden faydalanilabilir. Bu ¢alismamin amact iilkelerin Siirdiiriilebilir
Kallinma Amaclarina uyumundaki performansin 2015-2022 yillari arasindaki
mevcut verileri kullanarak ¢ok kriterli karar verme yontemleriyle analiz etmek ve
tilkelerin 2023-2030 yillar: arasindaki performanslarini ¢esitli zaman serisi
analizleri kullanarak tahmin etmektir. Cok kriterli karar verme uygulamasi
kapsaminda iilkelerin degerlendirilecegi kriter onem agwrliklarini belirleyebilmek
ve iilkelerin uyum performanslarini bu kriterlere gore analiz ederek ¢oziime
ulasabilmek amact ile Swrali  Agwhkl  Ortalama (SAO) yonteminden
yararlanilmistir. SAO tekniginde bulantk mantik kapsaminda tutarliigin azalmasi
riski goz oniinde bulundurularak, iilkelerin farkli kriter onem agrliklar:
karsisindaki olasi performanslart analiz edilebilmektedir. Ulkelerin gegmis yillara
ait kriterler bazinda hesaplanan verilerine ulasmak icin Birlesmis Milletler’in
olusturdugu veri tabani kullamilmistir. Calismaya veri tabaninda bulunan 261 adet
iilke dahil edilmistir. Ulkelere ait bazi kriterler icin eksik veri olmasi durumda
cesitli eksik veri ¢oziim yontemleri kullanilarak eksik verilerin uygun bi¢imde
yonetilmesi saglanmuistir. Ulkelerin gelecek yillardaki performanslarini analiz
etmek igin ise ge¢mis yillarin verileri kullanilarak her iilke i¢in uygun klasik zaman
serisi analiz yontemi (hareketli ortalama ydéntemi, basit iistel diizeltme yontemi,
Brown ' bir parametreli iistel diizeltme yontemi, Brown i ikinci dereceden tistel
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diizeltme yontemi, Holt'un iki parametreli iistel diizeltme yontemi, ayristirma
yontemleri, regresyon analizi, S-egrisi analizi, ¢esitli trend analizleri vb.) segilerek
gelecek yillarin tahmini performans verilerine iilkeler bazinda ulasimistir. Bu
c¢alisma  sonucunda  Sirdiiriilebilir ~ Kalkinma — Amaglarima  uyumdaki
performanslarinda ge¢mis ve gelecek yillara gore en iyi ve en kétii durumda olan
tilkeler belirlenerek ¢esitli oneri ve stratejiler sunulmugstur.

Anahtar Kelimeler: siirdiiriilebilir kalkinma amaclar, ¢ok kriterli karar verme,
swrall agirlikl ortalama, zaman serisi analizleri
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Abstract: In this study, yarns have been produced in Open-End Rotor spinning
system by using 2 different navels produced by Belcoro company, KSK 6-A and KS.
Using two different navels on the spinning machine, Ne 30/1 50:50
Cotton/Polyester yarns were produced with 312 drafts at a twist level of 950 TPM
with a rotor speed of 105,000 rpm. Uster tests were carried out to determine
unevenness and defect values of yarns and strength tests were applied to determine
yarn breaking strength. The effect of navel type on yarn quality was investigated.
Analysis of the test results showed that the values of unevenness (CVm), thin place
(-50%/km), thick place (+50%/km) and neps (+280%/km) of the yarns are lower
when produced using KS navels compared to the yarns produced with KSK 6-A
navels. It was also observed that the breaking strength values of the yarns made
with these two different navels did not significantly differ from one another.

Key Words: Open-End Yarn, Navel, Yarn Evenness, Strength

Introduction

The quality parameters of the yarn are very important in yarn production since they have
significant effects on the quality of the fabric. In open-end (OE) rotor spinning system yarn
quality properties are affected mainly from the characteristics of raw material, the preparation
processes and the machine parts (opening-roller, rotor, navel etc.) used (Buharali and Omeroglu,
2013). After the fibre bundle is formed in the rotor, it is withdrawn through some elements of
the spinbox. One of the most crucial components that affects the properties of the yarn is the
navel, which is located in the spinbox and directs the freshly formed yarn out of the fiber
spinbox. (Yapicilar, 2005).

Kaplan et al. (2006); in order to select the best navel for Ne 12 OE yarn for denim fabric,
produced Ne 12 OE rotor yarns using ten different navels and analyzed the quality parameters
of the yarns with Electra III. Coruh and Celik (2012); carried out the cost analysis of raw single
jersey fabrics knitted in five different loop lengths from Ne 30/1 OE rotor yarns which were
manufactured by different nozzle types using 100% cotton of Urfa region, Turkey. Ayan and
Sabir (2013); investigated the influence of production line, rotor diameter and navel on the yarn
properties produced in the OE rotor spinning system. They observed positive effect on all the
quality values of the yarn spun by using spiral navel as the yarn was exposed to less friction in
spiral-form navels. Yigit (2020); investigated the effects of material and spinning parameters
(yarn count, twist coefficient and navel type) on the yarn quality characteristics such as yarn
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evenness, IPI defects, hairiness, strength, breaking elongation and total quality index of OE
rotor yarns spun from recycled acrylic fibre, recycled cotton fibre, virgin polyester fibre and
blends.

Due to increase in cotton prices in recent years, fabric manufacturers have increased their
demands for cotton/polyester blended OE yarns rather than 100 percent cotton yarns in an effort
to cut costs. In this study, Ne 30/1 50:50 Cotton/Polyester yarns were spun on the 2007 model
R40 OE Rotor spinning machine of Rieter company by using 2 different navels (KSK 6-A and
KS) produced by Belcoro company. Uster tests were carried out to determine unevenness and
defect values of yarns and strength tests were applied to determine yarn breaking strength. The
effects of navel type on cotton/polyester blended yarn properties was investigated.

Materials and Method

In this study, cotton fibers having 29.17 mm mean fibre length and 4.62 micronaire fineness and
polyester fibers having 30 mm mean fibre length and 1.3 dtex fineness were used. The fibers
were spun into rotor yarns on a Rieter R40 OE Rotor spinning machine of Rieter company. Ne
30/1 50:50% Cotton/Polyester blended yarns were produced with 2 different navels produced by
Belcoro company, KSK 6-A and KS. Spinning conditions and machine settings of the OE Rotor
spinning machine used in this study with both navel types are given in Table 1.

Table 2. Spinning conditions and machine settings

Rotor Speed (rpm) 105.000
Rotor Diameter (mm) 33
Opening-Roller Speed (rpm) | 9000
Sliver Count (Ne) 0,100
Draft 312
Twist (TPM) 950

KSK 6-A navel is the ceramic spiral navel with 6 groves and is generally preferred by the
manufacturers in cotton-polyester blended yarn production. KS navel is the ceramic spiral navel
and is generally preferred by the manufacturers in the production of 100% cotton yarn (Figure
1).

Figure 1. KSK 6-A (spiral + 6 groves) and KS (spiral) navels used in the study
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Uster tests were carried out to determine unevenness and defect values of the yarns and strength
tests were applied to determine yarn breaking strength. To determine unevenness and defect
values an Uster Tester 5 was used. For each type of navel, five bobbins were tested. To
determine yarn breaking strength an Uster Tensorapid 4 tester was used and for each type of
navel five bobbins were tested.

Results and Discussion

In this study, the effects of two different navel types, KSK 6-A and KS, on the unevenness, yarn
defect and breaking strength properties of Ne 30/1 50:50% Cotton/Polyester yarns produced on
OE Rotor spinning machine, were investigated. The values of unevenness (CVm), thin places (-
50%/km), thick places (+50%/km), neps (+280%/km) and breaking strength (gf) are given in
Table 2.

Table 2. Test results of yarn properties

. . Breakin
_?3;2; %y |9scym Thin Places Thick Places Neps Strengtr?
(-50%/km) (+50%/km) [ (+280%/km) (of)
KSK 6-A | 13,15 | 16,70 66,3 215,0 892,5 222,6
KS 12,11 | 15,46 26,3 143,8 470,0 228,3

As seen in Table 2, the % U value (12.11) and %CVm value (15.46) of the yarn produced using
KS navel are lower compared to the % U value ( 13.15) and %CVm value (16.70) of the yarn
produced using KSK 6-A navel. It is observed that there is an improvement in yarn unevenness
values with the use of KS navel. Yarn defects are expressed as thin places, thick places and
neps. Similar results are observed for yarn unevenness; the values of -%50/km thin places
(26.3), +%50/km thick places (143.8) and +%280/km neps (470.0) of the yarn produced using
KS navel are quite lower compared to the values of -%50/km thin places (66.3), +%50/km thick
places (215.0) and +%280/km neps (892.5) of the yarn produced using KSK 6-A navel. The
quality properties of the yarn produced using KS navel present better evenness and lower
imperfection (thin, thick and neps) values than the yarn produced using KSK 6-A navel.
Therefore, it can be concluded that the navel type significantly affects the quality parameters of
yarns. When the strength values of the yarns are examined, it is seen that the breaking strength
value (228.3 gf) of the yarn produced using KS navel and the breaking strength value (222.6 ¢f)
of the yarn produced using KSK 6-A navel are close to each other and the navel type does not
have a great effect on yarn strength.

Conclusions

According to the study reported in this work about the effects of navel type on the unevenness,
imperfection (thin, thick and neps) and breaking strength values of Ne 30/1 50:50%
Cotton/Polyester yarns produced in Open-End Rotor spinning system by using 2 different
navels, the unevenness (%U and %CVm), thin place (-50%/km), thick place (+50%/km) and
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neps (+280%/km) values of the yarns produced using KS navel has been found to be better than
of the yarns produced using KSK 6-A navel. It was observed that there is low difference
between the breaking strength of the yarns produced with two different navels.
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Ozet: Niifusun hizla artmasi sonucunda, insan saghg iizerindeki baskilar su ve
enerji kayiplart olusmustur. Insan faaliyetlerinin yaygin olmasi ve bilingsiz
kullamm ¢evreye ve insanlarin gelisimine zarar vermeye baslamistir. Cevreye
verilen en biiyiik zararlardan biri de dogal sermayenin bozulmasidir. Dogal
sermayenin bozulmaya baslamasiyla beraber iklim degisikligi sorunu da on plana
¢ctkmis ve bunun sonucunda su kithgr yasanmaya baslanmigtir. Su kithgina karsi su
potansiyelini daha verimli kullanabilmek igin yenilik¢i ve dogaya yonelik ¢oziimler
tiretilmeye baslanmistir. Bu ¢oziimlerden biri de doga temelli ¢oziimlerdir. Doga
temelli ¢oziimler; ¢evresel, biyolojik cesitliligi ve sosyal zorluklari ele alarak
dogayr korumayi, yonetmeyi ve gelistirmeyi amaglamistir. Bu ¢alismada amag, son
yillarda Diinya’da onemli bir giindem konusu olan doga temelli ¢oziimler ile ilgili
yapilan calismalarin derlenmesi ve su kaynaklarimin yénetiminde doga temelli
coziimlerin nasil uygulandiginin gosterilmesi amaglanmistir. Yapilan ¢alismalar
incelendiginde doga temelli ¢oziimlerin; ekonomik biiyiimeye katki saglayip cevreyi
iyilestirmek, sehri daha ¢ekici kilmak i¢in siirdiiriilebilir kentlesmeyi olusturmak,
karbon depolarint arttirmak i¢in doga temelli ¢oziimler kullanilarak iklim
degisikligine uyum stratejisi gelistirmek ve son olarak geleneksel yontemlerden
daha fazla fayda saglamak ve ¢oklu riskleri azaltmak icin ¢evresel risk yonetimini
azaltmak igin kullanuarak cevresel riski yonetmek oldugu goriilmiistiir. Sonug
olarak, iklim degisikligine karsi alinan oénlemler arasinda beton agirlikli gri
altyapiya dayanan miidahaleler yerine daha ¢ok dogay: esas alan ¢alismalarin
yapilmast gerekliligi ortaya konmus diinyadan ve iilkemizden bazi érnekler
verilmigtir.

Anahtar Kelimeler: su kaynaklari, su yonetimi, doga temelli ¢oziimler, ¢evre

1.Giris

Diinya’da niifusun hizla artmastyla birlikte insanlarin sagliginin ve refahinin iizerinde olusan
baskilar neticesinde su ve enerji kayiplar1 olusmustur. (Faivre vd., 2017). Insan faaliyetlerinin
bilingsiz ve yaygin kullanilmas1 herkes tarafindan bilinen bir olaydir. Bu bilingsizce kullanim
bazi durumlarda oOniine gegilemeyecek bir hal almaya baslamis ve insanlarin gelisimine ve
gevreye zarar vermeye baglamustir. Cevreye verilen zararlardan biri de dogal sermayenin
bozulmasidir. Dogal sermayenin bozulmaya baslamasiyla birlikte iklim degisikligi sorunu
ortaya ¢ikmustir. Iklim degisikligi, suyun asir1 olarak tiiketilmesi gibi sorunlardan dolay1 su
kithgr yasanmaya baslanmistir (Comez, 2020).
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Ulkemiz yar1 kurak iklim bolgesinde yer aldigindan dolayr suyu korumak igin, suyu iyi
yonetebilmek gerekmektedir (Ulusal Su Plan1 2019-2023).

Diinya’da ve iilkemizdeki su durumuna bakilacak olursa, Diinya’da bulunan toplam su
potansiyeli 1,4 km*’tiir. Asagida Sekil 1°de goriildiigii gibi Diinya’daki su dagilimini mevcut
sularin %96,5°1 okyanuslarda, %2,5°1 tatli sularda bulunmaktadir. (DSI, 2019)

Goller Atmosfer Irmaklar Blyolojlk Su  Toprak Neml Yeralti Buzu
%20,9 %3 %0,5 %0,3 %3,8 %68,9

Okyanuslar Tatli Su DIger Tuzlu Su
%96,5 %2,5 %0,9

Yeralti Suyu Diger Tatl Su  Buzullar
%30,1 %1,2 %68,7

Dinya Genell Su Dagilimi Tatl Yiizey Su Dagilimi Tatli Su Dagiimi

Sekil 3: Diinya'daki Su Dagilimi (DSI, 2019)

Ulkemizde ise su potansiyeli bu durum, yeralti ve yeriistii su potansiyelleri toplandig1 zaman
yilda ortalama 112 milyar m*’tiir. Ancak bu toplam su potansiyelinin sadece 54 milyar m*’ii
kullanilabilmektedir (DSI,2019). Bu kullanilabilir su potansiyelinin Asagida Sekil 2’de
gosterildigi gibi %731 sulamada, %16’s1 evsel kullanimda, %11°1 ise sanayide kullanilmaktadir

(Hiirriyet, 2021).

SU KULLANIMININ SEKTORLERE
GORE DAGILIMI

[l Tannm
[ Sanayi

E Evsel
kullanim

Sekil 4: Su Kullaniminin Sektorlere Gore Dagilimi (Hiirriyet,2021)

Ulkemizde 2021 yil1 igin kisi basina diisen yillik kullanilabilir su miktar1 yaklasik 1346 m? tiir.
Bu degerin yillar gectikge azalmasi beklenmekte ve 2050 yilinda kisi basmma diisen yillik
kullanilabilir su miktarnin 1069 m? olacag: éngoriilmektedir. Ulkeler bazinda bakildig1 zaman
hanelerde su tiiketiminin en fazla oldugu iilkeler arasinda Tirkiye dordinct Siradadir.
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Tirkiye’de hanelerde kullanilan giinliik kisi basina tiiketilen su miktar1 Sekil 3’te gosterildigi
gibi yaklasik 217 litredir (Hiirriyet,2021). Asagida Sekil 4’te gosterildigi gibi hanelerde
kullanilan su orani en g¢ok dus alma, tuvaletler ve c¢amasir-bulasitk makinelerinden
kaynaklanmaktadir (Hiirriyet, 2021).

EN COK SU TUKETENLER LISTESINDE
TURKIYE 4'UNCU SIRADA

Estonya @ I 355 Litre
ABD € I 353 Litre
Yunanistan <= | 252 Litre
Tirkiye @ NG 217 Litre
Meksika (+) NG 205 Litre

Sekil 5: En Cok Su Tiiketen Ulkeler Listesi (Hiirriyet, 2021)

EVDE SU KULLANIM ORANLARI

%30 %20
Tuvalet Camasir ve
bulagik makinesi

%10 —

Yemek pigirme

%5

Temizlik

Sekil 6: Evde Su Kullanim Orani (Hiirriyet, 2021)

Tarim sektériinde kullanilan su miktar1 Sekil 5’te gosterildigi gibi yiizeysel sulardan %53,
yeralt1 sularindan karsilanan kismi ise %38’dir (Hiirriyet,2021). Tarim sektorii icin ii¢ ¢esit
sulama vardir. Bu sulamalarin %82’si salma sulama ile yapilirken %17’si yagmurla sulama
seklinde yapilmaktadir.
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TARIM SEKTORUNDE TARIM SEKTORUNDE

KULLAN!LAN KULLANILA"N BA$L|CA_
TATLISUMIK TARI SULAMA YONTEMLERI
Sulama - ‘ A
o,
%53 oy
Yizey Su Kaynaklan ¢, % Sulama

o
%38 ey a8
Yelalt: Sulari Sl e,

Sekil 7:Tarim Sektoriinde Kullanilan Tatli Su Miktar1 (Hiirriyet, 2021)

Tarim sektoriinde kullanilan su miktarinin azaltilmasi i¢in %82 oraninda kullanilan salma
sulama yerine daha verimli ama kullanim orani diger sulamalara gore az olan damla sulama
yontemi kullanilabilir.

2.Doga Temelli Coziimler

Diinya’da ve iilkemizde kullanilabilir su potansiyelini daha verimli kullanabilmek i¢in alternatif
onlemler alinmalidir. Ayrica iklim degisikligi de su kaynaklarini, temiz havayr ve dogal
cevrenin insanlara sagladign birgok faydayr tehdit etmektedir (Kagmaz, 2021). Iklim
degisikliginin yarattig1 sorunlarla miicadele etmek i¢in dogaya yonelmek, doga odakli ¢oziimler
iretmek biiyiik 6nem kazanmustir. Su kitligina karsi geleneksel ¢éziimlerden kullanilmaktansa
cok daha yenilik¢i ve dogaya yonelik ¢coziimler iiretilmeye baslanmistir. Bu ¢oziimlerden biri de
doga temelli ¢6ziimlerdir (Possantti vd.,2022). Doga temelli ¢6ziimler, Cevresel, biyolojik
cesitliligi ve sosyal zorluklari ele alarak dogayr korumayi, yoOnetmeyi ve gelistirmeyi
amaglamistir (Ordonez,2021). Ilk baslarda genel olarak tarim ve su yonetimi gibi konulara
yonelik anlayis igin ¢ikmis olsa da son zamanlarda iklim degisikligiyle miicadele i¢in 6nemli bir
ara¢ haline gelmistir (Uncu,2021). Doga temelli ¢oziimler ile iklim degisikligi kaynakli
sorunlarin %30’unun giderilebilecegi ongdrilmistiir.

Doga temelli ¢oziimler tarafindan ele alinabilecek dort temel hedefi su sekilde siralayabiliriz;

1. Ekonomik biiyiimeyi tesvik etmek ve ayni zamanda cevreyi iyilestirmek, sehirleri daha
¢ekici kilmak ve insan refahini arttirmak igin doga temelli ¢Oziimler araciligiyla
stirdiiriilebilir kentlesmeyi gelistirmek.

2. Direnglerini arttirmak i¢in doga temelli ¢oziimleri kullanarak bozulmus ekosistemi
restore etmek, hayati hizmetler sunmalarini ve diger toplumsal zorluklara dayanmalarim
saglamak.

3. Daha dayanikli tepkiler saglamak ve karbon depolarini arttirmak i¢in doga temelli
cozlimler kullanarak iklim degisikline uyum ve azaltma stratejileri gelistirmek
(Fink,2016).
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4. Geleneksel yontemlerden daha fazla fayda saglamak ve ¢oklu riskleri azaltmada sinerji
sunmak i¢in doga temelli ¢oziimler kullanarak cevresel risk yonetimini ve esnekligi
gelistirmek (Lafortezzzaa ve ark.,2018).

Genel gergevesine bakildiginda Sekil 6’da verildigi gibi doga temelli ¢oziimler, ekosistemi
koruma, restorasyon ve siirdiiriilebilir yonetim yoluyla insan refahi ihtiyaglarini ve biyogesitlilik
faydalarini ayn1 anda destekler (IUCN,2019).

Sekil 8:Doga Temelli Coziimlerin Genel Cergevesi (IUCN,2019)

Doga temelli ¢oziimlerin uygulama diizeyinde genel olarak iklim degisikligi 6n plana ¢ikmustir.
Iklim degisikliginin etkilerine karsi alman onlemler arasinda beton agirlikli gri altyapiya
dayanan miidahalelerin yerine yesil altyapr uygulamalarinin kullanilmasi alinan alternatif
onlemler arasindadir. Buna 6rnek vermek gerekirse, deniz seviyesinde olusan yiikselmelere
kars1 kiyr seridine duvar yapma, baraj ve su bosaltim sistemleri yapmak yerine deniz
ekosisteminin de bir pargasit olan mangrovlar1 ve resifleri korumak ve onarmak alinabilecek
doga temelli ¢ozlimlerden biridir (Uncu, 2021).

Doga temelli ¢oziimleri belirlemek i¢in yedi agamali siire¢ vardir. Bunlar;
i. Ele alinacak sorunun belirlenmesi
ii. Hangi doga temelli ¢6ziimlerin uygulanabilecek oldugunun degerlendirilmesi

iii. Doga temelli ¢oziimlerin uygulama siireclerini tasarlamak

iv. Doga temelli ¢ozlimii uygulama asamasi

2 Paydaslar1 sik sik bir araya getirip ortak faydalari iletmek

Vi. Doga temelli ¢ozlimiin aktarilmasi ve yiikseltilmesi

Vii. Izleme ve ortak faydanin degerlendirilmesi asamasi (Calliari ve ark.,2019).
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Kentsel Doga Atlas’ina gore toplumsal sorunlar (Naturvation, 2020);
I. Su yonetimi
ii. Saglik ve konfor

iii. Yesil alan ve biyogesitlilik

iv. Cevre kalitesi

V. Uyum, dayaniklilik
Vi. Arazi kullanimi

vii. Sirdiirilebilir tiketim

Bu toplumsal orunlara gore alinabilecek doga temelli ¢6ziim Onerileri ise (Naturvation,2020);
1. Yesil binalar
2. Yesil iceren gri altyapr tesisleri
3. Topluluk bahgeleri
4. Parklar ve kent ormanlari
5. Kapali yesil alanlar
6. Mavi altyap1

Doga temelli ¢oziimlerin smiflandirilmasinda yer alan {i¢ tip tipoloji asagida Sekil 7°de
gosterilmistir (Cohen-Shacham ve ark.,2016).
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Sekil 9:Dogaya Dayal1 Coziimlerin Siniflandirilmasi (Cohen-Shacham ve ark.,2016)
Tip 1 Tipolojisi

Tip 1 tipolojisinde dogal kaynaklarin kullanimini ve korunmasini iyilestirmek i¢in doga temelli
¢oztimler vardir. Tip 1 tipolojisinde sistemlerin kendilerine miidahaleyi en aza indirerek mevcut
ekosistemi en iyi sekilde kullanmak amaclanmistir (Potschin ve ark., 2016). Ornegin, bir giday1
gelistirmek i¢in bozulmamig bir sulak alanda balik stoklarini artirmaya yonelik Onlemlerin
alinmas1 (Cohen-Shacham ve ark.,2016).

Tip 2 Tipolojisi

Tip 2 tipolojisi yonetilen ekosistemin siirdiiriilebilirligini veya islevini gelistirmeye dayali
¢oziimlerdir (Potschin ve ark.,2016). Ornegin yoksullugun azalmasii desteklemek icin ticari
agac tiirlerine dayali geleneksel tarimsal ormancilik sistemlerinin yeniden kurulmasi (Cohen-
Shacham ve ark.,2016).

Tip 3 Tipolojisi

Tip 3 tipolojisinde yeni olusturulan ekosistemlerin tasarimi ve yonetimine dayali ¢6ziimlerdir
(Potschin ve ark.,2016). Mavi ve yesil altyap:r ve ekolojik miihendislik gibi terimler, zaman
zaman birbirinin yerinde kullanilmigtir (Sarabi ve ark.,2019). Yesil binalarin olusturulmasi buna
ornek olarak verilebilir (Cohen-Shacham ve ark.,2016).
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2.2. Diinya’da ve Tiirkiye’de Uygulanan Doga Temelli Coziimler

IUCN (2016), doga temelli ¢ozliimlerden bahsederken sosyal zorluklarin iistesinden gelirken
aynt zamanda biyogesitliligin yararma olacak sekilde insanlarin refahin1 géz Oniine alarak
dogay1 6n planda tutan siirdiirtilebilir bir yaklagim oldugunu savunmustur. (Cohen-Shacham vd.,
2016). Biyogesitlilik doga temelli ¢oziimlerdeki siireclerin yonetilmesinde biiyiik 6nem tasir.
Bir diger tanimda ise, doga temelli ¢oziimleri, toplumsal sorunlari ele alirken doganin daha
verimli nasil kullanilacagindan ilham alan ve tasarim konusunda dogay1 esas alan yaklagim
oldugundan bahsetmektedir.

2.2.1. Afrika’da Uygulanan Kum Barajlari

Afrika’da yapilan bir ¢alismada mevsimsel akan nehirlerde goriilen su depolama sorununun
doga temelli ¢oziimler kullanilarak ¢oziilmesi amaglanmistir. Bu ¢aligma kapsaminda, nehirlerin
akista oldugu dénemlerde yiizeyden akan sular s1g yeralt1 suyu rezervuarlarina yonlendirilerek
doldurulmakta ve kurak mevsim geldiginde c¢esitli basit araglar kullanilarak depolanan sular
olusturulan bu aliivyal akiferden cekilerek tarimsal amaglar igin kullanilmaktadir. Ancak
Afrika’nin bir¢ok bolgesinde yiiksek depolama potansiyeline ragmen bu yontem ile yeterince su
cekilememektedir. Bu soruna ¢6ziim olarak sulama gereken alanlar i¢in kum barajlar1 olusturma
teknigi kullamlmustir. Sekil 8’de gosterildigi gibi kum barajlari, nehirlerdeki tortu kalinligim
yiikselterek depolanan su hacmini ve suya erisilebilirligi giines enerjili pompalar kullanarak
arttirmaktadir (WWDR, 2018).

Sekil 10:Bir Kum Barajinin Semas1 (WWDR, 2018)
2.2.2. Madagaskar’da Uygulanan Pirin¢ Yogunlastirma Sistemi

Yapilan bagka bir ¢alisma ise Madagaskar’da uygulanan daha az su kullanarak daha fazla piring
verimi elde edilen piring yogunlastirma sistemidir. Piring {iretimi i¢in ¢ok fazla suya ihtiyag
vardir. Piring yogunlastirma sisteminin amaci, siirekli olarak su basmayan suyu tutma
yontemiyle suyun siirekli doymus sekilde kalmasmi saglamaktir. Sekil 9°da verildigi gibi
Madagaskar’daki piring tarlasinda yapilan bu caligma uluslararasinda doga temelli ¢oziimler
kapsaminda 6nemli bir ¢alisma olmustur. (Kassam vd.,2011). Piring yogunlastirma sistemi, yeni
¢esitlerin tanitilmasina veya her zamankinden daha fazla geltik kullanilmasina dayanmak yerine,
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standart mahsul ve su yoOnetimi uygulamalarindaki degisikliklere dayali olarak, topraklarin
ekolojik ve hidrolojik isleyiginin yeniden kurulmasini iceren bir yaklagimdir. Piring
yogunlastirma sistemi sadece piring verimliligi degil ayni zamanda azot ve su kullanimi
verimliliginde de etkisi olduk¢a fazladir. Metan emisyonundaki azalma sonucunda topraktaki
anaerobik kosullardan aerobik kosullara gecisin sonucunda sera gazi emisyonlarinda da azalma
s0z konusudur. Bu c¢alisma sonucunda kurak bolgelerde de piring yogunlastirma sistemi
uygulanarak nem tasarrufu saglayarak piring tiretimi yapilabilir oldugu goriilmektedir.

Sekil 11: Madagaskar Piring Tarlas1 (Nereye Dergisi,2019)

2.2.3. Cin’de Uygulanan Siinger Sehir Projesi

BM tarafindan yaymlanan Siirdiiriilebilir Kalkinma I¢in 2030 Giindemi mavi-yesil altyapryla
insan-su iligkisinin 6nemini vurgulamaktadir. Yesil altyapilar1 unsurlari olarak yagmur suyu
toplama sistemleri, yagmur bahgeleri, gecirgen kaldinnmlar, yesil catilar ve bioswales
kullanilabilmektedir (Comez,2020). Yesil binalar doga temelli ¢oziimler kapsaminda yeni
gelismekte olan bir yaklasimdir. Cin’de Sekil 10°da gosterildigi gibi ‘siinger sehir’ konseptiyle
yesil altyapr kullanilarak su durumunu iyilestirmek amaglanmistir (WWDR,2018). Bu proje
kapsaminda yagmur suyunun %70’inin tutulmasi, depolanmasi ve artildiktan sonra yeniden
kullanilmas1 hedeflenmistir. Stinger sehir konseptinde yesil catilar, bioswales ve gecirimli
kaldirimlardan faydalanilmistir (Embassy of the Kingdom of the Netherlands,2016).
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Sekil 12:Cin'deki Siinger Sehir Konsepti (WWDR,2018)
2.2.4. Isparta’da Uygulanan Geg¢irimli Beton Sistemi

Yagmur suyu depolama uygulamasi kapsaminda Isparta Cevre, Sehircilik ve Iklim Degisikligi 11
Miidiirliigii Binasinda gegirimli beton sistemi kurulmustur. Yapilan sistemde yagmur suyunun
Sekil 11°de gosterildigi gibi gecirimli beton sayesinde akisa gecen yagmur sularini geri
doniistim tanklar igerisinde toplanmasi amag¢lanmustir. Daha sonrasinda Sekil 12°de gosterilen
yagmur suyu depolama tankinda biriken sularla araglarin yikanmasinda, bahge sulamasinda
kullamlmasi planlanmistir (Isparta  Valiligi Cevre, Sehircilik ve Iklim Degisikligi 1l
Midiirligii,2021).

Sekil 13:Isparta'da Uygulanan Gegirimli Beton Uygulamasi (Isparta Valiligi Cevre, Sehircilik
ve Iklim Degisikligi Il Miidiirliigii,2021)
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Sekil 14:Isparta'da Uygulanan Gegirimli Beton Uygulamasinin Yagmur Suyu Deposu (Isparta
Valiligi Cevre, Sehircilik ve Iklim Degisikligi Il Miidiirl{igii,2021)

Sonug¢

Diinya’da ve lilkemizde yasanan iklim degisikligiyle birlikte su kitlig1 sorunu ortaya ¢ikmustir.
Su kitligina karsi alinmasi gereken dnlemler arasinda daha yenilik¢i olan doga temelli ¢éziimler
kullanilmaya baglanmasi gerekmektedir. Yapilan c¢alismalar incelendiginde doga temelli
¢ozlimlerin ekonomik biiylimeye katki saglayip cevreyi iyilestirmek, sehri daha ¢ekici kilmak
i¢in siirdiiriilebilir kentlesmeyi olusturmak, karbon depolarini arttirmak i¢in doga temelli
cozliimler kullanilarak iklim degisikligine uyum stratejisi gelistirmek ve son olarak geleneksel
yontemlerden daha fazla fayda saglamak ve ¢oklu riskleri azaltmak i¢in ¢evresel risk yonetimini
azaltmak i¢in doga temelli ¢oziimler kullanarak ¢evresel riski yonetmek oldugu goriilmiistiir.
Sonug olarak, iklim degisikligine karsi alinan onlemler arasinda beton agirlikli gri altyapiya
dayanan miidahaleler yerine daha ¢ok dogayi esas alan ¢alismalarin yapilmasi gerekliligi ortaya
konmustur.
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Abstract: The temporal and spatial evolution of heterogeneous subsurface
structures in the Anatolian Plateau in which located in the Alpine-Himalayan
orogenic belt have been subject to many studies in Earth Sciences. However, upper
mantle induced active dynamic forces that might affect the present-day topography
and tectonics in the region are still debated. This study focuses on an integrated
analysis of the geodynamic features of the Anatolian Plateau. For this aim, we
conduct 3-dimensional (3D) thermomechanical numerical models by considering a
series of geophysical and geological observations and laboratory experiments to
set model parameters such as, rheology, temperature, and density. In addition, we
analyze non-isostatic components of the observed topography based on the
principle of crustal isostasy and long wavelength gravity data. Our models’
estimations are presented here as mantle convection vectors and dynamic
topography on the plateau with different model configurations (i.e., temperature,
density etc.). We interpret preliminary findings together with independent datasets
imaging crustal (e.g., partial melting, surface heat flows, magmatism) and
lithospheric scale structures that can also be associated with near and far field
deformation processes. Our results suggest that dynamic forces in the upper
mantle play an important role in the present-day topography and tectonism of the
Anatolian Plateau.

Keywords: geodynamics, Anatolia, thermomechanical model, Earth Sciences
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Plastik Enjeksiyon Siire¢ Parametrelerinin Taguchi Metodu ile
lyilestirilmesi: Otomotiv Yan Sanayi Uygulamasi
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Ozet: Bu calisma ile bir otomotiv yan sanayi firmasinda iiretilen aydinlatma
par¢alarmmin  plastik  enjeksiyon — proses — parametrelerinin  iyilestirilmesi
amaglanmistir. Par¢alarda enjeksiyon sonrast olusan sararma ve mavilesme kalite
problemlerinin éniine gegebilmek amaciyla yaygin olarak kullanmilan deney
tasarimi yontemlerinden biri olan Taguchi metodundan faydalanilmistir. Utiileme
zamani, ttiileme basinci, soguma zamani, kalip yiizey sicakligi, ocak sicaklig,
enjeksiyon hizi ve manifold sicakligi olmak iizere 7 faktor ele alimmigtir. Taguchi
L27 ortogonal dizisi kullanilarak deneyler olusturulmus, renk fark:i iizerindeki
degisim optik kiire 6l¢iim cihazi ile él¢iilmiistiir. Taguchi ile yapilan eniyileme ve
devaminda dogrulama deneyleri sonucunda, parcalar tizerinde renk degigimini en
aza indiren optimum faktor degerlerine ulasildigi gériilmiistiir.

Anahtar Kelimeler: Plastik enjeksiyon, Taguchi, deney tasarimi, optimizasyon.

Giris

Plastik enjeksiyon giiniimiizde prosesin seri imalata olduk¢a uygun olmasi ve kompleks
parcalarin basilabilmesi ile 6zellikle otomotiv sektoriinde araglarin plastik aksamlariin imal
edilmesinde 6nemli yeri olan bir uygulamadir.

Literatiirde enjeksiyon sonrasi plastik parcalarda meydana gelen kalite hatalarinin azaltilmasina
yonelik farkli caligmalar bulunmaktadir. Chen ve ark. (1997), Taguchi metodu kullanarak
enjeksiyonla kaliplanmig otomobil tamponunun yiizeyindeki damarlanmayr L12 ortogonal
dizisini kullanarak elimine etmeye c¢alismislardir. Chang ve Faison (2001), calismalarinda
Taguchi deney tasarimi yontemini kullanarak plastik enjeksiyon sirasinda parcada meydana
gelen carpilma problemini farkli siire¢ kosullari altinda {i¢ ayr1 polimer malzemeyi kullanarak
incelemislerdir. Kay1 (2006), enjeksiyondan ¢ikan polistiren ve polietilen malzemeye sahip
pargalarin, belirlenmis proses parametreleri altinda meydana gelen ¢ekme probleminin minimize
edilmesini 6 faktorlii deney tasarimi ile belirlemeye calismistir. Oktem ve ark. (2007), ince
cidarli plastik parcada meydana gelen ¢arpilma ve ¢ekme durumunu azaltmak i¢in Taguchi
metodundan faydalanarak iirin hatalarini optimize etmeye caligmislardir. Kamber (2008),
plastik enjeksiyon makinelerindeki kalite hatalarinin sebebinin kalibin ¢evre kosullart ve dlgme
cihazlarindaki  hassasiyetlerden yola c¢ikarak, enjeksiyon makinesi kalip basma
parametrelerinden olan basing, sicaklik ve zaman degerlerinin optimizasyonunu saglamistir.
Altan (2009), Taguchi, Anova ve yapay sinir aglart ile yapilan analizler sonucunda
degiskenlerin optimum degerine ulagsmistir. Calisma sonunda, en Onemli parametrelerin
polipropilen (PP) i¢in iitiileme basinci, polistilen (PS) icin erime sicakligi olduguna; enjeksiyon
basinci girdi faktoriiniin her iki komponentin biiziilmesi {izerinde en az etkisi oldugu sonucuna
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ulagsmistir. Erdem ve ark. (2010), Taguchi metodu kullanarak plastik pargalarin tiretiminde etkili
olan farkli {irtin tasarimi, giris sayisi, giris Ol¢iisii, yolluk tasarimi parametreleri ile triinde
olusan carpilmanin en aza indirilmesini amag¢lamiglardir. Mehat ve Kamuruddin (2011), geri
doniistiriilmiis plastik pargalarin mekanik 06zellikleri iizerindeki enjeksiyon kaliplama
parametrelerinin etkilerini aragtirmislardir. Azaman ve ark. (2013), lignoseliilozik polimerin diiz
veya dis biikey olarak ince cidarli parcanin kaliplanmasi iizerinde calismislardir. Calisma
sonucunda malzemenin basildiktan sonraki davranisi incelenerek optimum parametrelere karar
verilmistir. Onal (2021), plastik enjeksiyon kaliplama teknigi ile imal edilen firin diigmesi i¢
gobek parcasinin ¢ekme probleminin minimizasyonu i¢in Taguchi metodu ile analiz yapmustir.
Tiirkan (2021), plastik enjeksiyon pargasinin sogutma islemi esnasinda meydana gelebilecek
catlak ve gerilme riskine karsi soguma siirecinin optimizasyonunu incelemistir. Lin ve Chen
(2021), optik sistemlerde kullanilan plastik triinlerin yuvarlakligi ve es merkezliligindeki
bozulmalarimn  minimuma indirilmesi i¢in Taguchi metodunu kullanarak enjeksiyon
parametrelerinin optimizasyonu iizerinde galigmiglardir. Tasgin ve Gokkoru (2021), farkli
Ozelliklerdeki malzemelerin, plastik enjeksiyon makineleri ile imalati sirasinda ortaya
cikabilecek imalat hatalarinin daha 6nce tespit edilerek, hizli ve dogru yontemin belirlenmesi ve
hatalarin minimuma indirgenmesi tiizerine c¢alismiglardir. Karaoglan ve Baydeniz (2022),
otomotiv aydinlatma pargalarindaki hatali enjeksiyon goriintiilerini ve par¢a kopmalarini
minimize edebilmek igin Taguchi deney tasarimi yonteminden faydalanarak kalip basma
parametrelerinin optimizasyonunu iizerine ¢aligmistir. Girdi degiskeni olarak ocak sicakligi,
enjeksiyon hizi, ttiileme basinci, mal alma zamani ve iitilleme basinci faktorlerini ele almis;
cikt1 degiseni olarak iiriin agirligini 6lgmiislerdir.

Bu ¢alismada ise literatiirdeki ¢aligmalardan farkli olarak plastik enjeksiyon siirecinde iitiilleme
zamani, Utlileme basinci, soguma zamani, kalip yiizey sicakligi, ocak sicakligi, enjeksiyon hizi
ve manifold sicakligi faktorlerine ele alinmis ve ¢ikti olarak da pargalar {izerindeki renk
degisimi ele alinmistir. Amag renk degisimini minimize etmektir. Izleyen béliimlerde sirasiyla
deney tasarimina iligkin materyal ve metod, deneysel ¢aligma ve sonuglar verilmistir.

Deney Tasarimi ve Taguchi Metodu

Deney tasarimi konusunda literatiirde yaygin olarak kullanilan yontemler; yanit yiizey yontemi,
faktoriyel tasarim ve Taguchi metodudur. Yamt yiizey yonteminde lineer, karesel ve ikili
etkilesim terimlerinin kombinasyonlarin1 ve/veya hepsini igeren regresyon denklemleri kurulur.
Faktorler diger yontemlerden farkli olarak, sadece nicel ve siirekli degiskenlerden olusabilir.
Faktorlerin ara seviye degerleri ile birlikte optimum degerlerine ulagmak icin hesaplamalar
yapilir. Diger yontemlere gore nispeten daha fazla deney gerektirir. Diger yaygin bir yontem
olan faktoriyel tasarim metodunda parametreler nicel (siirekli degisken) veya nitel (kesikli
degisken) olabilir. Deney tasarlanirken her faktor 2 seviyeli olarak ele alinir lineer ve etkilesim
terimlerini igeren regresyon denklemleri kullanilarak matematiksel modelleme yapilir. Taguchi
metodu ise matematiksel modele sahip degildir, diger yontemler gibi bir regresyon denklemi
kullanmaz. Az deney sayist ile S/N oranimi yani kontrol edilebilir faktorlerin kontrol edilemeyen
faktorlere oranini hesaplar. Optimum sonu¢ yerine optimumuma en yakin sonug verir
(Montgomery, 2008; Roy, 2011, Sirvanci, 1997).
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Deney Verileri

Bu c¢alisma, otomotiv aydinlatma sistemine ait olan Sekil 1°de 6rnegi belirtilmis 151k tiipii
parcasmin plastik enjeksiyon kalibindan c¢ikarildiktan sonra iriinde meydana gelen kalite
problemine ¢6ziim getirmek igin gergeklestirilmistir. Parcanin plastik enjeksiyon ile iiretimi
sonrast optik kiire Olgiim cihaz1 ile renk Olglimleri yapildiginda, renk ile ilgili kalite
problemlerinin oldugu goriillmiistiir.

Sekil 1. Isik tiipti gorsel muayene fikstiirii

Plastik enjeksiyon makinesinden ¢ikan 1s1k tiipii aydinlatma pargasinin standartlara gore istenen
kalite diizeyini yakalamasi igin parcada enjeksiyon sonrasi renk uyumsuzluklart meydana
gelmemesi istenmektedir. Miisteri tarafindan iletilen renk toleranslarinda belirtilen G6l¢iim
skalasina parca uyum saglamalidir. Olgiimler Sekil 2°de belirtilen optik kiire cihazi (Ulbricht)
ile yapilmaktadir. Ol¢iim cihaz ile dlgiilen sararma AX ile ifade edilirken; mavilesme ise Ay ile
ifade edilmektedir. Bu degerler parga renginin hangi seviyede oldugunu gostermektedir. Her bir
parca i¢in belirlenmis olan deger araliklara gore 6l¢lim sonuglarimin kiyaslamasi yapilmaktadir
Kalite probleminin ¢6ziimiine yonelik olarak, oncelikle proses parametreleri (faktorler) ve her
faktor i¢in seviyeler belirlenmistir. Bu ¢aligmada ele alinan faktorler ve seviyeleri asagida Tablo
1’de gosterilmistir.

Tablo 1. Deneylerde kullanilan faktorler ve seviyeleri

Faktorler Seviye 1 Seviye 2 Seviye 3
Utiileme zaman (s) 3 5 7
Utiileme basinci (bar) 380 530 680
Soguma zamant (S) 20 25 30

Kalip yiizey sicakligi (°C) 105 115 125
Ocak sicakligi (°C) 242 250 255
Enjeksiyon hizi (s) 2,8 3,8 4.8

Manifold sicakligi (°C) 240 250 260
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Sekil 2. Isik tiipii Ulbricht 6l¢iim ekipmani

Tablodaki faktorler icin Minitab istatistiksel analiz programi kullanilarak deney tasarlanmis ve
belirlenen 7 adet her biri 3 seviyeli enjeksiyon siire¢ parametreleri igin Taguchi L27 ortogonal
dizisi kullamlmustir. Olgiimler optik kiire dl¢iim cihazi ile yapilnmis bunun ¢iktis1 olarak Ax ve
Ay degerleri islenen verilerden elde edilmistir. Istenilen {iriin kalitesine ulasabilmek icin AX ve
Ay degerlerinin minimum olmas1 istenmektedir. L27 ortogonal dizisi ile olusturulmus deney
tasarimi ve Olgiilen sonuglar asagida Tablo 2’de verildigi gibidir.
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Tablo 2. Deney sonuglari

Utlileme | Utlileme | Soguma K“allp Ocak | Enjeksiyon | Manifold .
Deney Yizey N . | Sararma | Mavilesme
No Zamani | Basinci | Zamani Sicaklig Sicakhigi Hizi Sicakhgi (AX) (Ay)
(s) (bar) (s) °C) (°C) (m/s) (°C)

1 3 380 20 105 242 2,8 240 10,02340| 0,0362
2 3 380 20 105 250 3,8 250 (0,02560| 0,0404
3 3 380 20 105 255 4,8 260 (0,02680| 0,0426
4 3 530 25 115 242 2,8 240 (0,02270| 0,036
5 3 530 25 115 250 3,8 250 10,02470| 0,0391
6 3 530 25 115 255 4,8 260 (0,02640| 0,0421
7 3 680 30 125 242 2,8 240 (0,02440| 0,0386
8 3 680 30 125 250 3,8 250 (0,02410( 0,038
9 3 680 30 125 255 4,8 260 (0,02740| 0,0438
10 5 380 25 125 242 3,8 260 [0,02550| 0,0402
11 5 380 25 125 250 4,8 240 (0,02260| 0,0356
12 5 380 25 125 255 2,8 250 (0,02700| 0,0426
13 5 530 30 105 242 3,8 260 (0,02350| 0,0366
14 5 530 30 105 250 4,8 240 10,02410| 0,0382
15 5 530 30 105 255 2,8 250 (0,02570| 0,0407
16 5 680 20 115 242 3,8 260 (0,02450| 0,0388
17 5 680 20 115 250 4,8 240 (0,02340( 0,037
18 5 680 20 115 255 2,8 250 (0,02210| 0,0349
19 7 380 30 115 242 4,8 250 (0,02210| 0,0349
20 7 380 30 115 250 2,8 260 (0,02560| 0,0401
21 7 380 30 115 255 3,8 240 |0,02440| 0,0387
22 7 530 20 125 242 4,8 250 (0,02400| 0,0376
23 7 530 20 125 250 2,8 260 (0,02590| 0,0406
24 7 530 20 125 255 3,8 240 |0,02520| 0,0396
25 7 680 25 105 242 4,8 250 (0,02560| 0,0405
26 7 680 25 105 250 2,8 260 (0,03160| 0,0502
27 7 680 25 105 255 3,8 240 |0,02700| 0,0426

Deneyler sonunda olgiilen degerler kullanilarak Minitab programi yardimiyla Taguchi analizi
yapilmistir. Taguchi analizi Minitab programinda “smaller is better’” secenegine gore
yapilmistir. Analiz sonunda elde edilen S/N grafigi asagida Sekil 3’te verilmistir. S/N grafigi
iizerinde her faktdr icin maksimum faktor seviyeleri secilerek optimum faktor seviyelerine
ulagilmustir. Yapilan iki ayr1 analiz sonucunda mavilesme ve sararma igin en iyi noktalarin ayni
kalip basma degerleri oldugu gozlemlenmistir.
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Main Effects Plot for SN ratios
Data Means
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Sekil 3. S/N Grafigi

Sekil 3’te verilen S/N grafiginden alinan sonuglara gore sararma ve mavilesmeyi diistirerek {iriin
kalitesini arttiracak optimum siire¢ parametre degerleri: itiileme zamani= 5 saniye, iitiileme
basinci= 530 bar, soguma zamani= 20 saniye, kalip yiizey sicakligi= 115°C, ocak sicakligi=
242°C, enjeksiyon hizi= 4,8 m/s, manifold sicakligi= 240°C, olarak belirlenmistir. Deneylerde
ele alinan faktorlerin yanit degiskeni tizerindeki etkisinin onem sirasi ise asagida Sekil 4’de
verildigi gibidir. Buna gore faktorler en etkiliden en etkisize dogru: manifold sicakligi, kalip
yiizey sicakligi, ocak sicaklig, {itiilleme zamani, soguma zamani, litiileme basinci ve enjeksiyon

hiz1 olarak siralanmaktadir.

Utiileme Utiileme Soguma Kalip Yiizey  Ocak Enjeksiyon Manifold
Level Zamam Basina Zamam  Sicakhd Sicakhd Hizi Sicakhg
1 32,04 3214 32,22 31,76 3242 31,96 32,36
2 3232 3216 N77 3241 31,08 3207 3222
3 3183 3189 3220 3201 3179 32,16 31,61
Delta 048 0,27 045 0,65 0,64 021 0,75
Rank 4 6 5 2 3 7 1

Sekil 4. Minitab rank degerleri raporu

Belirlenen optimum faktoér seviyeleri icin 5 adet dogrulama deneyi yapilmistir. Dogrulama

deneylerinin sonuglar1 asagida Tablo 3’te verildigi gibidir.
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Tablo 3. Dogrulama deneyi

Utileme| Utiileme [Soguma K"allp Ocak |Enjeksiyon| Manifold )
Deney Yuzey . . | Sararma |Mavilesme
No Zamani | Basincl |Zamani Sicaklig Sicakhig Hizi Sicakhgi (AX) (Ay)

(s) (bar) (s) °0) (°C) (m/s) (°C)
1 5 530 20 115 242 4,8 240 0,02052 | 0,03139
2 5 530 20 115 242 4,8 240 0,02059 | 0,02753
3 5 530 20 115 242 4,8 240 0,02035 | 0,02786
4 5 530 20 115 242 4,8 240 0,02059 | 0,02703
5 5 530 20 115 242 4,8 240 0,02193 | 0,02886

Deneyler sonucunda elde edilen renk degeri ortalamasinin sararma ve mavilesme igin sirasiyla
0,02080 ve 0,02853 oldugu belirlenmistir. Dogrulama deneyi sonucu gostermektedir ki,
Taguchi analizi ile yapilan optimizasyon sonunda istenilen renk dalga boylarinin
tyilestirilmistir.

Sonug¢

Bu c¢alismada bir otomotiv yan sanayi firmasinin plastik enjeksiyon siireci ile trettigi
aydinlatma pargalarinda gozlenen kalite probleminin Oniine gecebilmek amaciyla Taguchi
metodundan yararlanilmigtir. Girdi faktorii olarak iitiileme zamani, {itiileme basinci, soguma
zamani, kalip yiizey sicakligi, ocak sicaklifi, enjeksiyon hizi ve manifold sicaklig
kullanilmistir. Olgiilen ¢ikt1 parametreleri ise sararma ve mavilesmedir ve her ikisinin de
minimum olmast hedeflenmektedir. Deneysel c¢alisma kapsaminda L27 ortogonal dizisi
kullanilarak 27 adet deney gerceklestirilmis ve aydinlatma pargalarindaki renk degisimini
minimize edecek faktor seviyeleri: itiileme zamani= 5 saniye, litiileme basinci= 530 bar,
soguma zamani= 20 saniye, kalip ylizey sicakligi= 115°C, ocak sicakligi= 242°C, enjeksiyon
hiz1= 4,8 m/s, manifold sicaklifi= 240°C, olarak belirlenmistir. Bu faktor seviyeleri i¢in yapilan
5 adet dogrulama deneyi sonunda sararma ve mavilesme igin Olgiilen degerlerin ortalamasi
sirastyla 0,02080 ve 0,02853 olarak hesaplanmustir. Elde edilen sonuglar gostermektedir ki, ele
alinan bu problem igin Taguchi metodunun uygun bir yontemdir.
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Ozet: Demir ve celik iiretimi, CO2 emisyonlarimn ana kaynaklarindan biridir. Celik
tiretiminde tiretilen her bir ton ¢elik igin yaklasik 2 ton CO2 salinimi gergeklesmektedir.
Celigin %90 geri doniistiiriilebilir olmasina ragmen, bu oran kiiresel emisyonlarin
yaklasik %7 sini olusturmaktadir. Dolayisiyla celik iiretimini temizleyebilmek, diisiik
karbonlu bir gelecegin baslangicidir. Mevcut ve 2050 yilina kadar ilave edilebilecek
veni kapasitenin tahmin edilen etkileri, ¢elik iiretiminde “karbonsuzlagma” konusunun
onemini artturmaktadwr ve ¢elik sektorii, karbondan arindirilmast en zor sektérlerden
biri olmasma ragmen diisiik karbonun potansiyel kullanuimi nedeniyle son zamanlarda
oldukga ilgi gormektedir. Fakat, bilindigi iizere bu tarz endiistriyel siireglerdeki 6nemli
degisiklikler ve ticarilesme ¢ok fazla zaman ve kaynak gerektirir. Bu biiyiik atilimin da
cesitli zorluklart bulunmaktadir. Karbonsuzlasma kapsaminda celik iiretebilmenin iki
yolu vardir. Birinci yol, indirgeyici karbon veya kok seklindeki komiirii hidrojen ile
degistirmektir. Diger bir yol ise erimis oksit elektrolizi kullanmaktir. Cogu biiyiik ¢elik
tireticisi, hidrojen bazli siireg iizerinde ¢alismalar yiiriitmektedir. Bu ¢alisma demir ve
celik endiistrilerinin  karbondan arindirilma siireci ve bu baglamda hidrojenin
gelecekteki roliinii okuyucuya bilgi vermeyi amaglamaktadir.

Anahtar Kelimeler: ¢elik iiretimi, CO2 salimimi, karbonsuzlagsma, hidrojen bazh
stire¢

Giris

Sanayi sektorleri arasinda giinliik hayatimizda kullandigimmiz {riinlerin birgogunun iiretimine
onciiliik eden demir celik sanayisi Oon plana ¢ikmaktadir. Giicli ve ayn1 zamanda ¢ok yonlii
yapisiyla ¢elik, tiim metaller i¢erisinde modern diinyada en ¢ok kullanilanlardan biridir. Celik;
arabalar, demiryollari, petrol ve dogalgaz boru hatlari, gokdelenler, asansorler, metrolar,
kopriiler, beyaz esyalar, kargo gemileri, jiletler, cerrahi nesterler gibi giinlik hayatimizin her
alaminda kullandigimiz genis bir iiriin yelpazesinin temel girdisini olusturmaktadir. Ulkeler
istthdam artisin1 ve ekonomilerinde hedefledikleri biiylimeyi yakalayabilmeleri i¢in yatirima,
yatirimlar igin ise ¢elige ihtiyag duymaktadir. Son yillarin sanayi devriminin temelini olusturan
celigin, oniimiizdeki yillarda da {tilkelerin odak noktasi olacagi asikardir. Tablo 1’de Diinya
Celik Birliginin raporuna gore, 2020 yilinda diinya genelinde 1,878 milyon ton ham celik
iretimi  gerceklestirilmistir. [1] Demir cevherinden oksijenin uzaklastirilmasi ve diger
safsizliklarin ortadan kaldirilmasi ile demir olusmaktadir. Karbon, geri dontistiiriilmiis ¢elik ve
eser miktarda diger elementlerle birlestigi takdirde (nikel, molibden, manganez, titanyum, bor,
kobalt veya vanadyum gibi) celik haline gelen demir, celigin kimyasal yapisinda One
¢ikmaktadir. Celik en basit haliyle, demir ve %?2'den az karbondan olusur. Karbon, demiri
alasimlamanin en uygun maliyetli yoludur, ancak elementi giiclendirmek ve metale belirli
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ozellikler vermek i¢in diger metaller kullanilabilir. Celik alagima farkli elemanlar ekleyip
cikartmak malzeme 6zelliklerini de etkiler. [2]

1. Celik Uretim Yoéntemleri

Ham ¢eligin tiretim siirecinde iki ana yontem bulunmaktadir. Bunlardan ilki demir cevherinin
yiiksek firinda ergitilip sivi demir elde edilmesi ve sonrasinda Bazik Oksijen Firm (BOF)
vasitastyla celik iiretilmesidir. ikinci yontem ise Elektrikli Ark Ocaklarinda (EAO) celik
hurdanin yiiksek ark etkisiyle ergitilip c¢elik iiretilmesidir. Diinya genelindeki ham celik
iiretimini bu iki liretim metoduna gore degerlendirdigimiz takdirde ana girdisi demir cevheri
olan BOF tesisleri diinya genelinde iiretilen ¢eligin %73,2’sini ve ana girdisi ¢elik hurdasi olan
EAO ise %26,3’liik kismina tekabiil etmektedir. Tiirkiye’de kullanilan iiretim metotlar
kiyaslandiginda %30,8 oraninda BOF tesislerinde %69,2 oraninda ise EAO tesislerinin
kullanildig1 goriilmektedir., tablo 1 [2]

Tablo 1. Diinya Ham Celik Uretimi 1950 - 2020 (milyon ton) [1]
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1600

1400

1200

1000

400

200

1950 1960 1970 1980 1990 2000 2010

82
Proceedings Book



INSAC International Researches Congress on Natural and Engineering Sciences (INSAC-IRNES'23) In‘S@

il — ZSZSZSP-* i

Demir
»> Yhhek Firin
Cevhdri

Surekli Ddklim Tesisi

,5’0.--. -

Yan
kiitiik, slab

Ta; Komifi
I ! I Cellkhane
-»> Sinter Fabrikas:
n g [ g Hurda

Kok Fabrikas:

Kireg

Haddehane Nihai
mamul

Sekil 1. Entegre Celik Tesislerinde Uretim Akis Semasi [3]

Bazik Oksijen Firin (BOF) yonteminde, en fazla tercih edilen {iretim yontemidir. Hammaddesi
demir cevheri ve koklastirilarak yiiksek firin i¢in hazir hale getirilen tas komiiriidiir. Toz
cevherin yiiksek firin tesislerinde kullanilabilmesi i¢in sinter fabrikasinda iglenerek sinter haline
getirilmesi gerekmektedir.

Diger bir yandan demir cevherleri yiiksek firinli tesislerde kullanilmasi igin pelet tesislerinde
pelet haline getirilmektedir. Peletleme, anlamsal olarak termik sertlesmedir ve ince taneciklerin
su ve baglayict madde vasitasiyla topaklanarak sekil almasina denir. [3] Peletlenme isleminde
demir oksitlerin tanesel olarak birlesmesi ile yapisal bir bag olusur. [4] Yiiksek firinlarda pik
demir haline gelen bu hammaddeler, ¢elikhanede islemden gegirilir ve dokiim makinelerinde
kiitiik, slab haline gelir. Daha sonrasinda haddehanelerde islenerek nihai iiriin olusur. [3]
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Sekil 2. Elektrikli Ark Ocakli Tesiste Uretim Akis Semasi [3]

Celik iiretiminin bir diger 6nemli hammaddesi olan hurda ¢elikler, daha 6nceden tiretilmis ve
kullanilmig dmriiniin sonuna gelen celiklerdir. Bu celikler sonsuz kez geri doniistiiriilebilirler.
Hurda celik, Elektrikli Ark Ocaklarinda (EAQO) elektrotlardan gegen elektrik akimi vasitasi ile
olusturulan ark ve ortaya ¢ikan 1s1 kullanilarak eritilir. Daha sonrasinda ergimis metale gerekli
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alasim elementleri eklenir ve son olarak siirekli dokiim makinelerinden gegirilerek haddehanede
islenip nihai {iriin elde edilmesi saglanir. [3]

2. Celik Uretiminde CO2 Emisyonu

Son yillarda iiretimdeki hizli artig, kullanilan enerji ve hammadde artig1 beraberinde gevre
kirliligine, kiiresel 1sinmaya neden olmustur. Tiim sanayi sektorleri goz oniine alindiginda, celik
iiretiminde ortaya ¢ikan karbon emisyonu orani da géz ardi edilemeyecek seviyededir. [5]

2015'te Diinya iilkelerinin neredeyse tamammin kabul ettigi Paris Iklim Antlasmasi, kiiresel
sicaklik artigint 1,5 derecede tutmayi, 4. maddesine istinaden artan kiiresel emisyonlari 2030
yilinda %45'in altina indirmeyi, 2050 yilinda ise sifirlamay1 hedefleyen bir anlagmadir. Bu
anlagma iklim degisikligi miicadelesinde Diinya i¢in 6nemli bir yere sahiptir. Anlagmay1 kabul
eden {ilkeler sera gazlarini ve kiiresel 1sinmayi, bu hedefler dogrultusunda, nasil azaltacaklar1 ve
sinirlayacaklar1 hakkinda ¢aligmalara ve yol haritalarini ¢izmeye baglamiglardir. [6]

Demir ¢elik endiistrisi mevcut CO2 emisyonlarinin yaklasik %7-8'ini olusturmaktadir. [7] Celik
tiretiminde tretilen her bir ton ¢elik i¢in yaklagik 2 ton CO2 salinimu ger¢eklesmektedir. [2]
Dolayisiyla gelik tiretimindeki karbon emisyonunu indirgeyebilmek diisiik karbonlu bir gelecek
icin biiyilk 6nem arz etmektedir. Fakat, demir ¢elik endiistrisi karbondan armndirilmasi zor
sektorlerin arasinda yer almaktadir. [8]

Tiirkiye Istatistik Kurumunun yaymladigi Tablo 2’ye gére, 2020 yilinda toplam sera gazi
emisyonu bir 6nceki yila oranla artmistir. 1990 yilinda kisi basi sera gazi emisyonu 4,0 ton
olarak belirtilirken 2020 yilinda 6,3 ton olarak hesaplandig1 goriilmektedir. [9]

Tablo 2. 1990-2020 yillar1 arasi toplam ve kisi basi sera gazi emisyonu [9]
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Toplam sera gazi emisyon yiizdeleri sektér bazli incelendigi takdirde, 2020 yilinda en biiyiik
payt %70,2 ile enerji kaynakli emisyonlar alirken; bu sektorii sirasiyla tarim, endiistriyel
islemler ve son olarak atik sektorii takip etmektedir. [9] Bu kapsamda, diisiik karbona gegis
siirecindeki oncelikli sektorler arasinda demir-celik sektorii de bulunmaktadir.

Tablo 3. Sektorlere Sera Gazi Emisyon Oranlar1 & Gazlara Gore Sera Gazi Emisyon Oranlari

[9]
%14,0 523,9 Mt 5239 Mt
COz esd. CO; esd.
sEnerji = Tanm Endustriyel islemler ve Urin Kullanimi Atk =CO2 uCH4 =N20 = F-gaziar

3. Demir Celik Uretimi Teknolojisinde Hidrojen Atilim

19. yiizyilda, giiniimiizdeki demir c¢elik iiretiminde de oldugu gibi yiiksek firmlar
kullanilmaktadir. Bilindigi {izere yiizyillardir siire gelen endiistriyel siireclerde iyilestirmeler,
onemli degisiklikler ve ticarilesme igin ¢ok fazla zaman, kaynak ve yatirim gerektirmektedir. Bu
biiyiik atilimlarin da ¢esitli zorluklar1 bulunmaktadir.

Karbon, yiizyillardir ¢elik iiretiminde 1sitma igin bir yakit, indirgeyici bir madde ve bir alagim
maddesi olarak kullanilir. Fakat, Paris Anlasmasi ile birlikte tiim diinyanin “karbonsuzlastirma”
ihtiyacina odakladigini sdylemek miimkiindiir. [10]

SSAB, LKAB ve Vattenfall AB isimli ii¢ isveg sirketi ilk fosilsiz gelik iiretimi i¢in deger zinciri
yaratmay1 hedeflemektedir. SSAB ¢elik iiretiminde, LKAB madencilik sektdriinde Vattenfall
AB ise enerji sektoriinde oncii sirketlerden biridir. Bu sirketler kisaltmasi HYBRIT olan ”
Hydrogen Breakthrough Ironmaking Technology” - “ Hidrojen Cigir Acan Demir Uretim
Teknolojisi” olarak adlandirlan celik {retim siirecinde, komiirii hidrojenle degistirmeyi
amagclayan ortak bir girisimdir. [11]
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CO, reductions required Global steel demand Required change in
given Paris Agreement carbon intensity

Million tons CO, Million tons steel Ton CO,/ton steel
2.800 2.500 18
400-600
~0,2
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» ~90% lower carbon intensity in steel production required

» A new metallurgy is needed — impossible to meet with incremental improvements of old technologies

Sekil 3. Kiiresel Celik Talebi ve 2050'de CO2 Emisyonlarinda Gerekli Azalma [11]

Hidrojen bazli siire¢ atilim ile, Sekil 3’ten de anlasilabilecegi gibi, celik endiistrisinden
kaynaklanan emisyonun 2050 yilinda 400-600 milyon ton seviyesine diismesi, beklenen {iretim
kapasitelerinin de artmasi beklenmektedir. [11]

4. Hidrojen Bazh Proses ile Celik Uretim Asamalan

Hidrojen bazli siirecte hedeflenen yiiksek firin tabanl ¢elik iiretiminde kullanilan kok kdmiirii
ve fosil yakilarin yerini almaktir. Bunu da yenilenebilir elektrikle olusturulan hidrojen ile
yapmay1 hedeflemektedir. Daha 6nce de deginildigi iizere ¢elik, geri doniisiim veya hammadde
olarak demir cevheri kullanilarak iiretilmektedir. [12]

Sekil 4’te goriildiigl lizere hidrojen bazli siiregte hammadde, demir cevheri peletleri halindeki
demir cevheridir. Daha fazla islenmek iizere madenlerden ¢ikarilan cevher zenginlestirilir ve
sinterlenerek demir cevheri topaklarma dontstiiriiliir. Giinlimiizde sinterleme fosil yakitlar ile
yapilmaktadir fakat, hidrojen atilimlit HYBRIT firetim prosesinde sinterleme islemi biyoyakitlar
kullanilarak tamamlanir. Demirin oksijen ile birlesmesiyle olusan okside demir cevheri adi
verilir. Geleneksel yontem ile iiretilen ¢elik tiretim prosesinde ¢elik iiretebilmek i¢in oksijenin
cevherden ayrigtirllmasi gerekir. Yiiksek firinlarda karbon ve kok kullanilarak uzaklastirilan
oksijen, hidrojen bazli iiretim prosesinde demir cevherinden oksijenin fosil igermeyen hidrojen
kullanilarak ¢ikarilmasi anlamina gelmektedir. Demir cevheri indirgenmesi i¢in bir saft firini
kullanilmaktadir. [11,12]
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Sekil 4. Yiiksek Firin ve HYBRIT (Hidrojen Cigir Agan Demir Uretim Teknolojisi) Uretim
Prosesi [12]

Hidrojen bazhi siiregte demir cevheri topaklar: ile ayni sekle sahip kati bir {irlin olan siinger
demir olusur. Siinger demir daha sonra EAO’nda eritilir. Fosil igermeyen elektrik kullanilarak
ve fosil karbon yerine fosil olmayan katki maddelerinin kullanimi artirilarak siireg fosilsiz hale
getirilir. Ozetlemek gerekirse; islem demir cevherinin peletlenmesi, demir oksitlerin demire
indirgenmesi ve ham ¢elik tiretimi dahil olmak tizere gelik iiretim asamalarinin tiimiinde CO2
emisyonlarini azaltmay1 hedeflemektedir. [11,12] Kisacasi1 hidrojen bazli HYBRIT teknolojisi,
demir cevherinden oksijeni ¢ikarmak icin karbonu ve koku kullanan yiiksek firin siirecini,
fosilsiz enerji kaynaklarindan elektrik kullanarak sudan iiretilen fosilsiz hidrojeni kullandigimiz
dogrudan indirgeme siireciyle degistirmeyi igeren bir prosestir. Cikti olarak karbondioksit
yerine su buhari olusur.

Bu modelde sektoriin karsisina ¢ikacak engellerden biri sudan elektroliz ile hidrojen elde
etmenin maliyetidir. Ayrica hidrojeni ¢elikte kullaniminin 6niindeki engelleyici diger bir faktor
hidrojenin verimli ve giivenli kosullar altinda depolamaktir. Dolayisiyla gelik sektoriinde
karbonsuzlagsmaya gidilirken uygun altyapinin olusturulmasi gerektigi dikkat ¢ekmektedir. [2]

5. Sonug¢

Celik sektorii disiik karbonlu gelecege gegis asamasinda onemli role sahiptir ve karbonsuz bir
gelecegin anahtaridir. Hedeflenen emisyon azaltim degerlerinin yakalanabilmesi i¢in iiretim
teknolojilerinde koklii bir degisime, sektorlerde ciddi yatirim ve kaynaga ihtiya¢ duyulmaktadir.
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Ozet: Uretim sektorlerinde siireclerin iyilestirilmesi ve maliyetlerin azaltilmast
biiyiik 6nem tasimaktadw. Karliligin arttirilmast amaclanirken siireglerin sorunsuz
bir sekilde siirdiiriilmesi hedeflenmektedir. Bu nedenle, siire¢ iyilestirme
calismalarinda veri madenciliginin  kullanilmas:  hangi etkenlerin  oncelikli
olduguna iliskin uygulamalari 6nemli bir bilgi saglamaktadir. Kullanilan
yontemler de teknolojinin ilerlemesiyle birlikte her gegcen giin degisip
gelismektedir. Bu ¢alisma kapsaminda endiistriyel sistemlerde yayginlasmakta
olan veri madenciligi yaklasimlarinin  sistematik  bi¢imde kullanilmasina
uygulanmaswina iliskin temel adimlarin tamimlanmast ve bir ornek sunulmasi
hedeflenmektedir.

Bu ¢alisma kapsaminda incelenecek sayisal veriler bir iiretim isletmesinden
derlenecektir. Elde edilen veriler, arastirma sorularimin yanitlanmast ve
hipotezlerin dogrulugunun test edilmesinde kullanilacaktir. Ele alinan problemin
kabul edilebilir bigimde ¢oziimlenmesi icin dikkate alinmast gereken varsayimlar
ve gereksinimler belirlenecektir. Problemin uygun bir ¢oziime kavusturulmast igin
olast metotlar degerlendirilecek ve etkin bir ¢oziim saglayan yontem tercih
edilecektir. Calismada, endiistriyel bir sistemde veri madenciligi yontemleri
karstlastirmali  olarak kullanilacaktir. Cesitli  oznitelikler dikkate alinarak
olusturulan veri seti, veri on isleme adimlart ile uygun hale getirilecektir.
Calismanmin kapsamina uygun olarak belirlenecek veri madenciligi yontemlerinden
gozetimli 6grenme algoritmalart veri setine uygulanacaktir. En iyi performansa
sahip yontem ile problem ¢éziimiiniin elde edilmesi ve mevcut siirecin
ivilestirilmesi hedeflenecektir. Bu ¢alisma, iiretim sistemlerinde veri madenciligi
yontemleri ile bir iiretim sisteminin verileri kullanilarak var olan ¢alismalara bir

yenisinin eklenmesi ve literatiire bu alanda katki saglanmasi amaglanmigtir.

Anahtar Kelimeler: veri madenciligi, tiretim siire¢leri, kalite, veri gorsellestirme,
tahminleme
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Abstract

Since vehicles have been becoming an important part of human life everyday, car
manufacturers started producing the cars equipped with more technologies and
customer-oriented comfort features. Most of these features and technologies were to
automate the movement of the various parts such as seats, window lifter, liftgate and
sunroof. The automatic parts, while performing the functions of opening, closing
and the movement in different directions, brought with them the accidents of
compression, crushing and injury to human limbs. Against these kind of accidents,
new safety regulations have been developed that prevent human injuries caused by
the automatic parts. Some of the regulations include the safety precautions against
pinch cases. In the automotive industry, systems supported by various sensors such
as force sensor, hall effect sensor etc. and the systems that monitor the current
consumption of the moving parts are used to comply with these regulations or
standards . In this study, anti-pinch system applications will be analyzed in two
different categories as direct pinch sensing systems and indirect pinch sensing
systems, the working principle of the different anti-pinch systems will be explained
and the anti-pinch system applications that have been used in the automotive
industry will be mentioned.

Key Words: anti-pinch systems, sensors, safety, automative

1. What is Anti-pinch?

Anti-pinch system is a vehicle safety techology that prevents human body from injuries and
damages caused by the pinch cases.

Fig. 1. Pinch case example
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2. Working Principle of Anti-pinch Systems

In the automotive ndustry, anti-pinch system are managed with sensors that requires
mechanical contact between a moving object and an obstacle or object on it’s path. The sensors
used can be divided into two categories; direct pinch sensing systems, where a sensor is in direct
interaction with an obstacle or object, and indirect pinch sensing systems, where the
performance of the motor is monitored to detect abnormal behavior in various motor parameters
such as the angular velocity, torque or current.

2.1.Direct Pinch Sensing System

Direct pinch sensing system measurements are obtained by monitoring the physical movement
of the object. The measurements are used to detect the pinch cases by using sensors such as
force sensors, ultrasonic sensors and capacitive sensors

2.1.1.Force Sensors

Force sensors can be used for a basic understanding of a direct pinch sensing system for anti-
pinch applications. These sensors are used to monitor impact forces in the automotive industry.

Force sensors are a type of transducer. They convert an input mechanical force such as
load,pressure weight, tension, compression into another physical variable, in this case, into an
electrical output signal that can be measured, converted and standardized. Such sensors consist
of electrodes and sensing film. Force-sensing resistors are based on contact resistance. These
contain a conductive polymer film, which changes its resistance in a predictable way once force
is applied on the surface. This film includes non-conducting, micrometer sized, and electrically
conducting particles, which are arranged in a matrix. If force is applied to the film’s surface,
microsized particles touch the sensor electrodes, which change the film’s resistance. The
amount of change alters the resistance value that provides a measure of the applied force.

Pinch detection can be done through direct pich sensing of the physical movement of the
object under the pinch force. The movement is detected by placing a force or pressure sensor
inside seal which comes in contact when an object presses against seal surface. Pinch case is
detected according to movement observation by the microcontroller which receives the
movement information from the output of the sensor.

Door frame

Sensor

Sealing rubber

Fig. 2. Force sensor Fig. 3. Direct pinch sensing system example
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2.1.2.Ultrasonic Sensors

These sensors use ultrasonic sound waves to detect the presence of objects in their
vicinity.Sound waves are termed as ultrasonic when they have a frequency greater than 20 kHz,
which is above the range of ‘sonic’ frequencies audible to humans. Ultrasonic sensors use the
timeof- flight technique to determine the distance of a target object. A transmitting ultrasonic
transducer sends a burst of ultrasonic sound waves, which get reflected from the target object’s
surface. These reflected waves are called the echo. The echo is then picked up by a receiving
ultrasonic transducer. The difference between the time of sending the waves and the time when
the echo was received is measured. Since the speed of sound waves in the traveling medium is
known, the distance of the target object can be calculated.

Since the distance of the target surface can be determined in a short interval of time, it can also
be used as an input for pinch detection. A microcontroller can be used to track the distance of
the target. When the user initiates the movement, the distance values must increment gradually.
In an expected behavior, which can be continuously verified by the microcontroller. If an
abnormal change in the distance is detected, it would mean that there is an unexpected object in
the path of the moving object which could get pinched. When this occurs, the microcontroller
can stop the movement, preventing the pinch case.

Object
Oscillator ~ Amplifier I

S

d (calculated)

Time elapsed
electronics

Fig. 4. Ultrasonic Sensor Fig. 5. Principle of an ultrasonic distance
measurement system

Amplifier

2.1.3.Capacitive Sensors

Capacitance is referred to as the ability of a system to store electrical energy or
charge.Capacitance is measured by a capacitive sensor. Capacitive sensors can be used to detect
the presence of objects without requiring mechanical contact as shown below. Capacitance-
based proximity sensors rely on the changes to the frequency of an LC tank circuit, which is
connected to a metal plate. A change in the oscillator frequency occurs when the target object
moves within the capacitor’s electrical field. The changed frequency can be detected by a
microcontroller unit and mapped to the relative or absolute position.
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III Do;r

Fig. 6. Changes in the electrical field of the capacitive sensor can detect presence of a human
body part

2.2.Indirect Pinch Sensing Systems

Indirect pinch sensing system measurements are obtained by monitoring the motor performance
parameters such as current, angular velocity and torque. The measurements are used to detect
the pinch cases. Two leading technologies for indirect pinch sensing systems are Hall sensors
and shunt resistors. These technologies are more commonly used in automotive industry
compared to direct pinch sensing system technologies.

2.2.1.Hall-effect Sensor

One of the most common methods to detect pinch cases in automotive is to use a sensor that
measures the Hall effect. Hall effect is the production of a voltage across an electrical
conductor that is transverse to an electric current in the conductor and to an applied magnetic
field perpendicular to the current. Hall effect sensor is used to measure the hall effect. A Hall
effect sensor is a type of sensor which detects the presence and magnitude of a magnetic
field using the Hall effect. In a Hall effect sensor, a current is applied to a thin strip of metal. In
the presence of a magnetic field perpendicular to the direction of the current, the charge carriers
are deflected by the Lorentz force, producing a difference in electric potential (voltage) between
the two sides of the strip. This voltage difference (the Hall voltage) is proportional to the
strength of the magnetic field.

Directional
Magnetic
Field (H)

DC Supply

Fig. 7. Hall effect sensor Fig. 8. Hall effect sensor working principle

95
Proceedings Book


https://en.wikipedia.org/wiki/Sensor
https://en.wikipedia.org/wiki/Magnetic_field
https://en.wikipedia.org/wiki/Magnetic_field
https://en.wikipedia.org/wiki/Hall_effect
https://en.wikipedia.org/wiki/Lorentz_force
https://en.wikipedia.org/wiki/Electric_potential
https://en.wikipedia.org/wiki/Voltage

INSAC International Researches Congress on Natural and Engineering Sciences (INSAC-IRNES'23) IﬂS@

Hall effect sensors are used to calculate the motor speed in order to detect the pinch cases.The
sensors are located close to poles or shaft of the DC motor which manages the movements.
When a motor pole passes close to a hall effect sensor, the magnetic field density increases. This
change in the magnetic field is then converted to an digital or analog electric pulses in terms of
voltage by the sensor and processed by the control unit. Since number of the poles are known,
the rotational velocity of the motor is calculated by measuring the width of and interval between
the pulses and can be considered as reference speed value.

The control units monitors the motor speed according to the signals that are received from the
hall effect sensor continously.When an obstacle is present in the direction of motor movement,
the obstacle slows down the motor and the motor speed reduces. In this case, the control unit
compares instantaneous speed value with the reference speed value present in it’s memory and
detects the pinch case.

Hall sensor magnets’

Fig. 9. Hall Effect Sensor Location on the DC Motor

2.2.2.Shunt Resistor

Another indirect pinch sensing method that is widely used to detect pinch cases is current
sensing. Current based anti-pinch system's working principle is based on the current change of
the DC motor. The pinch cases can be detecting by monitoring the current flowing through the
motors. There are several way to measure the current and the most common way is shunt
resistor due to their low cost and best accuracy.

Shunt resistors are devices used to gauge the flow of current. They detect and convert current to
a measured output voltage. Current sense resistors are generally low-value, high-power
resistors.

A shunt resistor applies the same principle as a normal resistor, but is specialized for current
measurement. By supplying a current to be measured through a shunt resistor with a known
resistance and measuring the voltage across the shunt resistor, the current value that was
supplied can be calculated by using Ohm's law. Shunt resistors are generally positioned in-line
on the conduction path between the power source and the load.

In the anti-pinch applications, when there is an obstacle on the path of the motor and the motor
touches the obstacle, the DC motor gets load disturbance because of the obstacle that made the
DC motor current rise. Current value which measured on shunt resistor in this case is larger
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than the normal DC motor current value. Since the current value received from shunt resistor is
over the threshold current value defined in the software of the control unit microcontroller, the
anti-pinch system is activated.

Microcontroller Driver

Shunt
Resistor

Fig. 10. DC Motor Block Diagram

3.Anti-pinch System Applications in Automotive Industry

With the help of developing technology, most of parts used in vehicles were automated in order
to increase the customers comfort. The authomation of these parts brought with them the
accidents of compression, crushing and injury to human limbs. In order to prevent such
accidents, anti-pinch systems were developed and implemented to different parts of the vehicles.

3.1.Power Tailgate

Power tailgates are the tailgates that can be opened and closed automatically by a switch located
on it or by a key fob. When switch is pressed by the customer, the DC motor is powered and
tailgate starts moving inward or outward in order to open or close itself. Tailgate may damage
human limbs and cause injuries during automatic closing or opening. In order to prevent such
injuries, anti-pinch applications were developed and implemented to power tailgates.

The most widely used anti-pinch pinch system applications are the force and capacitive sensors
for power tailgates. During the closing of the power tailgate, existence of an object in the
direction of the movement is monitored by a control unit according to the output coming from
sensors. When an obstacle or object is detected, the movement is either stopped or moved in the
opposite direction (opening process) by a control unit depending on the requirements of the
vehicle manufacturer.

Fig. 11. Power Tailgate Activation Methods
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3.2.Power Window

Power windows are vehicle windows that can be managed by a switch located on the door
panel. The windows can be raised or lowered automatically by pressing down or pulling up the
switch for a few seconds. When the switch is pressed down or pulled up by the customer, the
DC motor is powered and the window mechanism that is connected to DC motor starts moving
in up or down direction. These automatic movement may cause fatal accidents or injuries such
as pinch of the children's neck or fingers. In order to prevent such mishaps in the power
windows, anti-pinch applications were developed and implemented to power windows.

The most widely used anti-pinch system applications today are force sensors, hall effect sensors
and shunt resistors for power tailgate. During the closing of the power window, the DC motor
speed or current consumption or the existence of an object in the direction of the movement are
monitored by a control unit according to the output coming from related sensor used in the
application(force sensor or hall effect sensor or shunt resistor). When a force caused by a
pinched object is detected or when a slowdown of the motor speed is observed or when
increment in the motor current consumption is observed, anti-pinch system is activated by a
control unit and window movement is either stopped or moved in the opposite direction
(opening process) by a control unit depending on the requirements of the vehicle manufacturer.

Fig. 12. Typical power window system

3.3.Sunroof

The movable element used to reveal and close an opening in the roof of the vehicle is called the
sunroof. A sunroof moves frontward and rearward horizontally and can be opened or closed
automatically with the help of DC motor when a switch located on the overhead console is
pressed. These automatic movement may cause accidents or injuries. In order to prevent such
accidents, , anti-pinch applications were developed and implemented to sunroof.

The most widely used anti-pinch system application today is hall-effect sensor for sunroof.
Motor speed is monitored by the control unit according to output of the hall- effect sensor
during the sunroof movement. When an obstacle is present in the direction of the movement,
sunroof motor slows down and the decrease of the speed is detected by the control unit so anti-
pinch system is activated and sunroof movement is either stopped or moved in the opposite
direction.
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3/ C

Fig. 13. Typical sunroof system

3.4.Power Seats

Electrically supported, memory seats have become widespread in many models nowadays.
Electrically supported seats are systems in which the driver or passenger can adjust the seat
height, seat horizontal position, lumbar support, bolster support and position of the recliner with
the help of DC motors. These adjustments are made by the switches located at side of the seat or
on the door panel and can be saved in the memory in order to recall the saved adjustments later
on. In addition to this, seat systems have some automatic functions such as easy entry and easy
exit present especially in coupe vehicle. Easy entry is the function that allows the passenger to
sit at the back side giving more space by front seat movement in frontward direction. Likewise,
easy exit is another automatic seat functionality that allows the driver to exit from the vehicle
providing more space by front seat movement in rearward direction. These automatic seat
movements may cause leg or finger injury of the passenger sitting at the back side. In order to
prevent such injuries, anti-pinch applications were developed and implemented to seat systems.

The most widely used anti-pinch system applications today are hall-effect sensor and shunt
resistor for power seats. Motor speed is monitored according to output of the hall- effect sensor
during the seat movement as well as motor current consumption is monitored over shunt resistor
by the control unit. When an obstacle touches the seat, the motor that moves the seat
horizontally slows down and current consumption of the motor increases. In this case motor
speed is lower than nominal speed value and current consumption is above the nominal current
consumption value of the motor. When these two conditions are detected, the anti-pinch system
is activated by the control unit and seat movement is either stopped or moved in the opposite
direction depending on the requirements of the vehicle manufacturer.

)
Horizontal Position
Adjustment g
Lumbar Support
Adjustment Switch*/
Height Adjustment Mode Selector*
= | Seat-back Angle
f Adjustment 5

Fig. 14. Seat position adjustment system
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4.Conclusion

With the developing technologies and innovations, automotive manufacturers equipped with
customer-oriented comfort features in order to make human life comfortable and easier. For this
purpose, many of the parts were authomated and the authomation brought with it various
accidents. In order to prevent and minimize the accident, several security systems were
developed and implemented to the authomated parts in vehicles such as power tailgate, power
window, sunroof, and power seats. One of the most popular security systems is anti-pinch
systems.

In this study, anti-pinch systems were categorized as direct pinch sensing systems and indirect
pinch sensing systems. Direct pinch sensing systems are the systems that measure some
parameters by monitoring the physical movement of the object and several direct pinch sensing
systems were developed with the help of various sensors such as force sensor, capacitive sensor
and ultrasonic sensor. Otherwise, indirect sensing systems are the systems that measure some
parameters by monitoring the motor performance and various sensor based indirect pinch
sensing systems were developed such as hall effect sensor based, shunt resistor based. In
automotive industry, both direct and indirect-pinch systems are used but the most widely used
systems are hall effect sensor based and shunt resistor due to reliability, good performance and
low cost.
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GCE/rGO Elektrot Uzerinde CO,’in Elektrokimyasal Olarak
Indirgenmesi
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Ozet: Karbon emisyonlarimn en onemli kaynaklarindan birisi, fosil yakitlarin
stirekli ve yaygin olarak kullaniimasidir. Sanayi devreminden once atmosferdeki
CO; konsantrasyonu 270 ppm iken simdilerde bu rakam 418 ppm’e kadar
yiikselmistir. Atmosferdeki sera gazlar: arasinda yaklasik %80°lik bir paya sahip
olan CO,, iklim degisikligi gibi ciddi ¢evre sorunlarina neden olmaktadir.
Atmosferdeki CO, miktarini azaltmak icin genel olarak dort yontem
bulunmaktadir: (1) mevcut enerji iiretim proseslerinin verimliliginin artirilmasi;
(2) enerji iiretimi igin karbon icermeyen veya diigiik karbonlu kaynaklarin
kullanilmasi; (3) CO,‘in yakalanmast ve depolanmast (CCS); ile (4) CO, ‘in
yakalanmast ve iiriine doniistiiriilmesi (CCU). Bahsi gegen son iki yaklasumin,
atmosferdeki CO,'in azaltilmasi i¢in kullanilabilecek en verimli teknikler oldugu
diistiniilmektedir. Ancak CCS tekniginde, yakalanan CO,’in atmosfere geri sizma
riski olusmaktadir. Bu kapsamda, CCU teknigi bir¢ok avantaji nedeniyle, iklim
degisikligine yonelik sorunlari ele almak adina umut verici bir arayigtir. Bu teknik
ile CO,’ten formik asit, asetik asit, formaldehit vb. hidrokarbonlar
tiretilebilmektedir. Bu tiriinler, hem yakit hem de kimya, ila¢ ve polimer sanayinde
hammadde veya yardimct hammadde olarak da kullanilabilmektedir. Ornegin
formik asit, CO, indirgenmesi (CO,RR) ile iiretilebilecek onemli katma degerli
kimyasallardan biridir. Diger asitlere gére daha ¢evre dostu olup biyolojik olarak
kolayca par¢alanabilmektedir. Ayrica formik asit, herhangi bir kalinti birakmadan
buharlasabildiginden yogunlukla deri iiretimi, kauguk iiretimi ve tekstil boyamada
kullanilmaktadir. CO,’in elektrokimyasal yontemlerle formik asit/formata (3'ten
yiiksek pH'larda, format iyonu (HCOy) formundadwr, bu nedenle format ve formik
asit birbirinin yerine kullaniimaktadwr) déniistiiriilmesi son yilarda yogun olarak
calisilan bir konudur. Elektrokataliz yontemi CO, indirgenmesi agisindan hizl
elektron transfer orant dalayiSiyla giiclii bir role sahiptir. Ancak zayif segicilik ve
diigtik  Faraday verimi bu konudaki ¢alismalarin arttiriimasi  gerektigini
gostermektedir. Bu kapsamda son yillarda karbon-bazli nanomalzemeler de
verimli katalizérler Qelistirmek iizere kullanilmaya baglanmistir. Bu malzemeler
arasindan grafen ve tiirevieri yiiksek yiizey alani saglamalart ve fonksiyonel
gruplart dolayisiyla oldukga ilgi cekmektedir.

Bu ¢alismada secici bir elektrokatalizor gelistirilmesine yonelik ilk asama olarak
camst karbon elektrot (GCE) ve indirgenmis grafen oksitden (rGO) olusan bir
yiizey gelistirilmesi amaglanmis olup Faraday verimi ve akim yogunlugu degerleri
hesaplanarak elektrotlarin CO,RR performans: degerlendirilmistir. Oncelikle GCE
yiizeyi 0.05 um aliimina tozu ile mikro bez iizerinde polisaj iglemi yapilarak
temizlenmigtir. Daha sonra distile su ile ytkanan GCE yiizeyi, ultrasonik banyoda 5
dakika boyunca etanol-distile su c¢ozeltisinde tutulmus olup distile su ile
durulanmistir. GCE  yiizeyi hem drop-casting metot (damlatma) hem de
elektrokimyasal metot olmak iizere iki farkli sekilde rGO filmi ile kaplanmigtir.
Damlatma yonteminde 3 pL grafen oksit (GO), GCE 'nin tiim yiizeyi kaplanacak
sekilde damlatilmis olup etiivde 60 °C’de 15-20 dk kurutulmustur. Daha sonra GO
uygulayp kurutulan elektrot 0,1 M fosfat tamponu iginde (pH=7) daldwuilarak -0,9
V vs. Ag/AgCI sabit potansiyelde 900 sn. indirgenme ger¢eklestirilerek GCE/rGO
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elektrot elde edilmistir. Ancak yiizeydeki rGO tabakasinda atma oldugundan
damlatma  yontemiyle elde edilen elektrot iizerinde elektroliz  islemi
gerceklestirilmemigtir. Ikinci yontemde rGO filmi, GCE yiizeyinde +0,6 V ila -1,6
V araliginda, 50mVs™ tarama hizinda 20 déngii boyunca Déniisiimbi Voltametri
(CV) teknigi ile olusturulmustur. Temiz GCE yiizeyi iizerinde, dogal bir polimer
olan kitosan varhiginda farkli konsantrasyonlarda GO ¢ozeltileri (0,1 mgmL™; 0,25
mgmL™?; 0,4 mgmL™) kullamlarak GCEIYGO vyiizeyleri olusturulmustur. Elde
edilen 3 farkli GCE/rGO elektrot su igerisinde 10 dk bekletildikten sonra
kurumaya bwrakilmistir. Bu kaplama yonteminde kitosan destek materyali olarak
kullanilmistir.

Hazirlanan elektrotlar iizerinde -1.8 V vs. Ag/AgCl sabit potansiyelde 1 sa. siireyle
CO; indirgenmis olup elektrokataliz ¢alismalart sonucu en iyi performans 0,25
mgmL'l GO kullanilan elektrot tizerinde elde edilmistir. Format olusumuna yonelik
maksimum Faraday verimi %65,8 olarak hesaplanmis olup ortalama akim
yogunlugu -0.22 mAcm?‘dir. Sistemden I saatte gecen toplam yiik ise 0,79
Coulomb’dur. Ortalama akim yogunlugu (j,), toplam akimin elektrodun geometrik
yiizey alanina (1 ¢cm?) béliinmesi ile hesaplanmistir. Format iiretimine ait Faraday
verimi, asagidaki esitlik kullanilarak hesaplanmigtir:

f= nformatnF/Q

Bu esitlikte;
Ntormat’ tiretilen formatin mol sayisini
n; CO, ten bir format molekiilii olugmast icin gerekli olan elektron sayisini
(n=2 burada)
F; Faraday sabitini (96485 C/mol elektron)
O, elektroliz sirasinda elektrottan gecen toplam yiikii ifade etmektedir.

Bu ¢alisma sonucunda, CO, indirgenmesi i¢in rGO 'nun GCE iizerinde olusturdugu
elektroaktif yiizey alamimin format iiretimi igin kullanilabilecegi ancak verimin
beklendigi kadar yiiksek olmadigi tespit edilmigtir. Verimin artirilmasi amaciyla
indiyum, kursun veya kalay gibi format iiretiminde etkin olan metallere ait
nanopartikiillerin GCE/rGO yiizeyinde ayrigtirilmasiyla katalitik aktivitesi daha
yiiksek ve format iiretimi agisindan daha segici olabilecek yenilik¢i elektrotlar
gelistirilebilir,

Anahtar Kelimeler: Camst karbon elektrot, indirgenmis grafen oksit, CO;’in
elektrokimyasal indirgenmesi, format/formik asit
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Abstract: With the development of artificial intelligence technology, methods based
on machine learning are preferred in the field of health to interpret of complex
signals received from the human body. Electroencephalography (EEG), which
measures the electrical activity of the brain, is used as the most important
diagnostic method in epilepsy, especially in the imaging of complex brain signals.
In addition, EEG signals are very sensitive to voluntary and involuntary body
movements, making it difficult to diagnose this disorder with EEG measurement,
especially for pediatric patients. In this study, datasets obtained from 22 patients
aged between 7 and 12 years, with a sampling frequency rate of 256 Hz, provided
by Children Hospital Boston, are used. In this study, firstly, the amplitude-
frequency characteristics of the frequency spectrum of the patients during the
seizure and in the non-seizure state are extracted by determining the time intervals
of the seizure-containing imaging in the datasets, using the discrete Fourier
transform and data classification. Artificial neural networks (ANN) techniques are
used in machine learning classification and 99.32% success is achieved. In the
next study, EEG signals will be resampled using different sampling rates.
Processed signals of different sampling rates obtained will be tested using different
machine learning techniques in order to obtain the most efficient classification
result. By resampling, less storage space usage and higher processing speed can
be achieved by minimizing the disadvantages of limiting factors such as storage
space and processor power.

Keywords: electroencephalography, machine learning, artificial neural networks,
data sampling
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Examination of the Behavioral and Mechanical Properties of Mortars
Containing Natural and Expanded Perlite Powder against Alkali-Silica
Reaction

H. Alperen Bulut
Y Erzincan Binali Yildirum University Engineering and Architecture Faculty, Department of Civil Engineering,
Erzincan, habulut@erzincan.edu.tr

Abstract: This study was conducted to examine the behavior of natural perlite and
expanded perlite powders, which are widely preferred as lightweight aggregates,
against alkali-silica reaction (ASR) induced expansions. Compressive and flexural
strength tests of mortars containing 6%, 12%, 18%, 24%, 30% and 36% natural
perlite powder and 3%, 6%, 9%, 12%, 15% and 18% expanded perlite powder
were carried out with ASR. Comparisons were also carried out with control
mortars without perlite powder. ASR results decreased as the proportion of natural
perlite powder increased. 15% expanded perlite powder substitution caused 9
times more expansion. Against the durability problems stemming from ASR, 30%
natural perlite powder is the ideal ratio. Both compressive and flexural strength
results of natural perlite powder-substituted mortars were greater than those of
expanded perlite powder-substituted mortars.

Keywords: natural perlite powder, expanded perlite powder, alkali-silica reaction,
compressive strength, flexural strength

Introduction

Perlite, a natural glassy volcanic rock, is widely accessible in most parts of the world, including,
Hungary, Greece, Turkey, Japan and the USA (Ramezanianpour et al., 2014; Markiv et al.,
2016). Perlite expands 5 to 20 times of its original volume when exposed to heat and used in
various lightweight concrete operations, brick production, plasters or building elements
requiring improved thermal and acoustic insulation (Mir and Nehme, 2017). Perlite powders,
due to their high SiO, and Al,O3 content (whether used in natural or expanded form), are
pozzolanic materials that increase the strength and durability of concrete (Demirboga et al.,
2001; Erdem et al., 2007; Rashad, 2016).

The four components required for the alkali-silica reaction (ASR) are reactive silica, available
alkalis, moisture, and aggregate (Wang and Gillott, 1991; Leemann et al., 2011). For ASR-
sensitive concrete, certain types of aggregates containing reactive silica can be easily attacked
by hydroxyl ions present in the porous solution of concrete, resulting in the formation of a
hygroscopic reaction product. This product is vulnerable to water and can expand by swelling
(Li et al., 2018). Subsequently, expansion, cracking and further deterioration of the concrete can
occur (Hou et al., 2004; Stanton, 2008).

107
Proceedings Book



INSAC International Researches Congress on Natural and Engineering Sciences (INSAC-IRNES'23) Iﬂ\S@

Only a few studies have been conducted on the effect of the utilization of both natural and
expanded perlite powder in mortars on ASR (Bektas et al., 2005). This study was conducted to
examine the behavior of natural perlite and expanded perlite powders, which are widely
preferred as lightweight aggregates, against ASR-induced expansions. Within the scope of the
study, compressive and flexural strength tests of mortars containing 6%, 12%, 18%, 24%, 30%
and 36% natural perlite powder and 3%, 6%, 9%, 12%, 15% and 18% expanded perlite powder
were carried out by alkali silica reaction. Comparisons were also conducted with control mortars
without perlite powder. It is believed that this unique research on mortars containing natural
perlite powder and expanded perlite powder will be a reference for the determination of the
appropriate perlite aggregate type and ratio against the ASR effect, which is one of the major
durability problems of present day.

Materials and Methods

CEM 1 42.5 R type portland cement was chosen for the study. The specific properties of this
cement are displayed in Table 1. The control mortars were prepared with river sand extracted
from the Artvin region of Turkey, which has a high ASR potential. The specific gravity of this
river sand is 2.61 g/cm®.

Table 1. Properties of Cement

CEMI 425R
Chemical Compositions (%)
SiO, 19.43
AlLO, 4.46
Fe,O, 3.27
CaO 63.48
MgO 2.45
SO, 2.98
Na,O 0.35
K,0 0.71
Cr 0.01
Loss on ignition 2.79
Insoluble residue 0.73
Physical Characteristics
Residue on a 32 micron sieve 7.36
Specific gravity 3.12
Specific surface (cm“/g) 3439
Beginning of setting 2hrs-35min
End of setting 3hrs-30min
Volume expansion (mm) 1.0
Compressive strength (MPa)
2nd day 27.9
28th day 54.2
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All of the natural perlite powder and expanded perlite powder used in the study were supplied
from ERPER company operating in Erzincan/TR. The specific gravity of natural perlite powder
used in different ratios in mortars is 1.96 g/cm® while the specific gravity of expanded perlite
powder is 0.9 g/cm®. The parameters determined within the scope of the study are the utilization
of different ratios of natural perlite powder and expanded perlite powder. Natural perlite powder
was substituted with cement at 6%, 12%, 18%, 24%, 30% and 36% by weight and expanded
perlite powder was substituted with cement at 3%, 6%, 9%, 12%, 15% and 18% by weight to
produce mortars with 12 different mixtures. There was no perlite powder included in the control
mortars. In the coding, the abbreviation of natural perlite powder or expanded perlite powder is
indicated with the first letters, and the proportions of perlite powders are displayed with
numbers (without using the % sign) after the letters. For instance, EPP12 represents the mix
containing 12% expanded perlite powder. Control mortars are indicated by the letter C. ASR
tests were implemented on mortar samples prepared according to ASTM C 1260 (2021)
standard. Mortar mixtures were prepared by weighing the materials sieved through the sieves
specified in the standard and separated into different grain classes in the specified quantities.
Specimens of 25x25x285 mm for the ASR test and 40x40x100 mm for the compressive and
flexural strength tests were produced. The mortars kept in the molds were removed after 24
hours. The specimens prepared for the ASR test were kept in 80 °C water for 24 hours and the
initial lengths were measured. (L,). Afterwards, the same samples were kept in 1 mol NaOH
solution at 80 °C and the lengths were measured at the end of 3, 7, 14, 21 and 28 days and the
changes were calculated as %. In addition, compressive and flexural strength tests were carried
out according to TS EN 12390-3 (2019) and TS EN 12390-5 (2019) on mortar specimens
removed from the mold 24 hours after production and kept in the curing pool for 28 days.

Results and Discussion

AlKkali-silica reaction (ASR) test results

The time-dependent (3, 7, 14, 21 and 28 days) expansion values of mortars with different
natural perlite powder ratios and control mortar as a result of the ASR test are presented in
Figure 1.

When the graphs are examined, expansion values decreased as the natural perlite powder ratio
increased compared to the control mortar. The expansion results of mortars with 30% natural
perlite powder ratio were quite similar to the control mortar. For instance, when the 14™ day
results were examined, the expansion value was approximately 8 times higher than the control
mortar when 6% natural perlite powder was substituted into the mortars. When the proportion of
natural perlite powder increased from 6% to 30%, the expansion results remained higher than
the control mortar. The 14-day ASR expansion value of the mortar with 30% natural perlite
powder (NPP30) was 0.04%, even lower than the control mortar (C) (0.06%). At day 28, the
similar pattern remained. The highest expansion values among all groups were observed in
mortar with 6% natural perlite powder substitution. The expansion values of the control mortar
and the mortars with natural perlite powder substitution were within the limits specified by
ASTM C1260 (2021), except for the mortars with 6% and 18% natural perlite powder
substitution (maximum expansion of the specimens should be less than 0.2% for hazardous
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reactive aggregates after 14 days). This study revealed that 30% natural perlite powder can be
employed as a cement substitute against the durability problems caused by ASR.
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Figure 1. Changes in ASR expansion of mortars due to natural perlite powder substitution

Figure 2 illustrates the time-dependent (3, 7, 14, 21 and 28 days) expansion values of mortars
with different expanded perlite powder ratios and control mortar as a result of ASR test.
Accordingly, ASR expansion values increased as the proportion of expanded perlite powder
increased, in contrast to the natural perlite powder substituted mortars. Examining the 7" and
14t" day results, when 3% and 6% expanded perlite powder was substituted in the mortars,
expansions close to the control mortar and at low values were obtained, while 15% expanded
perlite powder substitution caused 9 times more expansion. By the 28th day, the expansion
results for all mortars using expanded perlite powder were higher than the control mortar. All
mortars except the mortars with 3% and 6% expanded perlite powder substitutions and the
control mortar exceeded the limits specified by ASTM C1260 (2021) (maximum expansion of
specimens for deleterious reactive aggregates after 14 days should be less than 0.2%). As a
result of this study, it has been proved that low percentages (3% and 6%) of expanded perlite
powder can be preferred as a cement replacement in implementations where ASR problems are
encountered.

Finally, when the ASR expansion results of the mortars in which both natural and expanded
perlite powder were used at the same rates (6%, 12% and 18%) were examined, it was found
that for the 6% rate, expanded perlite powder demonstrated much lower results than natural,
while 12% and 18% rates gave similar expansions.
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Figure 2. Changes in ASR expansion of mortars due to expanded perlite powder substitution

Compressive strength test results

The compressive strength results of natural perlite powder substituted mortars and control
mortars are presented in Figure 3. Compressive strength values decreased with the usage of
natural perlite powder in mortars. Two exceptions to this were mortars with 6% and 12%
natural perlite powder substitution (NPP6, NPP12) and the highest compressive strength value
among all groups was obtained with 6% natural perlite powder substitution with 20.19 MPa.
The lowest compressive strength of 12.41 MPa was obtained in mortar produced from 36%
natural perlite powder (NPP36). This value is about 35% lower than the control mortar.
According to the compressive strength results, it was determined that 6% and 12% ratios are
ideal for mortars to be produced with natural perlite powder substitution.

Figure 4 presents the compressive strength results of the mortars with expanded perlite powder
substitution and the control mortar. The compressive strength of the mortar with 18% expanded
perlite powder substitution (this value is 5.43 MPa for EPP18) was 71.51% lower than the
control mortar (this value is 19.06 MPa for C).
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Figure 4. Relationship between expanded perlite powder substitution rate and compressive
strength

The highest compressive strength of expanded perlite powder substituted mortars was observed
as 17.24 MPa in EPP3 coded specimen with 3% expanded perlite powder ratio. The
compressive strength results of natural perlite powder-substituted mortars were higher than
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those of expanded perlite powder-substituted mortars. The visualization of the compressive
strength test of the mortars is displayed in Figure 5.

Figure 5. The visualization of the compressive strength test of the mortars

Flexural strength test results

The flexural strength results of the control mortar and mortars with natural perlite powder are
provided in Figure 6. The flexural strength values decreased as a result of the increased amount
of natural perlite powder. The highest flexural strength was obtained in the control mortar (C)
with 10.76 MPa and the lowest flexural strength was obtained in the mortar produced with 36%
natural perlite powder (NPP36) with 3.86 MPa. This value is 64% lower than the control
mortar. It was determined that 6% and 12% ratios in mortars to be produced with natural perlite
powder substitution are ideal for flexural strength, likewise for compressive strength results.

Figure 7 displays the flexural strength results of the mortars with expanded perlite powder
substitution and the control mortar. Dramatic flexural strength losses occurred as a result of the
inclusion of expanded perlite powder in mortars. The flexural strength of mortar with 18%
expanded perlite powder substitution (this value is 1.89 MPa for EPP18) was 82.43% lower
than the control mortar (this value is 10.76 MPa for C). The highest flexural strength of the
expanded perlite powder substituted mortars was obtained as 7.51 MPa in the sample coded
EPP3 with 3% expanded perlite powder ratio. The flexural strength results of natural perlite
powder-substituted mortars were higher than those of expanded perlite powder-substituted
mortars.
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Figure 6. Relationship between natural perlite powder substitution rate and flexural strength
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Figure 7. Relationship between expanded perlite powder substitution rate and flexural strength
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The graph of the flexural strength test of the mortars is presented in Figure 8.

Figure 8. The visualization of the flexural strength test of the mortars

Conclusion

1. When 6% natural perlite powder was substituted into the mortars, the expansion value
was approximately 8 times higher than the control mortar.

2. ASR results decreased as the proportion of natural perlite powder increased. To prevent
durability problems caused by ASR, 30% natural perlite powder is the ideal ratio.

3. As the proportion of expanded perlite powder increased, ASR expansion values also
increased. 15% expanded perlite powder substitution caused 9 times more expansion.

4. All mortars except with the 3% and 6% expanded perlite powder substitution and the
control mortar exceeded the limit values.

5. It was found that expanded perlite powder produced much lower results than natural for
6%, while 12% and 18% produced similar expansions.

6. Compressive strength values decreased with the use of natural perlite powder in
mortars. It was determined that 6% and 12% ratios in mortars to be produced with
natural perlite powder substitution are ideal according to the compressive strength
results.

7. The utilization of expanded perlite powder in mortars has resulted in serious
compressive strength losses. The compressive strength of mortars with 18% expanded
perlite powder substitution (this value is 5.43 MPa for EPP18) was 71.51% lower than
the control mortar (this value is 19.06 MPa for C).
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8. The highest flexural strength was obtained in the control mortar (C) with 10.76 MPa
and the lowest flexural strength was obtained in the mortar produced from 36% natural
perlite powder (NPP36) with 3.86 MPa. This value is 64% lower than the control
mortar.

9. The highest flexural strength of the mortars with expanded perlite powder substitution
was calculated as 7.51 MPa in the sample coded EPP3 with 3% expanded perlite
powder ratio.

10. Both compressive and flexural strength results of natural perlite powder-substituted
mortars were higher than those of expanded perlite powder substituted mortars.
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Broyler Rasyonlarina Farkli Oranlarda ilave Edilen Probiyotigin Besi
Performansina Etkisi

Halise Serin®, Tahir Balevi®
*Mersin Il Tarim ve Orman Miidiirliigii, Mersin, Tiirkiye,, halise.serin@tarimorman.gov.tr
2Selguk Universitesi, Veteriner Fakiiltesi, Hayvan Besleme ve Beslenme Hastaliklari Anabilim Dali, Konya,
Tiirkiye, thalevi@gmail.com

Ozet:

Giris-Amag:Hizla gelisen ve degisen diinyada insanoglunun ilk swrada yer alan
sorunlarimin basinda yeterli ve dengeli beslenme gelmektedir. Bu sebeple, hayvansal
gidalar  biyolojik  ozelliklerinden dolayr vazgegilmez bir d6neme sahiptir.
Probiyotikler, yeterli miktarda alindiklarinda konagr hastaliklardan koruyan,
tedavide yararli ve patojen olmayan canli  mikroorganizmalar olarak
tamimlanmaktadr.Bu ¢aliymanin amaci broyler rasyonlarina farklh oranlarda ilave
edilen probiyotigin besi performansina etkisini arastrmaktir.

Yontem:Arastirmada 360 adet Ross 308 giinliik erkek etlik civciv kullaniimistir.
Arastirma her biri 90 civcivden olusan 1 kontrol ve 3 deneme grubu olmak iizere
toplam 4 grup halinde yiiriitiilmiistiir. Her bir grup 15 ser civciv iceren 6 alt gruba
ayrimistir. Deneme 42 giin siirdiiriilmiistiir. Arastirmada kullanilan probiyotik
Kiiltiirii 3.0 x 10" cfu/gram diizeyinde mikroorganizma Bacillus subtilis (DSM
5750), Bacillus licheniformis (DSM 5749) icermektedir. Arastirmada kontrol
grubunun rasyonu probiyotik icermeyecek sekilde (Temel Rasyon), birinci deneme
grubunun rasyonu 0.5 g/kg, ikinci deneme grubunun rasyonu 1.0 g/kg ve tigtincii
deneme grubunun rasyonu ise 1.5 g/kg probiyotik icerecek sekilde hazirlanmistir.
Denemede kullanilan hayvanlara 1. giinden 21. giine kadar etlik civciv yemi, 22.
Qiinden 35.giine kadar etlik pili¢ biiyiitme yemi, 35.giinden kesim giinii olan 42. giine
kadar etlik pili¢ bitirme yemi verilmistir. Arastumada kullanilan rasyonlarin
temelini muswr, soya fasiilyesi kiispesi ve tam yaglh soya olusturmus olup, etlik
pilicler 42 giin siiresince bu deneme yemleri ile ad libitum beslenmistir.
Bulgular:Arastirma sonunda; canl agwrlk ve canli agirlik artisi  bakimindan
gruplar arasindaki farklilik 6nemli bulunmustur (p<0.05).Canli agirlik bakimindan
rakamsal olarak en yiiksek degeri, temel rasyona 1.0 g/kg probiyotik ilave edilen
ikinci deneme grubu ortalamasi verirken, temel rasyona 1.5 g/kg probiyotik ilave
edilen iigiincii deneme grubu ortalamasi, canl agwrlik artisi agisindan en yiiksek
degeri vermistir. Ikinci deneme grubunun yem tiiketimi degeri rakamsal olarak en
yiiksek olup, gruplar arasinda olusan farklhiliklar  istatistiksel agidan dnemli
bulunmustur (p<0.001). Yemden yararlanma oram, sicak karkas agwligi ve sicak
karkas randimani bakimindan gruplar arasindaki farkliliklar énemsiz bulunmustur
(p>0.05).

Sonug:Arastirma sonunda; broyler rasyonlarina farkli oranlarda ilave edilen
probiyotigin canli agirlik, canli agirlik artisi ve yem tiiketimi iizerine olumlu etkileri
gozlemlenirken, yemden yararlanma orani, sicak karkas agirligi ve sicak karkas
randimant tizerine olan etkisinin énemsiz oldugu sonucuna varilmustir.

Anahtar Kelimeler: broyler, probiyotik, besi performansi
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Askeri Hava Araclari i¢cin 28 V DA Bir Kat1 Hal Gii¢c Kontrolciisii

Hayrettin Ertas’, Biinyamin Tamyiirek’, Sinan Kivrak®
Elektrik-Elektronik Miihendisligi Boliimii, Gazi Universitesi, Ankara, Tiirkiye, e-mail:hertas@thk.edu.tr
2Elektrik-Elektronik Miihendisligi Boliimii, Gazi Universitesi, Ankara, Tiirkiye, e-mail:btamyurek@gazi.edu.tr
SElektrik-Elektronik Miihendisligi Boliimii, Ostim Teknik Universitesi, Ankara, Tiirkiye,
e-mail:sinan.kivrak@ostimteknik.edu.tr

Ozet: Gelecekte daha fazla elektrik talebiyle birlikte ucaklarda hidrolik ve
pnomatik sistemler elektrikli olanlarla degistirilecektir. Gii¢ dagitim sistemlerinde
geleneksel elektromekanik devre kesicilerin yerini Kafni Hal Gii¢ Kontrolciileri
(Solid State Power Controllers) (SSPC) alacaktir. Ugaklarda kullanilan 28 V DA
gii¢ sistemlerini korumak zordur, ¢iinkii AA sistemlerdeki gibi akim bir periyotta
iki kere sifira inmez. Devre kesicilerin yerine kullanilan SSPC’ler daha
giivenilirdir ve daha hizli yamit verirler. SSPC’ler baglanan yiikleri agiri
yiiklenmelerden ve kisa devrelerden korur. Ugaklarda kullanilan 28V DA gii¢
sistemlerinde bir kisa devre olayinda sistem hizla anma akiminin 10 katina
¢tkabilir ve koruma yapilmazsa giic sistemi elemanlart zarar gériir. Asirt akim
oldugunda sistem hizla agma yapmalidir. Yart iletken kullanilan SSPC’ler ark
yapmaz, gliriiltii yoktur, yanit hizlidr, diisiik agirliklidir, uzaktan kontrol kolayduwr
ve programlanabilme ozelligine sahiptiv. Calisma mantigi; gerilim ve akim sabit
bir degeri gectiginde ve kisa devre olayinda MOSFET lerin ve dolayisiyla yiiklerin
hizlica agma yapilmasidir. SSPC’lerde genellikle anahtarlama elemani olarak
MOSFET (Metal Oxide Semiconductor Field Effect Transistor) teknolojisi
kullanilir. Ayrica IGBT ve SiC yari iletken malzemeleri de kullanilabilir. Minimum
MOSFET sayist paralel kollara ayrilan akima gére belirlenir. MOSFET leri
paralelleyerek daha yiiksek akima ulasilir, iletim kaybi azaltilir ve her paralel
kanal farkly bir yiik icin kullanilabilir. Bu ¢alismada,; ucaklarda kullanilan yiikleri
temsil eden bir rezistif yiik test edilmistir. Temsil edilen bu yiikii korumak icin ¢ift
yonde anahtarlama topolojisi kullamilmistir. Yiiksek akima dayanikli olmast icin
birden fazla MOSFET paralellenmistir.

Anahtar Kelimeler: sspc, devre kesici, daha fazla elektrikli ugak, koruma
ekipmani.
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Alzheimer Hastaligimin Transfer Ogrenimi Yontemiyle Teshisi
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Ozet: Alzheimer Hastaligi beyinde meydana gelen hasarlarin sonucu olarak
bireyin giinliik rutin faaliyetlerini yiiriitemeyecek sekilde unutkanlik, konusma ve
anlamada zorluk gibi etkiler gostermektedir. Bu hastalik genellikle ileri yastaki
bireylerde goriiliir. Oniimiizdeki yillarda hasta sayisinda ve bu hastaligin tedavisi
igin harcanan biit¢elerde ciddi miktarda artis beklenmektedir. Bu hastaligin kesin
¢oziimii olmamakla birlikte erken asamada teshisi halinde hastaligin ilerlemesini
yavaglatici tedaviler uygulanabilmektedir. Son yillarda derin égrenme alanindaki
geligsmeler bu hastaligin yiiksek dogrulukla teshisi i¢in olanak saglanmigtir. Yapilan
calismada Kaggle'dan elde edilen 2 boyutlu ve 4 sinifa ait goriintiilerden olugan
veri seti kullanimistir. Transfer Ogrenimi metodu kullanilarak InceptionV3 ve
EfficientNetBOV2 modelleri onceden egitilmis modelin agirhiklaryla egitilmistir.
Cok kisa bir egitim siiresi ile InceptionV3 modeli i¢in %99.96 EfficientNetBOV2
icin %98.23 dogruluk degerleri elde edilmistir. Verilen siniflara ait karisiklik
matrisi olusturularak performans ¢iktilart sunulmustur. Bu calismanin sonuglart
transfer dgrenimi metodunun AH tespitinde hizli ve dogruluk payr yiiksek olan
kullanish bir teknik oldugunu gostermigtir.

Anahtar Kelimeler: Derin ogrenme, Transfer 6grenimi, Alzheimer teshisi

1.Giris

Alzheimer Hastaligi(AH), hafiza kaybi, bilissel bozulma, davranis degisiklikleri ve nihayetinde
6liimle sonuglanan ilerleyici bir ndrodejeneratif bir hastaliktir (Henry ve ark., 2013). AH,
demansin en yaygin nedenidir ve 2050'de 152 milyondan fazla insan1 etkilemesi beklenmektedir
(Lynch ve ark., 2020). AH diinyadaki tiim demans tiirlerinin yaklagik %60-80'ini olusturur.
Diinyada her {i¢ saniyede bir demanstan bir kisi etkilenirken bunlarin %601 AH kaynaklidir
(Patterson, 2018). AH'nin ana 6zellikleri serebral kortekslerin ve hipokampiisiin kii¢iilmesi ve
ventrikiillerin geniglemesidir ve Sekil 1°de gosterilmistir (Saraiva ve ark., 2016).

ALZHEIMER

SAGLIKLI ﬁ HASTASI
VENTRiKULLERl

Sekil 1. Saglikli beyin (sol yar1 bolge) ve Alzheimer hastasi (sag yar1 bolge) beynin sekli.

123
Proceedings Book



INSAC International Researches Congress on Natural and Engineering Sciences (INSAC-IRNES'23) IﬂS@

Tablo 1°de bu hastaligin evreleri agiklanmistir.

Tablo 1. AH evreleri (Ozkay ve ark. 2011)

Evre 1 Hastada bilissel zayiflik goriilmeye baslamistir. Baglangi¢ evresi olan bu
evrede merkezi sinir sisteminde cesitli patolojik siireclerin gelismekte
oldugu bilinmektedir.

Evre 2 : Cok hafif | Iletisim becerilerinin bozulmamasina ragmen hastalar anahtar ve ciizdan

bilissel zayiflik objelerin yerlerini unutmaya baslamaktadirlar.

Evre 3: Hafif Hastalar konugma sirasinda kelime segimlerinde ve tanidiklarinin

biligsel zayiflik isimlerini hatirlamakta zorlanmakta, siklikla esyalarii kaybetmektedirler.
Bu evredeki hastalarin plan yapma ve organizasyon becerileri azalmistir.

Evre 4: Orta Kisa siireli hafizada sorunlar goriilmektedir. Kisisel

biligsel zayiflik gecmis ile ilgili bellek zayifliklar1 goriilmektedir. Hastalar sosyal
konularda i¢ce doniik davranis sergiler.

Evre 5: Orta- Hastalar bulunduklari yer ve zaman hakkinda zihinsel karisiklik

siddetli bilissel yasamaktadirlar. Bu evredeki hastalar giinliik aktiviteler i¢in yardima

zayiflik/Erken ihtiyag duymaktadirlar. Onemli detaylar1 hatirlamakta zorlanmaktadirlar.
dénem demans

Evre 6: Siddetli Konugmalar1 sirasinda kelime se¢mekte zorlanilmaktadir. zorluklar ve

bilissel zayiflik/ konusma becerilerinde kayiplar gozlenmektedir. Hastalara giinliik

Orta donem aktiviteler i¢in daha fazla yardim gerekmektedir.

demans

Evre 7: Cok Hastalarin konusma yetenekleri azalmis ya da kaybolmustur. Bu evredeki

siddetli bilissel hastalar siirekli olarak bakima ihtiya¢ duymaktadirlar.

zay1flik/Geg

doénem demans

Houria ve ark., (2022). Diflizyon tensor goriintiileme (DTG) ve manyetik rezonans goriintiileme
(MRG) verilerinin fiizyonuyla Alzheimer hastasi ve bilissel olarak normal seklinde 2 sinif i¢in 2
boyutlu Evrigimsel Sinir Aglar1 (ESA) ve Destek Vektdér Makinesi (DVM) siniflandiric
kullanilmistir. %99.79 dogruluk degerine ulagilmstir.

Baska bir ¢caligmada ise Techa ve ark. (2022) tarafindan ESA mimarisine dayal1 yeni bir model
onerilmistir. Ozellik ¢ikarimi icin &nceden egitilmis DenseNet196, VGG16 ve ResNet50
modelleri ve bir beyin MRG veri seti kullanilmistir. Bu model, Kaggle'da yayinlanan veri setini
kullanarak %89'luk bir dogruluk degerine ulagmistir.

Menagadevi ve ark. (2023) ise yaptiklar1 ¢alismada Kaggle veri seti goriintiilerini AH tespiti
icin kullanmislardir. Goriintii 6n islemeyi, modifiye edilmis optimal egri esikleme ve siyah
beyaz esnetme ile sekizgen histogram esitleme hibrit yaklagimi kullanarak gerceklestirmislerdir.
Cok 6lcekli havuzlama ve otomatik kodlayict mimarisi, beyaz maddenin goriintiiden ¢ikarilmasi
icin kullamlmistir. Smiflandirma icin Destek Vektor Makinesi (DVM), Ekstrem Ogrenme
Makinesi (ELM) ve K-en yakin komsular algoritmasi (KNN) kullanilmistir. DVM, Alzheimer
hastalig1 siniflandirmasi i¢in genel dogrulugu Kaggle icin %99,77 olarak elde edilmistir.
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Sisodia ve ark. (2023) Alzheimer hastaliginin ¢oklu asamalarini tespit etmek i¢in derin transfer
o0grenme modelleri kullanmiglardir. Veri on isleme ve ¢ogaltma islemi uygulanarak modelin
dogru AH simifim1 tespit etmesi saglanmistir. Daha sonra, AH’nin erken evrelerini
siniflandirmak ve tahmin etmek icin derin transfer 6grenme modelleri (Resnet50, VGGI19,
Xception, DenseNet201 ve EfficientNetB7) kullanmislardir. Verilere gore DenseNet201
modelinin dogrulama veri seti icin %96,59 dogruluk ile en iyi performansi gostermektedir.
Resnet50, VGG19, Xception ve EfficientNetB7 modellerinin dogruluk performansi da sirasiyla
993,52, %95,08, %89,77 ve %83,20 olarak kaydedilmistir.

Helaly ve ark. (2022) tibbi goriintiileri siniflandirmak ve AH tespiti icin iki yOntem
kullanmislardir. ilk yéntem, 2 Boyutlu ve 3 Boyutlu konvoliisyonu temel alan ADNI veri
kiimesinden 2 boyutlu ve 3 boyutlu yapisal beyin taramalariyla ilgilenen basit ESA mimarilerini
kullanir. ikinci yontem, VGG19 modeli gibi tibbi goriintii siniflandirmalar igin dnceden
egitilmis modellerden yararlanmak i¢in transfer 6grenimi yaklagimini uygulamaktadir. Deneysel
sonugclar, ilk yontem icin ESA mimarilerinin hesaplama karmasikligini, bellek gereksinimlerini,
fazla uydurmay1 azaltan o6zelliklere sahip oldugunu gostermektedir. Ayrica, 2 boyutlu ve 3
boyutlu ¢ok smifli AH asamasi siniflandirmalari i¢in %93,61 ve %95,17 gibi tatmin edici
dogruluklar elde edilmistir. VGG19 6nceden egitilmis modelin ince ayar1 yapilmis ve ¢ok siniflt
AH asamasi siiflandirmalari i¢in %97'lik bir dogruluk elde edilmistir.

Acharya ve ark. (2021) ESA ile birlikte transfer 6grenimi modelleri olarak VGG16, ResNet -50
ve AlexNet kullanilarak Alzheimer hastaligi hastalarini birden fazla sinifa ayirmiglardir.. Hafif
bilissel bozukluk, hafif Alzheimer, orta Alzheimer gibi asamalar vardir. Onerilen stratejiler
sonuglar1 AlexNet modeli icin %95,70 dogrulukla gostermektedir.

Mehmood ve ark. (2020) demans asamalarimi siniflandirmak i¢in VGG-16'dan (Oxford Net
olarak da adlandirilir) esinlenerek bir Siyam Evrisimli Sinir Agt (SESA) modeli
gelistirmiglerdir. Yaklasimda, veri artirma kullanilarak yetersiz ve dengesiz verileri
diizeltilmistir. Onerilen yaklasim kullamlarak, demans asamalarmin smiflandirilmast igin
%99,05'lik bir test dogrulugu elde edilmistir.

Ozig ve Ozsen (2020) DVM ile beyindeki gri ve beyaz madde kayiplarini 3 Boyutlu gériintiiler
iizerinden sinflandirma ile incelemislerdir. Gri madde i¢in simiflandirmada %92.857 dogruluga
ulastimisgtir.

Liu ve ark. (2020) Hipokampal segmentasyonu ve hastalik siniflandirmasini ortaklasa 6grenmek
igin ¢ok gorevli derin bir ESA modeli olusturmuslardir. Ardindan, siniflandirma goérevi igin
hipokampal segmentasyon sonuglarina dayali olarak ¢ikarilan 3 boyutlu yamalarin 6zelliklerini
o0grenmek igin bir 3B Yogun Baglantili Konvoliisyon Aglart (3B DenseNet) olusturulmustur.
Cok gorevli ESA ve DenseNet modellerinden Ogrenilen ozellikler, hastalik durumunu
siniflandirmak icin birlestirilmistir. Onerilen ydntem, Alzheimer Hastaligi Nérogoriintiileme
Girisimi (ADNI) veritabanindaki 97 AH, 233 hafif diizeyde, 119 saglikli deneginden toplanan
temel T1 agirlikli MRG verileri iizerinde degerlendirilmistir ve %88.9'luk bir dogruluk elde
etmektedir.

El-Geneedy ve ark. (2023) DenseNet121, ResNet50, VGG 16, EfficientNetB7 ve InceptionV3
gibi son teknoloji derin 6grenme mimarileri yaklagimlar1 karsilastirilmiglardir. InceptionV3
mimarisi igin 91.38 egitim ve 87.71 test dogruluklari elde edilmistir.
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Murugan ve ark. (2021) tarafindan demansin dort asamasini géz 6niinde bulundurarak ve belirli
bir teshis gerceklestirerek Onerilen model, beynin yapisim1 kullanarak c¢ok katmanli bir
algilayicrya yiiksek ¢oziintirliiklii hastalik olasilik haritalari tiretmekte ve bireysel AH riskinin
yiiksek dogrulukta gorsellestirmelerini saglamaktadir. DEMNET, %95,23'liik bir dogruluk elde
etmektedir.

Yildinm ve Cmar, (2020) Hibrit bir yontemde kullanilan mimariler ile AH’nimn ilerleme
derecesine gore 4 evrede smiflandirmislardir. Onerilen hibrit modelde Resnet50 ydntemi temel
almmustir. Sonuglar Alexnet, Resnet50, Densenet201, Vggl6 ve gelistirilen hibrit yontem ile
ayrt ayrt elde edilmektedir. Gelistirilen hibrit model ile %90 dogruluk saglanmistir.
Densenet201 igin 87% Vggl6 igin 78% Alexnet icin 86% ve Resnet50 ig¢in 78% olarak
bulunmustur.

Tablo 2. Yapilan ¢alismalarin dogruluklari.

Calismalar Dogruluk
Houria ve ark. (2022) 999,79
Techa ve ark. (2022) %89,00
Menagadevi ve ark. (2023) %99,77
Sisodia ve ark. (2023) 996,59
Helaly ve ark. (2022) %97,00
Acharya ve ark. (2021) %95,70
Mehmood ve ark. (2020) 999,05
Ozi¢ ve Ozsen (2020) %92,86
Liu ve ark. (2020) %88,90
El-Geneedy ve ark. (2023) %91,38
Murugan ve ark. (2021) 995,23
Yildirim ve Ciar (2020) %90,00

2.Materyal ve Metot

Derin 6grenme teknikleri halihazirda genis capta incelenmis ve uygulamalari bir¢ok alanda
denemekte veya kullanilmaktadir. Bu uygulamalarin performansi biiyiik dlgiide, yiiksek kaliteli
ve yeterli verinin toplanmasina dayanir (Pan, 2014). Bazi durumlarda kullanilacak egitim
verisinin yeterli biiyiiklikte olmamasi s6z konusudur. Bu durumun nedenleri arasinda verinin
nadir olarak bulunmasi veya gizlilik ile ilgili endiselerin bulunmasi gibi durumlar vardir.
Ornegin, tip alanindaki yeni ve nadir hastalik teshis gorevleri, hem &rneklerin nadir olmasi hem
de mahremiyet endiseleri nedeniyle sinirli egitim verisine sahiptir. Verileri toplamak yiiksek
maliyetler getirebilir. Ornegin, etiketleme sadece alaninda nitelikli uzmanlar tarafindan
yapilmasi gerekiyor olabilir. Bu tiir senaryolarda, transfer 0grenimi performansi artirabilir.
Kullanilacak veri kiimesi, daha fazla verinin oldugu gorev veya Onceden egitilmis tizerinde
egitilir ve egitilen agirliklar, hedef gorev i¢in bir model baslatmak tizere kullanilir (Plested ve
Gedeon, 2022). Bu metot ¢ok giiglii Grafik Islemci Unitesi (GPU) kullanilmasa bile az devir
(Epoch) sayistyla basarili sonuglar vermektedir.

Yapilan c¢aligmalar incelendiginde 3 boyutlu OASIS-3, ADNI ve 2 Boyutlu Kaggle veri seti
yaygm olarak kullanilmistir. OASIS-3, 15 yil boyunca Washington Universitesi Knight
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Alzheimer Hastaligi Arastirma Merkezi'nde devam eden cesitli arastirmalardan toplanan 1098
katiimcinin MRG ve Pozitron Emisyon Tomografisi (PET) goriintileme ve ilgili klinik
verilerinin bir derlemesidir. Katilimcilar, 605 biligsel olarak normal yetigkin ve yaslar1 42 ile 95
arasinda degisen cesitli biligsel gerileme asamalarindaki 493 kisiyi icermektedir. OASIS-3 veri
seti 2000'den fazla MRG kesiti igermektedir (La Montagne ve ark., 2019). ADNI-3 veri seti
1068 ornekten olusmaktadir. 428 saglikli, 425 hafif bilissel zayiflig1 olan ve 215 Alzheimer
hastasi bireyden olusan 3 boyutlu MRG goriintiilerinden olusan bir veri setidir (Weiner ve ark.,
2017).Bu calismada Kaggle veri seti kullanilmistir (Dubey, 2023). Kaggle veri seti 3 boyutlu
verilerden kesit alinarak elde edilen 2 boyutlu verilerden olusan ve 4 sinifa sahip bir veri setidir.
Toplamda 6400 veriden olugmaktadir. Veriler Biligsel olarak normal, ¢ok hafif biligsel
bozukluk, hafif biligsel bozukluk ve orta seviyede bilissel bozukluk siniflarina ait olacak sekilde
olusturulmustur (Sekil 2).

Bilissel Olarak Cok Hafif Biligsel Hafif Bilissel Orta Bilissel

Normal Bozukluk Bozukluk Bozukluk

Sekil 2. Caligmada kullanilan Kaggle veri setine ait siniflar ve 6rnek resimler.

Yapilan caligmada farkli veri setlerine ait 3 boyutlu MR kesitlerinden elde edilen 2 boyuta
indirgenmis goriintiiler kullanilmistir. S6z konusu veriler Google Drive ortamindan Google
Colab ortamma aktarilmistir. Veriler test, egitim ve dogrulama klasorlerine ayrilmistir. On
islemler yapilarak veri ¢ogaltma uygulanmustir. Transfer Ogrenimi metodu kullanilarak
Imagenet agimi agirliklariyla InceptionV3 ve EfficientNetBOV2 modelleri egitilmistir.
Smiflandirma katmaninda 4 siniftan olusan verileri ayirt etmek i¢in Softmax smiflandirici
kullanilmistir. Her iki model i¢in yapilan egitim 10 devir (Epoch) kadar siirmiistiir. Yapilan
calismada Google Colab tarafindan sunulan GPU (Grafik Islemci Unitesi) kullamlmistir. Veri
seti Google Drive depolama ortamina yiiklenerek kullanilan bilgisayarin disk ve GPU (Grafik
Islemci Unitesi) i¢in fazladan is yiikii olusturmadan egitim tamamlanms ve sonuclar elde
edilmistir. Yazilim dili olarak Python3 tercih edilmistir. Python dilinde derin &grenme igin
Tensorflow ve Keras kiitiiphaneleri kullanilmistir.

3. Bulgular

Yapilan ¢alismada Imagenet modelinin agirliklariyla egitilen ve Softmax simiflandirici ile 4
simifa ayrilan EfficientNetBOV2 ve InceptionV3 modellerinin egitim sonuglart dogruluk ve
kayip grafikleriyle gosterilmistir. Karigiklik matrisinde her iki modelin smiflan igin tek tek
kesinlik, duyarlilik ve F-1 Skoru performans ciktilar1 olarak hesaplanip olusturulmustur.
Yapilan model egitimi sonucunda EfficientNetBOV2 modeli i¢in %98.23 genel dogruluk ve
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%96.35 dogrulama dogruluguna, 0,024 genel kayip ve 0,031 dogrulama kaybina ulasilmistir.
InceptionV3 modeli i¢in %99,96 genel dogruluk ve %98,96 dogrulama dogruluguna 0,054
genel kayip ve 0,12 dogrulama kaybina ulagilmistir.

Dogruluk

100

095 1

090

085

080 +

0.75

0.70 1

0.65

#— Egitim Dogrulugu °
—a— Dogrulama Dogrulugu * e

0 2 4 : 8
Devir Sayisi

Sekil 3. EfficientNetBOV2 modeli i¢in dogruluk grafigi.

Kayiplar

08

0.7 1

06

05

04

03

0.2

0.1 1

0.0 |

#— Egitim Kaybi
—&— Dogrulama Kaybi

0 2 a G 2

Devir Sayisi

Sekil 4. EfficientNetBOV2 modeli kayip grafigi
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Sekil 5. InceptionV3 modeli i¢in dogruluk grafigi
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Sekil 6. InceptionV3 modeli i¢in kayip grafigi
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Sekil 5 ve Sekil 6 gosteriyor ki yapilan calisma ¢ok az sayida devir(Epoch) ile
EfficientNetBOV2 ve InceptionV3 modelleri icin yapilan calismalarla kiyaslandiginda tatmin
edici bir dogruluga ulasilmistir.

Tablo 3. EfficientNetBOV2 modeli sinif dagilimi

Siniflar Saglikli Cok Hafif Hafif Orta
Saglikli 317 2 0 0
Cok Hafif 16 202 2 0
Hafif 4 1 89 0
Orta 0 0 0 7

Tablo 4. InceptionV3 modeli sinif dagilimi

Siniflar Saglikli Cok Hafif Hafif Orta
Sagliklt 318 1 0 0
Cok Hafif 3 217 0 0
Hafif 1 1 92 0
Orta 0 0 0 7

Elde edilen veriler Dogru Pozitif (DP), Dogru Negatif (DN), Yanlis Pozitif (YP) ve Yanlis
Negatif (YN) olacak sekilde degerlendirilmistir.

Kesinlik: Pozitif olarak tahmin edilen degerlerin gercekten kag¢ tanesinin pozitif oldugunu
gostermektedir (Efeoglu, 2022).

DP
DP+YP (1)

Duyarlilik: Pozitif olarak tahmin edilmesi gerekenlerin ne kadarimi pozitif olarak tahmin
edildigini gdsteren bir performans olgiitiidiir (Efeoglu, 2022).

DP
DP+YN (2)

F-1 Skoru: Duyarlilik ve Kesinlik arasinda harmonik bir ortalamay1 temsil eder (Liu ve ark.,
2014).

KesinlikxDuyarlilik

®)

Kesinlik+Duyarlilik
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Tablo 5°de EfficientNetBOV2 modeli i¢in kesinlik duyarlilik ve F-1 Skoru ¢iktilar1 verilmistir.

Tablo 5. EfficientNetBOV2 modeli performans ¢iktilari

Kesinlik Duyarlilik F-1 Skoru
Saglikli %94,06 %99,37 %96,64
Cok Hafif %98,53 %91,81 %95,05
Hafif %97,80 %94,68 %96,21
Orta Seviye %100 %100 %100

Tablo 6’da InceptionV3 modeli i¢cin kesinlik duyarlilik ve F-1 Skoru ¢iktilar1 verilmistir.

Tablo 6. InceptionV3 modeli performans ¢iktilart

Kesinlik Duyarlilik F-1 Skoru
Saglikli %98,75 %99,68 %99,21
Cok Hafif %99,68 %98,63 %98,85
Hafif %100 %97,87 %98,92
Orta Seviye %100 %100 %100

4. Tartisma ve Sonuc¢

AH diinyada giin gegtikge artan bir hastalik haline gelmektedir. Bu hastaligin teshisi igin
harcanan biit¢e de paralel olarak artmaktadir. Tam bir tedavisi miimkiin olmasa bile yavaslatici
onlemler ile hastaligin ilerlemesi azaltilabilmektedir. Veri azligi, hastaligin nadir olarak
cogunlukla ileri yasta goriilmesi ve pahali medikal sistemlerle goriintii alinmasi nedeniyle
ortaya ¢ikan bir sorundur. Kullanilan transfer 6grenimi yontemi kisith veriyle yiiksek
dogrulukta hizli bir 6grenme yapilmasii saglamistir. Yapilan ¢aligmada elde edilen sonuglar
basar1 agiginda olduk¢a tatmin edicidir. Sonu¢ olarak transfer 6grenimi yontemi Imagenet
agirliklariyla EfficientNetBOV2 ve InceptionV3 modelleri icin egitilmesiyle yiiksek dogrulukla
ayirt edilebildigi ortaya konulmus ve ¢iktilari sunulmustur. InceptionV3 modeli igin alinan
%99.96 dogruluk Tablo 2.’deki ¢aligmalarla karsilagtirildiginda daha yiiksek dogruluk oranina
ulasildig1 goriilmektedir.
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Abstract: Glass printing is a growing field that offers unique opportunities for
designers and manufacturers to create custom products with vibrant, high-quality
images. However, achieving precise color matching in glass printing can be
challenging due to factors such as material type, ink formulation, substrate
preparation, and equipment calibration. This article discusses the challenges and
solutions for achieving precise color matching in glass printing, including using
white ink on tinted glass, optimizing ink formulation and curing processes,
improving substrate preparation, and regular equipment calibration. Additionally,
emerging trends in glass printing, such as digital printing, UV ink, and advanced
printing techniques, are discussed. The article concludes by emphasizing the
importance of staying up-to-date with emerging trends and best practices in glass
printing to achieve the highest level of color accuracy possible.

Keywords: Glass printing, color matching, ink formulation

1. Introduction

Glass printing is an increasingly popular method for producing custom products such as
decorative tiles, signage, and architectural glass. This technology allows for high-quality, full-
color images to be printed directly onto the glass, resulting in vibrant and long-lasting designs.
However, achieving precise color matching in glass printing can be challenging due to various
factors that can affect the final result.

One of the main challenges in achieving precise color matching in glass printing is the material
itself. Glass is a highly reflective surface, which can cause the color to appear differently
depending on the angle of the light source and the viewing angle. Additionally, the transparency
of the glass can affect the way that the ink appears, and the presence of any tint or color in the
glass can alter the final result.

Another challenge in achieving precise color matching is the ink formulation. The ink must be
specifically formulated for use on glass, and the composition of the ink can affect the color
accuracy and saturation. Furthermore, the curing process for the ink can affect the final color, as
well as the durability of the print.

Other factors that can affect color matching include the preparation of the substrate, the
calibration of the printing equipment, and the printing technique itself. Each of these factors
plays a crucial role in ensuring that the final product meets the desired color specifications.

135
Proceedings Book



INSAC International Researches Congress on Natural and Engineering Sciences (INSAC-IRNES'23) In‘S@

In this article, we will discuss the challenges and solutions for achieving precise color matching
in glass printing. We will explore emerging trends in glass printing, such as digital printing and
UV ink, as well as best practices for substrate preparation and equipment calibration.
Ultimately, this article will provide valuable insights into how to achieve the highest level of
color accuracy possible in glass printing.

2. Challenges in Achieving Precise Color Matching in Glass Printing
2.1. Material Type

The type of glass material used for printing plays a significant role in achieving precise color
matching. Glass materials can be divided into two categories: clear and tinted. Clear glass is
transparent and allows light to pass through it without distortion, whereas tinted glass has color
added to it, making it opaque to some degree. Tinted glass is often used for aesthetic purposes,
and achieving precise color matching on tinted glass can be challenging. This is because the
color of the glass substrate can affect the perceived color of the printed image [1]. Additionally,
the thickness of the glass substrate can also impact color perception. A thicker glass substrate
can absorb more ink, resulting in a darker printed image than a thinner substrate [2].

At the same time, the iron content of the glass also affects the print quality. As the iron content
in the content increases, darker tones appear than the desired color tone. Glass type is also
effective in color harmony in printing. There is a distinct color tone difference between printing
on Ultraclear glass and Flat glass.

2.2. Variations in Glass Surface

Glass surfaces can have various surface qualities, including texture, porosity, and reflectivity.
These surface variations can significantly impact the color accuracy of printed designs [3]. For
example, a matte glass surface will absorb more ink, resulting in a darker and duller print, while
a glossy surface will reflect more light, causing the print to appear brighter and more vibrant.
Therefore, to achieve precise color matching, the glass surface must be carefully prepared to
ensure consistent ink absorption and light reflection [4].

2.3. Ink Formulation

Ink formulation is another critical factor that affects color matching in glass printing. Different
ink formulations have different properties, such as viscosity, surface tension, and drying time.
The properties of the ink can affect the way it interacts with the glass surface and how it absorbs
light. This can result in color variations in the printed image [5]. Ink formulation plays a crucial
role in achieving accurate color matching in glass printing. However, glass is a non-porous
material that requires specialized inks that can adhere to its surface and dry quickly [6].
Moreover, the inks must be resistant to environmental factors, such as heat, humidity, and
sunlight, to prevent fading and discoloration over time. Therefore, selecting the right ink
formulation that meets all these requirements is essential to achieving precise color matching in
glass printing [7]. Additionally, the curing process of the ink can also impact the final color of
the printed image. If the ink is not cured correctly, it can result in color shifts or fading over
time [8].

136
Proceedings Book



INSAC International Researches Congress on Natural and Engineering Sciences (INSAC-IRNES'23) In‘S@

2.4. Color Management

Color management is the process of controlling color accuracy throughout the printing
workflow. It involves calibrating and profiling the printing devices, creating accurate color
targets, and ensuring that the final output matches the intended color [9]. However, achieving
color accuracy in glass printing can be challenging due to the material's transparency and
reflectivity. Light passing through or reflecting off the glass surface can affect the perceived
color of the printed design. Therefore, accurate color management in glass printing requires
specialized tools and techniques, such as spectrophotometers and colorimeters, to measure the
color accurately [10].

2.5. Equipment Calibration

The calibration of the printing equipment is critical to achieving precise color matching in glass
printing. The printing equipment must be calibrated to ensure that the colors printed match the
colors specified in the design file. This requires calibration of the inkjet heads, printer settings,
and color profiles. If the equipment is not calibrated correctly, it can result in color shifts or
inconsistent colors in the printed image [11].

2.6. Human perception

Color perception is a complex process that involves the interaction between the human eye and
the brain. Factors such as age, gender, lighting conditions, and cultural background can
influence how individuals perceive color [12]. Therefore, achieving precise color matching in
glass printing can be challenging, as individuals may perceive colors differently. Moreover,
color perception can be affected by the surrounding environment, such as the colors of adjacent
surfaces or the lighting conditions. Therefore, it is essential to consider the end-users'
perspective when achieving precise color matching in glass printing [13].

3. Solutions for Achieving Precise Color Matching in Glass Printing
3.1. Material Type

One solution for achieving precise color matching on tinted glass is to use white ink as a base
layer. The white ink can act as a neutral base, reducing the effect of the tinted glass on the final
printed image. Additionally, using a lighter ink color can help compensate for the darker color
of a thicker glass substrate [14].

3.2. Surface Preparation

Proper surface preparation is essential for achieving accurate color matching in glass printing.
Surface treatment techniques such as sandblasting, etching, or polishing can help to create a
smoother and more even surface, providing a better foundation for ink adhesion [15]. And using
specialized ink formulations that can adhere well to uneven surfaces can help to improve color
consistency. Additionally, the use of specialized cleaning solutions can ensure that the glass
substrate is free of contaminants that can affect ink adhesion. The substrate can also be treated
with anti-reflective coatings to reduce glare and improve color accuracy [16].
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3.3. Ink Selection and Formulation

Selecting the right ink formulation is critical for achieving accurate color matching in glass
printing. Ink manufacturers offer a variety of ink formulations designed for different types of
glass surfaces, including clear, frosted, and textured glass. It's essential to choose an ink
formulation that matches the desired color and has the right level of opacity or translucency to
achieve the intended color and effect [17].

Ink formulation plays a significant role in achieving precise color matching in glass printing.
Different types of ink can have varying levels of opacity, translucency, and reflectivity, which
can affect the way light interacts with the glass surface and the printed design. Moreover, the
ink's viscosity, drying time, and curing process can affect color accuracy and consistency.
Density determination by viscometer is shown in Figure 1.

Figure 1. Density Determination by Viscometer

For example, when printing on clear glass, using opaque ink can result in a darker and more
saturated color than intended, while using translucent ink can result in a lighter and less vibrant
color [18]. Therefore, selecting the right ink formulation is critical for achieving accurate color
matching in glass printing.
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3.4. Color Management

Accurate color management is critical to achieving precise color matching in glass printing.
This involves using specialized tools and techniques to calibrate and profile the printing
devices, create accurate color targets, and ensure that the final output matches the intended
color. In glass printing, specialized color management tools and techniques are required to
account for the material's transparency and reflectivity. For example, spectrophotometers and
colorimeters can measure the color accurately by measuring the light that passes through or
reflects off the glass surface [19]. Additionally, color management software can help designers
and printers simulate how the printed design will appear under different lighting conditions,
enabling them to adjust the color accordingly [20].

Moreover, color management experts can provide guidance on color matching techniques,
including selecting the right color profiles, color calibration, and using color standards such as
Pantone or RAL [21]. L, a, b color values should also be used effectively in color matching. In
Figure 2, the colors expressed by the L, a, b values are given.

White |

-a
Green

Black

Figure 2. Semantic Distribution of Color Measurement Values

3.5. Equipment Calibration

Calibration of the printing equipment is critical to achieving precise color matching in glass
printing. The equipment must be calibrated regularly to ensure that the colors printed match the
colors specified in the design file. This can be achieved through the use of color management
software, which can create and apply color profiles to the printing equipment. Additionally,
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inkjet heads can be calibrated to ensure that the ink is deposited accurately and consistently on
the glass substrate [22].

If we give an example from screen printing, the template and scraper height, squeegee angle and
speed of the machine are effective in printing color and pattern. Also the tension meter is a tool
used in screen printing to measure the tension of the screen mesh. Proper tension is crucial in
achieving high-quality prints, as it ensures that the ink is evenly distributed across the screen
and that the print is sharp and clear.

The tension meter works by applying a known amount of pressure to the screen mesh and
measuring the amount of deflection or stretch that occurs. The screen tension is then calculated
based on the amount of pressure applied and the amount of stretch that occurred. Figure 3 shows
an example of tension measurement of the screen mesh.

Figure 3. Screen Mesh Tension Measurement with Tensionmeter
3.6. User Testing

User testing is an effective way to overcome human perception challenges in achieving precise
color matching in glass printing. Creating color samples or prototypes and showing them to a
representative group of end-users under different lighting conditions can provide valuable
feedback on how the design appears under different lighting conditions and how it is perceived
by different individuals. Based on the feedback, adjustments can be made to the design or color
management process to achieve more accurate color matching.

Moreover, involving end-users in the color selection process can help to ensure that the printed
design matches their expectations and preferences. This can lead to higher customer satisfaction
and reduce the need for costly reprints.

4. Emerging Trends in Glass Printing

The field of glass printing is continuously evolving, and there are emerging trends that can
impact color matching in glass printing.
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4.1. Digital Printing

Digital printing is becoming more prevalent in glass printing. Digital printing allows for precise
control over ink deposition, resulting in more consistent and accurate colors. Additionally,
digital printing can reduce the need for expensive tooling and setup costs associated with
traditional screen printing [23].

4.2. UV Ink

UV-curable inks are becoming increasingly popular in glass printing. UV inks cure quickly,
reducing the risk of color shift or fading over time. Additionally, UV inks can be formulated to
produce vibrant colors and can be used on a range of glass substrates [24].

4.3. Advanced Printing Techniques

Advanced printing techniques, such as direct-to-glass printing, are also emerging in the field of
glass printing. Direct-to-glass printing involves printing directly onto the glass surface without
the need for a transfer film or pre-treatment coating. This technique can improve color accuracy
and reduce production time and costs [25].

5. Conclusion

Achieving precise color matching in glass printing is essential to ensure that the final product
meets the desired specifications. However, this can be challenging due to various factors that
can affect the final result. In this article, we have discussed several solutions to overcome these
challenges and achieve the highest level of color accuracy possible in glass printing.

One solution is to use white ink on tinted glass to create a neutral base color that will enhance
the vibrancy and accuracy of the ink colors. Additionally, optimizing ink formulation and curing
processes can improve color accuracy and durability. Improving substrate preparation, such as
using special coatings or treatments, can also enhance the ink adhesion and color consistency.

Equipment calibration is another critical factor in achieving precise color matching. Regular
calibration of the printing equipment, including inkjet heads and software, can ensure that the
ink is delivered precisely to the substrate. Moreover, advanced printing techniques such as
direct-to-glass printing, digital printing, and UV ink can further enhance color accuracy and
reduce the time and cost of production.

In conclusion, achieving precise color matching in glass printing requires a combination of
specialized equipment, ink formulation, substrate preparation, and best practices in printing
techniques. By staying up-to-date with emerging trends and incorporating best practices into the
production process, manufacturers and designers can produce high-quality and visually stunning
glass prints that meet their desired color specifications.
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Ozet: Insanlarin ortalama giinde 8 saat ¢calistigi diisiiniiliirse, ¢calisma ortamlarinin
insan saghgi iizerinde ¢cok onemli etkilere sahip oldugu asikéardir. Onemli kirletici
gruplarindan olan Polisiklik  Aromatik Hidrokarbonlar (PAH'lar) ¢alisma
alamindaki varligi ¢alisan saghgi agisindan biiyiik risk teskil etmektedir. PAH larin
insanlar icin kanserojen ya da muhtemel kanserojen olarak tamimlandiklarindan
ozellikle ¢calisma sartlart dikkate alinarak mesleki gruplar acisindan izlenmeleri
biiyiik 6nem tasimaktadir. . Bu zamana kadar mesleki maruziyetler iizerine yapilan
calismalar incelendiginde, bunlarin genel i¢c ortam havasinin orneklenmesi,
idrarda biyobelirtegler ya da mevcut veriler islenerek vaka-kontrol ¢alismalart ile
smrlt  kaldigr  goriilmiistiiv.  Dolayisiyla  ¢alisanlarin - kisisel maruziyetlerini
belirlemek icin soluduklart havay: en iyi simiile eden yontemlerin belirlenmesinin
gerekliligi ortaya ¢itkmaktadir. Bu ¢alisma kapsaminda bir iiniversite yerleskesinde
bulunan kantinde ¢aliganlarin yakalarina takilan ve soluduklar: havay temsil eden
kisisel kaskat ornekleyici  kullamilarak pisirme islemi yapilan 1zgaradan
kaynaklanan kirleticilere maruz kalma diizeylerinin belirlenmesi amaglanmustir.
Ayni zamanda kaskat 6rnekleyici modifiye edilip cam kolona regine doldurularak
gaz fazinda bulunabilecek PAH seviyeleri de belirlenmistir. Ornekleme farkl
giinlerde ve 5 giin siireyle yapilmistir. Sonuclar incelendiginde 9,8 um’den biiyiik
partikiillerde ve 1,55 um kiigiik partikiillerde yiiksek PAH konsantrasyonlari
bulunmustur. Saghk etkisi diisiiniildiigiinde 1,55 um’den kiiciik partikiillerin
yogunlugunun fazla olmast dikkat c¢ekici bir noktadir. Giinliik toplam PAH
konsantrasyon ortalamasit 265,0 - 570,4 ng/m3 araliginda degigmektedir.

Anahtar Kelimeler: PAH, kisisel kaskat ornekleyici, kisisel maruziyet

Giris

Ortamdaki hava kirliligi calisanlarda konsantrasyon disiikliigli, bas agrisi, burun akintisi,
halsizlik gibi sorunlar1 beraberinde getiren Hasta Bina Sendromuna neden olmaktadir. Daha ¢ok
ofis calisanlarinda goézlemlenen ve Amerikan Cevre Koruma Ajansi’nin verilerine gore
miicadele edilmesi gereken ilk 10 saglik sorunu arasinda 4. siraya yerlestirilmis olan “Hasta
Bina Sendromu”, c¢aligma siliresi boyunca yetersiz havalandirma kosullarinda mevcut
kirleticilere maruz kalinmasi durumunda ortaya ¢ikar (Akal, 2013). Dolayisiyla, calisan
sagligin1 korumak adina diizenli dl¢limler yapmak gerekli onlemlerin alinabilmesi agisindan
onem arz etmektedir. Avrupa Birligi ve ABD Cevre Ajansi havada bulunan ve sagliga olumsuz
etkileri olan kirleticilerin listesini ve bunlarm limit degerlerini kapsayan bir mevzuat
gelistirmigtir (https://ec.europa.eu/environment/air/quality/standards.htm). Bu listede yer alan
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onemli kirletici gruplarindan olan PAH’lar ¢alisma alanindaki varlig1 calisan sagligi agisindan
biiyiik risk teskil etmektedir. PAH’lar insanlar i¢in kanserojen ya da muhtemel kanserojen
olarak tanimlandiklarindan 6zellikle ¢alisma sartlar1 dikkate alinarak mesleki gruplar agisindan
izlenmeleri biiyiik 6nem tagimaktadir. Mesleki maruziyet sinirlar1 genellikle bir ig giinii (8 saat)
veya kisa vadeli bir esik smirindaki zaman agirlikli ortalama hava konsantrasyonlarina
dayandirilmaktadir. Isvec'te, naftalin ve benzo(a)piren mesleki maruziyet sinirlarl
yaymlanmistir (AFS, 2015: 7). ABD Cevre Koruma Ajansi (US EPA) 16 oncelikli PAH
grubunu smiflandirmis ve bunlardan on birine, benzo (a) pirene gore kanser potansiyeline dayali
olarak toksik esdegerlik faktorleri atamistir. Bu nedenle, maruziyet calismalarina dahil edilen
PAH'larin sayisini en list diizeye ¢ikarmak, maruz kalma senaryolari ve ilgili riskler hakkindaki
bilgi birikiminin artirilmasi i¢cin mesleki gruplarin maruziyet agisindan incelenmesi biiylik 6nem
tasimaktadir.

Partikiil boyutu kirleticilerin saglik iizerine etkileri ile direkt olarak iliskilidir. 10 mikrondan
biiylik partikiillerin ¢ogu burun ve nazofarenkslerde tutulurken 10 mikrondan kiiciik olanlar
bronglarda birikmektedir. Bununla birlikte 1-2 mikron ¢apindakiler alveollere kadar inebilirken
0,1 mikron ¢apindaki partikiiller ise daha da igeriye intrakapiller araliga difiize olabilmektedirler
(Ozdemir vd. 2010; Toprak vd., 2013; Uzun vd., 2019). Akcigerlerin en derinlerine niifuz
edebilen boyutlardaki partikiillere tutunmus kirleticilerin uzun siire solunmasi ciddi saglik
sorunlarmin yasanmasina sebebiyet vermektedir. TUIK’in 2019 yili i¢in agikladig istatistikler
incelendiginde Tiirkiye’deki oliimlerin ikinci biiylik kismi, %18,4 ile iyi ve kotii huylu
timorlerden kaynaklandigi goriilmekte ve bu tiimorlerin %30,2’sini girtlak ve soluk borusu /
brons / akciger tiimorleri olusturmaktadir. Kanserojenik/mutajenik yapisi bir¢cok c¢alismada
kanitlanmig olan PAH’larin (Alver vd., 2012; Vu vd., 2011) farkli boyutlardaki
konsantrasyonlarinin incelenmesi bu bakimdan 6nem arz etmektedir. PAH’larin o6zellikle
benz[a]antrazen benzo[a]piren benzo[b]fluoranten, benzo[j]fluoranten, benzo[k]fluoranten,
krizen, dibenz[a,h]antrazen ve indeno [1,2,3-c,d]piren gibi tiirlerinin canli sagilig1 i¢in ¢ok
zararli olabildigi, laboratuvar hayvanlarinda solunum, beslenme ve dokunma yoluyla
etkilesimde tiimore sebep oldugu rapor edilmistir (Kurada, 2015). Yapilan bagka bir ¢alismada
PAH’lara maruz kalma ile dogustan kalp hastaliklarina sahip olma arasindaki iliskinin
belirlenmesi icin Ulusal Dogum Kusurlari Onleme Calismasi'ndan (1997-2011) elde edilen
verileri kullanarak, annenin PAH'lara maruziyeti ile bebeklerde olusabilecek kalp hastaliklari
arasindaki iligkiyi incelemek icin bir vaka-kontrol caligmasi yiiriitiilmiistiir. Gebe kalmadan
onceki aydan itibaren annenin meslegi ve ¢alisma sartlari da dikkate alinarak kiimiilatif PAH
maruziyetleri nicel olarak haritalanmistir. Sonuglar gebeligin erken donemlerinde tahmini
kiimiilatif mesleki PAH maruziyetinin en yiiksek ¢eyreginde yer alan kadinlarin, mesleki PAH
maruziyeti olmayan kadinlara kiyasla, kalp kusuru olan ¢ocuklara sahip olma olasiliginin daha
yiiksek oldugunu gostermistir (Patel vd., 2020). Yapilan ¢aligmalar, atese dayanikli malzemeler
ve bitiim iireten fabrikalarda isyeri ortaminda artan PAH konsantrasyonlarina maruz kalan
is¢ilerin beyaz kan hiicrelerinde DNA ipligi kirilmalarma neden olabilecegini gostermistir
(Marczynski vd., 2005; Cavallo vd., 2006; Chao vd., 2008). Dahasi, mesleki olarak PAH'a
maruz kalan kok firim1 isgilerinde DNA hasari veya oksidatif hasar lezyonlar1 goriilme
ihtimalinin ¢ok daha yiiksek oldugu bulunmustur (Cheng vd., 2005; Chao vd., 2008). Bu veriler,
PAH'arin genotoksik maddeler oldugunu goéstermektedir. Yakin zamanda yapilan bir mesleki
calisma, PAH ile maruziyetine neden olan meslek gruplarinin, akciger ve mesane kanseri
risklerinin arttigin1 gostermistir (Bosetti vd., 2007). Epidemiyolojik bir ¢alisma, demir ve celik
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dokiimhanesi iscilerinde akciger ve mesane kanseri riskinin daha yiiksek oldugunu da
gostermistir (Bosetti vd., 2007).

PAH'larin mutajenik, toksik ve kanserojen oldugu bilinmektedir ve bu olumsuz saglik
etkilerinden dolay1 ¢evrede bulunan miktarlar, yiyecek ve icecekler insan sagligi i¢in dnemli
hale gelmistir. Evde PAH'lar tiitin dumaninda, yanan odun dumaninda, tahillarda, ekmekte,
sebzelerde, meyvelerde, etlerde, islenmis veya salamura edilmis iiriinlerde, kontamine inek
siitlinde veya anne siitiinde bulunur. Kirlenmis toprakta, havada ve suda yetistirilen {iriinler de
PAH'lar igerir. Et veya diger yiyecekleri 1zgarada veya yiiksek sicakliklarda pisirmek,
yiyeceklerdeki PAH miktarmin artmasma neden olur (Simko, 2002). Avrupa Gida Giivenligi
Otoritesi (EFSA); et ve et iriinlerinin, tiiketicilerin giinliik diyet PAH bilesiklerini almasina
neden olan en onemli gida kaynaklarindan biri oldugunu bildirmistir. Et {iriinlerinde olusan
PAH bilesiklerinin miktar1 etin yag igerigine, oksijen konsantrasyonuna, islemede kullanilan 1s1
kaynagmin tiirii ve sicakligl, gida ile 1s1 kaynagi arasindaki mesafe ve islem siiresi (Onopiuk
vd., 2021). Ozellikle gidanin alevle direkt temasi, 1s1l islem siiresinin uzamasi ve 1s1l islem
sicakliginin yiiksek olmasi Proteinli Gidalardaki PAH bilesiklerinin miktarini arttirmaktadir

PAH’lar ve partikiil maddelerin, hava, su ve toprak gibi ortamlardaki konsantrasyon degerleri,
bu tiir ortamlardaki davranig ve tagimimlar tiim diinyada aragtirma konusu olmustur. Ayni
sekilde literatiirde i¢ ortamlardaki seviyeleri ile ilgili de bircok arastirma yapilmistir. Ancak
meslek gruplarinda c¢alisanlarin maruziyeti tizerine yapilan ¢alismalar ¢ok sinirlidir. Literatiirde
yapilan igyerlerinde PAH maruziyetinin izlenmesi ¢alismalar1 genellikle c¢alisanlarin idrar
ornekleri toplanarak yapilan biyobelirtecler ile ya da ¢alisilan i¢ ortam havasinin incelenmesi
yoluyla gergeklestirilmistir. Kisisel pasif hava 6rnekleyicileri olarak poliiiretan kopiik kullanilan
yapilan az sayida calisma da mevcuttur. Fakat kigisel maruziyet ile ilgili ¢alisma mevcut
degildir. Dolayisiyla ¢alisanlarin kisisel maruziyetlerini belirlemek igin soluduklari havay1 en
iyi simiile eden yontemlerin belirlenmesinin gerekliligi ortaya ¢ikmaktadir. Bu ¢caligmada daha
onceden yapilan caligsmalardan farkli olarak kisinin yakasina takilan ve soludugu havayi temsil
edecek kaskat tipi kisisel ornekleyici ile kisisel maruziyetler ilk defa belirlenmistir. Bunun
yaninda insan saglig1 i¢in ¢ok 6nemli olan partikiil boyutlart da 7 farkli boyut igin ilk defa
yapilacak olup farkli parcacik boyutlarinda tutunan PAH tiirleri ve konsatrasyon degerleri
belirlenmigtir.

Materyal ve Metod

Belirlenen meslek grubunda calisan bireylerin kisisel PAH maruziyetlerini 6lgmek igin
universite yerleskesinde bulunan kantin 1zgarasi secilmistir. Bu kapsamda segilen igletmenin
PAH konsantrasyonunun maruziyet iizerindeki etkileri belirlenmistir. Bu kisi bir is giinii
boyunca kisisel kaskat (¢cok katl) 6rnekleyiciyi tasimak zorundaydi. Calisma kosullarindaki
olas1 degisiklikleri belirlemek igin 6rnekleme haftanin her giiniinii temsil eden farkli giinlerde 5
kez tekrarlanmustir.

Kisisel maruziyeti belirlemede, kiginin soludugu havayr simiile etmek i¢in yakanin yakinina
kisisel kaskat ornekleyici tertibati takilmistir. Bu amagla 34 mm ¢apinda cam yiinii filtreler
kullanilarak ¢alisan Tisch markali 6 asamali kisisel kaskat 6rnekleyici (TE-296) kullanilmistir.
Bu aparat ile 7 farkl partikiil biiyiikliiglinde numune toplanabilmektedir (>9.8, 9.8-6, 6-3.5, 3.5-
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1.55, 1.55-0.93, 0.93-0.52 ve <0.52 pm). Cihazin 6zel tasarimindaki temel amag, insan {ist
solunum yollarindan alveollere kadar tiim solunum sistemini etkileyen cut-off ¢apli partikiillerin
orneklenmesidir. Bu nedenle, kisisel kaskat ornekleyici ile toplanan parcaciklar, insanlar
tarafindan solunabilen ve akcigerlerin farkli bolgelerine inebilen tozu temsil eder (Sekil 1).
Ornekleme sisteminin en 6nemli unsurlarindan biri akis kontroliidiir. Hava akisi, sisteme kalici
olarak takilan bir akis 6lcer tarafindan kontrol edilmistir. Akis kontrolii i¢in sisteme bir hava
Olcer de eklenmistir. Vakum pompasi tarafindan ¢ekilen hava numunesi énce Kaskat ¢arpma
tertibatindan sonra debimetreye ve oradan da hava &lgere gegmistir. Ornekleyici, kullanimi
pratik ve ¢ok hafif oldugundan kullaniciy1 rahatsiz etmeyecek sekilde tasarlanmistir. Ek olarak,
kademeli ¢arpma tertibati, ¢arpma tertibatinin ¢ikigina XAD reginesi ile doldurulmus bir cam
tiip eklenerek gaz halindeki PAH'lar1 toplamak iizere modifiye edilmistir.

1. Kademe = 9.8 um

2. Kademe =6.0 — 9.8 um

3. Kademe =3.5 - 6.0 pm

4, Kademe =1.55 - 3.5 um

5. Kademe = 0.93 — 1.55 um

6. Kademe = 0.52 — 0.93 pm I '

Sekil 1. Kisisel kaskat 6rnekleyici, kesme yarigaplari ve bu boyutlarin insan viicuduna etkileri

Sonug olarak, 5 giinliik numune alma sonucunda 7 farkli partikiil boyutunda toplam 35 numune
ve 5 regine numunesi alinmistir. Numuneler toplandiktan sonra kaskattaki filtreler steril bir
sekilde cikarilmistir. Cikartilan filtreler siselere yerlestirilmis ve iizerine 30 ml aseton hekzan
karigimi (1:1) eklenmistir. Regineler ig¢in de ayni islem uygulanmistir. Ekstraksiyondan once,
tiim Orneklere sahit standartlar eklenmis ve bir gece boyunca karanlikta tutulmustur. Ardindan
kalintilart gidermek i¢in cam yiinii yardimiyla filtreleme yapilmistir. Daha sonra ekstrakt hacmi
50 derece su sicakliginda doner buharlastirici kullanilarak 5 ml'ye diisiirilmiistiir. Birinci
buharlastirmadan sonra numuneye 10 ml heksan ilave edilmis ve tekrarlanmistir. Bu
buharlastirmanin ardindan 5 ml daha hekzan ilave edilerek son buharlagtirma islemi
gergeklestirilmistir. Boylece, aseton numunenin tamaminda ¢ikarilmis hekzana aktarim
yapimistir. Bu islem tamamlandiktan sonra azot gazi kullanilarak 100 pl nihai numune hacmi
elde edilmistir. Bu prosediir tiim Orneklere uygulanmustir. Filtrelerin ekstraksiyonundan ve
hacim azalmasindan sonra, Agilent (6890N) GC/MS (5975C inert MSD) cihazi ile HP5-MS (30
m, 0.25 mm, 0.25 um) kolonu kullanilarak PAH analizleri yapilmigtir.
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Sonuc¢

Bu ¢aligma, 1zgara ile pisirme isinde ¢alisan isgilerin kisisel PAH maruziyetini hesaplamak igin
yapilmistir. Bu kapsamda {iniversitesi yerleskesinde bulunan kantinde 5 giin boyunca 6rnekleme
yapilmig ve sonuglar her bir partikiil boyutu i¢in bireysel PAH'larin genel ortalamasi igin Tablo
1'de verilmistir. PAH'lar ¢cogunlukla 9,8 partikiil boyutundan biiyiikk ve 9,8 pm ve 1,55 pm
araliginda birikmistir. 1,55 pm'den kiigiik parcaciklarin saglik etkisi gz oniine alindiginda, bu
parcacik araliklarmm (yaklasik 1700 ng/m®) altindaki yiiksek PAH konsantrasyonlari nedeniyle
bu sonuglar ¢ok dnemlidir.

Tablo 1. 5 giin boyunca elde edilen her parcacik boyutu i¢in ortalama PAH konsantrasyonu

(ng/m®).

>9.8 <0.52

um 9.8 pm 6 nm 35pum  1.55pm 093 pm 0.52 pm um
ACY 23.0 25.7 145 17.7 19.8 22.7 26.9 24.8
ACT 6.9 5.8 5.1 5.0 4.7 59 7.5 5.2
FLN 33.2 40.1 22.6 22.3 35.0 29.3 34.5 30.5
PHE 306.3 382.6 136.0 146.9 290.8 194.8 234.5 198.6
ANT 16.6 175 6.0 6.3 7.8 7.4 7.3 7.7
FL 715 81.7 30.8 30.0 69.7 36.1 37.8 38.4
PY 49.2 58.4 20.3 19.1 46.4 24.1 27.6 24.9
BaA 10.6 6.3 3.4 3.9 4.9 9.1 51 7.0
CHR 14.9 16.2 6.6 8.9 9.1 5.6 47.8 8.1
BbF 140 16.2 7.9 4.4 17.9 6.4 8.2 7.9
BkF 8.2 9.7 3.7 2.2 134 4.0 4.9 3.7
BaP 6.8 2.7 4.0 35 5.3 3.6 3.7 29
IcdP 3.9 3.1 1.3 0.8 2.3 15 1.2 0.5
DahA 3.9 35 2.2 1.2 2.8 1.7 6.5 2.2
BghiP 15 1.2 0.8 1.0 0.5 0.7 0.6 0.9

Y1sPAH  570.4 670.6 265.0 273.3 530.6 352.6 454.1 363.4

*Naphthalene (NAP), Acenaphthylene (ACY), Acenaphthene (ACT), Fluorene (FLN),
Phenanthrene (PHE), Anthracene (ANT), Fluoranthene (FL), Pyrene (PY),
Benz(a)anthracene  (BaA), Chrysene (CHR), Benzo(b)fluoranthene  (BbF),
Benzo(k)fluoranthene (BkF), Benzo(a)pyrene (BaP), Indeno(1,2,3-cd)pyren (lcdP),
Dibenz(a,h)anthracene (DahA), Benzo(g,h,i)perylene (BghiP).

Ortalama PAH konsantrasyonlari, her pargacik boyutu icin elde edilen tiim konsantrasyonlar
tablolagtirilmis ve genel ortalama PAH'lar elde edilmistir (Sekil 2). Sekilden goriilebilecegi gibi,
PHE en baskin PAH'lar olarak bulunmus, ardindan FL, PY ve FLN gelmistir. Bu sonuglarin
hava, toprak ve su gibi farkli ¢evresel boliimler igin literatiirle tutarli oldugu goézlemlenmistir.
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Birinci giin analizlerinde bulunan PAH konsantrasyonlar sirasiyla; PHE, CHR, FLN, BaA, FL,
PY ve DahA fazla bulunmustur. ilk giinde elde edilen verilerde, her parcacik boyutu i¢in toplam
PAH konsantrasyonu birikimi 9,8 pum’den biiyiik olanlar, 9,8 pm- 6um araliginda olanlar ve
0,93 pm — 0,52um araliginda olanlar fazla bulunmustur. Toplam PAH 1293 ng/m® olarak
hesaplanmustir. ikinci giin analizlerinde bulunan PAH konsantrasyonlar sirastyla; PHE, CHR,
FL ve PY fazla bulunmustur. ikinci giinde elde edilen verilerde, her parcacik boyutu igin toplam
PAH konsantrasyonu birikimi 9,8 pm’den biiylik olanlar, 9,8 um- 6pum araliginda olanlar ve
0,93 pm - 0,52um araliginda olanlar ve 0,52pum kiiciik olan konsantrasyonlar fazla
bulunmugtur. Toplam PAH 1991 ng/m3 olarak hesaplanmustir. Ugiincii giin analizlerinde
bulunan PAH konsantrasyonlar1 sirasiyla; PHE, FLN, FL ve PY fazla bulunmustur. Ugiincii
giinde elde edilen verilerde, her parcacik boyutu i¢in toplam PAH konsantrasyonu birikimi 9,8
um’den biiyiik olanlar, 9,8 pm- 6um araliginda olanlar ve 0,93 uym — 0,52um araliginda olanlar
fazla bulunmustur. Toplam PAH 2915 ng/m? olarak hesaplanmustir. Dérdiincii giin analizlerinde
bulunan PAH konsantrasyonlar sirasiyla; PHE, FLN, FL ve PY fazla bulunmustur. Dérdiincii
giinde elde edilen verilerde, her pargacik boyutu i¢in toplam PAH konsantrasyonu birikimi her
boyut araliginda fazla bulunmustur. Toplam PAH 4002 ng/m® olarak hesaplanmustir. Besinci ve
son giin analizlerinde bulunan PAH konsantrasyonlar1 sirasiyla; PHE, FL ve PY fazla
bulunmustur. Besinci giinde elde edilen verilerde, her parcacik boyutu igin toplam PAH
konsantrasyonu birikimi 9,8 pm’den biiyiik olanlar, 9,8 pum- 6um araliginda olanlar ve 3,5 um —
1,55um araliginda olanlar fazla bulunmustur. Toplam PAH 7199 ng/m® olarak hesaplanmustir.

Ortalama PAH degerleri

22

PAH Konsantrasyonu {ng/m3)
b

NAP ACY ACT FLN PHE ANT FL PY BaA CHR BbF BkF BaP IcdP DahA BghiP

m Gaz fazi (XAD) | Partikiil Faz

Sekil 2. Partikiil ve gaz fazlari i¢in 5 giin boyunca elde edilen genel ortalama PAH
konsantrasyonlari.
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Tablo 2. Her pargacik boyutu i¢in toplam PAH konsantrasyonlari.

>98 98 35 1.55 0.93 0.52 <0.52

pm pm  6pm pm  pm pm pm pm Toplam
1. giin 331.7 177.7 56.7 928 795 47.6 318.6 1884 1293
2. giin 158.1 3515 97.0 1146 159.8 410.1 4525 2478 1991
3. giin 367.1 358.2 360.0 267.7 2676 3739 5476 3727 2915
4. giin 569.8 532.3 388.4 5247 5009 4353 4919 5588 4002
5. giin 1426 1934 423.0 366.8 1645  496.3 459.7 449.2 7199
Ortalama 5704 670.6 265.0 273.3 530.6 3526 4541 3634 3480

Tablodan da goriilebilecegi gibi, muhtemelen 6gle yemegini kafede yiyen 6grenci sayisindan
dolayi, toplam PAH konsantrasyonlarinin giinden giine farkli oldugu bulunmustur.
Orneklemeye bahar doneminin ilk giinii baslanmis olup, &rneklemenin ilk 3 giinii birinci
haftadir. Ancak yogun kar yagisi nedeniyle iiniversitede egitime ara verilmesi nedeniyle
ornekleme gergeklestirilememistir. Daha sonra diger hafta i¢cin numune alma islemi yeniden
baslatilmistir. Bunlarm hepsinin PAH konsantrasyonlarina yansidigi sonucuna varilabilir. Ik
hafta toplanan ilk 3 6rnegin ortalamas1 2066 ng/m® iken, ikinci hafta icin 2,7 kat daha yiiksek
ortalama toplam PAH konsantrasyonlar1 bulundu (5601 ng/m?®).

Tablo 3’te de ornekleyiciyi modifiye ederek doldurulan XAD reginelerden elde edilen gaz
fazinda bulunan PAH konsantrasyon degerleri verilmistir. Partikiil fazdaki PAH konsantrasyonu
gaz fazdaki konsantrasyona gore daha fazla bulunmustur.

Tablo 3. Gaz fazindaki PAH konsantrasyonlari

1. giin 2.giin  3.giin 4.giin 5.giin Ortalama
NAP
ACY 273,0 45,7 126,7 366,2 304,4 223,2
ACT 197,1 8,9 35,1 99,5 67,6 81,6
FLN 327,3 29,3 136,6 356,1 156,9 201,3
PHE 2509,4 36,5 1100,4 25275 1098,8 14545
ANT 34,8 4,7 21,0 64,4 35,7 32,1
FL 486,1 13,5 1429 384,2 148,0 235,0
PY 2474 22,6 90,2 203,6 109,6 134,7
BaA 8,7 10,1 10,0 15,8 11,1 11,1
CHR 14,1 34,9 13,2 33,1 39,6 27,0
BbF 59,2 13,7 1,5 3,5 15 15,9
BkF 13,3 6,7 0,6 0,8 1,7 4,6
BaP 1,0 28,3 6,7 0,5 2,2 17,7
lcdP 94 7,2 0,5 1,2 14 3,9
DahA 6,6 2,6 2,5 1,6 2,5 3,1
BghiP 4,6 0,1 0,2 0,3 0,6 1,2
Y1sPAH 41919 2649 1688,0 4058,3 19816  2436,9
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Literatiir incelendiginde herhangi bir isleme veya pisirmeye tabi tutulmamis yemeye hazir
etlerde bile Fenantren, Antrasen ve Floren gibi PAH tiirleri tespit edilmistir (Cheng vd., 2021).
Bir de yanma sonucu olusan PAH etkili oldugunda konsantrasyonlar daha da yiikselmektedir.
Bu calismada Fenantren, Floranten ve Floren her bir giin en fazla konsantrasyonda bulunan
PAH tiirleridir. Fenantren, Floranten ve Floren komiir katraninda tiiretilen dolayisiyla fosil
yakitlarinda bulunan bir PAH cesitleridir. Bu durumda i1zgara komiiriiniin yanmasi sonucu
olusmus PAH konsantrasyonu tespit edilmis olabilir.
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Komiir Flotasyonu icin Taguchi ve Box Behnken Optimizasyon
Yontemlerinin (")ngﬁriicii Model Performansinin Karsilastirilmasi
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Konya Teknik Universitesi, Miihendislik ve Doga Bilimleri Fakiiltesi, Maden Miihendisligi Béliimii, Konya,
E-mail:kesmeli@ktun.edu.tr

Ozet: Bu calisma, komiir flotasyonu icin karistrma hizi, kati oram, toplayici
konsantrasyonu ve képiirtiicii konsantrasyonu gibi etkili proses parametrelerini
degerlendirmektedir. Ug seviyeli dért faktor icin deney tasarimi, Taguchi ve Box—
Behnken tasarim (BBD) yéntemleri kullanilarak elde edilmistir. En yiiksek
yanabilir verimi elde etmek icin optimize edilmis kosullar, Taguchi L27 ve BBD
yéntemlerinin ana etki grafikleri olusturularak degerlendirilmistir. Elde edilen
optimum degerler diisiik karistirma hizi (1250 rpm),diisiik kati orani (10), yiiksek
toplayict konsantrasyonu (1 kg/ton) ve yiiksek kopiirtiicii konsantrasyonu (0,5
kg/ton) olarak  bulunmustur. Islem parametreleri —arasindaki —etkilesimi
degerlendirmek icin Taguchi L27 ve BBD ydntemlerinin etkilesim grafikleri
kullamilmistir. Etkilesim grafikleri ve ANOVA sonuglarindan, kémiir flotasyonu
icin karistrma hizimin diger parametrelere kiyasla en énemli parametre oldugu
gortilmiistiir. Ayrica, tahmin sonuglarina gore Taguchi L27' nin regresyon
katsayisimin  BBD yontemine kiyasla daha yiiksek oldugu bulunmustur. Bu
sonuglar, linyit flotasyonu i¢in Taguchi L27 tasariminin Box Behnken tasarimina
gore en uygun optimizasyon yontemi oldugunu gostermektedir.

Anahtar Kelimeler: Flotasyon; Box-Behken tasarimi; coal; Taguchi deney
tasarimi

Giris

Linyit, diinyada biiyiik rezervlere sahip diisiik kaliteli bir komiir tiiriidiir. Komiir
madenciliginde devam eden madencilik yontemleri, mekanize yontemlerin kullanimu,
ince diisiik dereceli komiiriin oranmi artirmaktadir. Ince komiir oraninin artmasi
zenginlestirme islemlerini zorlastirmakta, bu da enerji kaybina ve gevre sorunlarina yol
agmaktadir. Ince komiir zenginlestirmek icin flotasyon, flokiilasyon, yag aglomerasyonu
veya segici flokiilasyon teknikleri kullanilmaktadir (Warren 1975). Organik madde ve
mineral madde arasindaki yiizey hidrofobikligindeki farkliliklara dayanan kopiik
flotasyon teknigi, bu tiir diisiik dereceli komiir temizleme ve zenginlestirme igin etkili bir
zenginlestirme yontemidir (Xing ve Ark., 2015, 2016, Gui ve Ark., 2016).

Flotasyonda birgok parametre birbiri ile iligkilidir. Optimum deney sartlarinin
bulunmasi ic¢in ¢ok sayida test yapmak gerekmekte ve parametrelerinin birbirleri ile
etkilesimini degerlendirmek miimkiin olmamaktadir. Bu nedenle parametre sayisinin

155
Proceedings Book



INSAC International Researches Congress on Natural and Engineering Sciences (INSAC-IRNES'23) IﬂS@

fazla oldugu proseslerde, parametrelerin birbiri ile etkilerini degerlendirmek icin deney
tasarimi ve istatistiki yontemlere basvurulmaktadir (Ersan ve Agikel 2014). Deney
tasarim1 yontemleri kullanilarak klasik yontemlere kiyasla az sayida tasarlanmis deney
yaparak silire¢ basarist ve parametrelerin iligkisinin belirlenebilmesi saglanmaktadir.
Ayrica, istatiksel analizler ile degiskenler arasinda etkilesimlerin dogru bir sekilde
belirlenmesi prosesin daha iyi anlasilmasini miimkiin kilmaktadir (Goccin ve Smith 1987,
Cilek 2003). Taguchi yontemi, etkili slire¢ parametrelerinin degerlendiren ve optimize
eden ortogonal dizi ile saglanan bir tir kesirli faktoriyel tasarimdir. Box-Behnken
yontem, ise, etkili slire¢ parametrelerini optimize eden ikinci dereceden matematiksel bir
denklemle birlestirilmis istatistiksel bir yontemdir. Taguchi ve BBD yontemleri, deneysel
calismalarin tasarimini ve optimizasyonunu elde etmek icin en yaygin kullanilan istatiksel
yontemlerdir. Cevher zenginlestirme islemlerinde lig, flokiilasyon, yag aglomerasyonu ve
ozellikle de flotasyon olmak {izere bir ¢ok proses de deney tasarim ydntemleri
kullanilmaktadir (Sharma ve Ark., 2012, Pecina ve Ark., 2014, Chattopadhyay ve Ark.,
2015, Kumar ve Venugopal 2017). Kalyani ve Ark. (2010) komiirin flotasyon
performansini degerlendirmek icin BBD modelini arastirdilar ve toplayict dozajinin en
onemli parametre oldugunu bulmuglardir. Sahoo ve Ark. ( 2017) komiir flotasyonunda
Cevap Yiizeyi Yontemlerini (CYY) arastirmiglar, komiir verimi ve kiil igerigini etkileyen
en Onemli parametrenin kopiirtiici konsantrasyonu oldugu sonucuna varmislardir.
Sachinraj ve Ark. (2022) komiiriin kolon flotasyonu g¢aligmasinda Taguchi yaklagimini
kullanmislar ve ayirma verimi i¢in uygun bir model oldugunu kaydetmislerdir. Flotasyon
calismalarinda her iki tasarim yonteminin kullanildig1 bir¢ok ¢alisma olmasina ragmen,
bu iki deney tasariminmi karsilastiran galigmalar yetersizdir. Bu nedenle, bu calismada
optimizasyon yontemi icin Taguchi ve Box-Behnken deney tasarim ydntemleri
karsilastirilmigtir. Kullanilan bu tasarimlarda bagimsiz degiskenler olarak belirlenen
karigtirma hizi (A), kati oram1 (B), toplayici konsantrasyonu (C) ve kopiirtiicii
konsantrasyonu (D) bagimh degisken olan yanabilir verimi iizerindeki etkisi
incelenmistir. Elde edilen matematiksel modeller ANOVA ile degerlendirilmis,
modellerin birbiri ile kiyaslamasi ve dogrulugu tartigilmistir. Ayrica ana etki ve etkilesim
grafikleri cizilerek elde edilen sonuclar irdelenmistir.

Malzeme ve Yontem
Malzeme

Bu c¢alisma Konya’nin Ilgin ilgesinden temin edilen linyit numunesi ile
gergeklestirilmistir. 100 kg kadar temsili numune flotasyon deneylerinde kullanilmak
iizere konileme—dortleme metodu ile azaltilmstir. Bilyali degirmende 1 saat siirede kuru
ogiitiilmiis ve ogiitiilen numunenin tane boyut analizi bir lazer kirimim &lger (Malvern
Mastersizer, 2000) kullanilarak yapilmistir. Ogiitiilmiis numunelerin tane boyutu dagilimi
Sekil 1'de sunulmustur. Toplayict olarak kullanilan gazyagi, yerel petrol biirosundan
tedarik edildi ve yogunlugu 0.8 g/cm® olarak bulundu. Képiirtiicii olarak ¢am yag
kullanilmigtir. Nem analizi, ASTM D 317303 Standart Test Metoduna goére yapilmustir.
Kiil analizi, ASTM D 3174-04 Standart Test Metoduna gore gergeklestirilmistir.
Kalorifik Degeri Tayini Leco AC-350 marka cihaz ile kuru numune yiiksek basing altinda
saf oksijen ile yakilarak kalori degerinin 14.1 Mj/kg oldugu tespit edilmistir (ASTM D
5865-10a,). Linyit numunesinin analiz sonuglar1 Tablo 1'de verilmistir.
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Tablo 1. Komiir numunesinin kuru bazda 6zellikleri
Kiil Nem Sabit Karbon Kalorifik Deger
(%) | (%) (%) (MJ/kg)

23.02 | 245 16.9 141

100

P =)} 0
o o o
1 1 1

Kiimiilatil Elek Ali, %

[
o
1

0 T T T
0 50 100 150 200
Tane Boyutu,mm

Sekil 1. Ogiitiilmiis numunenin tane boyut dagilimi

Yontem

Flotasyon testleri Denver flotasyon makinesi kullanilarak gerceklestirilmistir. 1k
olarak, komiir numunesi 3 dakika karistirilmis ve daha sonra toplayici ilave edilerek
karisim 5 dakika daha karistinnlmistir. Son olarak kopiirtiicli ilave edilmis ve karisim
tekrar 30 saniye daha karistirilmigtir. Hava valfi agildiktan sonra 2 dakika konsantre
toplanmustir. Flotasyon iiriinleri filtrelendikten, kurutulduktan ve tartildiktan sonra kiil
analizi i¢in porselen bir potaya yerlestirilmis ve kiil firmninda yakilmigtir. Daha sonra
yanabilir verim asagidaki formiil ile hesaplanmustir,

A(100—-Agkyp)
B(100—-Bgji1)

Yanabilir Verim, %= 100x 1)

Burada, A= Temiz komiir yiizdesi, Ag; = temiz komiir kil igerigi, B= besleme
yiizdesi, ve By = besleme kiil igerigi

Optimizasyon Metodu

Deney tasarimi i¢in dort parametre ve li¢ seviye secilmistir. Tablo 2’ de islem
parametrelerinin araliklar1 ve seviyeleri gosterilmistir. Tablo 3 ve 4, Taguchi L27 ve
Box-Behnken Tasarimi (BBD) yontemi icin elde edilen tasarimin deneysel sonuglarini
sunmaktadir.
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Tablo 2. Box-Behnken ve Taguchi L27 tasarim yontemlerinde kullanilan deneysel
faktorlerin araliklar1 ve seviyeleri

Degiskenler Sembol | Seviyeleri ve Araliklar
Box Behnken -1 0 1
Taguchi L27 1 2 3
Karigtirma Hizi (rpm) A 1250 | 1350 | 1500

Kat1 Oran1 (%) B 10 15 20
Toplayici C 0,4 0,8 1
Konsantrasyonu (kg/ton)

Kopilrtiicii D 0,2 0,3 0,5
Konsantrasyonu (kg/ton)

Taguchi yontemi ile deney tasarimi

Taguchi deney tasarimi, etkili parametrelerin degerlendirilmesi i¢in ortogonal dizi
kullanilarak gelistirilmis bir yontemdir. Ortogonal dizinler, bir say1 matrisi olarak ifade
edilmekte olup her siitun, segilen faktorlerin seviyelerini gosterirken her satir ise dikkate
alman faktorleri ifade etmektedir. Taguchi L27 yontemi, deneysel ve tahmin edilen
sonuclar arasindaki standart sapmadan elde edilen hata fonksiyonunu sinyal-giiriiltii (S/N)
oranina doniistiirmekte ve hedeflenen degerin ‘en kiigiik/en iyi’ veya ‘en biiyiik/en iyi’
olmasina gore iki farkli S/G formiilii kullanilmaktadir. Bu g¢alismada hedeflenen en
yiiksek yanabilir verim degeri igin en yiiksek en iyi durumunu veren S/G orani, denklem
2’de verilmistir.

SIN=—=10 * log,o(X(1/Y?) /n )

burada Y, her deneme i¢in elde edilen tahmin sonuglarini ve n, deney tasarimi igin
elde edilen tahmin sonuglarinin sayisin1 gostermektedir.

Tablo 3. Taguchi L27 tasarimi igin elde edilen deneysel sonuglar

Yanabilir
Verim
A B c D (Gozlemlenen),
%
1 1 1 1 67.96
1 1 1 1 66.92
1 1 1 1 67.03
1 2 2 2 69.7
1 2 2 2 68.72
1 2 2 2 69.03
1 3 3 3 70.73
1 3 3 3 71.23
1 3 3 3 70.52
2 1 2 3 62.94
2 1 2 3 61.98
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2 1 2 3 62.03
2 2 3 1 60.64
2 2 3 1 61.53
2 2 3 1 60.05
2 3 1 2 65.34
2 3 1 2 65.41
2 3 1 2 66.23
3 1 3 2 61.61
3 1 3 2 61.20
3 1 3 2 61.58
3 2 1 3 66.92
3 2 1 3 65.21
3 2 1 3 67.89
3 3 2 1 61.2
3 3 2 1 60.89
3 3 2 1 61.58

Box -Behnken (BBD) ile deney tasarimi

BBD modeli, girdi ve ¢ikti parametreleri arasindaki ikinci dereceden denklem ile
saglanmaktadir (Lokesh ve Ark., 2021). Deneyin tasarimi, parametrelerin seviyelerinin
yiiksek, orta ve diigiik olarak ayirt edilmesiyle gelistirilmistir (Bas 2010). Bu tasarima
gore 3 adedi orta noktada olmak {izere her bir flotasyon kademesi i¢in toplam 27 deneysel
calisma yapilmigtir. Genel olarak yanit degerleri dogrusal ve ikinci dereceden modeller
tarafindan segilen faktorlere bagl olarak hesaplanir. Bagimli degisken olan yanabilir
verimi agiklamak i¢in kullanilan ikinci derece polinom esitligi denklem’ 3 de
verilmektedir.

y=Po+ BiXi+ BXo+ faXat BaXat fraXi’+ ﬁ22X22+ BasXa*+ ﬁ44)(42Jr PB12X1Xo+ f13X1 Xz +
PraXi Xyt BazXoXat+ B2aXoXy + PaaXaXy+E
©))

Bu esitlikte x1, x2, ... , xn bagimsiz degiskenleri, y bagimh degiskeni, S0, fi , Bii (i
=1,2,..,n),Bij@{i=12,....,n;j=1,2,..., n) bilinmeyen model parametrelerini ve ¢
rastgele hata terimini gostermektedir.

Tablo 4. Box—Behnken Design (BBD) yontemi ile elde edilen deneysel sonuglar

YV
A B C D (Gozlemlenen),

%
-1 -1 0 0 71.37
1 -1 0 0 63.64
-1 1 0 0 59.21
1 1 0 0 59.25
0 0 -1 -1 64.82
0 0 1 -1 60.61
0 0 -1 1 65.84
0 0 1 1 60.89
-1 0 0 -1 69.32
1 0 0 -1 56.28
-1 0 0 1 63.15
1 0 0 1 58.77
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0 -1 -1 0 71.17
0 1 -1 0 55.34
0 -1 1 0 72.5

0 1 1 0 57.65
-1 0 -1 0 64.18
1 0 -1 0 54.19
-1 0 1 0 57.49
1 0 1 0 64.45
0 -1 0 -1 70.82
0 1 0 -1 64.51
0 -1 0 1 56.94
0 1 0 1 55.04
0 0 0 0 70.98
0 0 0 0 68.98
0 0 0 0 67.53

Bulgular ve Tartisma

Sekil 2, Taguchi L27 yontemi kullanilarak S/N orani igin elde edilen ana etki grafigini
gostermektedir. Karigtirma hizinin kdmiir flotasyon performansi iizerindeki etkisi Sekil
2A 'da verilmistir. Optimum mekanik karigtirma hizi 1250 rpm olarak belirlenmistir,
¢linkii en yiiksek S/N orant bu hizda elde edilmistir. Yiiksek karistirma hizlarinda
yanabilir verimdeki azalma kopiigiin zarar gérmesine baglanabilir, bu da parcaciklarin
kopiikten ayrilmasina neden olmaktadir. Kati oraninin yanabilir verim {izerindeki etkisi,
%10, %15 ve %20'lik oranlar kullanilarak arastirilmig ve kati orani orta seviyede en
yiiksek S/N orani elde edilmistir. Literatiirde, flotasyon veriminin kat1 oranina etkisini
arastiran birgok ¢alisma mevcuttur (Sarrafi ve Ark., 2004, Mowla ve Ark., 2008, Luo ve
Ark., 2016, ). Bu ¢alismalarda kati madde konsantrasyonunun artmasiyla verimin azaldigi
kaydedilmistir. Toplayici konsantrasyonunun yanabilir verim iizerindeki etkisi, 0,4, 0,8
ve 1 kg /ton toplayici konsantrasyonlari igin arastirilmistir. Toplayict dozajindaki artisla
birlikte yanabilir verim i¢in S/N oramt azalmistir. (Sekil 2C). Yiiksek toplayici
konsantrasyonunda verimin azalmas: segiciligin azalmasina baglanabilir. Kopiirtiicii
konsantrasyonunun yanabilir verim tizerindeki etkisi cam yaginin 0,2, 0,3 ve 0,5 kg / ton
konsantrasyonlar1 i¢in arastirilmistir. Kopiirtiicii dozajindaki artigla birlikte yanabilir
verim i¢in S/N orani da artmistir ve bu artig su / gaz arayiiziiniin tercihli olarak daha fazla
toplanmasina baglanabilir. Leja-Schulman'in teorisine (1982) gore, kopiirtiicii miktarinin
artmasi yiizey gerilimini azaltmakta, dolayisiyla hidrofobik partikiilleri toplayabilen ve
yanabilir verimde bir artisa yol agabilen gliglii kabarciklar1 olusturabilmektedir. Ayrica,
kopiirtiici miktarinin artmas1 kabarcik boyutunun azalmasi ve kabarciga 6zgii ylizey
alaninin ve tasima kapasitesinin artmasi nedeniyle flotasyon verimini artirmaktadir (Reay
ve Ratcliff 1973, Cilek 2003). Bunlara ek olarak, kabarcik boyutunun azalmasi ile piilp
igerisinde daha ince ve ultra ince pargaciklar olugsmakta, boylece daha yiliksek kabarcik
yiiklemesine neden olmakta ve bu da kabarcik yiizeyinin hidrofobik parcaciklarla daha
yogun kaplanmasi kabarciklarin birlesmesini ve patlamasini engellediginden kdopiik
stabilitesini artirmaktadir (Barbian ve Ark., 2007). Kopiik bolgesinin genel flotasyon
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verimi lizerindeki Onemi bir¢ok c¢alismada belirtilmistir (Yianatos ve Ark., 2008,
Franzidis ve Harris 2013, Rahman ve Ark., 2013). Sonug olarak, ana etki grafiginden
yanabilir verim i¢in optimize edilmis degerlerin, diisiik karistirma hiz1 (1250 rpm), orta
kati oranm1 (%15), diisiik toplayict konsantrasyonu (0,4 g/ton) ve yiiksek kopiirtiicii
konsantrasyonu (0,5 kg/ton) oldugu bulunmustur.

SN orani iin ana etki egrileri
Veri Ortalamalar)

A B8
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Sekil 2. Taguchi L27 yontemine gére S / N orani i¢in elde edilen ana etki grafikleri.

Sekil 3, BBD yontemi kullanilarak linyit flotasyonu i¢in elde edilen ana etki grafigini
gostermektedir. Ana etki grafi§inden yanabilir verim i¢in optimize edilmis degerlerin, diisiik
karigtirma hizi (1250 rpm), diisiik kati1 oran1 (%10), yiiksek toplayici konsantrasyonu (1kg/ton)
ve orta kopiirtiicii konsantrasyonu (0,5 kg/ton) oldugu bulunmustur.
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Sekil 3. BBD yontemine gore yanabilir verim i¢in elde edilen ana etki grafikleri.

Sekil 4, Taguchi'nin L27 yontemine gére S/N orani i¢in elde edilen etkilesim grafigini
gostermektedir. Sekil 4’den, diisiik karistirma hizinin (1250 rpm) kati orani, toplayict ve
kopiirtiicii konsantrasyonu ile etkilesimde daha yiiksek bir S / N oranmi ile sonuglandigi
goriilmektedir. Ote yandan, orta kat1 orani (%15) karistirma hizi, toplayici ve kdpiirtiicii
konsantrasyonu ile etkilesimde daha yiiksek bir S/N orani vermistir. Ayrica, yliksek
toplayict konsantrasyonu karigtirma hizi, kat1 orani ve kopiirtiicli konsantrasyonu ile
etkilesimde daha yiiksek bir S/N oram1 vermistir. Benzer sekilde, yiliksek kopiirtiict
konsantrasyonu da karistirma hizi, kat1 oran1 ve toplayici konsantrasyonu ile etkilesimde
daha yiiksek bir S/N orani degeri verdigi goriilmektedir.
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SN icin etkilesim egrileri
Veri Ortalamalan

\
|
\

/i

’f.-"'
.

-

Ty

u

&

2=
-’X l,__f =
! "
:"ll .
-~ E.
-~
(]
.
{r.
~
-
|
T
[ I N i |

.
-
&
o
.‘_
<
e

Sekil 4. Taguchi L27 yontemine gore S/ N orani igin elde edilen etkilesim grafigi

Sekil 5, BBD yontemine gore yanabilir verim igin elde edilen etkilesim grafigini
gostermektedir. Sekil 5 *den diigiik karistirma hizinin kati orani, toplayici ve kopiirtiicii
konsantrasyonu ile etkilesimde daha yiiksek yanabilir verim ile sonuglandigi acikca
goriilmektedir. Benzer sekilde, diisiik kat1 orani, diger parametreler ile etkilesimde daha
yiiksek 1 verim degeri saglamigtir. Ayrica, yliksek toplayict konsantrasyonunun karistirma
hizi, kat1 oran1 ve kopiirtiicli konsantrasyonu ile etkilesimde daha yiiksek yanabilir verim
degeri vermistir. Benzer sekilde, yiiksek kopiirtiicii konsantrasyonu da karigtirma hizi,
kat1i oran1 ve toplayici konsantrasyonu ile etkilesimde daha yiiksek verim degeri
gostermigtir.
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YMV icin etkilegim egrileri
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Sekil 5. BBD yontemine gore yanabilir verim igin elde edilen etkilesim grafigi.

Regresyon Sonuclari

Varyans Analizi (ANOVA), her parametrenin genel tahmin sonuglarina tahmini katkisini
O0lemektedir. Taguchi L27 ve BBD yoOntemlerinin ANOVA sonuglari, etkili siireg
parametrelerinin 6nemini ve etkilerini arastirmaktadir. Modeldeki degisim miktar1 6lgtiimiiniin
diizeltilmis terimler ile ifadesini saglayan deger ayarlamali R*dir (Sripriya ve Rao 2003). Bu
degerin 1'e yakin olmasi modellerin basarisin1 gdstermektedir (Ersan ve Agikel 2014). Elde
edilen sonuglarin anlamli olabilmesi i¢in modelde F- degerinin yiiksek olmasi ve P ile ifade
edilen olasilik degerinin 0,05’ten (%95 giliven diizeyi) kiiciik olmasi gerekmektedir. Olasilik
degerinin 0,1’ den biiylik oldugu durumlarda model cevap degiskenleri i¢in anlamsiz olmaktadir
(Ersan ve Acikel 2014). Tablo 5, Taguchi L27 ve BBD yontemlerine gore yapilan deney
tasariminin tahmin sonuglarin1 sunmaktadir. Taguchi L27 yontemine gore yanabilir verim igin
biitiin parametreler 6nemli model terimleri iken BBD yontemi icin ise karistirma hizi ve kati
orani parametrelerinin 6nemli terimler oldugu sonucuna varilmistir. Ayrica, Taguchi L27
tasarim yontemi icin karigtirma hizi parametresinin BBD tasarim yontemi ig¢in ise kat1 oraninin
diger parametrelere kiyasla en dnemli parametre oldugu tespit edilmistir.
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Tablo 5. Kémiir flotasyonu i¢in varyans analizi (ANOVA)

BBD i¢in | Taguchi | BBD i¢in | Taguchi
F degeri | L27 icin | P degeri | L27 icin P
Yanit | Degiskenler F degeri degeri

Karistirma Hizi 3,38 42,51 0,09 0,00

Kati Oranm 13,10 5,81 0,00 0,02

YV, | Toplayict 0,26 5,77 0,90 0,01
% Konsantrasyonu

Kopiirtiicii 2,82 14,73 0,11 0,00
Konsantrasyonu

Taguchi L27 ve BBD yontemleri i¢in gozlemlenen ve tahmin edilen degerlerin korelasyonu
Sekil 6° da gosterilmistir. Sekil 6 dan, BBD yontemine kiyasla regresyon katsayisinin Taguchi
L27 igin daha yiiksek oldugu acgik¢a goriilmektedir. Sonuclar, Taguchi L27 yonteminin linyit
flotasyonu igin en dogru optimizasyon degerlerini sagladiginmi gostermektedir.
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Sekil 6. Taguchi L27 ve BBD yontemleri igin gozlemlenen ve tahmin edilen degerlerin
korelasyonu

Sonuglar

Bu ¢alismada komiir flotasyonu i¢in deneysel parametreler, Taguchi L27 ve Box—Behnken
tasarim (BBD) yontemleri kullanilarak optimize edilmistir. Optimize edilmis parametreler,
komiir flotasyonu i¢in en yiiksek yanabilir verim degeri (72,14) saglamaktadir. Ana etki
grafiklerinden elde edilen optimize edilmis degerler, diisiik karistirma hizi, diisiik kat1 oran1 ve
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diisiik toplayici ve yiiksek kopiirtiicii konsantrasyonu olarak bulunmustur. Taguchi L27 ve BBD
yontemlerinin ANOVA tahmin sonuglarn etkili proses parametrelerini degerlendirmek icin
kullanilmistir. Tahmin sonuglaria gére % 97'lik yiiksek regresyon katsayisi nedeniyle Taguchi
L27 yonteminin daha uygun oldugu goriilmistir. Sonuglar, Box Behnken ydnteminin
optimizasyon i¢in de uygulanabilecegini, ancak Taguchi L27 yontemine kiyasla deneysel
calisma sayisinin azaltilabilecegi, boylece zaman ve pahali ydntemin maliyetinin
disiirebilecegi diistiniilmektedir.
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ABSTRACT

“Automatic Shifter” means gear selector mechanism for automatic gearboxes. We
are going to describe gearbox-shifter compatiblity and potential safety risks and
how to eliminate them with this study. Moreover, we are going to describe how to
validate vehicle safety in Park in and out state changes with some user case study.

1. Introduction

77% of vehicles sold in 2021 are equipped with automatic transmissions. Cars with
automatic transmissions are a very positive factor in driver and passenger comfort. Drivers of
vehicles with automatic transmissions do not make manual inputs for the selection of the
appropriate proportional gear according to the road and operating conditions. As a result of the
combination of the engine control module (ECM), transmission control module (TCM) and
other related units on the vehicle, it selects the appropriate ratio according to the conditions of
the vehicle and changes this ratio according to the appropriate conditions. The driver is
responsible for selecting one of the vehicle's Drive(D), Reverse(R), Neutral(N) and Parking(P)
gear positions. This choice is made with the shifter, which is the main subject of the study.
According to the vehicle power package, these Automatic transmission shifters can be classified
into 3 different types.

1.1. Shifters by Transmission Types
1.1.1. Automatic Transmission (AT) Shifter

AT shifters are used in automatic transmissions that do not have a gear-picking robotic
structure on the transmission.

Generally, this type of transmission is seen in torque converter and CVT (Continuously
variable ratio automatic transmission) types.

Fig.1. Automatic Transmission (AT) Shifter and Transmission Interface
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These types of shifter the demands for Drive, Reverse, Neutral and Parking gears physically
generated by the driver to the gear selector lever on the transmission by means of a rope. It also
forwards existing gear information and gear requests via the CAN line to the transmission and
other relevant modules.

1.1.2. Hybrid Shifter

Hybrid shifters are used in automatic transmissions, which have a gear-chooser robotic
structure on the gearbox, but cannot robotically manage the parking mechanism for the parking
gear.

Generally, these types of transmissions have a double clutch.

Fig.2. Hybrid Shifter and Transmission

These types of shifter send the Driving(D), Reverse(R), Neutral(N) gear physically generated
by the driver via CAN, while the demand for P (Parking) gear is transmitted via a rope to the
gear selector lever on the transmission.

1.1.3. Electronic Shifter (E-Shifter)

E-shifters are used in automatic transmissions, which have a gear selector robotic structure
on the transmission and can robotically manage the parking mechanism for the parking gear.

Mild Hybrid Electric (MHEV), Hybrid Electric (HEV), Plug-In Hybrid Electric (PHEV),
Battery Electric (BEV) vehicles are very convenient to use with the electronic shifter.

Transmission

Fig.3. E-Shifter Lever and Transmission Interface

These types of shifter sends all Drive(D), Reversing (R), Neutral(N) gear selections
physically generated by the driver via CAN bus.
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1.2. Shifters by Design Types
1.2.1. Button Shifter

A button shifter, also known as a push-button shifter, is a type of gear selector that uses
buttons or switches, instead of a traditional lever or knob, to change gears. It is typically used in
vehicles with automatic transmissions and is often located on the center console, near the
infotainment system or the armrest.

One of the main advantages of a button shifter is its compact size, which frees up space in
the vehicle's interior. This can be particularly beneficial in vehicles with limited space, such as
compact cars or sports cars. Additionally, the button shifter can be designed to be more intuitive
and user-friendly than traditional shifters, making it easier to operate. Some designs also
incorporate a digital display that provides the driver with the current gear selection. Another
advantage of a button shifter is that it allows for a more customizable and modern look, as
buttons can be designed with various colors, materials, and even personalized logos. This allows
manufacturers to differentiate their vehicles and add a touch of luxury to the interior. On the
other hand, button shifters also have some disadvantages. One of them is that it can be
confusing for some drivers and passengers, especially for those who are not used to this type of
shifter. It can also be difficult to quickly identify the current gear selection, which can be
important in emergency situations.

Fig.4. Button Shifter of Alfa Romeo 4C

1.2.2. Stalk-Column Shifter

A stalk shifter, also known as a column shifter, is a type of gear selector that is mounted on
the steering column of a vehicle, typically near the steering wheel. It is commonly used in
vehicles with automatic transmissions and allows the driver to change gears without having to
move their hand from the steering wheel.

The stalk shifter typically consists of two or more stalks, or levers, that control the gear
selection. The driver can use the stalks to shift between park, reverse, neutral, and drive. Some
stalk shifters also include a button or switch for manual shifting or sport mode.

One of the main advantages of a stalk shifter is that it allows the driver to change gears
without having to take their hand off the steering wheel, which can improve safety and reduce
driver distraction. Additionally, the stalk shifter can be designed to be more intuitive and user-
friendly than traditional shifters, making it easier to operate. Another advantage of stalk shifters
is that they are typically more compact than floor-mounted shifters, which can free up space in
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the vehicle's interior. This can be particularly beneficial in vehicles with limited space, such as
compact cars or sports cars. On the other hand, stalk shifters have also some disadvantages. One
of them is that it can be confusing for some drivers and passengers, especially for those who are
not used to this type of shifter. Furthermore, stalk shifters may require more advanced and
expensive electronic systems, which can increase the cost of the vehicle. Additionally, it may
also not be as aesthetically pleasing as other types of shifters.

Fig.5. Stalk shifter of Mercedes E-Class

1.2.3. Rotary Shifter

A rotary shifter is a type of gear selector used in vehicles with automatic transmissions.
Instead of a traditional lever or button that moves up and down or side to side, a rotary shifter
uses a rotating dial or knob to change gears. The rotary shifter is typically located on the center
console of the vehicle, near the armrest or the infotainment system.

One of the main advantages of a rotary shifter is its compact size, which frees up space in the
vehicle's interior. This can be particularly beneficial in vehicles with limited space, such as
compact cars or sports cars. Additionally, the rotary shifter can be designed to be more intuitive
and user-friendly than traditional shifters, making it easier to operate. Some designs also
incorporate a digital display that provides the driver with the current gear selection.Another
advantage of rotary shifters is the customization possibilities. Rotary shifters can be designed
with various colors and materials, and even with a personalized logo. This allows manufacturers
to differentiate their vehicles and add a touch of luxury to the interior.On the other hand, rotary
shifters have also some disadvantages. One of them is that it can be confusing for some drivers
and passengers, especially for those who are not used to this type of shifter. It can also be
difficult to quickly identify the current gear selection, which can be important in emergency
situations.

Fig.6. Rotary Shifter of Dodge Ram
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1.2.4. Joystick Shifter

A joystick shifter is a type of gear selector typically found in vehicles with automatic
transmissions. It is a small lever or stick that is used to shift the gears of the transmission, rather
than using a traditional gear selector lever or buttons.

In order to use a joystick shifter, the driver simply moves the lever or stick in the desired
direction to shift gears. For example, pushing the joystick forward may shift the transmission
into a higher gear, while pulling it backwards may shift into a lower gear. Some joystick shifters
may also include buttons or other controls for additional functions, such as a manual shifting
mode or a sport mode. One of the benefits of using a joystick shifter is that it can make the
driving experience more engaging and sporty. It allows for more precise gear changes, which
can be especially useful for drivers who enjoy sporty or performance driving. Additionally, it
allows for a more modern, high-tech look and feel in the vehicle's interior.

Overall, the joystick derailler is a modern and innovative gear selector option that can add a
sporty feel to the driving experience.

Fig.7. Joystick Shifter of Peugeot 3008

2. Shifter Safety System

Shifters used in vehicles must guarantee the safety of the vehicle, the road and the entire
environment in which it interacts.

For this purpose, shifters have locks at the exit from position P and at the entrance to
position R.

The following table lists the deadlock states between relays.
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Final lever position

Initial position lever

Fig.8. Shifter Deadlock States Table

As can be seen in the table, in some cases it is enough to press the button on the gear lever,
in other cases it is expected to press the brake pedal. For example, when D position to N
position, we don’t need to press button or brake pedal but if we want to P position to R position,
we have to press button and brake pedal for change gear position.

2.1. Parking Lock

The parking lock is a system used in automatic transmissions to lock the vehicle and it is
used in parallel with the parking brake.

The locking is realized by means of a hook that engages a toothed gear on the differential.

In dual clutch gearbox generally the bowden cable it’s used just for this purpose, because the
engagement of the P position requires much more effort with respect to the other positions. An
actuation unit is used for the management of those positions, physically mounted on the
gearbox.

The engagement and disengagement are actions that depend upon the vehicle conditions:
mass on board, road pendence and vehicle mass. The disengagement load generally is the
highest one, especially in high road slope conditions. (the load is extremely high in the first
millimeters of motion, because the system it’s in a traction condition and needs to win a great
amount of friction force due to the mass and road slope and, subsequently, decreases quite

rapidly.)
Parking Lock Connecting Cable to the Selector Lever

Lever

% Slider
! G&t@?‘?@ﬁﬁ’q j > g
T ,%
o /B ;
o>/ 3
Compression | -
Spring 1

°)

| Parking Lock
Detent Spring | \Wheel

Parking Lock
Parking Lock Wheel Compression

Spring 2

Fig.9. Shifter Parking Lock Wheel
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3. Park Lock Tests in Product Development Processes

Shifters used in vehicles must meet certain of standart requirements such as durability,
performance and safety.

For this purpose, many tests are carried out on the gear shift system. Some of these test and
contest are given below.

3.1. Enviromental Tests

During the development phase, the part have to successfully pass environmental tests. Some
of these tests are given below and briefly explained.

3.1.1. Power Thermal Cycle Endurance

Electrical or Electronic (E/E) PC Card components are manufactured from materials with
different coefficients of thermal expansion and operate in environments where temperatures are
uneven. During normal vehicle operation, temperatures change dynamically, causing
mechanical stresses on adjacent materials.

This test simulates solder joint failures common in electrical or electronic components,
identifies the fatigue life of materials under shear strain caused by thermal expansion and
shrinkage.

3.1.2. High Tempeature Operating Endurance

Electronic components are subject to variable temperature conditions caused by internally
generated heat, packaging location and local ambient temperatures.

This test simulates failure modes and cumulative damage caused by biased operation at
different temperatures, such as solder plastic creep, crack propagation in many materials, drying
of electrolytic capacitors and others. If we test the component according to the actual
temperature profiles and bias voltage experienced during the service/design life of the car, the
total test time will be very extreme. Therefore, accelerated tests at a higher constant temperature
with voltage are used to create an equivalent damage.

3.1.3. Low Tempeature Operating Endurance

This test simulates the stresses on a component during low temperature operation
experienced during the initial few minutes following a vehicle start in cold weather and before
internal or external heating raises the component temperature.

The low temperature failures in the component could include cracking of PCB, ceramic
substrates, packaging material or covers; freezing of capacitors with liquid electrolyte; material
property changes that affect subcomponent performance; and others.

3.1.4. Vibration Classification

During normal operation the shifter undergoes Vibration stresses that depend on the point
where it is installed on the vehicle.There are different vibration classes for each component
depending on the packaging location.
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The purpose of this test is to check the suitability of the system by creating the necessary
conditions for shifter.

3.1.5. Chemical Resistance

This category includes tests to demonstrate component resistance to corrosive effects of
gaseous pollutants and accidental fluid spills.

3.1.5.1. Mixed Flowing Gas

This is an accelerated test to simulate the effects of atmospheric pollutants, corrosive gases
on electronics. To accelerate the test, the gases are much more concentrated than seen in field
conditions.

3.1.5.1. Chemical Exposure

The fluids selected for the test shall be fluids that the component may encounter during the
vehicle service life.

3.2. EMC Tests

During the development phase, the part have to successfully pass Electromagnetic
Compatibility tests. Some of these tests are given below and briefly explained.

3.2.1. Supply Voltage Ripple
In this test, different voltage than the normal voltage is applied for voltage ripple.
The purpose of this test is to verify immunity to supply voltage ripple.

3.2.2. RF Immunity
The purpose of RF Immunity testing is to protect vehicle components from electromagnetic
fields transmitted and emitted due to board and off-board transmitters.

3.2.3. Magnetic Field Immunity
The Magnetic Field Immunity test induces radiated magnetic energy into the shifter and wire
harnes. The shifter is given an immunity test from 15 Hz to 150 kHz.

3.3. Functional Test

During the development phase, the part have to successfully pass Functional tests. These
tests are applied specifically on a component basis. Some of these tests are given below and
briefly explained.

3.3.1. Forcible Override

The locked Shifter assembly must resist attempts to forcibly move it from Park. When the
Shifter is unpowered and locked in Park, no sequence of knob and/or button motions shall
enable the Shifter lever to be moved from Park.

3.3.2. Cable Travel

The Shifter Assembly must actuate the transmission from the Park to the non-Park position.
For conventional transmissions: The Shifter Assembly must actuate the transmission from the
Park to the Drive position.
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3.3.3. Slam Shift

The Shifter Assembly shall not be easily damaged by impact loads. Use a weighted
pendulum to apply an impact load to the shift knob. Switch between gear position. Shifter must
not exceed the intended gear stop, exhibit cracking, have loss of function

3.3.4. PRNDL Function

The Shifter assembly PRNDL must correctly display the transmission gear position
communicated via the communication protocol.

This test confirms that the Shifter assembly is capable of encoding its lever position, sending
a message to the transmission control module(TCM) via the bus, receiving a message from the
TCM via the bus, and implementing that message by indicating the correct gear in the PRNDL
display. A test box may be required to simulate the output of the TCM used for PRND display.

4. CONCLUSION

Nowadays, there are many functions and features in automotive. These functions and
features have been developed to benefit the comfort of the vehicle, driving dynamics, ease of
use and simplicity. One of them system developed is automatic shifters. Todays, automatic
shifters are available in different types according to vehicle power. These types are divided into
3 as Automatic (AT) Shifter, Hybrid Shifter, Electronic Shifter(E-Shifter). These 3 shifters have
some common points despite of different working principle. One of these common points is that
they should include some security measures-algorithms. These safety measures are necessary to
prevent problems and accidents that may be caused by the user/system. A problem in the shifter
can cause problems with shifts between gears, cause problems such as when a parked vehicle
slips, and cause an injury-fatal accident for similar reasons. For reasons like this, these systems
are subjected to intensive tests in many different areas (environmental, electromagnetic,
functional), during the development phase. These tests are so important to get information about
system stability and system life-cycle.
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Ozet: Human population is progressively aging, the proportion of older patients with
cancer is increasing significantly. Due to the heterogeneity of general health and functional
status amongst older persons, treatment of cancer is a major challenge. Older patients
often face with more side effects of anticancer treatments. The immune system is very
critical in suppression of cancer development. Senescent cells accumulate during the aging
process and exhibit a senescence-associated secretory phenotype (SASP); this means that
they secrete inflammatory mediators (e.g., interleukin (IL)-6, IL-8, monocyte
chemoattractant protein (MCP)-2, growth-regulated oncogene alpha (GROw,), etc.) that
can promote tumor growth by creating a tumorigenic environment. The SASP plays a
critical role in tumor progression by affecting numerous processes including invasion,
metastasis, epithelial-to-mesenchymal transition (EMT) induction, therapy resistance and
immunosuppression. Breast cancer is the second leading cause of female cancer-related
death worldwide. In order to increase efficiency of therapies it is crucial to identifiers
breast cancer markers which increases via SASP exposure.

We hypothesized that SASP may support the cancer cells in manipulating the immune
system cells and help them to escape from immune clearance. We aimed to observe the
changes in cancer cells with a proteomic approach after SASP and immune cell exposure.
In accordance with this aim, we used mda-mb 231 breast cancer cell line. First, we
cultured cancer cells with senescent mesenchymal stem cell secretome (MSC). Then we co-
cultured the cancer cells with Donor Lymphocyte Infusion (DLI). Finally, cancer cells were
cultured with DLI + Senescent MSC secretome (OLD). After co-culture, secretomes were
collected and samples were dried by adding StrataClean Beads. Afterwards, samples were
prepared for mass spectrometry using the InStage Digestion method. LC-MS/MS analyzes
were performed on ABSciex TOF 5600+ instrument. The data were evaluated with the help
of bioinformatic tools.

Results of bioinformatic revealed that SASP mediated cancer progression by suppressing
the immune system in breast cancer. Additionally, we observed high expression of protein
associated with cancer metastasis. We identified 63 proteins specific to the MDA + DLI +
OLD group. Gene Ontology (GO) analysis revealed that these proteins negatively regulate
the gene process, which plays a role in the immune system. With all these findings, we
proved that SASP suppresses (blocks) lymphocytes and prevent them to proceed the
immune clearance against breast cancer cells.

Anahtar Kelimeler: SASP, Breast Cancer, Senescent Mesenchymal Stem Cell Secretome,
Mass spectrometry
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Abstract: Trim point for a six degrees of freedom (6DOF) air vehicle model is
crucial for the accurate simulation and analysis of the air-vehicle's behavior. To
be able to find these trim conditions, the Newton-Raphson algorithm is used. A new
algorithm called “TrimMap” is introduced to find proper initial conditions for
given flight conditions using predetermined trimmed state values to initialize
Newton-Raphson. These predetermined state values are produced using zeros and
logical guesses for the state. Using these initial guesses, all flight envelope is
scanned and the state values for the trimmed points are mapped inside a flight
envelope to create base layer. These trimmed values of the states are used to
generate initial conditions for neighbor flight conditions using series of neighbor,
interpolation, and extrapolation loops for the points that could not be trimmed.
Process is iterative and done until no new trim points are achieved. After finding
these conditions, to make sure they are the trim points, these points are validated
using 6DOF air vehicle simulations with a given maneuver. It has been seen that,
algorithm is very promising and very robust over almost the entire flight envelope
for finding new trim conditions.

Keywords: Newton-Raphson, Initial Condition, Air vehicle Modelling, Simulation,
Convergence, Trim

1. Introduction

The simulation and analysis of six degrees of freedom (6DOF) air vehicle models is the topic of
interest for decades and it is crucial for understanding the behavior of air vehicles. Modeling
and simulation have become essential tools in today's engineering development as computing
power has increased. The use of six degrees of freedom models allows for the reduction of both
project risks and costs, as well as the relatively easy assessment of different product
configurations.[1] In these models, trim point represents a set of equilibrium conditions for the
vehicle's states, such as its speed and altitude, as well as its control inputs, such as its thrust and
elevator deflection. These equilibrium conditions allow the vehicle to maintain a steady flight
without any external disturbances and most importantly shows that an air vehicle’s capability of
a given maneuver or flight condition. Determining a trim point for a 6DOF air vehicle model is
critical since it provides as a starting point for simulations utilizing initial values for differential
equations and allows for the prediction of the aircraft's behavior under various flight situations.
Trim also defines criteria for design and analysis based on aircraft models, and it can be utilized
to provide data needed to define the operating envelope or performance characteristics.
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Moreover, systems are linearized at trim points, for control law analysis [2]. If a point cannot be
trimmed, then this might mean that desired envelope cannot be achieved with the given air
vehicle configuration properties so that design change might be necessary. However, given
point might be trimmable yet the algorithm used, couldn’t find the desired trim point. Therefore,
trim ability at a given point in a desired envelope plays and extremely important role. Finding a
trim algorithm might be challenging process since equations are coupled and nonlinear with the
large number of states [3]. In literature there are numerous techniques with the advantages and
disadvantages for finding trim points. One of the methods that is widely used is the bisection
method. The Bisection Method involves iteratively dividing the interval in which the root lies
into two equal parts, and then selecting the sub-interval that contains the root, and repeating the
process until the desired accuracy is achieved. This method is simple and easy to understand,
but it is relatively slow and hard to extend its usage for multi variate systems [4]. The Secant
Method is a faster variation of the Bisection Method, where instead of bisecting the interval, an
approximation to the root is obtained using the slope of the secant line passing through two
points of the function and there is no need for derivative calculations [5]. The Newton-Raphson
Method is based on the idea of linear approximation, where the root of a function is
approximated as the root of its linearization at a nearby point. This method can converge much
faster than the Bisection and Secant Methods, but it requires the evaluation of the first
derivative of the function [6]. This may seem like a costly job, yet first derivatives will be used
when linearizing the air vehicle at trim points. Algorithm may not converge if the initial guess is
not close enough to the root [7]. Selection of these initial guesses can be hard without any
algorithm since more than ten equations should be solved simultaneously, meaning that more
than ten parameters should be initialized correctly to Newton-Raphson algorithm to converge.
Therefore, an algorithm called “TrimMap” is suggested to overcome the initial value problem.
Algorithm finds proper initial conditions for given flight conditions using predetermined
trimmed state values to initialize Newton-Raphson. These predetermined state values are
produced using zeros and logical guesses for the state. Using these initial guesses, all flight
envelope is scanned and the state values for the trimmed points are mapped inside a flight
envelope to create base layer. These trimmed values of the states are used to generate initial
conditions for neighbor flight conditions using series of neighbor, interpolation, and
extrapolation loops for the points that could not be trimmed. Process is iterative and done until
no new trim points are achieved. After finding these conditions, to make sure they are the trim
points, these points are validated using 6DOF air vehicle simulations with a given maneuver. It
has been seen that, algorithm is very promising and very robust over almost the entire flight
envelope for finding new trim conditions.

2. Materials and Methods

In this study, a six degrees of freedom (6DOF) air vehicle model was used to investigate the
importance of selecting an appropriate initial point for the Newton-Raphson algorithm. The
model was implemented using MATLAB(R2021a)/Simulink software and consisted of a set of
nonlinear differential equations that described the vehicle's motion and behavior in 6DOF. The
equations were based on the aerodynamic forces and moments acting on the vehicle, as well as
the vehicle's mass and inertial properties.
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2.1. Six Degrees of Freedom Aircraft Model

Six Degrees of Freedom Air Vehicle model mainly consist of six components, and these are
shown below using flowchart with their interactions.

— m» Acrodynamic

Equations of

5E levator
5At'leron
o Rudder
5Tmsr

-

Motion Outputs

{Masstpcrtics '7’

» Propulsion

— | Environment |

Figure 1. Six Degrees of Freedom Model Hierarchy

In addition to the components above, there are other components in a 6DOF model such as
actuators, sensors, and control law. Since, they do not have any impact on the algorithm, they
will be omitted. With the data available on the literature, F16 aircraft is chosen and will be used
in the modelling section.

2.1.1. Aerodynamics Model

The aerodynamic database is obtained from the NASA as tabular form, which are created using
wind tunnel tests. Database is a function of angle of attack, angle of sideslip and surface
deflections. Dimensional properties are given in the table shown below [8].

Table 1. Dimensional Parameters

Parameter Name Value Unit
Wingspan 9.144 m
Wing Area 27.870 m?
Mean Aerodynamic Chord 3.450 m

2.1.2. Mass Model

Mass properties are assumed to be constant during flight conditions and shown in the table
below [9].
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Table 2. Mass Properties

INS&

Parameter Name Value Unit
Mass 9298 kg

L 12874 kg*m?
lyy 75673 kg*m®
I, 85552 kg*m?
e 1331 kg*m?
Ly 0 kg*m?
ly, 0 kg*m?

2.1.3. Propulsion Model

Engine trust values are obtained using published data as tabular form for different Mach
numbers and altitudes [8]. The model has first order lag with a time constant for the difference
between throttle command input and the actual power level [10]. However, they are not
considered since they have no impact on the algorithm. Model takes the throttle command input,
Mach number and altitude to calculate the trust value.

2.1.4. Environment Model

To calculate the Mach number, dynamic pressure, angle of attack, angle of sideslip and dynamic
pressure, U.S. Standard Atmosphere model is used [11].

2.1.5. Equations of Motion Model

The equations of motion model are a crucial component of any flight simulation or analysis,
particularly for aircraft or air vehicle models. These equations describe the dynamics of the
vehicle's motion in six degrees of freedom, including its translational and rotational motion. The
importance of the equations of motion model lies in its ability to accurately represent the
behavior of the air vehicle in response to different flight conditions, including variations in
altitude, speed, and control inputs. This model is essential for understanding how the vehicle
will respond to different flight scenarios, as well as for designing and optimizing control
systems for the vehicle. In addition, the equations of motion model can also be used for
trajectory planning and optimization, as well as for evaluating the overall performance and
safety of the air vehicle. Equations are now constructed with assumptions given below [12].

1) Aircraft is a rigid body.

2) Earth is and inertial reference inertial frame.
3) Mass is constant.

4) Earth is flat and non-rotating.

5) Atmosphere is uniform and stationary.

With the given assumptions above, equations are constructed. State variables are chosen as
angular rates, Euler angles, body velocities, and positions.

X = [(PQR)' (U,‘UW), ((1)971[))! (xyz)]

Control inputs are chosen as below.
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U = 6,4, 0 6., 6;

Where, &, 8., 6, 6, inputs are the aileron, elevator, rudder, and throttle inputs respectively.
With defined states and inputs, state derives now can be defined as a function of states and
inputs of the aircraft.

X=fXU)

2.2. Trim Algorithm

Trim algorithm is chosen as Multi-variate Newton-Raphson method and the purpose of the
algorithm is to find the state variables and the control inputs that satisfy the state derivatives and
the outputs.

[X,Y] =FfX,U)

The Multi-variate Newton Raphson formulation given as below.
_ _1)y\ 1 -

200 = 3D _ j(xk=D) 7 £ k-D)

Where, x is the combination of the states and inputs, J is the Jacobian matrix, and f is the
constrained equations as shown below.

x = [X,U]
@ @ - Ly
0/ f;

) = o, X 5, () ;%.(x)
afn. afn. afn'
|9, (x) a—xz(x) a(x)

Partial differentiation cannot be done analytically so that centered differentiation is introduced.

O _ [l th)—fGxy—0)
axl 2A

Process is summarized in the below flow chart.
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2.2.1. Trim Types
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Figure 2. Newton-Raphson algorithm

In literature there are many trim types that has been used frequently. Some of them are the
straight flight, pull-up, steady-state turn, push-over [2]. Many more can be defined according to
the user needs. For simplicity one of them is chosen and explained as below.

2.2.1.1. Pull-up Trim

The pull-up trim condition is a specific trim point for an aircraft where the pilot applies a
positive pitch input to initiate a climb. In pull-up, trim is defined using 10 constrained equations
and 10 corresponding unknowns, as shown in the table below.

Table 3. Pull-up Trim

Constrained Equations Values Unknowns | Defined Variables
True Air Speed (TAS) User Defined o p=0

Gamma 0 O r=0

Load Factor (N,) 0 o Y =0

Load Factor (N,) User Defined o z (Altitude) = User defined
u 0 u x=0

v 0 v y=0

A4 0 w

p 0 ¢

q 0 0

i 0 q
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2.3. TrimMap

The most important point of the Newton Raphson method is the initial conditions, and they
must be selected carefully because selection of these initial conditions may lead us nowhere
near the solution. Therefore, an algorithm is placed to find as much as possible trim conditions
to the aircraft trim problem by choosing the optimum initial conditions for the Newton Raphson.
It is an iterative algorithm and consist of 4 main parts. These are,

e Base Layer

e Neighbor Layer

e Extrapolation Layer
e Interpolation Layer

To be able to apply the algorithm, an envelope is chosen and bounded by Mach number and
altitude.

Table 4. Flight Envelope

Envelope Parameter Range Unit
Mach [0.2:0.05:1.2] -
Altitude [0:2000:40000] ft

2.3.1. Base Layer

In the base layer, all parameters except the forward velocity component u is initialized by zero
since it has been observed that, it has the most impact while finding trim conditions. Whole
envelope is scanned using these initial conditions, and the trimmed point’s states and input
values are saved for the next layers.

Table 5. Base Layer initialization algorithm

Unknowns (x) Initialization value
Sq 0

O 0

Oy 0

o 0

u True Air Speed (TAS)
\% 0

w 0

¢ 0

6 0

q 0

2.3.2. Neighbor Layer

In the neighbor layer, conditions are initialized by the neighbor’s trimmed point’s states and
inputs. Neighbor locations and the algorithm are defined and found as shown in the example
below. Assume aircraft is to be trimmed at 0.6 Mach and 16000 ft altitude.
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1. Find the location of the point using range defined in Table 4. Location is calculated, finding
the order from the breakpoint table.
LocationAltitude,Mach = [5;9]

Mach

02/025)03/03]04|045|05]055]06|065(07]075/08[08]09]|]09 1] 105|11]|115]|12

4000

8000

12000

16000

Altitude

20000

24000

28000

32000

36000

40000

Figure 3. Location of the Trim Point

2. Find the locations that touches the trimmed condition. A point on envelope has 8 neighbor
locations unless it is on the outer edge. Locations are found as adding and subtracting by

one from the trim point.
NeighborLocations = {[4,8],[5,8],[6,8],[4,9], [6,9], [4,10], [5,10],[6,10]}

Mach

02(025)03)03]04]045|05]055[06[065|/07(075]08|08]09]09 [10] 105]|11] 1,15]1,.2

4000

8000

12000

16000

20000

Altitude

24000

28000

32000

36000

40000

Figure 4. Neighbor Locations

Select the trimmed neighbor locations and eliminate the others.
4. Take the state vector of the neighbor trimmed point and use it as initial condition for

Newton Raphson.
5. Do step 4 for all the neighbor trimmed locations, until point is trimmed or there is no

neighbor left to be tried.

w

2.3.3. Extrapolation Layer

In the extrapolation layer, conditions are initialized by the extrapolating the trim states of the 2
selected points. Points and the algorithm are defined and found as shown in the example below.
Assume aircraft is to be trimmed at 0.6 Mach and 16000 ft altitude.
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1. Find the distance difference between the trim point and the neighbor locations.
Distance = [5,9] — {[4,8],[5,8],[6,8], [4,9], [6,9], [4,10], [5,10], [6,10]}
Distance = {[1,1],[0,1],[-1,1],[1,0], [-1,0],[1,—1],[0, 1], [-1, —1]}

2. Subtract distance to each neighbor location to find the outer point.

Outer Points = {[4,8],[5,8],[6,8], [4,9], [6,9],[4,10],[5,10],[6,10]} — Distance
Outer Points = {[3,7],[5,71,[7,7],[3,9],[7,9], [3,11], [5,11], [7,11]}

3. Merge the outer points with the neighbor conditions to find the points.

. . [4,8] [5,8] [6,8] [4,9] [6,9] [4,10] [5,10] [6,10]
ExtrapolationPoints = {15y (5 71 [7.7) [3.9) [7.9] [3.11] [5,11] [7,11]

Mach

02(025)03)03]04]|045|05]|05([06[065/07(075]08|08]09]09 [10] 105]|11] 1,15]1.2

4000

8000 \G\ 0] IZ8
12000 \®x Q A®/
o | 16000 1O «O10O
é 20000 ,Q/' o i®\
= | 24000 o7 10

28000

32000

36000

40000

Figure 5. Extrapolation Points

4. Select the trimmed points and eliminate the others. If one of the extrapolation point has no
trim, then eliminate the combination also. Since it is impossible to extrapolate using one
point.

5. Extrapolate the trim state conditions for the trim point.

Xnew = 2 * XNeighborPoint — XOuterPoint

6. Do step 4 and 5 for all the extrapolation trimmed locations, until point is trimmed or there is

no point left to be tried.

2.4. Interpolation Layer

In the interpolation layer, conditions are initialized by the interpolating the trim states of the 2
selected points. Points and the algorithm are defined and found as shown in the example below.
Assume aircraft is to be trimmed at 0.6 Mach and 16000 ft altitude.

1. Find the distance difference between the trim point and the neighbor locations.
Distance = [5,9] — {[4,8],[5,8],[6,8], [4,9], [6,9], [4,10], [5,10], [6,10]}
Distance = {[1,1],[0,1],[-1,1],[1,0], [-1,0],[1,=1],[0, =1], [-1, 1]}
2. Add distance to each neighbor location to find the conjugate points.
Conjugate Points = {[4,8],[5,8],[6,8],[4,9],[6,9], [4,10],[5,10], [6,10]} + Distance
Conjugate Points = {[6,10], [5,10], [4,10], [6,9], [4,9],[6,8], [5,8], [4,8]}
3. Merge the conjugate points with the neighbor conditions to find the interpolation points.
[4,8] [58] [6,8] [4,9] [6,9] [4,10] [5,10] [6,10]}

Interpolation Points = {1 1 115 107 [4,101 [6,9] [4.9] [6:8]" [5.8]" [4,8]
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4. Eliminate the same points.
[48] [58] [68] [49]

Interpolation Points = {[6 107 [5,107 [4,107 [6 9]}

Mach
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Figure 6. Interpolation Points

5. Select the trimmed points and eliminate the others. If one of the interpolation points has no
trim, then eliminate the combination also. Since it is impossible to interpolate using one
point.

6. Interpolate the trim state conditions for the trim point.

_ xNeighborPoint + xConjugatePoint

Xnew
2
7. Do step 5 and 6 for all the interpolation trimmed locations, until point is trimmed or there is
no point left to be tried.

2.5. TrimMap Cycle

Base layer, neighbor layer, extrapolation and interpolation layers are in a cycle and will be
running one after another until no new trim is found.

190
Proceedings Book



INSAC International Researches Congress on Natural and Engineering Sciences (INSAC-IRNES'23) lné@c

Create Base Layer using the values given in Table.5

Find the points that could not trimmed

)’

Start Neighbor Layer

'

1. Find the location of the no trim points,

2. Find the locations of neighbor points for no trim points,

3. Select the trimmed neighbor conditions, eliminate others,
4, Take the state vector of the trimmed neighbor points, and
use it as a initial condition for Newton-Raphson,

5. Try all the neighbor points untill trim is achived or there is
no neighbor points left to be tried.

|’

TotalTrimPoint_1 = Total number of point that is timmed,
Iteration = Iteration +1 No

r\’e If mod(lteration,2) == 0 Nm—l
Start Interpolation Layer ] [ Start Extrapolation Layer

1. Find the location of the no trim points, 1. Find the location of the no trim points,
2. Find the locations of interpolation points for no trim points, 2. Find the locations of extrapolation points for no trim points,
3. Select the trimmed conditions for the interpolation points, 3. Select the trimmed conditions for the extrapolation points,
eliminate others, eliminate others,
4. Take the state vector of the trimmed interpolation points, 4. Take the state vector of the trimmed extrapolation points,
and use it as a initial condition for Newton-Raphson, and use it as a initial condition for Newton-Raphson,
5. Try all the points untill trim is achived or there is no 5. Try all the points untill trim is achived or there is no
interpolation points left to be tried. interpolation points left to be tried.

TotalTrimPoint_2 = Total number of point that is trimmed TotalTrimPoint_3 = Total number of point that is timmed

l ]

If TotalTrimPoint_1 == TotalTrimPoint_2 == TotalTrimPoint_3

ve

Figure 7. TrimMap Algorithm scheme

An example is given below for the envelope given in Table 4. Ones mean that the point is
trimmed, zeros means that point could not be trimmed.

Mach

0,2]0,25(03/035)04|045(0,5|055|0,6|0,65|0,7|0,75|0,8/0,85]09|0,9 |[1|1,05]|11]|1,15]1,2

Altitude

Figure 8. Base Layer with an 86 TotalTrimPoint
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Mach

035(04|045|05|055]|06] 065(0,7| 0,75[08] 085]0,9]| 0,95

Altitude

Figure 9. Neighbor Layer with 141 TotalTrimPoint

Mach
0,55 06| 065| 07| 0,75]| 08| 08]09| 095]1

1,05

0,2 025/03]035|04]| 045]| 0,5

Altitude

Figure 10. Extrapolation Layer with 152 TotalTrimPoint
Mach

0,751 08] 08[09]| 0951

0,2]025{03]|035|04]045|05]| 055| 06| 0,65]| 0,7

Altitude

Figure 11. Neighbor Layer with 152 TotalTrimPoints
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Mach

095|1] 105| 1,1 1,15] 1,2

0,55(06|065|07]|075({08]| 085]|0,9

0,35( 04| 045] 0,5

0,2 | 0,25| 0,3

Altitude

Figure 12. Interpolation Layer with 155 TotalTrimPoint

Mach

1,05 1,1 | 1,15| 1,2

02]025[03|035|04|045|05[05)06|065]07|075|08]| 0809|0951

Altitude

1 1

Figure 13. Neighbor Layer with 162 TotalTrimPoint

Mach

02]025[03|035|04|045|05|055]|06|065]|07|075|08]08]09]|09]|1

Altitude

Figure 14. Extrapolation Layer with 167 TotalTrimPoint
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Mach

02(025/03|03|04|045|05]|055|06|065|07|075/08|08]09]09[1]105]11] 115|112

Altitude

Figure 15. Neighbor Layer with 167 TotalTrimPoint

Mach

0,2]025|03(035|04|045]05)055]|06]|065|07])075|08]|085(09]|09 [1]105]1,1

Altitude

Figure 16. Interpolation Layer with 168 TotalTrimPoints

Algorithm is stopped after that point since no point is trimmed after the neighbor and extrapolation layers.

2.6. Validations by Simulation

To be able to make sure that the trim point is the solution, a random point is chosen, and
simulation is run.

Table 6. Simulation point properties

Constrained Equations Values Defined Variables
Mach 0.6 p=0

Gamma 0 r=0

Load Factor (Ny) 0 Y=0

Load Factor (N,) 2 z (Altitude) = 10000 ft
u 0 x=0

v 0 y=0

W 0

p 0

q 0

T 0
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Figure 17. Pull-up Simulation result

3. Conclusion

To conclude, total of 167 points could be trimmed and 82 of them was found using the
algorithm. It can be said that algorithm doubled to trim conditions. Most important regions can
be stated as transonic and above transonic. Algorithm can be extended to any trim type with a
given envelope. Simulation for the selected shows that, trim is indeed achieved with the given
pull-up maneuver. It has been seen that, algorithm is very promising and very robust over
almost the entire flight envelope for finding new trim conditions.

195
Proceedings Book



INSAC International Researches Congress on Natural and Engineering Sciences (INSAC-IRNES'23) Iﬂ&@

4, References

[1] G. da Silveira and V. Carrara, “A six degrees-of-freedom flight dynamics simulation
tool of launch vehicles,” Journal of Aerospace Technology and Management, vol. 7,
no. 2, pp. 231-239, Apr. 2015, doi: 10.5028/jatm.v7i2.433.

[2] A. de Marco, E. L. Duke, and J. S. Berndt, “A general solution to the aircraft trim
problem,” in Collection of Technical Papers - 2007 AIAA Modeling and Simulation
Technologies Conference, 2007, vol. 2, pp. 792-831. doi: 10.2514/6.2007-6703.

[3] A. Demirel, “INVESTIGATING TRIM ALGORITHMS FOR A UTILITY
HELICOPTER A THESIS SUBMITTED TO THE GRADUATE SCHOOL OF
NATURAL AND APPLIED SCIENCES OF MIDDLE EAST TECHNICAL
UNIVERSITY.”

[4] A. G. Ahmad, “Comparative Study of Bisection and Newton-Rhapson Methods of
Root-Finding Problems,” 2015. [Online]. Available: http://www.ijmttjournal.org

[5] A. W. Nwry, H. M. Kareem, R. B. Ibrahim, and M. Mohammed, “Comparison
Between Bisection, Newton and Secant Methods for determining the root of the
Non-Linear equation using MATLAB,” 2021.

[6] J. C. Aghamie, “Comparative Study of Bisection, Newton-Raphson and Secant
Methods of Root-Finding Problems,” 2014. [Online]. Available: www.iosrjen.org

[7] F. Casella and B. Bachmann, “On the choice of initial guesses for the Newton-
Raphson algorithm,” Appl Math Comput, wvol. 398, Jun. 2021, doi:
10.1016/j.amc.2021.125991.

[8] L. T. Nguyen, M. E. Ogburn, W. P. Gilbert, K. S. Kibler, P. W. Brown, and P. L.
Deal, “Simulator Study of Stall/Post-Stall Characteristics of a Fighter Airplane With
Relaxed Longitudinal Static Stability,” 1979.

[9] F. R. Garza and E. A. Morelli, “A Collection of Nonlinear Aircraft Simulations in
MATLAB,” 2003. [Online]. Available: http://www.sti.nasa.gov

[10]  Albert Farr’e Gabernet, “Controllers for Systems with Bounded Actuators: Modeling
and control of an F-16 aircraft,” 2007.

[11] “U.S. Standard Atmosphere 1976,” 1976.

[12]  Brian L. Stevens, Frank L. Lewis, and Eric N. Johnson, “AIRCRAFT CONTROL
AND SIMULATION.”

196
Proceedings Book



o

INSAC International Researches Congress on
Natural and Engineering Sciences (INSAC-IRNES'23)

/

A549 Hicre Antijenleri Kullanilarak Gelistirilen Agi
Formuilasyonlarinin immiinostimiilan Etkinliginin incelenmesi

(Murat Ihlamur, Kibra Kelleci, Emrah Sefik Abamor)



INSAC International Researches Congress on Natural and Engineering Sciences (INSAC-IRNES'23) In‘S@

A549 Hiicre Antijenleri Kullanilarak Gelistirilen As1
Formiilasyonlarinin Immiinostimiilan Etkinliginin Incelenmesi

Murat Ihlamur?, Kiibra Kelleci®®, Emrah Sefik Abamor®
Biruni Universite, Elektronik ve Otomasyon Béliimii, Meslek Yiiksekokulu, Istanbul, Tiirkiye,
mihlamur@biruni.edu.tr
2Yildiz Teknik Universitesi, Biyomiihendislik Béliimii, Kimya Metaliirji Fakiiltesi, Istanbul, T lirkiye,
esabamor@gmail.com
3Beykoz Universitesi, Tibbi Hizmetler ve Teknikleri Boliimii, Meslek Yiiksekokulu, Istanbul, T tirkiye,
kubrakelleci@beykoz.edu.tr

Ozet: Kanser, hiicrelerin  kontrolsiiz  bir sekilde ¢ogalmast sonucunda
olusmaktadir. Akciger kanseri ise diinyada en sik goriilen kanser cesitlerinden
biridir. 2020'de 2,2 milyondan fazla yeni akciger kanseri vakast oldugu
belirtilmekte ve giderek yayginligi artmaktadir. Tedavisinde cerrahi, kemoterapi,
radyoterapi, immiinoterapi ve hedefe yonelik ilag terapisi gibi yontemler siklikla
kullanilmaktadwr. Fakat bu yontemlerin dezavantajlarindan dolayr tedavilerde her
zaman olumlu yamitlar alinamamaktadir. Bundan dolayr kansere yakalanmadan
once bagisikligin olusturulmas: hastaligin baslamasint engelleyecek ve tedaviden
maksimum yanitin alimmasim saglayacaktr. Bu ¢alismada, akciger kanserine
yonelik gelistirilen as1 formiilasyonlarimin immiinostimiilan etkileri RAW264.7
makrofaj ve L929 fibroblast hiicrelerinde incelenmis ve sitotoksisiteleri
belirlenmistir. ~ Otoklavlama  yontemi  ile  hazirlanan  saf  antijenlerin
immiinostimiilan etkinliginin en yiiksek 100 ug/ml konsantrasyonda 5,698 nmol/ml
olarak elde edilmistir. 100 ug/ml saf antijenin alum ve saponin adjuvanlart ile
kombinasyonlaryla  hazirlanan  asi  formiilasyonlarinda  ise en  yiiksek
immiinostimiilan  etkinlik 100  ug/ml  saf antijen-100 ug/ml  adjuvan
konsantrasyonlarinda elde edilmigtir. 100 ug/ml antijen-100 ug/ml saponin
adjuvaminda fibroblast hiicrelerinde immiinostimiilan etkinlik 5,969 nmol/ml iken
RAW 264.7 makrofaj hiicrelerinde ise 6,047 nmollml olarak belirlenmigstir. 100
ug/ml antijen-100 ug/ml alum adjuvanun immiinostimiilan etkinliginde ise
fibroblast hiicrelerinde 6,124 nmol/ml, RAW 264.7 hiicrelerinde ise 6,163 nmol/ml
olarak belirlenmistir. Calismada saponin adjuvanimin dogal immiin sistem
hiicreleri igin toksik bir etkive sahip oldugu ve as1 c¢alismalarinda
kullanilamayacagini, alum adjuvaninin ise toksik etki olusturmadan yiiksek bir
immiinostimiilan etkinlik olusturdugunu belirtmekteyiz. Elde edilen sonuc¢larin
akciger kanserine yonelik as1 formiilasyonlarimin  gelistirmesine yardimci
olacagini, kanser immiinoterapisi ¢alisan arastirmacilar igin veri saglayacagini
soyleyebiliriz.

Anahtar Kelimeler: akciger kanseri, immiinostimiilan etki, otoklav antijeni,
sitotoksisite, adjuvan
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Rezene Tohumunun A549 Akciger Kanseri Hiicre Hatti Uzerindeki
Sitotoksik Etkilerinin incelenmesi

Murat Ihlamur*?, Kiibra Kelleci®*, Emrah Sefik Abamor®
'Biruni Universite, Elektronik ve Otomasyon Boliimii, Meslek Yiiksekokulu, Istanbul, T lirkiye,
mihlamur@biruni.edu.tr
2Yildiz Teknik Universitesi, Biyomiihendislik Béliimii, Kimya Metaliirji Fakiiltesi, Istanbul, T lirkiye,
esabamor@gmail.com
®Beykoz Universitesi, Tibbi Hizmetler ve Teknikleri Béliimii, Meslek Yiiksekokulu, Istanbul, Tiirkiye,
kubrakelleci@beykoz.edu.tr.

Ozet: Akciger kanseri, tahminen 2 milyon teshis ve 1,8 milyon éliimden sorumlu
olan, kanser vakalarimin ve éliimlerinin énde gelen nedenidir. Akciger kanseri,
diinyada en yaygin kanser cesitlerinden biridir. Kemoterapi ve radyoterapi en
etkili tedavi yéntemleri olmakla birlikte bazi timor hiicreleri bu tedavi
yontemlerine karst diren¢lidir. Bundan dolayt kanser tedavilerinde yeni
vaklasimlar — gelistirilmek  istenmektedir. Dogal bilesiklerden elde edilen
fitokimyasallar, daha az toksisite, daha az yan etki ve kolayca bulunabilme gibi
biiyiik avantajlara sahiptir. Ayrica alkaloidler, terpenoidler, steroidler ve
flavonoidler gibi sekonder metabolitlerin kanser yolaklarimi baskiladigi da
calismalarda kanitlanmustir. Rezene Tohumunun (Foeniculum vulgare) antikanser
ozelligi nedeniyle kanser tedavisine yonelik etkileri literatiirde arastirilmigtir. Bu
calismada, Rezene tohumu ekstrakti ve Altuzan ilaci kombinasyonlart ile
hazirlanan formiilasyonlarm A549 akciger kanseri hiicre hattina karsi antikanser
etkileri incelenmigtir. Ayrica hazirlanan formiilasyonlarin sitotoksik etkileri THP-1
makrofaj hiicre hattinda da bakilmistir. 40 ug/ml konsantrasyondaki rezene
tohumu ekstraktimin sitotoksik etkisinde THP-1 hiicrelerinde %102,33 canlilik
tespit edilmistir. Rezene tohumu ekstraktinin akciger kanseri hiicreleri ile
muamelesi  sonucunda ise kanser hiicrelerinin  canliliklarinda  azalma
goriilmektedir. A549 akciger kanseri hiicrelerine 40 ug/ml konsantrasyondaki
rezene tohumu ekstrakti uygulandiginda %74,82 canlilik tespit edilmistir. Rezene
ekstrakninin sitotoksik etkinligi 40 ug/ml konsantrasyonda en yiiksek oldugu igin
ila¢ kombinasyonlar:t bu konsantrasyon ile uygulanmistir. 40 ug/ml ekstrakt-40
ug/ml altuzan ilacimin THP-1 ile muamelesinde %86,22 canlilik tespit edilmistir.
Ayrica, 40 ug/ml ekstrakt-40 ug/ml altuzan ilacinin A549 ile muamelesinde ise
%49,59 canlilik tespit edilmistir. Sonug olarak, rezene tohumu ekstraktinin akciger
kanseri hiicre hattinda sitotoksik etkiye sahip oldugu goriilmiistiir. Rezene tohumu
ekstrakti ile kombine edilen altuzan ilacinin ise A549 hiicrelerinde rezene tohumu
ekstraktinin tek basina kullanimina gore daha fazla éldiirme oranina sahip oldugu
belirlenmigtir.

Anahtar Kelimeler: rezene tohumu, A549, akciger kanseri, altuzan, sitotoksisite
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Isolation, Characterization and Antimicrobial Activity of Bacteriocin
Producing Lactic Acid Bacteria from Raw Water Buffalo Milk

Mustafa Erbakan?, Volkan Ozaver?
Yozgat Bozok University, Faculty of Engineering and Architecture, Department of Biosystems Engineering,
E-mail:mustafa.erbakan@bozok.edu.tr
?Dokuz EyZil University, Faculty of Veterinary, Department of Preclinical Sciences,
E-mail: volkan.ozavci@deu.edu.tr

Ozet:

Antibiotic resistance is a globally emerging health care concern. In recent years, a
major difficulty in treatment of diseases such as tuberculosis, malaria, pneumonia
and certain nosocomial infections is the presence of multi drug-resistant
pathogens. In this regard, availability of the alternative antimicrobial materials is
of paramount importance. Bacteriocins are ribosome-derived antimicrobial
peptides generated by vast majority of bacteria to gain advantage over their
competition. Bacteriocins from lactic acid bacteria (LAB) are often employed as
natural food preservatives in food industry to increase the shelf-life of products.
Their utilization as antimicrobial and anti-cancer agents in medical and veterinary
treatments have been proposed. Therefore, discovery of new bacteriocin-producer
LAB strains will benefit health and food industry applications.

In this study, bacteriocin producer LAB strains were isolated from water buffalo
milk samples collected from dairy farms located in Sorgun and Akdagmagdeni
districts of Yozgat Province. Selective culture media were used for isolation of LAB
genera including Lactobacillus, Enterococcus and Bifidobacterium. Screening of
bacteriocin producer strains were carried out by reverse-side agar spot test using
E. coli and S. aureus as indicator bacteria. A further verification of bacteriocin
activity was carried out using neutralized cell-free supernatants via agar well
diffusion assay. LAB isolates were characterized using miscellaneous biochemical
methods including TSI, MR-VP, indole and catalase tests,. Majority of the
bacteriocin producer strains formed some degree of inhibition zone against
selected indicator bacteria implying a broad bacteriocin antimicrobial activity
spectrum, which might enable their utilization as novel antimicrobial agents.

Anahtar Kelimeler: bacteriocin, lactic acid bacteria, water buffalo milk,
antimicrobial activity
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Improving Recombinant Membrane Protein Expression in
Rhodobacter sp. via Utilization of MISTIC Protein Fusion

Mustafa Erbakan?, Volkan Ozaver?
Yozgat Bozok University, Faculty of Engineering and Architecture, Department of Biosystems Engineering,
E-mail:mustafa.erbakan@bozok.edu.tr
?Dokuz EyZil University, Faculty of Veterinary, Department of Preclinical Sciences, E-mail: volkan.ozavci@deu.edu.tr

Abstract:

Being located at the interface of intracellular and extracellular regions of
biological cells, membrane proteins (MPs) mediate many vital events including
signal transduction, energy generation, selective transport of solutes etc... Because
of these regulatory properties, nearly 70% of currently FDA approved drugs on the
market target membrane proteins. Despite their importance, low abundance of
MPs in natural resources is one of the major bottlenecks in studying their structure
and functionality. Moreover, MPs have been employed in miscellaneous
applications such as sensor technology, optogenetics, biomimetic separation
membranes, in-vitro photosynthesis leads to an ever increasing demand for
avaliability of MPs. Recombinant expression of MPs from heterologous expresion
hosts was proven to be challenging especially for mammalian MPs due to
improper folding, inclusion body formation and toxic effects on host organism.
Therefore, development of alternative expression host systems for functional MP
expression is of critical importance. Purple non-sulphur bacteria from
Rhodobacter genus are known for their diverse metabolic pathways and intensively
studied as model organisms in photosynthetis research. Under anaerobic,
photosynthetic growth mode, plasma membrane surface area of Rhodobacter ssp
immensely increase to accomodate the photosynthetic apparatus. An order of
magnitude higher membrane surface area with inducible expression vectors
imparts Rhodobacter sp as an attractive recombinant MP expression host.

In this study, we employed codon optimized MISTIC chaperonin protein gene as N-
terminal and mBanana fluorescent protein gene as C-terminal fusion partner for
human AQP6 and AQP9 genes for co-expression in Rhodobacter sp. Cloning
procedures were carried out in E. coli Topl0 and expression vectors were
transfered in Rhodobacter by biparental mating using E. coli S17 A-pir. Protein
expression was investigated under semi-aerobic and photosynthetic growth modes
using two different promoters. A significant improvement in expression titers was
observed with MISTIC fusions as monitored by SDS-PAGE.

Keywords: membrane proteins, Rhodobacter, MISTIC fusion, recombinant gene
expression
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2Yildiz Teknik Universitesi, E-mail: mertbal @yildiz.edu.tr

Ozet:

Yiiz ifadeleri insanlarin igin duygularini iletmek bir yoldur, her biri yogunlugu,
niiansi ve belirsizligi acisindan benzersizdir. Yiiz ifadelerinin insan duygularinin
sozlii olmayan iletisiminde énemli bir 6ge oldugu agiktir. Deneyimlenen duygu ile
ilgili ifade arasindaki baglanti karmagsiktir ve heniiz tam olarak anlasilamamistir.
Farkly duygular bazen aymi ifadeyi bile yaratabilirler, ¢iinkii yiiz kaslarinin
hareketleriyle ifade edilirler. Bu, insan duygularini anlamadaki bir¢ok sorunun
yalnizea baglangicidir. Duygu analizi konusunda bir¢ok ¢alisma yapilmistir, her
biri farkli teknikler, algoritmalar ve yontemler kullanmigtir.

Son yullarda, transformer modeli, derin 6grenme ve derin sinir aglarmmdaki
ilerlemelerin ana vurgularindan biri haline geldi. 2017'deki ilk ¢ikisindan sonra
transformer mimarisi gelisti ve farkli varyasyonlart ortaya ¢ikti. Genellikle dogal
dil islemede basarili sonuglar vererek yayginlasmaya baslasa da sonradan farkl
alanlarda kullanilmaya bagslanildi. Transformerlar dikkat kavramina dayali bir
makine dgrenimi modelidir. Bu ¢alismada Transformer’larin nesne algilama
tizerindeki bagarisimin yiiz ifadelerinin simiflandirilmasina etkisi analiz edilmigtir.
Farkly transformer modellerinin ¢esitli sonuglar verebilecegini géz oniinde
bulundurarak analizler iki transformer modeli iizerinde yapilnugstir.

Daha énceki ¢alismalarda GAN (Generative Adversarial Network) modeli
kullanilarak duygu ifadeleri tespitindeki basarisi ele alinmistir. GAN modeli iki
yapay sinir agindan olusur: bir iiretici ve bir aywrt edici. Onceki ¢alismalarda GAN
modelinin iiretici béliimiinde evrisimli sinir aglart (CNN) kullamilarak yiiz
ifadelerinin suiflandirilmasindaki basarisi ele alinmistir.

Bu ¢calismada ise iiretici béliimiinde CNN modiilii yerine Transformer kullanarak
yeni model, yani Transformer bazit GAN olusturulmustur. Calismanin ana odak
noktasi gérsellerdeki insan duygularmmin degistirilmesinde Transformer bazli
tiretici modiiliiniin  bagarisini  élgmektir.  Gelistivilen GAN modelinde  yiiz
ifadelerinin suiflandwriimast icin Vision Transformer (ViT) kullanilmis, CNN le
karsitlastirildiginda ~ AffectNet  veri  seti iizerinde daha basarili  oldugu
gozlemlenmistir. Ek olarak Transformerlarin dikkat mekanizmast degerlerini
gorsellestirerek modelin duygu simiflandirmast icin karar asamasinda girdideki
odak noktalar: gorsellestirilmigtir.

Anahtar Kelimeler: Duygu analizi, Vision Transformer, AffectNet, GAN modeli,
yiiz ifadeleri.
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Ozet: Mechanical stimuli, including the stretch, shear stress and pressure, modulate
extracellular functions by activating mechanotransduction pathways, and gene and
protein expressions. As a result of mechanoresponse, phenotype or funtion of a cell can
alter. Mechanical signal transduction is crucial for cell growth, development,
differentiation, interaction with other cells. Besides, the transduction of mechanical
force into biochemical signals plays an important role in homeostasis of tissues such as
skeletal muscle, cardiac muscle, bone, cartilage, and vessels. Any defect at
mechanotrusdution often leads to pathology in organism homeostasis.

In this present study, a membrane based cell stretching device has been designed to
apply uniaxial or biaxial mechanical stress on cells by sinusoidally-varying stretch of
different magnitudes (5-20%), frequencies (0.2-2 Hz), and patterns. The cells are
subjected to the mechanical strain in a controlled and homogeneous manner. The
device provides real-time data collection. Computer-aided software was used in the
mechanical design of the electro-mechanical cell stretching device and a preliminary
prototype was produced using machining methods.

As a result, this device has rendered examination of the effects of mechanical strain on
cells possible. It, with its potential to be used in many cell types and tissues, will
provide researchers opportunities for understanding the pathophysiology of the
diseases, explaining the regeneration pathways associated with tissue damage and
finding effective drugs.

Anahtar Kelimeler: mechaotransduction, mechanobiology, cell stretching
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Ozet: Giiniimiizde diinya ticaretinin% 90" deniz yoluyla saglanmakta ve bu tasinim
swrasinda gemilerin i¢ kisimlarinda olusan atiklarin salinimi nedeniyle deniz
kirliligi biiyiik bir sorun haline gelmektedir. Gemi atiklari yiiksek oranda yag ve
hidrokarbon i¢eren petrol ve petrol tiirevli tiriinleri icermektedir. Atk icerigindeki
toksik bilesikler hem sucul yasami olumsuz etkilemekte hem de besin zincirine
karisarak insan saghgint olumsuz etkilemektedir. Gemi kaynakli deniz kirliligini
onlemek amaciyla diizenlenen uluslararast anlasmalar ¢ergevesinde limanlarda
atik kabul tesisleri kurma zorunlulugu bulunmaktadir. Bu tesislerde ikincil deniz
kirliligi olusturmayacak sekilde gemi atiklar: toplanmakta ve kontrollii bir sekilde
elle¢lenmektedir. Gemilerden ¢ikan atiklarin ¢ogu, yag ve su karisimlart iceren
emiilsiyonlardir. Liman atik kabul tesislerinde emiilsiyonlarin yonetiminde temel
amag, yag ve suyu birbirinden ayirmaktir. Atik yagdan serbest su uzaklagtirildiktan
sonra atiksu, tesis igerisindeki atiksu aritma tesisinde swasiyla askidaki yag
iceriginin  uzaklastirilmasi,  yumaklastirma,  notralizasyon, ve  durultma
adimlarimdan gegirilmekte ve desarj kriterlerine uygun sekilde aritilarak alict atik
su ortamina gonderilmektedir. Ancak, aritma girisindeki atiksu icerigindeki
salvmmlar nedeniyle bazi durumlarda (solvent igerikli yikama sular) ¢ikis desarj
kriterleri asiimaktadir. Isletme siiresince desarj kriterlerinin saglanmast icin, tesis
atiksu aritma tinitelerinin baslangicina ¢oziinmiis hava flotasyonu (DAF) sistemi
kurulmustur. Bu ¢alismada DAF iinitesinin giris ve ¢ikisindan numune alinarak
desarj kriterlerinin ana parametreleri olan yag-gres ve kimyasal oksijen ihtiyact
(KOI) parametrelerinin giderilmesi degerlendirilmistir. DAF iinitesine gelen
sintine suyunun karakteristigine bagh olarak, yag-gres gideriminde %85; KOI
gideriminde ise %96 va varan verimler elde edilmistir. Boylelikle, DAF iinitesinin,
aritma tesisinin kirlilik yiikiinii azalttigi, desarj kriterlerini saglamada yardimci
oldugu goriilmiistiir.

Anahtar Kelimeler: sintine atiksulari, liman atik kabul tesisleri, ¢oziinmiis hava
flotasyonu, yag-gres, kimyasal oksijen ihtiyact
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Abstract: Solar panels are devices that convert sunlight into electricity. The
efficiency and performance of solar panels depend on several factors, including the
quality and design of the panel's glass cover. In recent years, advances in glass
technology have led to the development of specialized glasses that enhance the
efficiency and durability of solar panels.

This article provides an overview of the different types of glass used in solar
panels, including tempered glass, anti-reflective glass, self-cleaning glass, and
anti-fogging glass. It discusses how each type of glass works to improve the
performance and longevity of solar panels, and how these glass technologies are
constantly evolving and improving.

Overall, the article highlights the importance of glass technology in the
development of efficient and durable solar panels, and how ongoing research and
innovation in this field are essential for the continued growth of the solar industry.

Keywords: Solar panels efficiency, solar glasses, glass technology.

1. Introduction

Solar energy is a clean, renewable and unlimited source of energy. Solar energy is more
environmentally friendly and more economical in the long run compared to fossil fuels. Solar
panels are used to convert solar energy into electrical energy. Solar panels consist of a series of
cells, usually made of silicon crystals, and these cells generate electrical energy when exposed
to sunlight. Solar panel glasses are an important component that protects the solar cells and also
allows the sun's rays to enter the panel. However, solar panel glasses may cause some energy
loss due to the reflection of the sun's rays from the glass surface. Therefore, different
technologies have been developed to increase efficiency by reducing reflectivity and increasing
absorption of solar panel glasses. In addition, properties such as water resistance and durability
of coatings applied to solar panel glasses can also affect efficiency.

Of course, solar energy has quickly become popular as an environmentally friendly energy
source in recent years. Therefore, the efficiency of solar panels is becoming more and more
important with the increasing demand for renewable energy sources. Solar panel glasses are one
of the main components of solar panels and have a significant impact on the efficiency of the
panel.
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For this reason, research and development continues to increase the efficiency of solar panel
glasses. These studies can help make solar panels more efficient and environmentally friendly.
Therefore, research on the design and materials of solar panel glasses is important as it has great
potential in the solar industry.

This article examines the different technologies and methods used to increase the efficiency of
solar panel glasses, focusing on the different factors that affect the efficiency of solar panel
glasses. The article aims to be a resource for researchers and industry experts working on solar
panel glass.

In this article, we will examine the different technologies used to increase the efficiency of solar
panel glasses. We will also consider the effect of humidity on the efficiency of solar panel
glasses.

2. Solar Panel Glasses and Efficiency

Solar glass is a type of glass that is designed to absorb and convert solar energy into electricity
[1]. It is made by coating traditional glass with thin layers of transparent conductive oxide and
photovoltaic material [2]. This technology allows buildings to generate their own electricity by
integrating solar panels into the building's windows, thus reducing the need for traditional solar
panels [1].

One of the key factors that affect the efficiency of solar glass is its ability to convert solar
radiation into electricity. The efficiency of solar glass is measured by the amount of sunlight it
can convert into electricity, which is known as the power conversion efficiency (PCE) [2]. The
higher the PCE, the more electricity can be generated from a given area of solar glass.

According to recent research, the efficiency of solar glass has been steadily increasing over the
years. In 2020, researchers at the University of Michigan reported that they had developed a
new type of solar glass that had a PCE of 8.1%, which is a significant improvement over
previous iterations [3]. This increase in efficiency was achieved by using a new material that
was more effective at capturing sunlight and converting it into electricity.

Another factor that can impact the efficiency of solar glass is its transparency. In order to be
effective, solar glass must be transparent enough to allow sunlight to pass through, while also
being opaque enough to capture and convert the solar radiation into electricity [1]. Achieving
this balance can be challenging, but recent advancements in material science have made it
possible to create solar glass that is both highly efficient and transparent [2].

In conclusion, solar glass is a promising technology that has the potential to revolutionize the
way we generate electricity. As its efficiency continues to improve, it is likely that we will see
an increasing number of buildings incorporating solar glass into their design. With the potential
to reduce our reliance on traditional energy sources, solar glass could play a key role in the
transition to a more sustainable future.
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3. Factors Affecting the Efficiency of Solar Panel Glasses
3.1. Glass Quality

The quality of the glass used in solar panel glasses is a critical factor affecting the efficiency of
the panels. Glass should be transparent, durable and able to withstand environmental conditions
such as temperature and humidity. The use of low quality glass can cause the efficiency of the
panels to decrease [4]. The thickness of the glass used in the panel can also affect the efficiency
of the panel. Thicker glass can absorb more light, which can reduce the efficiency of the panel.
Therefore, it is important to choose the right glass thickness for solar panel glasses [5].

A study by Ye et al. [6] investigated the effect of glass surface roughness on the efficiency of
solar panel glasses. The study found that rougher surfaces increase the efficiency of the panels
due to better light retention and better light absorption. The study suggested that future research
should focus on optimizing the surface roughness of the glass to further improve the efficiency
of solar panel glasses.

3.2. Type of Photovoltaic Material

The type of photovoltaic material used in solar panel glasses is also an important factor
affecting the efficiency of the panels. There are several types of photovoltaic materials such as
silicon, cadmium tellurium, copper indium gallium selenide, and organic photovoltaics. Silicon
is the most widely used material in solar panel glass due to its high efficiency and low cost [7].
However, the efficiency of silicon-based solar panel glasses can be improved using advanced
manufacturing techniques such as passivation, texturing, and surface engineering [8].

Cadmium telluride is another material commonly used in solar panel glasses due to its high
efficiency. However, cadmium is a toxic substance that limits its widespread use. A study by
DO Scanlon et al. [9] investigated the use of non-toxic zinc oxide as an alternative to cadmium
telluride in solar panel glasses. The study found that the use of zinc oxide resulted in
efficiencies comparable to cadmium telluride, while also being non-toxic and cost-effective.

3.3. Panel Design

The design of the panel can also affect the efficiency of the panel. The panel design should be
optimized to maximize the absorption of sunlight and minimize the reflection of sunlight. The
use of anti-reflective coatings can help reduce the reflection of sunlight and increase the
efficiency of the panel [10]. The use of concentrator photovoltaic technology can also increase
the efficiency of solar panel glasses by concentrating sunlight on a small area of the panel [11].

A study by A. Kumar et al. [12] explored the use of a hybrid approach combining a bi-surface
solar panel design with a concentrator photovoltaic technology. The study found that using a
hybrid approach led to significant improvements in the efficiency of solar panel glasses.
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3.4. Environmental Conditions

Environmental conditions such as temperature and humidity can also affect the efficiency of
solar panel glasses. As the temperature increases, the efficiency of the panel decreases. For this
reason, it is important to keep the panel temperature at optimum levels in order to increase the
efficiency of solar panel glasses [13]. The use of cooling systems such as heat sinks and fans
can help keep the panel temperature at optimum levels [14]. Humidity can also affect the
efficiency of solar panel glasses, high humidity causes the efficiency of the panel to decrease.
Therefore, it is important to protect the panel from high humidity [15].

And also it is natural for solar panel glasses to accumulate dust from the outside environment. In
many previous studies, the effects of accumulated dust on the performance of Solar panels have
been investigated. When the studies on this subject are examined, it has been determined that
the dust accumulated on the surface of the panel can reduce the efficiency of the system by up to
50%.

4. Approaches for Improving the Efficiency of Solar Panel Glasses
4.1. New Materials

One approach to improving the efficiency of solar panel glasses is the development of new
materials with enhanced optical and electrical properties. Several materials have been proposed
for this purpose, including perovskite materials, carbon nanotubes, graphene, and metal-organic
frameworks (MOFs). Perovskite materials are a type of hybrid organic-inorganic material with
excellent optical and electrical properties [16]. Perovskite materials have been shown to exhibit
high light absorption and conversion efficiency when used as the active layer in solar cells [17].
The use of perovskite materials in solar panel glasses could potentially improve their efficiency
by increasing the amount of solar energy that is absorbed and converted into electricity.

Carbon nanotubes and graphene are two other materials that have been proposed for use in solar
panel glasses. Carbon nanotubes are known for their excellent electrical conductivity, high
thermal conductivity, and strong mechanical properties [18]. Graphene, on the other hand, is a
single layer of graphite with unique optical and electrical properties [19]. Both carbon
nanotubes and graphene have been proposed for use as transparent conductive coatings on solar
panel glasses to improve their electrical conductivity and optical properties [20].

Metal-organic frameworks (MOFs) are a type of porous material with high surface area and
tunable chemical and physical properties [21]. MOFs have been proposed for use as the active
layer in solar cells due to their high charge separation efficiency and tunable optical properties
[22]. The use of MOFs in solar panel glasses could potentially improve their efficiency by
increasing the amount of solar energy that is absorbed and converted into electricity.

4.2. Advanced Coatings

Another approach to improving the efficiency of solar panel glasses is the use of advanced
coatings. These coatings can be designed to selectively reflect or absorb certain wavelengths of
solar radiation, allowing for more efficient harvesting of solar energy. Additionally, coatings
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that can self-clean or repel dust and dirt could help to improve the performance of solar panel
glasses over time.

One type of advanced coating that has been proposed for use on solar panel glasses is the anti-
reflective coating. Anti-reflective coatings are designed to reduce the amount of light that is
reflected back from the surface of the glass, thereby increasing the amount of light that is
transmitted into the solar cells [23]. Another type of coating that has been proposed for use on
solar panel glasses is the selective coating. Selective coatings are designed to absorb certain
wavelengths of solar radiation while reflecting others, allowing for more efficient harvesting of
solar energy [24]. Additionally, self-cleaning coatings that use superhydrophobic materials have
been developed to reduce the accumulation of dust and dirt on the surface of solar panel glasses
[25].

4.3. Optimization of Glass Thickness and Angle of Incidence

The efficiency of solar panel glasses can also be improved by optimizing their thickness and
angle of incidence. The thickness of the glass can affect the amount of light that is absorbed and
transmitted by the solar cells. Thicker glasses can absorb more light, but they can also reduce
the amount of light that is transmitted to the solar cells [26]. Optimizing the thickness of the
glass can help to balance these factors and improve the efficiency of solar panel glasses.

The angle of incidence of the solar radiation can also affect the efficiency of solar panel glasses.
The angle of incidence is the angle between the incoming solar radiation and the normal to the
surface of the glass. Solar panel glasses are typically installed at an angle to maximize the
amount of solar radiation that is incident upon them. However, changes in the angle of
incidence throughout the day and across the seasons can affect the efficiency of solar panel
glasses. The use of tracking systems that adjust the angle of incidence of the solar radiation can
help to improve the efficiency of solar panel glasses [27].

4.4. Technological Advances in Solar Panel Manufacturing

The manufacturing process plays a crucial role in the efficiency and cost of solar panels.
Technological advances in solar panel manufacturing have led to significant improvements in
efficiency and cost reduction. For instance, the use of screen printing technology for the
fabrication of silicon solar cells has enabled high-volume production at low cost [28]. Another
technological advancement is the use of laser processing for the fabrication of thin-film solar
cells, which allows for precise control of the material properties and reduces material waste
[29].

Moreover, 3D printing technology has the potential to revolutionize solar panel manufacturing
by enabling the production of customized and complex shapes, reducing material waste, and
lowering the cost of production [30]. Research is ongoing to explore the use of 3D printing
technology for the fabrication of solar panels.

Aside from the established solar panel technologies, there are emerging technologies that offer
potential for higher efficiency and lower cost. One such technology is organic solar cells, which
use organic materials instead of inorganic materials like silicon. Organic solar cells have the
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advantage of being flexible, lightweight, and printable, making them suitable for various
applications. However, organic solar cells currently have lower efficiency compared to
inorganic solar cells and are less stable. Research is ongoing to improve the efficiency and
stability of organic solar cells [31].

Another emerging technology is perovskite-silicon tandem solar cells, which combine the high
efficiency of perovskite solar cells with the stability of silicon solar cells. Perovskite-silicon
tandem solar cells have shown efficiencies of over 29%, surpassing the efficiency of individual
perovskite and silicon solar cells. However, challenges remain in scaling up the production and
ensuring the long-term stability of perovskite-silicon tandem solar cells [32].

5. Environmental Impact of Solar Panel Efficiency Improvement

Improving the efficiency of solar panels has the potential to significantly reduce the
environmental impact of solar energy generation. Higher efficiency means that fewer solar
panels are needed to generate the same amount of electricity, reducing the land use and material
consumption of solar energy systems. Moreover, higher efficiency means that less energy is
required to produce and transport solar panels, reducing the carbon footprint of solar energy
systems.

However, the production of solar panels and their end-of-life disposal can still have
environmental impacts, such as the emission of greenhouse gases during manufacturing and the
accumulation of toxic waste in landfills. It is important to consider the environmental impact of
solar panel production and disposal in the pursuit of higher efficiency and to develop
sustainable practices for the production and disposal of solar panels.

6. Challenges and Future Directions

While the efficiency of solar panel glasses has improved significantly in recent years, there are
still challenges that need to be addressed to enable the widespread adoption of solar energy. In
this section, we will discuss some of these challenges and future directions for improving the
efficiency of solar panel glasses.

One challenge is the cost of manufacturing and installing solar panels. While the cost of solar
panels has decreased significantly in recent years, it is still higher than traditional fossil fuel
energy sources. Further research is needed to develop cost-effective manufacturing processes
and installation techniques for solar panels.

Another challenge is the limited availability of raw materials for solar panels. Some materials
used in solar panels, such as indium and tellurium, are rare and expensive. Research is needed to
develop alternative materials that are abundant and cost-effective.

Future directions for improving the efficiency of solar panel glasses include the development of
new materials, such as perovskite materials and quantum dots, and the optimization of
manufacturing processes, such as 3D printing and screen printing [33,34]. Additionally,
advancements in energy storage technology, such as batteries and capacitors, will be critical to
enable the widespread adoption of solar energy.
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7. Discussion

The approaches discussed above offer promising solutions for improving the efficiency of solar
panel glasses. However, each approach has its own set of challenges and limitations. For
example, the use of new materials such as perovskites and MOFs requires further research to
determine their long-term stability and performance under varying environmental conditions
[35]. Additionally, the high cost of these materials may limit their commercial viability.

The use of advanced coatings offers a more practical solution for improving the efficiency of
solar panel glasses. Anti-reflective and selective coatings have been shown to be effective in
increasing the amount of solar energy that is absorbed and transmitted by solar panel glasses
[36]. Additionally, the development of self-cleaning coatings could help to reduce the
maintenance costs associated with solar panel glasses.

Optimizing the thickness and angle of incidence of solar panel glasses is a simple yet effective
approach for improving their efficiency. However, this approach may not be suitable for all
situations, such as in urban environments where there may be limited space for solar panel
installations. The use of tracking systems that adjust the angle of incidence of solar radiation
offers a more flexible solution for maximizing the efficiency of solar panel glasses in varying
environmental conditions.

8. Conclusion

The efficiency of solar panel glasses is a critical factor that affects the performance of solar
power systems. Researchers have proposed several approaches for improving the efficiency of
solar panel glasses, including the development of new materials, the use of advanced coatings,
and the optimization of the thickness and angle of incidence of the glass. While each approach
offers promising solutions, they also have their own set of challenges and limitations. Further
research is needed to determine the long-term stability and performance of these approaches
under varying environmental conditions. Nonetheless, the development of more efficient solar
panel glasses could help to accelerate the adoption of solar energy and reduce our reliance on
fossil fuels.
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Ozet: Kumaslar insan hayati boyunca énemli bir yere sahip olmasindan dolayt
kumaslarda olusacak hatalar goz ardi edilmemektedir. Ozellikle tekstil sektoriinde
bu durum onemli bir faktordiir. Giiniimiizde sanayilesmenin gelismesiyle birlikte
kumaslarda bulunan hatalarin tespiti ve suflandiriimasi, insan gozii ile tespit
yerine bilgisayar tabanli tespite doniismiistiir. Bilgisayar ile yiiksek dogruluk
oraninda kusur tespiti veri sayisi ile dogru orantilidir. Ancak yapilan ¢alismalarda
veri setleri kisith sayidadir. Bu nedenden dolayr ¢alismamizda, 6zgiin ve veri
miktart yiiksek bir veri seti toplanmast amaglanmistir. Veri toplama asamasi,
2021-2022 yillar: arasinda ¢esitli firmalardan hatali kumas ornekleri toplanmasi
ile tamamlanmistir. Calismada  kullanilan  veri seti icerisinde;  tekstil
makinelerinden olusmus kirisikliklar, cizgiler, delikler, yag lekeleri ve soluk
kumaglardan olusmaktadir. Kurisikltk sinifinda 732, ¢izgi sinifinda 1308, delik
smifinda 1144, yag lekeleri sinifinda 1312, soluk kumas sinifinda 1032 veri
bulunmaktadir. Veri setindeki dengesiz dagilim séz konusu oldugundan veri
artirma yéntemi kullanilarak her bir siniftaki érnek sayisi 1312°ye ¢ikarimuistir.
Model egitim asamasinda veri setini %70 egitim, %20 dogrulama ve %10 test
olmak iizere ii¢ kisma ayrilmistir. Veri setinde bulunan hatali kumaslarin dogru bir
sekilde siniflandirilmast icin ResNet-50 modeli kullanimistir. Calismada ResNet-
50 modelini kullaniimasindaki amag, derin ogrenme modelinin derinliginin
artmaswla birlikte ortaya ¢ikan asur ogrenme sorununu ¢ozmektir. Bununla
birlikte modeldeki agirlik  giincellemelerini  gerceklestirmek i¢in ~ Adam
optimizasyon algoritmast kullanmimigtir. Calisma sonunda ResNet-50 modeli ile
%97.73 yiiksek dogruluk elde edilmistir.

Anahtar Kelimeler: Tekstil Hatalar:, ResNet-50, Evrisimli Sinir Agi, Kumas
Hatalar
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Abstract

Solar radiation forecasting is of great importance in generating electricity from
solar panels, growing and developing crops, establishing local weather models, and
making climate forecasts. In this study, the least square-support vector machine (LS-
SVM) with particle swarm optimization (PSO) and variational mode decomposition
(VMD) techniques was integrated for the estimation of monthly solar radiation data
in Hakkari. Historical data was used to estimate solar radiation data. Delayed solar
radiation data exceeding the confidence limit of the autocorrelation function were
used in the setup of the model. The data was divided into 80% training and 20%
testing during the modeling phase. Model performance was evaluated using scatter
diagrams and statistical criteria such as correlation and error values. As a result of
the study, it has been determined that the VMD-PSO-LSSVM model is more
successful than the PSO-LS-SVM model. In addition, it has been revealed that the
predictive power of the PSO-LS-SVM model can be increased by using the input
variables allocated to the intrinsic mode function and residuals with VMD. The
study outputs can help optimize the operation of solar power plants, plan irrigation
and fertilization of farmers, improve the weather forecast, and increase the forecast
performance of climate models.

Keywords Solar radiation forecasting, particle swarm optimization, variational
mode decomposition, least square-support vector machine, Hakkdri

1 Introduction

Solar radiation is called the power it emits per unit area transmitted from the sun in the form
of electromagnetic radiation. When evaluated in terms of the energy sector, the amount of solar
radiation is an important parameter that should be taken into account when sizing and
determining the performance of projects that are dependent on solar energy, such as
architecture, agricultural, meteorological, and climatological models, systems used in electricity
generation from the sun and natural lighting systems used in buildings (Seker 2021, Jamei et al.
2022).

Solar radiation measurements are limited and are available at some meteorological stations
due to the high cost of solar measuring equipment, installation and maintenance costs (Meenal
and Selvakumar 2018). However, incomplete and erroneous solar radiation data, and short and
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intermittent measurement stations bring many problems in analysis (Rahimikhoob 2010;
Samadianfard et al. 2019). Therefore, many methods are used to accurately predict solar
radiation, including deterministic, empirical, and artificial intelligence models (Kisi et al. 2019).
Due to the many disadvantages of deterministic methods due to data, the use of artificial
intelligence (Al) algorithms has become widespread. The models established with these
algorithms offer faster calculation and low calculation costs with minimum inputs (Mosavi et al.
2018).

Al models have been increasingly employed in the field of hydrology in recent years, and
Least Squares Support Vector Machine (LS-SVM), Artificial Neural Networks (ANN), Particle
Swarm Optimization (PSO), and Variational Mode Decomposition (VMD) have wide usage
areas. Deng et al. (2010) used the LS-SVM algorithm to estimate the annual and monthly
average daily global solar radiation in China, and found that the LS-SVM algorithm results
showed superior performance predictions. Behrang et al. (2011) researched the PSO algorithm
to forecast the monthly average daily GSR in Iran and found that the results obtained with the
PSO model had greater accuracy than the results obtained with statistical regression techniques.
Mohandes (2012) investigated the PSO-ANN and backpropagation (ANN-BP) models to
forecast the monthly mean daily Global Solar Radiation (GSR) in areas where that measurement
station is not available, and determined that overall the PSO-ANN model outperformed the BP-
ANN model. Fan et al. (2020) used hybrid support vector machines (SVM) with bat algorithm
(SVM-BAT), (SVM-PSO) and whale optimization algorithm (SVM-WOA) to estimate daily
diffuse solar radiation in air-polluted areas. They found that the SVM-BAT algorithm
performed better than other models. Ali et al. (2021) researched the VMD method combined
with simulated annealing and random forest (VMD-SA-RF) algoritm to forecast solar radiation.
This hybrid algorithm has been found to provide reliable performance in estimating solar
radiation. Ikram et al. (2022) used an enhanced version of the multiverse optimizing algorithm
(IMVO) with integration of the LSSVM model to predict solar radiation and determined that
this algorithm gave more accurate results than LSSVM with sine—cosine algorithm (LSSVM-
CSA), LSSVM with genetic algorithm (LSSVM-GE), LSSVM with gray wolf optimization
(LSSVM-GWO), and LSSVM with multiverse algorithm original version (LSSVM-MVO)
algorithms. As a result of the literature research, SVM and ANN algorithms were mostly used in
studies related to solar radiation (Chen et al. 2011; Ramli et al. 2015; Quej et al. 2017; Meenal
and Selvakumar 2018). Solar radiation studies with hybrid models are few in the literature, but
they have increased in recent years. Consequently, it was first investigated how solar radiation
forecasts give results by combining LSSVM and PSO algorithms with VMD signal
decomposition techniques in the literature.

The most important contribution of this research to the literature is that it shows how hybrid
models perform in solar radiation estimation. Moreover, it is to determine the prediction result
performances of the models obtained as a result of hybridization of LSSVM and PSO
algorithms with the VMD algorithm.

2 Material and Method
2.1 Study Data and Area

ERA5 Reanalysis Data, which covers the years 1950-2020 used in this study, was used.
ERA5 Solar radiation data were obtained from https://cds. climate.copernicus. eu/cdsapp#!

226
Proceedings Book



INSAC International Researches Congress on Natural and Engineering Sciences (INSAC-IRNES'23) Iﬂ\S@

/dataset/reanalysis-era5-single-levels-monthly-means?tab=overview. ERAS5 refers to the global
climate data produced by the European Center for Medium-Range Weather Forecasts
(ECMWF). Solar radiation data used in this study are arranged according to the average
coordinates of the province of Hakkari. Figure 1 shows the geographic location of Hakkari
province.

RS %
R
SRR
R

Figure 1. Location of Hakkari province

2.2 Machine learning models

Solar radiation forecasting algorithms which is modeled by using PSO-LSSVM and VMD-
PSO-LSSVM were investigated. Historical data was used to estimate solar radiation data.
Delayed solar radiation data exceeding the confidence limit of the autocorrelation function were
used in the setup of the model. The data was divided into 80% training and 20% testing during
the modeling phase. The general structure of the machine learning algorithm is shown in Figure
2.

Historical Data : Standardization Training and testing

Constructing hybrid
methods

B EEE fEs R - Choosing the most suitable

algorithm

Figure 2. Flow chart for constructing ML algorithms

2.3 Least-Squares Support Vector Machine (LSSVM)

This machine learning model is an SVM algorithm established for regression analysis and
classification problem, its main advantages are that it turns the nonlinear relationship between
outputs and inputs into a linear relationship which minimizes the difference between predicted
the data and the measured data (lkram et al. 2022). It is also an algorithm with mathematical
traceability, direct geometric interpretation, and high precision using Equation 1.
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M=Yk(x,x)a;+b 1)

Here, b: bias, a; : weighting coefficient of input data, M: output data, and k(x): non-linear
mapping function (Kadkhodazadeh and Farzin, 2021). LSSVM model is represented
schematically in Figure 3.

. Hidden Output

m Layer Layer
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Figure 3. The schematic structure of LSSVM algorithm

2.4 Particle Swarm Optimization (PSO)

This algorithm is a popular model because of its simplicity and easy applicability, and it
improves their knowledge about a particular search domain (Behrang et al. 2011). This
algorithm is in the form of a stochastic population-based algorithm and is a candidate solution
whose motion in each i search space is governed by four vectors. Equation 2 and Equation 3
representing this are expressed below.

v =wv;+cqny o (0 —x) + My ° (8pest — Xi) ()
Xi = Xj + (%1 (3)

In Equation 2 and 3, p;: best individual solution position, v;: velocity, X;: position, ¢; and c,:
acceleration constants, 1;, and m,: random Vectors, Qgnes: best neighbor solution position, ©:
inertia weight, °: entry-wise products (Novoa-Hernandez et al. 2011). PSO algorithm is
represented schematically in Figure 4.
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Figure 4. PSO algorithm flowchart

2.5 Variational Mode Decomposition (VMD)

This machine learning model non-recursively decomposes a multicomponent f signal into
semi-vertical band-limited sub-signals, where each mode is compact around a center vibration.
In other words, it is the latest signal processing process in which the input signal is decomposed
into different band-limited intrinsic mode functions (IMF) (Huang et al. 2019; Chaitanya et al.
2021). Therefore the constrained variational problem equation can be written as:

. 2
; K L —jwgt
mm{zl ||6t [(6(1:) +m) uk(t)]e J@k ”2} .
(i (wi) )
S.t Ykeq Uy = f
In this equation wy :frequency center of each IMF, uy: decomposed band-limited IMF and

fwi} = {w, wy, o, wie s {ue} = {ug, uy, ..., ug} are expressed in formulas (Wang and Markert
2016).

2.6 Performance Measurement

Statistical analyzes were made to research the accuracy of the machine learning algorithms
in this research. Therefore, mean absolute percentage error (MAPE) and correlation coefficient
(R) measures are employed. For R values close to 1 indicate higher accuracy, while MAPE
values close to O indicate good forecasting performance. Performance indicator formulas are
stated as follows:

MAPE = =37 (ISRoi — SRpi/SRo:) )

" 1(SRoi=SRom)(SRpi—SRpm)

(6)

R =
2
5 (SRoiSRom) s (SRpi=Spm)

In these formulas, n: the number of prediction and observations values, SR.;: observed value,
SR,i: predicted value, SR,m: average of observed value, SR,n: average of predicted value.
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3 Results and Discussion

This study integrated the LS-SVM model with PSO and VMD techniques to predict the
monthly solar radiation data in Hakkari. Historical data was used to estimate solar radiation
data. Delayed solar radiation data exceeding the confidence limit of the autocorrelation function
were used in the model's setup. Model performance was evaluated using scatter diagrams and
statistical criteria such as correlation and error values.
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Figure 5. Sample Partial Autocorrelation Function

Figure 5 shows the solar radiation data PACF graph. Accordingly, SR values with a delay of
up to 6 months were used to estimate SR(T) values.

SR(T)=f(SR(T-1), SR(T-2), SR(T-3), SR(T-4), SR(T-5), SR(T-6))

Figure 6 shows the scattering diagrams of the estimated SR values with the PSO-LSSVM
hybrid model. Accordingly, satisfactory results were obtained in the training and testing phase.
In addition, the close distribution of the actual and estimated values on the 1:1 Line shows high
prediction accuracy. Figure 7 shows the evolution of the training phase of the PSO-LSSVM
hybrid model. Accordingly, it is noteworthy that the training is terminated when the eligibility
criterion is fixed horizontally.
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Figure 6. Training and test scatter plots of the PSO-LSSVM Model
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Figure 7. Training of PSO-LSSVM model
Table 1 ML algorithm used in solar radiation
Model Train Test
No Model type MAPE R MAPE R
1 PSO-LSSVM 0.069 0.98796 0.079 0.99789
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Table 1 shows the statistical performance criteria of the PSO-LSSVM model applied for
solar radiation prediction without applying the signal decomposition technique. R and MAPE
statistical training and testing parameters were used to evaluate the most successful algorithm.
According to MAPE and R parameters, the PSO-LSSVM model shows very high prediction
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Figure 8. Subcomponents of the solar radiation data separated by VMD technique

In Figure 8, while establising the hybrid algorithms, the input variables were separated into

five IMF and residual by decomposition approaches.,

the input variable Q(t), which is

decomposed into various sub-series with the VMD technique, and the resulting estimation
outputs are collected by modeling the sub-signals separately.
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Figure 9. Training and test scatter plots of the VMD-PSO-LSSVM Model
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In Figure 9, the scatter diagrams of the estimated SR values with the PSO-LSSVM hybrid
model are presented. Accordingly, the close distribution of the actual and estimated values on
the 1:1 Line indicates that the prediction accuracy is high. Figure 10 shows the evolution of the
training phase of the PSO-LSSVM hybrid model. Accordingly, when the eligibility criterion is
fixed horizontally, the training is stopped.

VMD-PSO-LSSVM
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Figure 10. Training of VMD-PSO-LSSVM model

Table 2 ML algorithm used in solar radiation after using signal decomposition techniques

Model Train Test
Model type
No MAPE R MAPE R
1 VMD-PSO-LSSVM 0.005 0.99994 0.007 0.99998

Table 2 shows the statistical performance criteria of VMD-PSO-LSSVM applied for solar
radiation prediction after applying the signal decomposition technique. R and MAPE statistical
parameters of training, testing were used to evaluate the most successful model. According to
MAPE and R parameters, it is seen that VMD-PSO-LSSVM give higher accuracy than PSO-
LSSVM model. It was determined that the VMD-PSO-LSSVM algorithm was slightly superior
to the PSO-LSSVM model.

The most crucial aim of this research is to predict the monthly solar radiation data by
artificial intelligence models, which hybridize LSSVM and PSO algorithms with the VMD
algorithm. At the end of the study, it was seen that the algorithm’s results were used reliably and
effectively for solar radiation estimation. Moreover, Mohandes (2012), Ali et al. (2021), and
Ikram et al. (2022) studies are compatible with the presented research. Mohandes (2012)
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investigated the PSO-ANN and backpropagation (ANN-BP) models to forecast the monthly
mean daily Global Solar Radiation (GSR) in areas where that measurement station is not
available. They determined that overall the PSO-ANN model outperformed the BP-ANN model.
This research coincides with using algorithms combined with Mohandes (2012) PSO technique
in solar radiation prediction and obtaining more successful results than other models. Ali et al.
(2021) researched the VMD-SA-RF algorithm to forecast solar radiation. This hybrid algorithm
has been found to provide reliable performance in estimating solar radiation. Findings from the
study by Ali et al. (2021) overlap in terms of similar hybrid models used and good and reliable
prediction results obtained in this study. Ikram et al. (2022) used an enhanced version of the
multiverse optimizing algorithm (IMVO) to integrate the LSSVM model to predict solar
radiation. They determined that this algorithm gave more accurate results than LSSVM with
LSSVM-CSA, LSSVM with LSSVM-GE, LSSVM with LSSVM-GWO, and LSSVM with
multiverse algorithm original version (LSSVM-MVO) algorithms. Findings from the study
overlap with the hybrid algorithms of Ikram et al. (2022) in producing more effective results in
solar radiation prediction.

4 Conclusion

This study combined the PSO and LSSVM algorithms with the VMD model to forecast the
monthly solar radiation and to determine the effect of hybrid models on solar radiation
predictions. The most important results obtained from the research are listed below.

« It has been found that the VMD-PSO-LSSVM model is more successful than the PSO-LS-
SVM model.

* It has been revealed that the predictive power of the PSO-LS-SVM model can be increased
by using the input variables allocated to the intrinsic mode function and residuals with VMD.

* Hybrid models created with signal processing algorithms showed higher prediction
accuracy than non-signal machine learning models.

The study outputs can help optimize the operation of solar power plants, plan irrigation and
fertilization of farmers, improve the weather forecast, and increase the forecast performance of
climate models.

It has been determined that hybridized machine learning algorithms give successful results
and cost-effective solutions quickly for solar radiation predictions. Furthermore, the findings
obtained from the research are compatible with previous studies.

Solar radiation prediction can be researched using GWO, WOA, artificial bee colony and ant
colony optimization techniques in future research.
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Abstract: Floods are among the most costly natural disasters worldwide. Flood
control, one of the important engineering problems, can be solved by modeling
floods correctly. Furthermore, flood routing is vital in helping reduce floods'
impact on people and communities by allowing timely and appropriate
responses. In this study, the empirical mode decomposition signal decomposition
technique is combined with feedforward backpropagation neural network and
cascade forward backpropagation neural network machine learning techniques
to model the 2014 floods in Ankara, Mera River. The flood data is split to avoid
the model's underfitting and overfitting problems. While establishing the model,
70% of the data was divided into training, 15% testing, and 15% validation. In
the design of the artificial intelligence model, the streamflow observation station
D12A102, located in the upstream part of the Mera River, was used as input,
while the streamflow observation station D12A242 downstream was selected as
the target. Graphical indicators and statistical parameters were used for the
analysis of model performance. As a result of the study, it has been determined
that the EMD signal decomposition technique improves the performance of
machine learning models. The study's outputs can assist in designing flood
control structures, such as levees and dams, that can help reduce flood risk.

Keywords: Flood routing, empirical mode decomposition, feedforward
backpropagation neural network, machine learning, mera river
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Elektrikli Araclarda Batarya Paketi Tasarimi
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Ozet: Uluslararast arenada karbon ayak izini diigiirmek icin yapilan yasal
diizenlemeler otomotiv sektoriiniin ¢ok hizli bir sekilde ara¢larini elektrifikasyona
uyumlu hale gelecek sekilde tasarlamaya zorladi. Otomotiv sirketleri Hibrit,
FCEV, PHEV, BEV gibi farkli ara¢ tahrik ¢oziimleri gelistirdiler. Bu tahrik
sistemleri i¢ten yanmali motora sahip araglara gore ¢ok farkli enerji depolama ve
gli¢c aktarma sistemlerine sahip olduklar: i¢in otomotiv firmalar: ya mevcut olan
ICE  araglarinda  kullamilan  platformlarda  uyarlamalar  yaptilar — veya
elektrifikasyona gore tasarlanmis tamamen yeni platformlar iiretme yolunu tercih
ettiler. Her iki durumda da anahtar oneme sahip arag bileseni batarya ve batarya
paketi  oldu. Bu c¢alismada batarya elemanlari ve batarya paketleme
stratejilerinden bahsedildikten sonra batarya tasarumi esnasinda géz dniinde
bulundurulmasi gereken termal ve mekanik yiikler belirtilerek giincel ¢oziimler
okuyucuyla paylasilacaktir.

Anahtar Kelimeler: elektrikli ara¢ batarya paketi, sil siiriiklenme, titresim,
crashworthiness

Giris

Diinya genelinde meydana gelen felaketler ve iklim degisiklikleri sebebiyle uluslararasi
komiteler ve birlikler sera gazi ve karbon salmimini azaltmak igin g¢esitli diizenlemeler
hazirlamakta, hedefler belirlemektedir. Anlagmalara taraf olan devletler bu diizenlemeleri
yasalagtirarak endiistriyel liretim yapan sirketleri kontrol altina almaktadirlar. 1997 yilinda
kabul edilip 2005 yilinda uygulamaya gegen Kyoto Protokolii ilk 5 yillik donemde 1990-2000
yillart arasindaki salinimi %5 disiirmeyi hedeflemekteydi [1]. 2016 yilinda yapilan Paris
Anlasmasi ile kiiresel 1sinma igin iist sinir sanayii oncesi doneme gore 2 °C olarak hedeflenmis
ve 196 katilimeinin bu hedefi gergeklestirebilmek i¢in finans, teknoloji ve kapasite olugturma
konularinda yardimlasmalar1 saglanmistir [2]. Avrupa Birligi’nin 2019 yilinda agikladigr Yesil
Mutabakat (Green Deal) ile birlikte Avrupa’nin 2030 yilina kadar gaz salinimmi 1990 yilindaki
seviyenin %355 asagisinda c¢ekmesi ve 2050 yilinda sifir salimm yapar hale gelmesi
hedeflenmistir [3].

Yapilan diizenlemeler ve hedefler dogrultusunda otomotiv sektorii de bir¢ok yasal
diizenlemelere tabi tutulmustur. Sekil 1°’de Avrupa Cevre Ajansi’nin verileriyle olusturulmus
sektor bazinda emisyon salimimlar1 gosterilmistir. Grafikten gortilebildigi iizere Avrupa’da en
yiikksek gaz salimimmina sahip sektdr ulasim sektoriidiir. Avrupa Birligi 1992 yilindan beri
motorlu araglarin zehirli gaz salinimini kademe kademe disiirecek kararlar almaktaydi. 2025
yilinda yiiriirliige girmesi beklenen Euro 7 standardiyla beraber bu salimimlari daha da
kisitlamaya devam edecek [4]. Bunun yani sira 2022 yilinin sonunda Avrupa Parlamentosu’nun
aldig1 karara gore, 2035 yilinda iretilen araglarin tamaminin sifir karbon emisyonuna sahip
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olmasi beklenecek [5]. Hem otomotiv iireticileri hem de biiylik ara¢ filolarina sahip sirketler
belirtilen hedeflere ulasabilmek ve cezai miieyyide altinda kalmamak igin bilyiik yatirnmlar
yapmaya basladilar. Bunun i¢in mevcut ara¢ modellerinin elektrifikasyonu ve yeni elektrikli
ara¢ modellerinin liretilmesi {izerine ¢aligmalar siiriiyor.

EMISSIONS IN THE EU

Change in emission levels by sector since 1990
(in C02 equivalent)
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Sekil 15 Avrupa’da sektorlerin salinim miktarlari [5]

Gaz salinimini diislirmek i¢in gelistirilmis birgok hibrit ¢6ziim mevcut ancak karbon salinimini
stfirlamak i¢in su ana kadar ticarilestirilmis iki enerji kaynag1 ¢oziimii bulunmakta. ilk ¢dziimde
ara¢ sadece batarya paketinin i¢cinde bulunan elektrik pillerden beslenen elektrik motorlariyla
tahrik edilmektedir. Ikinci ¢oziimdeyse araca haricen doldurulan hidrojen yakit, yakat
hiicresinde elektrik enerjisine ¢evrilerek elektrik motorlarini harekete gecirir. Hidrojenli yakita
sahip ¢oOziimlerde de bir batarya paketi bulunur. Bunun sebebi bu tahrik sisteminde
ivmelenmenin zayif kalmasi, akim artarken voltaj diisiislerinin meydana gelmesi ve rejeneratif
fren gibi enerji verimliligini arttiracak ¢6ziimlerin eksikligidir. Yakit hiicresi batarya sistemiyle
entegre edilerek bu sorunlar ortadan kaldirilir [6]. Bu durumda genellikle arag kalkista ve diisiik
hizlarda seyrederken bataryadan tahrik edilirken, yiiksek hizlarda yakit hiicresinden tahrik edilir
ve yavaglarken de batarya sistemi sarj edilir.

Her iki ¢oziimde de goriildiigii gibi batarya paketi ve piller yeni nesil araglarda kritik 6neme
sahip komponentlerdir. Bu sebeple otomotiv sektoriiniin dnciiliigiinde piller ve batarya paketi
tasarimi1 Uzerinde arastirmalar yiritilmektedir. Otomotiv firmalari uzun menzilli araglar
tiretebilmek icin yiiksek kapasiteli piller gelistirmeye caligmaktadirlar. Silikon yerine grafit
kullanilmasi [7], daha fazla sarj sayisina ulagsmak igin lityum alagimlarinin gelistirilmesi [8] vb.
gibi anot ve katot kimyalar1 iizerine aragtirmalar devam etmektedir. Ayrica, yiiksek kapasiteli
elektrik pillerini arabalara entegre etmek i¢in en iyi tasarim g¢oziimlerini bulmaya yonelik
projeler de devam etmektedir. Bu ¢alismada elektrikli araglarin batarya paketi incelenecektir.
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Calisma boyunca elektrikli ara¢ cesitleri, batarya paketi bilesenleri, mekanik-termal tasarim
siirlari, glincel tasarim pratikleri ve malzeme se¢imleri iizerinde durulacaktir.

Elektrikli Arac Tiirleri

Yeni bir araba modeli iizerinde ¢alisilirken yasal zorunluluklarin disinda, miisteri beklentisi,
tedarik¢i durumu, know-how seviyesi vb. etkenler de géz Oniinde bulundurulmaktadir. Bu
nedenle otomotiv firmalarmin yeni modellerinde benimsedikleri elektrifikasyon stratejisi de
birbirinden farkli sekilde olabiliyor. Bugiine kadar gelistirilmis elektrikli arag tahrik mimarisi
Bataryali Elektrikli Ara¢ (BEV), Hibrit Elektrikli Ara¢ (HEV), Plug-in Hibrit Elektrikli Arag
(PHEV) ve Yakit Hiicreli Elektrikli Arag (FCEV) olarak siralanabilir [9]. Bu sistemlerin
sematik gosterimi Sekil 2’deki gibidir.

i et da e Plug-in Hybrid Electric Vehicle Fuel Cell Electric Vehicle
- Vehicle (HEV) (PHEV) (FCEV)

Sekil 16 Elektrikli arag power train mimarileri [9]

HEV araglar su anda BEV araglara gecis modeli olarak kabul edilebilir. Bu arag¢ tipinde igten
yanmal1 motorun yani sira destekleyici bir elektrik motoru da bulunmaktadir. ICE araglarda 12
voltluk bataryaden beslenen elektrik motoru halihazirda bulunmaktadir. Bu motor arag¢ ilk
calistirtlirken krank milini dondiirmek igin kullanilmaktadir. Ancak HEV araglarda elektrik
motoru daha aktif bir rol oynamaktadir. HEV araglarda elektrik motoru ve batarya sistemi
sayesinde aracta start-stop Ozelligi, elektrikli kalkis ve elektrikli siiriis gibi daha cevreci ve
enerji verimliligini arttiran sistemler kullanilabilmektedir [10]. Bu sistem ayrica seri-paralel
hibrit konfiglirasyonu olarak da isimlendirilmektedir. Aracin enerji kaynagi fosil yakitlardir
ancak igten yanmali motor calisirken ve arag yavaslarken enerji kayiplarindan yararlanarak
kendini sarj eden bir bataryaya sahiptir. HEV araglarda igten yanmali motorlarin en verimsiz
oldugu kalkis aninda elektrik motoru devreye girer ve diisiik orta hizlarda tamamen elektrikli
siirlis imkan1 sunulur.

PHEV araclarin HEV araglardan temel farklari, daha yiiksek kapasitelere sahip bataryalarin
kullanilmasi, batarya bosalana kadar tekerlerin elektrik motoruyla tahrik edilebilmesi ve haricen
bir priz araciligtyla bataryanin sarj edilebilmesidir. BEV araglar gibi tamamen elektrikli siiriis
yapilacagr gibi bataryanin sarjinin (SoC) azalmasi durumunda ig¢ten yanmali motorla siiriise
devam edilebilmektedir. Bu sebeple hem ¢evre dostu hem de miisterinin taleplerine cevap veren
bir yontem olarak one ¢ikmaktadir. Ernst vd.’nin ¢aligmalarinda belirttigi {izere eger trafikteki
tiim araglar 30 km tamamen elektrikli siiriis yapabilme donanimina sahip, giinde iki kez sarj
edilen PHEV araglar olursa, tiim araglarin toplam seyehatinin tigte ikisi elektrikli siiriis seklinde
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olur. Ve aracin katedebilecegi menzilde bir azalma olmaz [11]. Bu durumda kiigiik bataryalar
emisyon azaltmada dnemli bir etkiye sahip olmaktadir.

FCEV araglar girig boliimiinde bahsedildigi gibi hidrojeni yakit olarak kullanan ve yakit
hiicresinde hidrojenle oksijeni reaksiyona sokarak, reaksiyon esnasinda ortaya c¢ikan elektrik
enerjisiyle araci besleyen bir tahrik sistemine sahiptir. Reaksiyon sonrasinda atmosfere sadece
su buhar1 salinimi olur. Daha dnce de deginildigi gibi yakat hiicreleriyle elektrik iiretiminin bazi
eksikleri vardir. Bu eksikler sebebiyle sistemde ayrica bir batarya da bulunmaktadir. FCEV
araglarin g¢evreci olup olmadigi konusu hala tartisilan bir konudur. Hidrojeni temin etmek,
depolamak ve daha sonrasinda onu elektrige ¢evirmek bataryalarla elektrik kullanmaktan daha
az verimli duruyor. Genel enerji verimliligine bakildiginda BEV sisteminde enerji verimliligi
yaklagik %70-80 arasinda iken, FCEV sistemlerde bu verim %25-35 arasindadir.

BEV araglar, sera gazi emisyonu sifir olan, igten yanmali motor olmadan elektrik bataryasindan
beslenen elektrik motorlariyla tahrik edilen bir sistemdir. Igten yanmali motora sahip geleneksel
araclara gore daha kisa mesafeleri bulunmaktadir ve sarj siireleri uzundur. Sehir i¢i kullanim
i¢in ¢ok ideal olan elektrikli araglar ayn1 zamanda ekonomiktir de. Elektrikli araglar 100 km’de
3-4 €’luk elektrik tiiketimi yapmaktayken, verimli bir i¢ten yanmali motora sahip aragta bu
miktar 7-8 € civarindadir [12].

Batarya Paketi Elemanlar1

Bir arag tasarlanirken en 6nemli konulardan biri paketleme stratejisidir. Aracin olmazsa olmaz
pargalarinin dogru yerde birbirini olumsuz etkilemeyecek sekilde konumlandirilmasi hem
iiretim agamasinda hem de kullanicinin algiladigi kalite algisinin iyilestirilmesinde biiyiik 6nem
tasimaktadir. EV araglarinda da batarya paketi tasarim asamasinda paketleme stratejisi 6nemli
bir tasarim sorunudur. Tasarim agamasinda karar verilmesi gereken ilk soru EV olarak ¢ikacak
modelin halihazirda bulunan bir ICE platformunda degisiklikler yaparak mi tasarlanacagi yoksa
yeni bir platform tlizerine mi kurgulanacagidir. Eger halihazirda kullanilan bir alt govde
platformu kullanilacaksa batarya paketinin tek parca halinde bu sisteme entegrasyonu zor
olacagindan aracin farkli bolgelerine yerlestirilmis bir tasarim gergeklestirilmelidir. Daha sonra
aracin elektrikli siiriis menzili, aracin bataryadan c¢ekecegi maksimum gii¢, aracin satilacagi
pazar, homologasyonlar gibi konularin degerlendirilmesi gerekecektir. Bu tiir sorular
cevaplandirildiktan sonra bir batarya paketinin konfiglirasyonuna baslanabilir. Elektrikli aracin
elektrik tahrik mimarisinden bagimsiz olarak (HEV, PHEV, FCEV, BEV) bir batarya paketinde
yer alan temel alt sistemler vardir. Bu kilit unsurlar, pil hiicreleri, BMS sistemi ve elektronik
aksami, yapisal unsurlar ve termal unsurlardir. Bu 6gelerin dogru sekilde konfigilirasyonu,
batarya paketinin performans ve omriinii en iyi seviyeye ¢ikartacaktir. Sekil 3’te batarya ve
elektronik donanimryla beraber 6rnek bir batarya paketi gosterilmistir.
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Sekil 17 Batarya paketi [13]

Otomotiv endiistrisinde yaygin olarak kullanilan 3 farkli pil geometrisi mevcuttur. Bunlar
silindirik (kalem), prizmatik ve kese tipi pillerdir. En kiiciik enerji paketi olan pillerin aragla
entegrasyonu ii¢ farkli sekilde olabilir. Bunlardan ilki Sekil 4’te de goriilebilecegi gibi pillerin
veya diger bir tabirle hiicrelerin birleserek modiilleri, modiillerin birleserek batarya paketini
olusturmasidir. Otomotiv sektoriinde en ¢ok kullanilan yontemdir. Pillerin modiiller halinde
yonetilmesi sayesinde daha kontrollii ve giivenilir bir batarya paketi elde etmis olunur. Bunun
disinda pillerin batarya paketine dogrudan baglandig1 ¢éziimler de mevcuttur. Son olarak da
pillerin dogrudan ara¢ govdesine entegre oldugu tasarimlar bulunmaktadir. Bu ¢alismada Hiicre-
Modiil-Batarya paketi hiyerarsisine sahip sistemler incelenecektir.

paraliel/
senes

Cell

Module 1 senes e Pack

Sekil 18 Batarya paketleme hiyerarsisi [14]

Silindirik hiicreler, giindelik hayatta her yerde kullanildigi i¢in en g¢ok bilinen pil tiiridiir.
Bilgisayarlar, uzaktan kumandalar, fareler, duvar saatlerinde silindirik pil kullanilmaktadir.
Halihazirda seri iiretimi olan ve iiretimi kolay bir pil tiiriidiir. Bu sebeple bu piller ulagimi kolay
ve ucuzdurlar. Ancak dairesel kesite sahip olmalari sebebiyle batarya paketinin iginde
yerlesimini yonetmek daha zor olmaktadir. Ayrica yine geometrisi sebebiyle sogutmasi ¢ok
daha zor olmaktadir. Tesla, Faraday, Lucid gibi araba markalar silindirik pilleri kullanmay1
daha uygun bulmuslardir. Tesla S ve X serilerinde Panasonic 18650(Cap:18 mm/Uzunluk:650
mm) kullanilmaktadir. 3 serisinde ise Tesla, yeni Panasonic 21700 silindirik hiicreyi kullanmaya
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karar verdi. Silindirik piller daha diistik hiicre kapasitesine sahiptir. Panasonic 18650 pilinin
nominal voltaj kapasitesi 3,6 V ve nominal enerji kapasitesi 3400 mAh'dir. Diisiik enerji
kapasiteleri nedeniyle, silindirik piller modiillerde sadece paralel olarak degil, yeterli gii¢
seviyelerine ulagmak igin seri olarak da baglanmaktadirlar. Teslamin Roadster modelinde
kullanilan batarya paketinde piller 69p9s11s olarak baglandi. Yani bir batarya paketinde 11 adet
seri bagli modiil vardir ve bu modiillerde piller 69 paralel 9 seri baglantiya sahip olacak sekilde
birbirleriyle baglanmiglardir. Modiiller igerisinde piller birbirlerine ultrason kaynak edilmig
tellerle baglanmaktadir. Bu baglanti tiirii iiretim agisindan verimsiz olsa da pil hiicrelerinden
birinde meydana gelen agik devre gibi bir olumsuzluk bataryanin genel performansinda ¢ok az
bir diisiise sebebiyet verir [14]. Bu sebeple silindirik piller diger pil iinitelerine gore daha
giivenilir bir performansa sahiptir. Silindirik hiicrelerin bir baska avantaj1 iste farkli menzil
isteklerine gore kolayca degistirilebilir bir yapida olmalaridir. Prizmatik ve kese tipi pillerin
kullanildig1 araglar tek bir menzille miisteriye satis yaparken Tesla gibi silindirik piller kullanan
firmalar miisteriye bu konuda opsiyonlar sunabilmektedir.

BMW, Volkswagen tasarim esnekliklerinden dolay1 prizmatik hiicreler kullanmayi tercih
etmektedirler. Sekil-4'te goriildiigii gibi prizmatik hiicreler daha yiiksek enerji kapasitesine sahip
olduklarindan iiretim esnasinda daha az parca ile ugragsma imkani1 sunmaktadirlar. Bu nedenle
iretimde olusacak hatalar daha az olacaktir. Ayni zamanda paketlemede kullanilan sert kasa,
rijit sekli ile daha kompakt bir tasarim yapma imkan1 sunmaktadir. Prizmatik bir hiicrenin enerji
kapasitesi 4 Ah ile 250 Ah arasinda degismektedir. Kapasiteye gore silindirik hiicreler gibi rulo
halinde veya Z katli olarak iiretilebilir. Yuvarlanmig(rolled) prizmatik hiicre teknigi, silindirik
hiicrelere ¢cok benzer. Prizmatik hiicrenin faydalarindan biri, laminat hiicreye 6zgii daha yiiksek
kapasiteye sahip olmasidir, ancak kiiciik hiicrelerin havalandirmalar ve nadiren termal sigortalar
gibi baz1 giivenlik ozelliklerini de entegre edebilir. Chevrolet, Renault, Nissan elektrikli araba
bataryalarinda ise kese pil kullanilmaktadir. Kese hiicreler, silindirik ve prizmatik hiicrelere
kiyasla daha yiiksek enerji kapasitesine sahiptirler. Ayrica en yiiksek tasarim esnekligine sahip
hiicre tipi de kese tipi pillerdir. Ancak bu hiicre tipinin yeni olmasi ve otomobil endiistrisinin
talebini karsilayacak kapasitede olmamasi bu pilin olumsuz taraflaridir. Ayrica bu pilin
yeterince gilivenlik dnlemiyle donanmis oldugu séylenemez. Bunun sebebi olarak yumusak bir
kilifa sahip olmasi, basing ventilinin olmamasi ve keseleri bir arada tutabilmek i¢in ekstra bir
aparatin zorunlu olmasi gosterilebilir.

Batarya paketinde hiicre iinitelerinin yani sira bu hiicre tinitelerinin kontroliinii saglayan bir
iinite de bulunmaktadir. Batarya Yonetim Sistemi (BMS) olarak adlandirilan bu sistemin 3
farkli gorevi vardir. BMS’in birinci gorevi, uygun olmayan ¢evre ve kullanim kosullarinda
(sicaklik, nem, toz, yiiksek amper ¢ekimi vb.) hiicrelerin zarar gérmesini engellemektir. ikinci
gbrevi ise pilin en uzun Omiirlii kullanilmasmi saglamaktir. Uciincii gorev, pilin islevsel
gereksinimlerini kargilamaya hazir olmasini saglamaktir. Bu ii¢ gorevi de yerine getirmek i¢in
BMS’te kullanilan bir pratik vardir: Hiicre dengeleme. Hiicre dengeleme, bataryadaki hiicreleri
aynt voltaj seviyesinde tutarak bataryanin Omriinii uzatirken ayn1 zamanda uzun siire
islevselligini koruyan bir islemdir. BMS gelistiricileri bu islemi aktif veya pasif olarak
gerceklestirebilirler. Aktif dengelemede hiicreler birbirini sarj ederek esit voltaja gelirken, pasif
dengelemede hiicreler 1s1 iireten bir direngle enerjiyi harcar ve daha yiiksek voltaj seviyesindeki
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hiicreleri bosaltir. Pasif dengeleme durumunda, karmasik elektronik pargalar kullanmaya gerek
yoktur, ancak bataryanin voltaj seviyesi bu stratejide en diisiik voltaj kapasiteli pil tarafindan
belirlenir [15]. Batarya paketinde hiicre modiilleri ve BMS sisteminin yani sira busbarlar, teller,
baglantilar, kaynaklar, kontaktor sistemi ve haberlesme sistemleri olarak siralanabilecek
elektronik bilesenler de bulunmaktadir. Bu bilesenlerin diizgiin bir sekilde yerlestirilmesi ve
yoldan gelen sinyallere ve hatta bir ¢arpismaya maruz kaldiklarinda saglamliklarin1 korumalart
gerekir.

Mekanik Tasarim

Batarya paketinin uzun kullanim 6mriine sahip olmas1 ve yapisal olarak katastrofik bir hasara
ugramamasi igin batarya paketinin yerlestirilecegi konum ve maruz kalacagi sartlar dikkate
almarak tasarlanmasi gerekir. Otomotiv endiistrisinde tasarimlar her zaman standartlara ve
testler g6z oOniinde bulundurularak yapilir. Elektrikli araglarla ilgili standartlardan bazilari
asagida bulunan Tablo-1’den incelenebilir [16]. Aracin 6mrii boyunca bir batarya paketinden
beklenen bazi 6zellikler vardir. Bunlardan biri rijit yapinin bozulmamasini saglamaktir. Arag
seyir halindeyken bataryanin dahili entegrasyonunu bozacak iki kaynak vardir. Bunlardan biri
bataryanin bagil hareket nedeniyle maruz kaldigi yiikler, digeri ise c¢ogunlukla yoldan
kaynaklanan titresimlerdir. Batarya paketinin aracin farkli yerlerine konumlandirilabilecegi
daha Once belirtilmisti. Ancak genel kural bir sonraki paragrafta agiklanacagi gibi yolcu
koltuklarinin altina yerlestirilmesidir. Batarya braketleri ile aracin sase kollarina baglanir. Bu
braketler, batarya paketinin 6 serbestlik derecesinde sabitlenmesini saglar. Ancak ara¢ seyir
halindeyken sasi kollarina braketlerle bagl olan batarya paketinin ataletinden dolayr kendi
hareketini korumak isteyecektir. Sonug¢ olarak hem braketlere hem de sasi kollarina yiikler
olacaktir. Ayrica batarya paketine bagli hiicre iiniteleri, modiiller ve elektrikli bilesenler pilin
kendi i¢inde goreceli hareketler yapacaktir. Bu hareketler elektronik baglantilarin gevsemesine
ve kopmasina neden olacaktir. Ayrica arag¢ seyir halindeyken siirekli titresim etkisi altindadir.
Bu titresimler bataryaya yansitilirsa mekanik baglantilarda da gevsemelere ve ¢o6ziilmelere
neden olacaktir. Bu nedenle mekanik bir tasarimda parganin bagil hareketlere kargt mukavim bir
davranig gostermesi gerekmektedir. Bu konuda igin yapilan birgok ¢alisma mevcuttur.

Tablo 1 Otomotiv batarya paketlerinin mekanik tasarimlariyla ilgili standartlar [16]

Standard  Title Scope

SAE J240  Life test for Automotive Storage batteries Life test simulates automotive service when the battery operates in a voltage regulated charging
system
SAE J1766 Remmmended Practice for EV & Hybrid Vehicle Battery  Specifies test methods and performance criteria which evaluate battery spillage, retention and
Systems Crash Integrity Testing electrical isolation during specified crash tests
SAE [1797 Packaging of Electric Vehicke Battery Modules Provides for common battery designs through the description of dimensions, ter mination,
retention, venting system, and other features required in an EV application
SAE [1798 Remmmended Practice for Performance Rating of Electric  Common test and verification methods to determine EV battery module performance. Docu-
Vehicle Battery Modules ment describes performance standards and specifications
SAE J2185  Life test for heavy-duty Storage batteries Simulates heavy-duty applications by subjecting the battery to deeper discharge and charge
cydes than those encountered in starting a vehiclke
SAE [2289 Electric-Drive Battery Pack System: Functional Guidelines Describes practices for design of battery systems for vehides that utilise a rechargeable battery
to provide or recover traction energy

SAE [2344 Tedinical Guidelines for Electric Vehicle Safety Defines safety guideline information that should be considered when designing electric vehides
for use on public roadways
SAE J2380 Vibration Testing of Electric Vehide Batteries Describes the vibration durability testing of an EV battery module or battery pack
SAE [2464 Electric Vehicle Battery Abuse Testing Describes a body of tests for abuse testing of EV batteries
SAE [2929 Electric and Hybrid Vehicle Propulsion Battery System Safety performance aiteria for a battery systems @nsidered for use in a vehicle propulsion
Safety Standard application as an energy storage system galvanically connected to a high voltage power train

2009 yilinda yaymlanan US7507499B2 numarali patentte batarya modiillerinin goreceli hareket
etmeden sabitlenebilmesi igin bir tasarim yapilmistir. Bu tasarimda Sekil 5°te de goriilebilecegi
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gibi modiiler bir hiicre diizeni géze ¢arpmaktadir. Tasarimda modiiller birbirinden ¢ergevelerle
ayrilmistir. Bu ayrimim 6nemi daha sonra deginilecek olan kimyasal etkilesimlere karst direng
konusunda tekrar ele alinacaktir. Her modiil i¢in ici bos g¢ercevelerden dikdoértgen bir kasa
tasarlanmis, cergeveler birbirine gergilerle baglanmistir. Modiillerin kendi aralarinda saglam bir
davranis sergileyebilmesi i¢in kdselere konulan braketler sayesinde sekil baglantis1 yapacak
pimlerle baglanti saglanmakta ve modiiller arasina soniimleme tamponlari yerlestirilmistir [17].

Sekil 19 Batarya paketi ¢ergeve tasarimi [17]

Otomobillerde motor ve aktarma organlarindan kaynaklanan titresimin en 6nemli sebebi aracin
tam yiikte ¢alismamasidir. Aracin tam yiikte ¢alisabilmesi icin 4 tekerlegin de esit yiikte olmast
gerekir [16]. Aracin agirlk merkezinin kapali olmasi tekerleklerin yiikleme oranlarini
degistirecektir. Ayn1 zamanda agirlik merkezinin yiiksek olmasi, egimli bir yolda tekerleklerin
farkli yiiklerle yiiklenmesine neden olacaktir. Bu nedenle elektrikli araclarda bataryanin arag
geometrisinde dogru konumlandirilmasi ¢ok onemlidir. Esit ve teker oturma yiizeyine dik
dogrultuda daha algak agirlik dagilimi ile batarya yerlesimi miihendisler i¢in en iyi uygulama
olacaktir. Daha alcak kiitle merkezi ve tek bolgede agirlik dagilimi elde etmek icin calisan
mithendisler yeni bir batarya geometrisi gelistirdiler. Batarya modiillerini arka arkaya dizmek ve
aracin tabaninda biiylik bir yiizey alanini isgal etmek yerine tasarim miihendisleri farkli bir
yerlesim plani olusturdu. US8561743B2 numarali patentte goriildigii gibi bataryanin uzun
kenar1 aracin on-arka ekseninde uzanacak sekilde, gergevelerle ayrilmis alanlara iki adet modiil
yerlestirilmis ve bu dikey gergevelerin arkasina iist iiste 2 adet aracin sag-sol ekseninde uzanan
modiiller yerlestirilmistir [18]. Ust iiste yerlestirilen modiiller arka koltuk alam ile &rtiistiigii i¢in
arka koltuktaki yolcular daha yiiksekte konumlanmakta ve daha genis bir goriis agisina sahip
olmaktadir. Arag iizerindeki uygulamasi Sekil 6’da gosterilmistir.

Sekil 20 Prizmatik batarya paketi ve modiiler ¢erceve tasarimi [16]
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Aracta meydana gelen titresimin sonuglarindan birinin de elektronik baglantilarin gevsemesi
veya tamamen yerinden ¢ikmasi oldugu belirtildi. Bataryadaki elektronik baglantilar (busbarlar
gibi) i¢cin kaynak veya civata baglanti kullanilmaktadir. Civata baglantilar titresim sonucu
gevseyebilir, kaynakli parcalarin tekrar ¢ikarilamamasi sorunu vardir. Bu nedenle Mitsubishi
biinyesinde ¢alisan Takumi Oya, batarya paketi i¢cin yeni bir baglanti yontemi gelistirdi.
8580427 numarali patentte elektrik baglantilarin1 uzun siire koruyabilen bir batarya paketi
tasarimini  agiklamaktadir. Bu tasarimda, elektrot terminalleri, genisligi 6n ugtan batarya
paketine dogru kademeli olarak azalan konik bir siitun seklinde elastik olarak deforme olabilen
iletken bir malzemeden olusturulmustur. Ayrica 6n ucun bir kismi c¢evresel yonde bir oluk
kesilerek parcalara ayrilir. Bu, elektrot terminalinin baglant1 elemaninin agik deligine kolayca
sokulmasini saglar. Elektrot terminallerinin ve agik deligin her biri konik bir siitun seklinde
olusturuldugundan, elektrot terminallerinin baglantidan ayrilmasi 6nlenebilir [19].

Yapisal Tasarim

Bir iilkeye ve bolgeye yeni bir araba satabilmek i¢in, aracin o pazarin homologasyonlarini
karsilamas1 gerekir. Bu nedenle arac iizerinde bircok test uygulanmaktadir. Baz1 farkliliklar
olmakla birlikte tiim pazarlarda araglara Onden, yandan ve arkadan carpigsma testleri
uygulanmaktadir [16]. Bu testlerin amaci, otomobillerin yeterli crashworthiness degerlerini
saglayip saglamadigini gormektir. Crashworthiness, ara¢ govdesinin bir kaza aninda yolculari
korumak i¢in enerjiyi sogurma yetenegi olarak tarif edilmektedir. Binek otomobiller igin en
onemli tasarim kriterlerinden biridir [20]. Elektrikli araglarda da bu testler uygulanmakta ve
yagsam kabinine girisimin yani sira batarya kaynakli elektrolit dokiilme olup olmadigi da kontrol
edilmektedir. Bu test FMVSS 305 ve SAE J1766 standartlarinda tanimlanmistir. Testi basarili
bir sekilde gecebilmek icin bataryanin aragta uygun yerlestirilmesi ve batarya paketinin
carpmadan meydana gelecek enerjiyi bir stratejiye bagh kalarak biiylik bir hasara ugramadan
gecmesi gerekmektedir. Tablo 2°de bazi elektrikli araglarin batarya konumlari listelenmistir.
Tablo 2 Batarya paketleri ve aragtaki konumlar

Vehicle Battery Electric range Battery
-_————  (km) location
Chemistry Size
(KWh)
Bolloré Bluecar Lithium-ion 30 250 (City) Centre
Polymer 150 (Highway)
BMW i3 Lithium-ion 188 130-160 Centre
Nissan Leaf Lithium-ion 24 121 (EPA) Centre
200 (NEDC)
Ford Focus Lithium-ion 23 122 (EPA) Rear
Electric
Tesla Model 5 Lithium-ion 60 335(EPA) Centre
85 426 (EPA)
BYD e6 Lithium-ion 61.4 300 Centre
Fiat 500e Lithium-ion 24 140 ( EPA) Rear
Toyota RAV4 EV Lithium-ion 35 166 (EPA) Centre
Chevrolet Spark Lithium-ion 213 132 (EPA) Rear
EV
Volkswagen Lithium-ion 242 190 ({ NEDC) Centre
e-Golf
Mitsubishi | MIEV Lithium-ion 16 100 (EPA) Centre
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Yukaridaki tablodan da goriilecegi iizere Ford Focus aragta batarya aracin arka kismina
yerlestirmektedir. Aracin yasal zorunluluklar1 karsilayacak sekilde arkadan carpma testinde
gecebilmesi icin batarya tasarinu ve yerlesiminde stratejiler benimsenmelidir. Ilk akla gelen
¢Oziim kompakt ve rijit bir batarya paketi {iretmek olsa da bu ¢6ziim daha fazla maliyetli oldugu
icin Ford miihendisleri farkli bir ¢6ziim ortaya koymuslardir. Ford miihendislerinin
US7070015B2 numarali patentte gosterdikleri yontemde batarya paketinin enerjiyi
soniimlemesi yerine hareket ederek kazadan kaginmasi stratejisi benimsenmistir. Bataryanin 2
noktadan rijit baglantilar1 yapilir ve aracin arka tarafi boylamsal olarak deforme oldugunda arka
tarafta kalan baglant1 bir hareket konvertorii gorevi gorerek bataryanin baglandigi yiizeyle
beraber bir taraftan yiikselmesi saglanir [21]. Bu sayede batarya paketinin hasar gormesi
engellenir. Patenten alinmig bir sematik ¢izim Sekil 7°de mevcuttur.

Sekil 21 Arkadan ¢arpa icin batarya paketi yerlesim ¢oziimii [21]

Kaza testlerinin en zorlarindan bir tanesi yandan ¢arpma testidir. Onden carpa gibi bir enerji
soniimleyecek bolge olmadigi i¢in hayat kabinine dogrudan girisimler meydana
gelebilmektedir. Bunun i¢in araglarda B diregi bolgesi mukavemeti yiiksek ¢eliklerden daha
giiclii sekilde dizayn edilirler. Batarya paketinin yerlesimini aracin tavanina yapan elektrikli
araglardaysa hayat kabinin yaninda bataryanin da bu testten gegmesi gerekmektedir. Tesla
Motors mithendisleri tarafindan alinan US8702161B2 patentte batarya paketinin bu testten
gecebilmesi i¢in enerji sonlimleyecek ve dagitabilecek yeni bir geometri gelistirilmistir. 6000
serisi ¢elikten imal edilen aracin yan korumalari (side silly) ekstriizyon yontemiyle i¢i
bosaltilarak imal edilmekte ve daha sonra ¢okelme sertlestirilmesi yontemiyle
sertlestirilmektedir. Bu sayede topoloji ¢aligilarak daha diisiik agirliklarda mukavim bir yap1
tasarlanmistir. Kare kesite sahip reaktif yap1 ve enerji soniimleyecek bir dikdortgen kesitli
yapidan imal sistem diyagonal islenmis i¢ duvarlarla saglamlastirilmigtir [22].

Termal Tasarim

Lityum-iyon pillerin neden oldugu yanginlar uzun siiredir medyada yer almaktadir. Lityum-iyon
pillerin tutusmas: ¢ok zor olsa da yanmaya basladiklarinda ortaya ¢ikan 1s1 ve sicaklik gok
yiiksektir. Li-iyon piller yanmaya basladiginda yanginlarin sondiiriilmesi de zordur. Bu nedenle
hiicre iinitelerinde meydana gelecek bir tutusma durumunda en az hasara yol agacak yapisal
tasarimin yapilmasi gerekmektedir. Yapisal tasarim parametrelerine baglamadan 6nce 6nemli bir
terimi aciklamak gerekir: Isil siiriikklenme (Thermal Runaway). Isil siiriiklenme bataryanin
icerisinde meydana gelen zincirleme kimyasal reaksiyonlar neticesinde bataryadaki sicakligin
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hizli bir sekilde yiikselmesidir [23]. Meydana gelen ekzotermik reaksiyon sonunda ortaya ¢ikan
181 batarya paketinin yanmaya baslamasina sebebiyet verir. Hiicrelerdeki kisa devreler, fiziksel
miidahaleler veya asir1 termal yiikler, 1s1l siiriklenmenin nedeni olabilir. Genellikle Li-iyon
pillerin 50 °C'nin altinda calistirilmas1 onerilir. Piller tutustugunda hidrokarbon gaz1 salarlar ve
yiiksek 1s1 enerjisi iiretirler. Bu sicaklik ¢ok yiiksek derecelere ¢iktigi icin etrafindaki her seyi
eritir. Bu nedenle 1s1l siiriiklenme kosullarinda sicakligi ve gazlari kontrol edecek bir batarya
paketi tasarlamak biiyiik onem tagimaktadir.

Pildeki hiicrelerden biri tutustugunda bunun diger hiicrelere iletilmemesi batarya paketi
tasarimindaki en onemli faktdrlerden biridir. Pil Hiicrelerinin anlatildigr boliimde daha once
aciklandigr gibi, EV araglarinda daha ¢ok modiillerden batarya paketi olusturulan tasarimlar
tercih edilmektedir. Modiiller, batarya paketlerinde miimkiin oldugunca birbirinden bagimsiz
olarak yerlestirilirler. Bunun nedeni bir hiicrede 1sil siiriiklenme bagladiginda diger modiillerin
etkilenmemesini saglamaktir. Genellikle bu uygulama kese ve prizmatik hiicreli pillerde
kullanilmaktadir. Silindirik hiicreli piller igin, hiicreleri birbirinden uzak tutmak daha
karmagiktir. Hiicreleri birbirinden ayirmak i¢in bir¢ok ¢alisma yapilmaktadir. Bu ¢aligmalardan
bir tanesi de her bir pil hiicrelerini birbirinden ayirmaktir. Pilleri birbirinden ayirmak {izerine
yapilan fikirlerden bir tanesi US8481191B2 numarali patentte mevcuttur. Bu ¢aligmada Westan
Arthur Hermann, hiicreleri onceden belirlenmis konumlarda tutan sabit aralayicilarin
kullanilmasinin, pilin i¢indeki hareketi engellemesini ve bitisik pil hiicresi birimleri arasinda bir
termal bariyer gorevi gormesini Onermektedir. Bu konfigiirasyonda, bir pilin 6zgiil enerji
verimliligi daha az olacak, ancak olasi 1s1l siiriiklenme yayilimi 6nlenecektir [24].

EV tasariminda, batarya paketinin i¢inde uygun bir egzoz sistemi de bulunmalidir. Isil
siiriiklenme asamasinda ortaya c¢ikan sicak gazlar tahliye edilmezse bataryanin i¢ basincinin
yiikselmesi sicakliginin daha da artmasi s6z konusu olacaktir. Ayni zamanda bu gazlarin
solumasi tehlikeli olacagi igin ara¢ igine ulasmadan tahliye edilmesi biiyiik 6nem tagimaktadir.
Kimyasal gazlarin tahliyesi i¢in bir ventile ihtiya¢ vardir. Bunun icin bataryanin igine
havalandirma delikleri yerlestirilmelidir. Bu salinimi yapacak ventiller yiiksek sicakliklara
dayanabilecek, gazin igeriden disariya kagmasina izin verecek, ancak disaridan igeriye kiitle
gecisini Onleyecek bir tasarima sahip olmalidir. Isil siiriiklenme ile birlikte pil takimindaki
basing ve sicaklik artacaktir, kontrollii gaz cikisi i¢in yliksek erime sicakligina sahip seramik
veya metal menfezlerin kullanilmasi uygun olacaktir. Bu menfezler artan basingla agilabilecek
yapida olmalidir [16]. Boyle bir ventilin tasarimi US8663824B1 numarali patentte mevcuttur
[25]. Ventilin patentten alinmig gorseli Sekil 8’de mevcuttur.
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Sekil 22 Batarya gaz ventili [25]

Elektrikli araglardaki bataryanin 50 °C'nin altinda ¢alismasi gerektigi daha 6nce belirtilmisti.
Ayni zamanda pilin uzun 6miirlii olabilmesi i¢in hiicre i¢i sicaklik farkinin da g¢ok yiiksek
olmamas1 gerekmektedir. Batarya Termal Kontrol Sistemi bir tasarim kriteri i¢in olmazsa
olmazdir. Temel olarak, batarya paketi igin termal kontrol iki sekilde yapilir: Aktif ve pasif
termal kontrol. Pasif termal kontrol, pilin malzemeleri ve geometrileri ile pilin etrafindaki
bilegenlerin maksimum 1s1 transferine izin verecek sekilde tasarlanmasiyla yapilir. Bu sekilde
sogutulan piller, aliiminyum gibi 1s1l iletkenligi yiiksek bir malzemeden aldig1 1s1y1 ortama
aktararak sabit bir sicaklikta kalabilecektir. Bu yontem ayni1 zamanda heat pipe cooling olarak
da adlandirilir. Bu yontem ucuz olsa da zorlu ¢evre sartlarinda ve kullanim kosullarinda yetersiz
kalacaktir. Aktif termal kontrolde, 1s1 hiicrelerden zorlanmis akis yoluyla uzaklastirilir. Bu
akiskan s1vi1 fazda olabilir, faz degistiren maddelerden (PCM) olabilir veya hava olabilir. Hava
sogutmali sicaklik kontrol sisteminde batarya mahfazasina yonlendirilen hava sogutulur veya
sitihirken, kapali devre sistemlerde 1s1l kontrol i¢in kullanilan, tizerinde kanallar bulunan bir sac
icinde siv1 fazindaki bir akiskan sirkiile edilir. Sogutma sivisi ile sogutulan Chevrolet Bolt
aracinda da bu kanalli sac parca iizerinde termal pad kullanilmasi uygun goriilmiistiir. Bu termal
bariyerler ayni zamanda bir Onceki boliimde bahsedilen modiiller arasinda bir bosluk
olusturmakta ve bdylece 1s1l siiriiklenmeye karst 6nlem alinmaktadir. Diger tasarim ¢dzlimleri,
silindirik hiicrelerin kullanildig: pillerde kullanilmaktadir. Bu tasarimlardan biri de Trumony
sirketi tarafindan gelistirilen aliiminyum malzemeden iiretilen kanalli duvar yapisidir. Bu
sistemde akigkan kanal igerisinde dondiiriiliir ancak bu kanal yatay bir sac parg¢asinda degil,
hiicreleri saran bir bariyer igerisindedir.

Sonug¢

Cevreci endiseler ve yasal zorunluluklar sebebiyle elektrifikasyon siirecini hizlandirm otomotiv
sektoriinde elektrikli araglarin en kritik pargalarindan olan bataryalarin araglara giivenli ve
verimli bir sekilde entegrasyonunun saglanmasi gerekmektedir. Bu ¢alismada da goriilmiistiir ki
batarya paketlerinin tasarimi ve yerlesiminde c¢ok farkli zorluklarla karsilasilmaktadir. Bu
zorluklar ¢alismada mekanik, yapisal ve termal tasarim bagliklar1 altinda incelenmistir. Her
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baslik altinda tasarim zorluklarinin yan1 sira bu konuda seri tiretime ge¢mis fikirler ve patentler

degerlendirilmistir.
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Abstract: Nanoparticles have been shown to demonstrate superior physical,
mechanical, chemical, and optical properties due to their high surface area and
nanoscaled size. Therefore, nanomaterials offer tremendous possibilities and great
hope for precise medicine of the 21st century. Breast cancer is one of the most
common diseases among women worldwide. Surgery, chemotherapy, and
radiotherapy are traditional and most preferred treatment strategies for the majority
of cancers. Despite their success in the earlier stages of cancer, it is not always
possible to get favourable outcomes during the later stages. One of the largest
drawbacks of chemotherapy is the high non-specific toxicity of anticancer drugs
causing toxic effects also on healthy cells. Another drawback of conventional
chemotherapy is the rapid excretion of anticancer drugs from the organism. There
are combination therapy studies in the literature related to immunotherapy of breast
cancer using survivin and alum adjuvant but to our best knowledge there is no study
to focus on immunotherapeutic features of this combination with PCL polymeric
nanoparticles. Therefore, objective of this study is development of a new polymer-
based formulation containing survivin recombinant protein and alum adjuvant for
immunotherapy of breast cancer. For this purpose, MCF-7 breast cancer cells
antigen are prepared by the Freeze-thawing method. Antigen and doxorubicin-
loaded PCL nanoparticles formulated by double emulsion solvent evaporation
method and physicochemical features characterized by dynamic light scattering
(DLS) and scanning electron microscopy (SEM). Formulated NPs combined with
survivin (RP) and alum adjuvant, prepared formulations were exposed in different
concentrations (5, 10, 25, 50, 100) with J774 macrophage cells to determine
cytotoxicity. Nitric oxide (NO) assay was performed to determine the nitrite level
that stimulates by nanoformulations in a combination of RP and adjuvant.
According to DLS and SEM results, NPs were in sphere form and had a scale of
200-250nm. MTT assay showed that formulated NPs didn’t have a significant toxic
effect on the J774 cell line and cells had more than 80% viability in all
concentrations while the free form of doxorubicin (DOX) at the same concentrations
showed highly toxic effect on macrophage cell lines. NO results demonstrated that
NPs in a combination of RP and adjuvant stimulates J774 cells to produce more NO
in compare with control group. In vitro results revealed that PCL nanoparticles in
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combination with survivin RP and adjuvant are highly promising for immunotherapy
of breast cancer in the future.

Key words: breast cancer, immunotherapy, nanoparticular delivery systems,
survivin recombinant protein
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Ozet: Bruselloz hayvancilikta ciddi kayiplara sebep olan zoonotik bir hastaliktir.
Ulkemizde Bruselloz’a karsi koruma olusturulmas: amaciyla SI19  agisi
kullanilmaktadwr fakat S19 asisi biiyiikbas hayvanlarda abortus gibi istenmeyen
durumlara sebep oldugundan yeni asi gelistirme c¢alismalarina ihtiyag
duyulmaktadwr. Bu ¢alismada da Brucella abortus bakterisine karsi asi
gelistirilmesine zemin hazirlanmast amaciyla Brucella abortus Omp25 proteininin,
ilk kez elde edilmis olan Brucella abortus EipB proteininin ve bu proteinlerin
PLGA (poli(laktik-ko-glikolik  asit)) ile nanopartikiil —haline  getirilmis
formiilasyonlarmmin in vitro immiinostimiilan etkinlikleri incelenmis ve in vivo
hiimoral yamti indiikleme diizeyleri 6l¢iilmiistiir. Bu amagla, in vitro ¢alismalar
kapsaminda nitrik oksit tayini yapilmis, MTT (3- (4,5-dimetiltiyazol-2-il) -2-5-
difeniltetrazolyum bromiir) ile sitotoksisite analizi gerceklestirilmistir. RAW-264.7
fare makrofaj hiicreleri iizerinde sitotoksik etki gostermeyen Omp25 proteini icin
16 ug/ml, EipB proteini igin 64 ug/ml konsantrasyonlart in vivo ¢alismalarda
BALB/c farelere kas icinden enjekte edilmistir. 4’er hafta arayla enjeksiyon
yapilmig ve her enjeksiyondan once farelerin mandibular veninden kan alinip,
santrifiij yapumustir. Santrifiij neticesinde elde edilmis olan serumlardan ELISA
(Enzyme-Linked Immunosorbent  Assay)  ydntemiyle  antikor  tayini
gerceklestirilmistir. 4. enjeksiyonun akabinde antikor miktarlarinda kontrol
grubuna gore anlamli diizeyde artis goriildiigiinde Brucella abortus bakterisi,
koruma deneyi icin farelere periton iginden enjekte edilmistir. 4 hafta sonra fareler
sakrifiye edilmis ve koruma deneyi sonug¢lari icin dalaklari kanl agara ekilmigtir.
Mevcut koloni sayilarina gore rekombinant protein formiilasyonlarinin Brucella
abortus’a karst koruyuculuk diizeyi 6lciilmiistiir. Elde edilen sonucglara gore hem
serbest halde protein hem de protein yiiklii PLGA nanopartikiilleri ile immiinize
edilen farelerin dalaklarindan elde edilen kiiltiirlerde bakteri koloni sayisinin
kontrol grubuna gére anlaml bir diisiis gosterdigi ortaya ¢ikmustir. Bu durum
immiinizasyonda kullanilan formiilasyonlarin koruyuculuk diizeylerinin olduk¢a
yiiksek oldugunu gdéstermektedir. Bu ¢alisma kapsaminda elde edilen sonuclar
Omp25 ve EipB proteinlerinin ve bu proteinler ile hazirlanan
nanoformiilasyonlarin giiclii bir sekilde immiinostimiilan ve koruyucu etkinlik
gosterdigini  agiga ¢ikarmistir.  Elde edilen sonuglara gére uygulanan
formiilasyonlarin  gelecekte Bruselloz’a karsi as1 adayt olarak kullanilma
potansiyellerinin oldukga yiiksek oldugu diisiiniilmektedir.

Anahtar Kelimeler: nanopartikiil, in vivo, brucella abortus, protein
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Ozet: Kiiresel iiriine sahip olan firmalarin pazarda rekabet edebilmeleri ve rakip
firmalarin éniinde olabilmeleri agisindan zorluklar yasamaktadir. PLM (Uriin
Yasam Déngiisii) modiiler yapisi ile kiiresel iiriine sahip firmalarin siire¢leri etkin
yonetilebilmektedir. Uretici firmalarin kiiresel iiriin elde edebilme ve kiiresel iiriine
sahip olduktan sonra rekabet¢i pazarda lider olabilmeleri agisindan zorluklar
yasamaktadir. Uriin Yasam Déngiisii uygulamalar ve/veya yazilim programlarini
elinde bulunduran iiretici firmalar, finansal performans ile pazara ilk girebilen
tiriin - avantaji - saglayabilme, iiriin maliyetlerinde iyilestirmeler yapabilme,
miihendislik degisiklik siireclerini etkin yonetebilme, iiriin kalite siireglerinde
ivilestirmeler ile kusurlu iiretim siireglerine sahip iiriinler-hasarlt iiriinler ve
miisteri sikayetlerine sebep agan durumlart azalmasina olanak saglamaktadir.
Uriin yasam déngiisii ile kiiresel iiriinlerde is gelistirme faaliyetleri yapilarak
venilikgi tiriin elde edebilme hizi rakip firmalara gore daha onde olabilmektedir.
Uluslararast pazarlarda onemli yer tutan kiiresel iirtinlerin rekabet¢i Pazar
ortaminda kalabilmeleri agisindan birtakim degisiklikler (renk, boyut, stil, iiriin
icerigi...) tizerinden degisikler yapmasi gerekmektedir. Degisikliklerin yonetilmesi
ve etkiledigi alanlarin belirlenebilmesi icin Uriin Yasam Déngiisii ile degisiklik
siireclerin - yonetilmesi gerekmektedir. Uriiniin  fikir asamasindan pazardan
cekilmesine kadar gecen siiregte tiim bilgilerin ve siireglerin entegre ve etkin
yonetilmesine olanak saglayan Uriin Yasam Dongiisii ile kiiresel iiriinlerin
degisiklik kararlart rekabet¢i Pazar ortaminda zamaninda ve dogru sekilde
yiiriitiilebilecektir.

Anahtar Kelimeler: Kiiresel Uriin, Kiiresellesme, PLM

Kiiresel trlinler genellikle farkli stirlimleri, renkleri ve boyutlari olan {irlinlerdir. Dénemsel
olarak yeni siirlimleri piyasaya sunulan ve Uluslararas: etkinliklerde 6zel tasarimlari olabilen

urinlerdir.

Kiiresel Uriinler tiiketici tarafindan tercih edilen, bilinen ve desteklenen iiriinler olabilir, bu

durumda genellikle diinya ¢apinda tiiketiciler tarafindan bilinen marka adina sahiptir.

Kiiresel iriinler tiiketiciler tarafindan begenilen, hayatlarin her alanlarmda giivenlikle
kullanilabilen driinlerdir, tiiketicilerin kullanimini saglayarak iyi hissetmelerini saglamaktadir.

Kiiresel Uriin, asagidaki 6zelliklere sahip iiriindiir:

Tium diinyada satin alinabilir ve kullanilabilir
Tim diinyada korunur ve desteklenir

Kiiresel Uriin, asagidaki 6zelliklere gore iiretilmis bir iiriindiir:

Diinyanin bir¢ok yerinde gelistirilir ve tasarlanir
Diinyanin bir¢ok yerinde malzeme ve parcalardan bir araya getirilir.
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Kiiresel Uriin

Kiiresel Uriinler tiiketicilere biiyiik firsatlar sunar. Daha 6ncesinde erisim olmayan iiriinlerin
milyarlarca insanlarin faydalanmasina olanak saglar. Sirketlerin 6 milyardan fazla kullanici
bulunan triinleri pazara sunmalarin saglar.

Kiiresel irtinlerin piyasada satis ve kar firsatlar1 yiiksektir; bir yandan da potansiyel olarak
risklere sahiptir. Son zamanlarda kiiresel 6zelligi barindiran sirketlerin satig ve kar firsatlar
yiiksek olmaktadir. Gegmiste bir¢ok sirket uluslararasi veya c¢ok uluslu olmasina ragmen,
yalnizca birkaci diinya ¢apinda bir iirlin sunabildi. Sebebi de kiiresel olgiide dnem tasiyan
iilkelerin i¢ ve dis kaynakli ekonomik, politik, kiiltiirel sorunlar ile miicadele etmesidir. (Cin,
Hindistan, Sovyet Rusya...)

Kiiresel iiriin bulundurmak isteyen sirketler i¢in, potansiyel pazar bolgesel pazardaki {iriin icin
birkag¢ yliz milyon miisteri degil, diinya ¢apinda 6 milyardan fazla miisteridir. Bu, bircok sirket
icin potansiyel pazarin simdiden dncekinden 20 kat daha biiylik (Resim:1) oldugu anlamina
geliyor.

VERIFIED
MARKET $12228
RESEARCH BILLION

$ 59.02
BILLION

Global
Product Lifecycle
Management Market

2022-2030

Resim 1: Pazarin yillar iginde beklenen bilylime hiz

Kiiresel trinlerin sundugu firsatlar, binlerce calisgani olan birkag biiylik sirketle simirlt
olmamakla birlikte onlarca veya yiizlerce ¢alisami olan kiigiik ve orta dlgekli sirketler i¢in de
mevcuttur. Kiigiik 6lcekli sirketler, iiriiniinii dogrudan diinya ¢apindaki son kullanicilara ve
tiiketicilere satabilir. Alternatif olarak, tirtinlerini, miisterilerine sundugu tirtinlere dahil edecek,
diinya ¢apinda faaliyet gosteren daha biiyiik bir sirkete tedarik edebilir.

Kiiresel Uriin Zorluklari

Kiiresel {irlinler potansiyel miisterilere kolay ulasilabilir iiriinlerdir. Hayatin her yerinde
kolaylikla goriinebilir, karsilasilabilir ve duyulabilirlerdir. Tiiketiciler kiiresel triinleri mutlu,
saglikli ve giizel insanlar tarafindan kullanildigini diisiinmektedirler ve deneyimlemek isterler.
Uriinii deneyimlemek igin para ddemeye isteklidirler. Kiiresel iiriinler kolaylikla ulasilabilir,
belgeleri ve talimatlar tiiketicilerin anadiline gére diizenlenmistir.
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Kiiresel {iriinler iilkelerin cografi kosullarina, diline, dinine ve kiiltiiriine uygun olarak
diizenlemislerdir. Tiiketicileri rahatsiz eden, tehdit eden simge ve unsurlardan olusmazlar.
Diinyanin her yerinde tiiketicinin sahip olmak istedigi {iriin olmak isterler.

Kiiresel iriinlerin miisterileri ve tiiketicileri kullandiklar1 iriiniin kiiresel iiriin oldugunun
farkinda bile olmayabilir. Uriiniin nasil gelistirildigi, iiretildigi ve pazara sunuldugu ile
ilgilenmeyebilir. Uriinden sadece beklenildigi dzelliklere sahip olmasr istenilmektedir.

Sirketlerin géztinden kiiresel tirtinlerin zorluklart:

. Uriin gelistiren, pazarlayan, iireten ve/veya destekleyen sirketlerin Kiiresel Uriinler
firsatina sahip olmalari isteniyorsa asagidaki bilgilerin netlestirilmesi gerekir:

. Bu tiir tirtinlerin sunuldugu cografi Pazar bilgileri, biiyiikliikleri bilinmesi gerekir.

. Yeni bir Kiiresel Uriinii diinyanin her yerine ayni anda mu tanitilmasi yoksa onu
once bir pazarda, sonra digerlerinde mi tanitilmali netlesmelidir.

. Her yerde miisteriye dogrudan mi satmali yoksa {igiincii sahislar araciligryla mi satig

yapilmast gerektigi bilinmelidir. Bazi {ilkelerde dogrudan, digerlerinde tgiincii
sahislar araciligiyla mi satis olmalidir. Her yerde miisterilere dogrudan destek mi
saglanmali yoksa ii¢iincii taraflar araciligiyla m1 destek verilmelidir? Web {izerinden
satig yapilmal kararlagtiritlmalidir.

. Her yerde aym fiyata mu sahip olunmali yoksa fiyati her pazara goére mi
ayarlanmalidir? Fiyat birimi firmanin kullandigi Merkez Ofis para birimim mi
yoksa miisterinin para biriminde mi verilmelidir? Her yerde aymi fiyata satis mi
yapilmali ve satisin dolar, Euro veya Yen olarak mi verilmelidir? D&viz kurlari
degistiginde neler olabilir, hangi fiyatlar1 degismelidir bilinmesi gerekir.

. Tim diinyadaki miisteriler i¢in tek bir tiriin mii olmalidir? Yoksa her kita i¢in farkli
bir iirlin mu olmalidir yoksa her iilke i¢in farkli bir {irtin mii sunulmalidir?

. Kiiresel tiriinler satan firmalar icin mimari yapisi ne olmalidir, {iriin modiiler mi
yapida olmast mi gerekir? Uriin modiillerine nasil karar verilmelidir? Modiiller
arasindaki ara yiizleri nasil tanimlanmasi gerekir yoksa ara yiizler lilkeye 6zel mi
olmalidir. Uriin platformlar1 olmali midir ve Platformlar modiillerle iliskilenmesi
gerekir. Yerel ozellestirmelerle diinya capinda satilabilecek bir temel iiriin olmali
midir? Diinya capinda satilabilecek bir iirlin yapilmast durumunda, ayni iriini
yapabilen diinyadaki diger sirketler iizerinde pazar liderligini nasil siirdiriilebilir?
Firmalarin yetkinlikleri arasinda hangi 6zellik rakiplerden farkli ya da 6nde olmast
gerekir?

. Kiiresel Uriinleri nerede gelistirmeli ve en iyi tiiketici toplumunu bir araya getirip
onlara diinyanin en iyi araglarin1 sunabilecek tek bir yerde mi bulunmalidir? Pazara
daha yakin olabilmek i¢in, her yerde simirli kaynaklar anlamina gelse de birkag
bolgesel lokasyonda gelisme yasanmali mudir? Uriinii tek bir yerde gelistirip
ardindan ayn siiriimii diinya ¢apinda mi sunulmasi gerekir yoksa tek bir yerde
gelistirmeli ve ardindan bu gelismeyi diinyanin farkli yerlerinde mi yerlestirimi
yapilmalidir. Diger yandan tim lokasyonlar, daha sonra yerel varyasyonlarla
iiretilebilecek ortak bir iiriin gelistirmek i¢in birlikte mi ¢aligsmasi daha uygun olur.
Uzak yerlerdeki miisteriler icin ne gelistirilmesi gereken alanin bilinmesi nasil
yapilmalidir. Hangi gelistirme projelerinde ¢alisiimast gerektigini nasil bilinmelidir.
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Farkli lokasyonlarda, farkli yonetim yapilarina sahip sirketleri iceren gelistirme
projelerini nasil yonetilmelidir.

. Uriinler kendi biinyemizde mi iiretilmesi daha uygun olmalidir yoksa kendi firmalar
tirtinleri kendi biinyelerinde mi toplamalidir? Tiim {iretimlerde diisiik maliyetli bir
tilkede kurulmasi gereken yeni bir yan kurulusa mi taginmasi daha uygun olur.
Uretimi disaridan yapilmasi daha avantajli bir durum mudur?

. Her zaman tercih edilen tedarikgiler ile mi galigilmalidir, yoksa her zaman en diisiik
maliyet temelinde mi se¢im yapilmasi gerekir. Doviz kuru degisikliklerinin bir
sonucu olarak, bagka bir tedarik¢i daha Once tercih edilen diisiik maliyetli bir
tedarik¢iden daha diisiik maliyetli hale gelirse nasil yol izlenmelidir. Tasarim,
gelisim ve pazarlama faaliyetleri disaridan temin edilmesi gerekir. Hangi faaliyetler
dis kaynak kullanilmali, neleri iiretici firmalar i¢inde tutmasi gerekir?

. Diinyanin dort bir yanindaki miisteriler iiriinler hakkinda bilgileri nasil olmasi
gerekir, bilgilendirmeler hangi dilde olmasi gerekir.
. Bilgilendirmeler nasil yapilmasi gerekir, Web iizerinden, televizyon, dergiler,

gazeteler, reklam panolarinda mu bilgilendirmeler yapilmasi gerekir.

Pratik Hususlar ve Potansiyel Riskler

Kiiresel triinler, milyarlarca miisteri, biiyiik 6l¢iide artan satiglar ve biiyiik Ol¢lide artan kar
firsat1 sunar. Sirketler icin diinya ¢apinda {iriin gelistirmek ve desteklemek, milyarlarca dolarlik
sattg hacimlerine sahip olmanin riskleri de vardir. Sirketler igin ters giden durumlarin olmasi
durumunda milyarlarca potansiyel miisteri i¢in sorun olabilir ve bu durum satisin olmamasi ile
birlikte sirket calisanlarin igini kaybetmesine engel olabilir.

Kiiresel iriinlerin 6mrii boyunca herhangi bir zamanda problemler ortaya g¢ikabilmektedir.
Yagsanan problemler proje asamasinda, seri iretimde bazen de son kullanici da sorun
olabilmektedir. Yasanan problemler, {iriin fikir asamasinda ortaya ¢ikabilmektedir ya da bazen
iirlinlin 6mriiniin sonunda olabilmektedir. Kiiresel iiriinler i¢in bu tiir sorunlarin olusmamasini
saglamak biiyiik bir zorluktur.

Kiiresel Uriinlerde Degisim

Kiiresel iiriinlerin firsatlarini ve potansiyel sorunlarini anlamak, sorunlari ¢ozebilmek ve
cozlimleri gelistirmek kolay olmamaktadir. Kiiresel iiriiniin kullanilacagi pazarin ve hedef kitle
ozelliklerini iyi bilmek gerekmektedir; bdylece yasanan problemlerin iistesinden gelmek ve
firsat olusturabilmektedir. Gerekli ¢oziim yollar1 elde etmenin zorlugunun nedenleri arasinda,
kiiresel {irtin ortamindaki yiiksek diizeyde karmasiklik ve degisim yer almaktadir.

Uriin ¢esitliligin artmasi ve siiriimlerin, tasarimlarin, boyutlarin degismesi ile birlikte yeni
triinlere ihtiya¢ duyulmaktadir. Yeni Uriinler arttirilmasi ile birlikte karmasiklik artmaktadir.
Sirketler tek bir iirin satmasi durumunda; tam olarak ka¢ tane iriin {retip satacagini
planlayabilir, kiiresel niifus arttik¢a Pazar biiyiikliigii de dogru orantili olarak artacakti. Tek bir
iriin ile piyasa da kiiresel konumda yer alan sirketler deneyim egrisinden asagi indikge,
maliyetleri azaltabilecekti ve karlari artirirlardi.
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Sirketlerin karsilastig1 degisiklikler arasinda artan iriin degisiklikleri, kiiresellesme, jeopolitik
gelismeler, sosyal ve saglik sorunlari, degisen is modelleri, gelismis telekomiinikasyon, ulagim
ve seyahat, yeni teknolojiler, yeni IS uygulamalari, yeni sirket yapilari, yeni miisteri
gereksinimleri, trlinlerdeki degisiklikler, hissedar etkileri, finansal piyasa etkileri, diizenleme,
cevresel kaygilar ve siirdiirtilebilir kalkinma konulari yer almaktadir.

Kiiresel Uriinlerde Karmasiklik

Kiiresel iiriin sunan sirketler degisiklikleri yonetmekte zaman zaman zorluk yasayabilmektedir.
Bazi durumlarda degisiklikler i¢ ice gegebilmektedir. I¢ ice gecen degisiklikler ile {iriin ortami
karmasiklagsmaktadir; bu durum degisikliklerin ne oldugu, neden degisikligin yapildig1 ve
degisikligin sirketi ile tirlinii nasil etkiledigi zorlagmaktadir.

Degisikliklerin olmasi bazen sirketler icin firsatlar yaratmakla birlikte bazen de sorun
yaratabilmektedir. Bazi durumlarda yapilan bir degisikligin ileride daha fazla degisimin sebebi
olabilmektedir. Yapilan degisiklikler; degisimlerin ve doniisiimlerin kaynagi olabilmekte ve
giderek cevaplarin verilemeyecegi zor durumlara yol agabilmektedir.

Degisiklikler ile birlikte olusan riskler yalnizca bir bilesen veya ortam {izerinde yonetimi kolay
olabilmektedir. Cogu zaman degisiklikler arkasinda degisimleri getirmesinden dolay1 riskler
artmaktadir ve yonetimi zorlagsmaktadir.

Kiiresel iiriine sahip olan sirketlerin karsilastig1 sorun yaratan zorluklar:

. Kiiresellesme

. D1s kaynak kullanimi, ¢ok sahali faaliyetler

. Kurumsal yeniden yapilanma

. Cok kilturlii, ¢cok dilli ortamlar

. Artan {lirtin/¢6ziim/hizmet karmasikligt

. Hissedarin degeri artirma talepleri

. Toplu 6zellestirme ve kigisellestirme

. Mobil iletisim

. Uriin izlenebilirligi

. Stirdiiriilebilir Kalkinma

. Geri doniistim direktifleri

. Bilgi sistemlerinin evrimi ve karmasikligi

. Isbirligine dayali {iriin gelistirme

. Siire¢ odaklilik ve degisim mithendisligi

. Arag¢ Kutusu Bilgi Sistemleri
Kiiresellesme

Sirketler i¢in kiiresellesmenin kiiciikte olsa etkisi bir¢ok etkisi olabilmektedir. Olumlu etkilerin
diriinlerin veya hizmetlerin diinya ¢apinda bilinme olasiligim1 arttirmaktadir ve satma firsati
saglamaktadir.

Kiiresellesmeye sahip sirketler yeni miisterileri kolaylikla elde etme ve satis hacimlerini arttirma
imkanlarina sahip olabilmektedir.
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Kiiresellesme ile birlikte kiiciik, orta biiyilikliikteki sirketlerin bile dahil oldugu rekabet ortami
olugsmaktadir. Rakip firmalarin benzer iriinleri pazarda rekabet edebilmeleri icin daha iyi
maliyet/performans ile birlikte 6ne ¢ikarabildigi goriilebilmektedir.

Kiiresellesme ile birlikte sirketler bir¢ok alanda miisterilerin ulasabilecegi konumda olabilme,
miisteri beklentilerini anlayabilme ve birden fazla alan ve platformda iiriin satabilme 6zelligine
sahip olmaktadir.

Sirketlerin farkli tilkelerdeki durumlart anlayabilmeleri, triinleri farkli tlkelerin genel kabul
edebilecegi kiiresel iiriin diizeyine getirebilmeleri zor olmaktadir. Uriinleri farkli iilkelerin
yonetmeliklerine uygun olarak uygun bir sekilde; teknik bilgi, parca {iriin ve hizmet saglayacak
sekilde pazarda bulundurmalar1 gerekmektedir. Uriin fiyatlandirmasini da bircok farkli iilkeye
gore diizenlemesi gerekmektedir. Kiiresel pazar i¢in iirlin iizerinde yapilan degisikliklerin ve
yeni iriinlerin piyasada yer alabilmesini yonetimini iyi koordine etmeleri saglamak zorunda
olabilmektedir.

Kiiresel Uriinleri Etkinlestiren PLM

PLM, bir triin igin fikir asamasindan, {rliniin Oldiiriilmesine kadar tim yasam dongiileri
boyunca bir sirketin drilinlerini en etkili sekilde yonetmeyi, siirecleri koordine etmeyi
saglamaktadir. PLM sayesinde liriinlin mevcut durumunu ve gelecekteki {irlin degerini
arttirmay1 saglar.

PLM, iirtin karin1 artirmayi, tirtinle ilgili masraflar1 azaltmayi, iirlin portfoyline genislemeyi,
deger katmayr ve hem miisteriler hem de hissedarlar i¢in mevcut ve gelecekteki triinlerin
degerini en iist diizeye ¢ikarmay1 saglayan ticari bir faaliyettir. PLM, dolayli olarak, zamanin
azaltilmas1 ve kalitenin 1iyilestirilmesi gibi sirkete ekonomik katki saglarken, finansal
performansin iyilestirilmesine iliskin is hedeflerine de sahiptir.

PLM c¢oziimleri tek basina birer amag degildir, giiclii is ve teknoloji yetenekleri ile isletmeler
icin katalizor gorevi goriir. PLM” in etkili faydasi igin is siiregleri, organizasyon yapilart ve
iligkiler incelenmeli ve en iyi uygulamalar uygulanmalidir. [1]

Kiiresel tirtinlerin artmasi ile birlikte; {irlinlerin kontrol altinda tutmalar1 ve yasam dongiileri
boyunca her adiminda koordineli yonetmek, 6nceden planli bir sekilde, net bigcimde ve stratejik
olarak yapilmasi gerekmektedir. Oncesinde sirketler kiiresel dlgekte yer alan iiriinleri bir sekilde
ve bir dereceye kadar yasam dongiilerini yoOnettiler ama stratejik bir hedef olacak sekilde,
stirdlirebilir hale getirmediler. Sirketler iiriinlerin yasam dongiileri boyunca nasil bigcimde
yonetildigini tam olarak agiklayamadilar. Sirketlerin bir dereceye kadar yonetebildikleri
iriinlerin planlanmadigi, belgelendirilmedigi ve siirecler kayit altina alinmadigi igin PLM
ihtiyact dogmaktadir.

PLM'nin Temel Ozellikleri

Uriinler icin PLM'nin en énemli dzelliklerinden biri biitiinsel olmasidir. Tiim iiriiniin siire¢lerini
birlesik yapida incelemeyi saglamaktadir.

PLM, bir iiriiniin yonetimine yonelik biitliinsel bir yaklagima sahip olmakla birlikte; bu biitiinsel
yaklagim, onu belirli bir bilesene odaklanan Uriin Veri Yonetimi (PDM) gibi atomistik
faaliyetlerden ayirmaktadir.
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PLM ile {iriin, diinyanin neresinde ihtiya¢ duyulursa duyulsun yagam dongiisii boyunca tutarl
ve birlesik bir sekilde yonetmektedir. PLM, her biri aym iiriine hitap etse de kendi kelime
dagarcigina, kurallarina, kiiltiiriine ve diline sahip olan, daha once ayri ve bagimsiz birgok
siireci, disiplini, islevi ve uygulamay: birlestirmektedir. Uriiniin yasam dongiisii boyunca
kontroli, iiriine dayal: stratejiler icin gerekli bir temel olusturmaktadir.

PLM, "iiriine" odaklanmaktadir ve iirlinleri iireten ve destekleyen, ayri iiretime sahip ¢ok cesitli
endiistrilerde uygulanmaktadir. PLM, mevcut ve gelecekteki iriinlerin degerini maksimize
etmeye amaclamaktadir.

PLM, sanal bir ortamda iirlin olusum siirecinin temel taslarinin olusturulmasinda ¢oziimler
sunmaktadir. PLM ¢o6ziimleri, iirtin gelistirme siirecinde iiriine bagh geometrik ve fonksiyonel
bilgileri, planlama ve karar verme siireclerini ve bunlar ile ilgili veri akisinin sorunsuz ve
zamaninda ger¢eklesmesini destekler. Kisaca PLM sunmus oldugu ¢éziimler ile {iriin gelistirme
stirecinde dogru zamanda, dogru bilgilerin, dogru kisilere ulagsmasini saglar. [2-3]

PLM'iin Uygulanabilirligi

PLM her biiyiikliikteki sirkette kullanilmaktadir. Farkli biiylklikteki sirketlerin belirli PLM
gereksinimleri temelde aynidir ama her firma igin farklilik gosterebilmektedir.

Her biyiikliikteki sirkette triinler yonetilebilmektedir; Uriin verileri biitiinlesik yapida
yonetilebilmeli, tirtin gelistirme ve destek siiregleri yonetilebilmeli ve triin verileri diger
kuruluslarla degis tokus edilmelidir.

PLM'nin islevleri sunlart igerir:

. Iyi yapilandirilmis ve degerli bir Uriin Portfdyiiniin yonetilmesi

. Uriin Portfoyiinden finansal getiriyi maksimize etmek

. Yasam dongiisii boyunca iiriinler tizerinde kontrol ve denetim saglama

. Yasam dongiisii boyunca iirtinleri yonetme

. Uriin gelistirme, destek ve geri déniisiim projelerini etkin bir sekilde yonetmek

. Miisterilerden, iiriinlerden, saha miithendislerinden ve pazardan gelen iiriinlerle ilgili
geri bildirimleri yonetmek

. Tasarim ve tedarik zinciri ortaklari ve misterilerle ig birligine dayali ¢alismay1
miimkiin kilmak

. Uriinle ilgili siirecleri tutarl, birlestirilmis, etkili ve yalin olacak sekilde yonetmek

. Uriin tammu  bilgilerinin  yakalanmasi, giivenli bir sekilde y&netilmesi ve

biitiinligiiniin korunmast ve ihtiya¢ duyuldugu yerde, ihtiyag¢ duyuldugunda
kullanima sunulmasi

PLM'nin Faydalan

PLM, drtnlerin yasam dongisiiniin baslangicinda daha hizli pazarlanmasini saglayarak,
yasamlarinin ortasinda kullanimlart i¢in daha iyi destek saglayarak ve yasam sonlarini daha iyi
yoneterek iiriin yasam dongiisii boyunca faydalar saglar.
Uriine odaklanmasi ile sirketler 4 ana alanda PLM’e ihtiya¢ duymaktadir:
. Finansal Performans — 6rnegin PLM, daha erken pazara giristen elde edilen gelir ve
azaltilmig iirtin gelistirme maliyetleri.
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. Zaman Azaltma — PLM, ornegin proje tasma siiresini azaltmali ve miihendislik
degisim siiresini azaltmalidir.
. Kalite lyilestirme — PLM, drnegin; iiretim siireci kusurlarini azaltin, iade sayisin

azaltin ve miisteri sikayetlerinin sayisini azaltin.

. Is Gelistirme — &rnegin, PLM yenilik oraninda artisa yol agabilir, parca yeniden
kullanim  faktoriinii  artirabilir, {riin  izlenebilirligini artirabilir ve %100
konfigiirasyon uyumlulugu saglayabilir.

Kiiresel Uriin ve PLM

Sirketlerde {riinlerin yasam dongiilerini biitiinlesik yonetebilmek adina PLM vizyonu
olusturabilmek zor olabilmektedir. Mevcut durumda yapilan iiriin siiregleri ¢alismalari; PLM ile
sirket hedefleri dogrultusunda ve {irliniin rekabet edilebilirligi agisindan yonetebilmesi cesitli
bilesenleri tanimlar ve bunlart agiklamak i¢in kullanilabilecek ifade tiirlerine iliskin Grnekler
saglamaktadir.

PLM vizyonunu olusturabilmek icin siirecin hemen baslanamayacagi bilgisi c¢alisanlara
bildirilmelidir. PLM ig¢in sirket altyapisinin uygunlugu, siireglerin entegre edilebilmesi ve
calisanlarin benimsemesi uzun stirebilmektedir. Sirketlerin PLM vizyonun tiim calisanlarin
tarafindan benimsenmesi ve ciddiye alinmasi beklenmektedir.

PLM vizyonu olusturmada amag; PLM'in odagini, gereksinimlerini, kapsamini ve bilesenlerini
sirketler icin stirdiirebilmektir. PLM'in temeli "ne, neden ve nerede" bilgilerini
gosterebilmektir ve kararlarin alinabilecegi bir ¢erceve saglamaktir

PLM vizyonu ile kiiresel iirlinleri basarili bir sekilde gelistirebilmek ve desteklenmesini
saglayabilmek ig¢in iriin yasam dongiisii boyunca ihtiya¢ duyulan tiim faaliyetlerin
yiiriitiilebilmesini saglanmaktir. insanlara PLM ile birlikte strateji belirleme ve planlama
konusunda rehberlik edecek ve PLM'nin tiim ¢alisanlara yayilmasinda yardimci olabilmektedir.
Bir PLM Vizyonunun olusturabilmesi i¢in, yeni PLM Girisimi ile iyi bir baslangi¢ noktasi
secilmesi faydal1 olabilmektedir.

PLM Girisimi basinda belirlenen vizyon ile PLM'nin kapsami ve tanimi hakkinda g¢aliganlar
arasinda anlagmaya varilmasina yardimci olacaktir. PLM Girisimi; strateji gelistirme, ayrintili
planlama ve koordine etmeyi saglayacaktir. Etkin PLM uygulamasini ve kullanimini saglamak
i¢in ¢aliganlarin birlikte ¢alismaya baglamasi fayda saglayacaktir.

PLM vizyonu olusturmada yasanan zorluklar:

. Uriin  yasam dongiisiinde c¢alisma gosteren kisilerin is  hedeflerini ve
gereksinimlerini karsilayan bir Vizyon olusturmak kolay olamamaktadir. Zaman
igerisinde vizyonun ne olacagl belirlenemez ve galisanlarin ortak amacina dair
aciklama yapilamaz.

. Bir sirket i¢in Vizyonun nasil goriinecegini dnceden kimse bilemez, bu nedenle
neyin hedeflenmesi gerektigine dair ayrintili bir agiklama yapmak imkansizdir.

. Bu, PLM Vizyonu olusturuldugunda siire¢ icerisinde zaman zaman sorunlar
olusabilmektedir. Ilerlemeyi yavaslattiklar1 icin bu tiir sorunlardan kagimmak
sirketler i¢in 6nem tasimaktadir.
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Sonuc¢

Insanlarin kolayca ulasabilecekleri ve satin aldiklar1 zaman mutlu hissedecegi kiiresel iiriinlerin
yasam dongiileri boyunca; planli, stratejik kararlar ile degisikliklerin yapilmasi ve siirecin
koordineli yilirlimesi i¢in PLM ihtiya¢ duyulmaktadir.

PLM kiiresel tiriinlerin tiim siire¢lerini biitiinlesik bi¢imde ilerletilmesini olanak saglamaktadir.
PLM, {irliniin tasarimi, testi, konumu, durumu ve buna benzer daha kapsamli bilgiler gibi tim
bir iiriin veya iiriin grubu hakkinda kapsamli genel bilgiler sunar. Uriin gelistirmeyle ilgili cesitli
faaliyetleri koordine etme ve Oncesinde yapilabilecek birgok hatayir dnleme yetenegi ve buna
bagli olarak sirketlere {irlin siirecini daha iyi yonetme imkani1 saglar. Sirketlere daha iyi bir {iriin
anlayis1 sunar ve degisen pazara daha hizli yanit verme imkani verir. Bir PLM ¢6zliimiiniin
kullanilmasi, iirtinlerin kalitelerini, tasarimlarindan émiirlerinin sonlarina kadar garanti edilmesi
demektir. [4]

Kiiresel iirtinlere sahip sirketlerin tiim calisanlar igim PLM vizyonun olusturulmasi ve PLM’nin
anlasilabilir olmas1 fayda saglayacaktir.

Tam metin teslimleri, Microsoft Word (.doc veya .docx) formatinda, insackongre@gmail.com
adresine form gonderimi yoluyla yapilacaktir. Degerlendirme siirecinin aksamamasi igin
belirtilen teslim tarihinin agilmamasi ve bildiri tam metinlerinin asagida detayl1 olarak agiklanan
yazim-format kurallarina ve tam metin sablonuna uygun olarak hazirlanmasi 6nem arz
etmektedir.
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Abstract: Ensuring the acoustic requirements of the classrooms used for
educational purposes is an important parameter and affects the quality of
education. In classrooms where acoustic comfort conditions are provided, the
students understand the lessons more easily and the success of the students can
increase. In this respect, it is essential to ensure the intelligibility of speech in
classrooms. The intelligibility of speech in classrooms depends on the
reverberation time of the space, the noise level reaching the interior from the
exterior and the transmission of sufficient sound energy to the students. In this
research, the acoustic requirements of a sample classroom are detailed and
necessary improvements are suggested. An interior design has been proposed to
increase the acoustic comfort conditions of the classroom. Thanks to the proposed
interior design, the reverberation time results of the classroom met the
requirements of the DIN18041 standard. The adequate facade sound insulation
level of the analyzed class was provided in line with the proposed facade detail.
Whether the sound energy reaching the receiver is sufficient or not has been
examined in line with the Al (articulation index) parameter. To ensure speech
intelligibility, the parameters examined were provided to meet the required levels,
and the auditory comfort conditions of the classroom were improved in line with
the proposed project. This study will help the acoustic design of buildings used for
educational purposes and give an idea about what the acoustic requirements might
be.

Keywords: Acoustic design, Auditory comfort conditions, Reverberation time,
Speech intelligibility, Delayed reflection analysis

1- Introduction

To increase the quality of education, auditory comfort conditions should be provided in the
classrooms. To provide auditory comfort conditions in the classrooms, the necessary acoustic
design conditions must be established. Classroom designs, which are carried out without
considering the acoustic design parameters of comfort conditions, can be a big problem today.
For this reason, the acoustic design parameters of a sample classroom were explained and
summarized in this study.

Building noise regulations can be used to meet acoustic requirements in our country. In the
building noise regulation, the maximum noise levels that should be indoors are explained. In
addition, indoor maximum reverberation time values are defined depending on the function.
Average levels are considered in the reverberation time analysis. In the building noise
regulation, the recommended maximum average reverberation time for classrooms in Class C
and D buildings is 0.8 seconds (average reverberation time values of frequencies which are 250
Hz, 500 Hz, 1000 Hz, and 2000 Hz). It is stated in the building noise regulation that the
reverberation time values to be used in Class A and B buildings will be decided by the acoustic
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expert according to the international limit values. The necessity of making a more detailed
analysis of the A group buildings that will be designed to have the highest acoustic comfort
conditions is emphasized in the building noise regulation. The use of international standards has
been suggested in building noise regulation to provide a high level of acoustic comfort
conditions.

In the DIN 18041:2016 standard, the minimum and maximum reverberation time values are
explained according to six different octave band frequencies, and the reverberation time values
depending on the function type and volume analysis are clarified and detailed. In this research,
the DIN 18041:2016 standard was used to analyze the reverberation time in classroom spaces in
detail. According to the DIN 18041:2016 standard the optimum reverberation time can be
calculated by using Equation 1 for places used for speech function.

TrarRGET = [032 X IOg[\/]-Ol?] S (1)

TrarceT = Optimum reverberation time of the hall for speech purpose
V= Volume of the hall

In the DIN 18041:2016 standard, the required maximum and minimum reverberation time
intervals are defined according to the optimum reverberation time values. In line with the
optimum reverberation time, the required maximum and minimum reverberation time intervals
can be determined according to Figure 1.

-
oo

16 145%

1,4

12 120%

1,0 | Recommended Range
0,8
0,6
0,4

80% 80%
65% 65%

0,2
0,2

Reverberation Time T related Ttarget

63 125 250 500 1000 2000 4000 8000
Frequency (Hz)

Figure 1. Required reverberation time range according to the DIN 18041 standard (Nocke,2016;
Bozkurt, 2022)

The reverberation time of a space is obtained in accordance with the volume of the room and the
total absorption of the room. The formula for the reverberation time is given in Equation 2
(Long, 2006; Everest & Pohlmann, 2009). Reducing the volume of space and increasing the
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overall absorbency of the room reduces the reverberation time. The total absorption of a room is
obtained by using Equation 3.

\4

RT =0.161 A (2
RT= reverberation time of a room (sec.)
V= volume of room (m°)
> A= total absorption in the room (Eq. 3) (metric sabins). YA includes absorption provided by room
boundaries, audience, furnishings, air, etc.

YA=((a.5 + ay.Sp+... 4+, .Sp) + x.V) (3)

0y, Oy, o, = sound absorption coefficients (For different surface based on material properties)
Si1, Sy, Sy = respectively different room surfaces
X = air absorption coefficient

The fact that the reverberation time is within the ranges specified in DIN 18041 standard
improves the auditory comfort conditions of the space. Keeping the reverberation time under
control increases the intelligibility of speech. The intelligibility of speech is low in places with a
high reverberation time and very humming. In this research, an example acoustic project
proposal is presented to keep the reverberation time under control.

Delayed reflections in classrooms can damage auditory comfort conditions. Sounds reaching the
receiver 30 milliseconds after the direct sound can reduce auditory comfort conditions. In this
context, the examination of the delayed reflections was also carried out. Delayed reflection
analyzes were carried out within the scope of the research using Equation 4 (Maekawa et al.,
2011; Jaramillo, 2015).

(R1+R2)-D
0,344

ITDG = ()]
ITDG= Initial time delay gap (30 > ITDG)
R1= Distance between source and reflective panel (meter)

R2= Distance between reflector panel and receiver (meter)
D= Direct distance between receiver and source (meter)

To ensure the intelligibility of speech, the difference between the sound energy reaching the
receiver from the speaker and the background noise of the room is examined. It is beneficial that
the difference between the sound energy reaching the receiver from the speech and the
background noise level is high. With the help of articulation index analysis, speech
intelligibility analysis can be carried out. the intelligibility of speech can be examined with Al
(Articulation Index) in the classroom, and the Al value was defined as very good between 1 and
0.7 in terms of speech intelligibility. The calculation of Al (Articulation Index) was given in
Equation 5 (Mehta et al., 1999). Five different octave band frequencies, which are 250 Hz, 500
Hz, 1000 Hz, 2000 Hz, and 4000 Hz, are considered in the calculation of Al (Articulation
Index). After calculating separately for each frequency, the results of 5 different frequencies are
summed to obtain the Al level.

272
Proceedings Book



INSAC International Researches Congress on Natural and Engineering Sciences (INSAC-IRNES'23) Iﬂ&@

Al = Sum of ((S-N ratio) x weighting factor) (5)

Al= Articulation Index
S-N ratio = Signal Level -Noise Level (dB)

In Al (Articulation Index) analysis, the direct sound energy from the speaker is calculated with
the help of Equation 6 (Mehta et al., 1999). In addition, in Al (Articulation Index) analysis, the
sound energy reaching the receiver from the reflective surfaces can be calculated with Equation
7. The total signal level can be obtained from Equation 8 (Jaramillo, 2015).

SPL, = SPL, — 20% (For direct sound) ©)
1

SPL,= Sound pressure level (source) (dB)

SPL;= Sound pressure level (listener) (dB)

D,= The path length of the direct sound (meter)
D,= Distance of source (reference distance 1 meter)

SPL, = SPL; — 20 % + 10log(1 — @) (For reflected sound) 7)
1

SPL,= Sound pressure level (source) (dB)

SPL;= Sound pressure level (listener) (dB)

D,= the path length of the reflected sound

D,= Distance of source (reference distance 1 meter)
o = sound absorption coefficient

L1 Ly Ln
L, =101log 1010 + 1010 + --- + 1010 (8)

L= Total signal level (dB)
L= Level of each source (dB)

Within the scope of the study, reverberation time analysis, analysis of delayed reflections and
Al analysis (Articulation Index), and sound insulation analysis were carried out. An acoustic
project proposal was clarified in detail in the acoustic project section.

2. Acoustic Project

Within the scope of the study, first of all, the current situation analysis was carried out. In line
with the findings of the current situation analysis, suggestions for the acoustic improvement
project were presented.

2.1 Before improvements suggestions (current state)

The plan drawing of the analyzed room was shown in Figure 2. In addition, the section drawing
of the room was presented in Figure 3. Within the scope of the study, a current situation analysis
was carried out primarily. The interior height of the analyzed room is 4.5 meters (Fig. 2, Fig. 3).
The volume of the room is approximately 257 m®. The surfaces of the chosen classroom space
exhibit the reflective character. The floor covering is marble (Fig. 2, Fig. 3). Ceiling and wall
surfaces are painted plaster surfaces. The acoustic properties of the classroom space, which has
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a high volume and reflective surfaces, were examined. Figure 3 (section A-A") shows the ceiling
reflection and the rear wall reflection. Whether two reflections cause delayed reflections were
analyzed according to Equation 4. It has been determined that the rear wall reflection may cause
delayed reflection. In the new project proposal, it has been determined that the rear walls should
be designed with absorber character. Reflection analysis results (before improvements) were

presented in Table 1.

Table 1. Analysis of reflections (initial time delay gap) before improvements (according to Figure 3)

REFLECTION EQUATION CALCULATION RESULTS
(R1+R2)-D1 < 30 ms (297 +3.60) —2.25 12.56 1256 < 30
CEILING REFLECTION 0,344 = 0344 = lz. W00 = ms
(R3+R4)— D1 _ 20 (7.78 + 5.31) — 2.25 3151 3151 < 30
— ms =
REAR WALL REFLECTION 0,344 = 0.344 ’ ) * ms
845
A ﬁ = = ﬁ A
680 - - -
CLASSROOM
Floor covering= Marble
Wall covering = Painted plaster surface
Celling covering = Painted plaster surface
] ] ] H=4,5M
L] H L]
SCALE PLAN
2M 3M
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CLASSROOM

Floor covering= Marble
Wall covering = Painted plaster surface
Celling covering = Painted plaster surface

| 7(/)URCE

RECEIVER

SCALE A-A’ SECTION

=B
0 ™M 2M 3M

Figure 3. A-A’ Section of the classroom (before improvement)

A reverberation time analysis of the current situation (before improvements) was carried out. It
was carried out according to the situation when the room was empty (according to the situation
where there were no students, no furniture and curtains). Reverberation time values calculated
according to Equation 2 and Equation 3 were given in Table 2.

Table 2. Reverberation time results before improvements

FREQUENCY (Hz)

PROPERTIES OF SURFACES 125 Hz 250 Hz 500 Hz 1000 Hz | 2000 Hz | 4000 Hz
SURFACE TYPE Areca(m) | o [S.a| o [S.a| @ [S.a] @ [S.a| a [S.a| a [S.a
Floor surface 1=Marble 57,1 0,01|0,57 | 0,01 (0,57| 0,01 {057 | 0,02 |1,14|0,02 | 1,14 | 0,02 | 1,14
Ceiling surface= Painted plaster surface 57,1 0,02 |1,14]0,02 [1,14{ 0,02 | 1,14 0,02 |1,24]0,02 1,14 | 0,02 | 1,14
Walls surfaces 1= Painted plaster surface 126,71 0,02 | 2,53 0,02 [2,53] 0,02 | 2,53 | 0,02 | 2,53 | 0,02 | 2,53 | 0,02 | 2,53
Walls surfaces 2= Writing board 3,00 0,18 | 0,54 | 0,06 |0,18| 0,04 | 0,12 | 0,03 | 0,09 | 0,02 | 0,06 | 0,02 | 0,06
Walls surfaces 2= Wood Surface (Solid wooden door) |2,42 0,14 | 0,34 | 0,10 |0,24| 0,06 | 0,25 | 0,08 [ 0,19 | 0,10 | 0,24 | 0,10 | 0,24
Walls surfaces 3= Double glazing 5,12 0,10 | 0,51 | 0,07 |0,36| 0,05 | 0,26 | 0,03 | 0,15 | 0,02 | 0,10 | 0,02 | 0,10
Air (not surface, volume - m*) 256,95 0,00 | 0,00 | 0,00 |0,00{ 0,00 | 0,00 | 0,00 | 0,00 | 0,01 | 2,57 | 0,02 | 5,14
Total absorption ,> A (sabins) 5,64 5,03 4,77 5,26 7,79 10,36
REVERBERATION TIME (RT= (0,161 V) /Y A) 7,34 8,23 8,68 7,87 5,31 3,99

The optimum reverberation time value in line with the volume of the classroom was calculated
in accordance with Equation 1 (Ttareer :0.60). The recommended maximum and minimum
reverberation times were determined in accordance with Figure 1. The recommended maximum
reverberation time value depending on the frequencies were given in Table 3. In addition,
reverberation time results were shown in Figure 4. In Figure 4, it is understood that the
reverberation time results are very high compared to the DIN 18041 standard.

Table 3. Reverberation time results and required intervals (before improvements)

FREQUENCY (H2)

EIEFOIRIE [IlF ROV 2N 125 Hz | 250 Hz | 500 Hz | 1000 Hz | 2000 Hz | 4000 Hz
REVERBERATION TIME RESULTS 734 | 823 | 868 | 787 531 3,99
REQUIRED MAXIMUM REVERBERATION TIME VALUE | 087 | 072 | 072 | 0.2 0.72 0.72
REQUIRED MINIMUM REVERBERATION TIME VALUE 039 | 048 | 048 | 048 0.48 0.39
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Figure 4. Reverberation time results and required intervals (before improvements)

2.2 Improvements suggestions

To reduce the reverberation time of the class, the total absorption value of the space has been
increased. To increase the total absorption level of the class, it has been recommended to use a
fabric-covered rock wool panel (5 cm thick). In addition, it has been suggested to reduce the
volume of the space to reduce the reverberation time. The perception of the teacher's facial
expressions during speaking increases the intelligibility of speech. Hence, the area where the
teacher teaches the lesson has been raised. With the help of the raised stage, the visual
perception of the teacher has increased. In addition, a raised floor proposal was presented
separately from the stage area so that the students could see the teacher and the stage more
easily. The plan drawing and coating features of the acoustic improvement project were
presented in Figure 5. In addition, the drawing and coating features of the A-A' section were
given in Figure 6.

Delayed reflection due to ceiling reflection was not detected in the pre-improvement condition.
In addition, since the ceiling height has been reduced, it has been predicted that the ceiling
system will not cause delayed reflections. In Figure 6, 4 different reflections were analyzed and
it was determined that there was no delayed reflection. The reflection analysis of the newly
proposed acoustic project was given in Table 4. Since no delayed reflection has been detected in
ceiling reflections, the ceiling system has been designed to reflect the sound to the audience. For
the stated reasons, the ceiling system has been designed with reflective character (Fig. 6, Fig. 7).
Thus, the energy level reaching the receivers has been increased. Since there may be a delayed
reflection from the rear wall surfaces (Table 1), the entire rear wall is designed with an
absorbent character (Fig. 8).
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Figure 5. Acoustic improvement project of the classroom- Plan
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Figure 6. Acoustic improvement project of the classroom- A-A’ section

277
Proceedings Book



INSAC International Researches Congress on Natural and Engineering Sciences (INSAC-IRNES'23) In‘S@

Table 4. Analysis of reflections (initial time delay gap) after improvements (according to Figure 6)

REFLECTION EQUATION CALCULATION RESULTS

R1, R2 and D1 (R1+R2)-D1 (1.64 +2.96) — 2.47
—————<30ms ————=6.19 6.19 < 30ms

(RECEIVER 1) 0,344 0.344

R3, R4 and D2 (R3+ R4) — D2 (2.46 + 5.58) — 6.90
——————<30ms ———— =331 3,31<30ms

(RECEIVER 2) 0,344 0.344

R5, R6 and D2 (R5+ R6) — D2 (3.94 +3.87) — 6.90
—————<30ms — =471 471<30ms

(RECEIVER 2) 0,344 0.344

R7, R8 and D2 (R7 +R8) — D2 (6.25 + 1.64) — 6.90
——————<30ms — =288 2,88 <30ms

(RECEIVER 2) 0,344 0.344

B-B' section drawing of the acoustic improvement project and surface coating features were
demonstrated in Figure 7. Moreover, C-C' section drawing of the acoustic improvement project
and surface coating features were given in Figure 8.

845

Gypsum
board
suspended
ceiling
%/
450
300
B-B' SECTION SCALE
I
LEGEND 0 ™M 2M 3M
[ JLINOLIUM FLOOR COVERING [ ] PAINTED PLASTER SURFACE [l WOODEN MASSIVE DOOR
] FABRIC-COVERED ROCKWOOL PANEL [l ROCKWOOL COVERING Il GYPSUM BOARD SUSPENDED CEILING
] MARBLE COVERING Il WOODEN FLOOR COVERING [ ] GLASS

Figure 7. Acoustic improvement project of the classroom- B-B’ section

It was suggested that the raised floor area where the students are located should be covered with
linoleum (Fig. 5). In this way, it was desired to reduce the impact sound and to ensure easy
cleaning of the surface. The wall area on the stage side was suggested to be a reflective
character in general (painted plaster surface). It was recommended to use 5 cm thick fabric-
covered rock wool panels for the side wall coverings of the classroom (Fig. 6, Fig. 7). The areas
close to the floor that may be contaminated by students were suggested to be painted to provide
easy cleaning. To keep the reverberation time within the ranges specified in the DIN 18041
standard, the room volume has been reduced and the total absorption levels of the room have
been increased. Accordingly, the reverberation time analysis using Equation 2 and Equation 3
were given in Table 5. Table 5 shows that the total absorption level was increased at all
frequency values.
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Figure 8. Acoustic improvement project of the classroom- C-C’ section
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Table 5. Reverberation time results after improvements

PROPERTIES OF SURFACES

FREQUENCY (Hz)

125 Hz 250 Hz 500 Hz 1000 Hz 2000 Hz | 4000 Hz
Area
SURFACE TYPE (m? o [S.a| @ [S.a| o |S.a| @ [S.a| @ [S.a| a [S.a
Floor surface 1=Marble 135 0,01|0,14|0,01|0,14|0,01|0,14 | 0,02 | 0,27 | 0,02 | 0,27 | 0,02 | 0,27
Wood platform, large airspace below 12,3 0,40 | 4,92 0,30 | 3,69 | 0,20 | 2,46 | 0,17 | 2,09 | 0,15 | 1,85 | 0,10 | 1,23
Linoleum floor covering 39,4 0,020,79(0,02|0,79 [0,03]1,18|0,04|158|0,04|1,58|0,05]|1,97
Ceiling surface= Gypsum board celling, 12 mm 59,3 0,29 |17,20| 0,10 | 5,93 | 0,06 | 3,56 | 0,05 | 2,97 | 0,04 | 2,37 | 0,04 | 2,37
Walls surfaces 1= Painted plaster surface 24,89 |0,02|0,50 0,020,550 |0,02]|0,50|0,02]|0,50 |0,02|0,50 |0,02|0,50
Walls surfaces 2= Writing board 3,00 0,18 | 0,54 | 0,06 | 0,18 | 0,04 | 0,12 | 0,03 | 0,09 | 0,02 | 0,06 | 0,02 | 0,06
Walls surfaces 2= Wood Surface (Solid wooden door) 2,42 0,14 (0,34 0,10 | 0,24 | 0,06 | 0,15 | 0,08 | 0,19 | 0,10 | 0,24 | 0,10 | 0,24
Walls surfaces 3= Double glazing 5,12 0,10 | 0,51 | 0,07 | 0,36 | 0,05 | 0,26 | 0,03 | 0,15 | 0,02 | 0,10 | 0,02 | 0,10
Wall surface improvements= Fabric coated 5 cm rockwool panel |43,97 | 0,35 |15,39| 0,70 |30,78/ 0,90 |39,57| 0,90 |39,57| 0,95 {41,77] 0,90 |39,57
Air (not surface, volume - m?) 170,34 | 0,00 | 0,00 | 0,00 | 0,00 | 0,00 | 0,00 | 0,00 | 0,00 | 0,01 | 1,70 | 0,02 | 3,41
Total absorption ,> A (sabins) 40,32 42,60 47,93 47,41 50,44 49,72
REVERBERATION TIME (RT= (0,161 V) /> A) 0,68 0,64 0,57 0,58 0,54 0,55

Due to the reduction of the classroom volume, the optimum reverberation time value of the new
acoustic design proposal was calculated with Equation 1 (Trareet :0.54). Necessary levels were
determined by considering the reverberation time results and the intervals given in Figure 1.
Reverberation time results and required intervals was shown in Table 6. It was understood in
Table 6 that reverberation time results meet the requirements of the DIN 18041 standard.
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Table 6. Reverberation time results and required intervals (after improvements)

AFTER IMPROVEMENTS EREQUENCHAi2)

125Hz | 250 Hz | 500 Hz | 1000 Hz | 2000 Hz | 4000 Hz
REVERBERATION TIME RESULTS 0,68 0,64 0,57 0,58 0,54 0,55
REQUIRED MAXIMUM REVERBERATION TIME VALUE 0,79 0,65 0,65 0,65 0,65 0,65
REQUIRED MINIMUM REVERBERATION TIME VALUE 0,35 0,43 0,43 0,43 0,43 0,35

In Figure 9, the results of the reverberation time were explained graphically. It was

demonstrated in Figure 9 that the reverberation time has been significantly reduced with

the

acoustic improvement project proposal. In addition, it has been shown that the reverberation
time results are in accordance with the range specified in the DIN 18041 standard. It was
understood from Figure 9 that the acoustic comfort conditions have been improved with the new

acoustic project proposal.
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Figure 9. Reverberation time results and required intervals (after improvements)

The materials used in the reverberation time calculation and the references from which
sound absorption coefficients were obtained were detailed in Table 7.

Table 7. Properties of the surfaces

the

TYPE AND PROPERTIES OF COVERING REFERENCE

Cox& D’ Antonio ,2009

Marble floor surface Barron, 2003

Cox& D’ Antonio ,2009

Wood platform, large airspace below Long, 2006

Cox& D’ Antonio ,2009

Linoleum floor covering Yilmaz Demirkale. 2007

Double glazing Cox& D’Antonio ,2009
Painted plaster surface Cox& D’Antonio ,2009
Ceiling surface, Gypsum board celling, 12 mm Ozgiiven, 2008

Fabric coated 5 cm rockwool panel Yilmaz Demirkale, 2007
Writing board- Glass, large panes, heavy glass Cox& D’ Antonio ,2009
Solid wooden door Cox& D’ Antonio ,2009

Al (Articulation Index) analysis was made according to the student sitting in the rear row.
Analysis was carried out according to receiver 2 in Figure 6. The position of the teacher was
indicated in Figure 6 as a source. In section A-A’ given in Figure 6, the contributions of ceiling
reflections are also effective at receiver 2. Source sound energy level is based on the human
voice level speaking at normal loudness (energy level in dB at a one-meter distance from the
source). In addition, 6 dB was added due to the source being on the stage and positioned above
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the audience (Mehta et al., 1999). The energy level at 1 meter from the source was given in
Table 8 in dB. The distance of receiver 2 from the source is approximately 6.9 meters. The
energy level at receiver 2 of the direct sound was calculated in dB using Equation 6. The energy
level at the receiver 2 point due to reflections was obtained in dB by using Equation 7 and the
effect of each reflection was given in Table 8 separately (R3 + R4 = 8.04 m., RS + R6 = 7.81
m., R7 + R8 = 7.88 m.). The sum of the direct sound energy and 3 different reflected sound
energies was calculated for receiver 2 using Equation 8. The total signal level calculated at
receiver 2 was given in Table 8.

Table 8. The total signal level of the listener at receiver 2 (receiver 2 was shown in Fig. 6)

SPL2 due to the SPL2 due to the SPL2 due to the

Frequency SPL at1m Dlre(((:thS)PLZ reflector (dB) reflector (dB) reflector (dB) TLOetSLIS ('ggg“
(Hz) (dB) (Eq.6) (R3-R4) (R5-R6) (R7-R8) (Eq. 8)
(Eq.7) (Eq. 7) (Eq. 7)
250 78.5 61.72 59.94 60.19 60.11 66.57
500 80 63.22 61,63 61.88 61.80 68.20
1000 74 57.22 55,67 55.92 55.85 62.23
2000 68 51.22 49,72 49.97 49.89 56.26
4000 63 46.22 44,72 44,97 44.89 51.26

The Al (articulation index) was calculated according to Equation 5 and was shown in Table 9.
The total signal level calculated in Table 8 was taken for each frequency. In the literature, it is
seen that the NC 30 level can be used for speech rooms (Mehta et al., 1999). NC 30 defines the
recommended maximum noise level indoors. The varying level of the NC 30 curve according to
the frequencies was shown in Table 9. In addition, weighting factor levels were defined
according to frequencies in Table 9. These values were obtained from the literature (Mehta et
al., 1999). It is suggested in the literature to take the result as 30 if the difference between the
signal level reaching the receiver and the indoor background noise level is greater than 30 dB
(Mehta et al., 1999). A similar method was used in this analysis as well. The Al level calculated
in accordance with Equation 5 was explained in detail in Table 9.

Table 9. Articulation Index calculation at receiver 2 (Receiver 2 was shown in Fig. 6)

Total Signal  Noise Level : WF (S-N) x WF
Frequency (Hz2) | evel (dB) (NC30)  SNTalio . iahting factor) (Eq. 5)
250 5657 a1 2557 0.0024 0.06
500 68.20 35 30.00 0.0048 0.14
1000 62.23 31 30.00 0.0074 0.22
2000 56.26 29 27.26 0.0109 0.30
4000 51.26 28 23.26 0.0078 0.18

Al =0.06 +0.14 +0.22 + 0.30 + 0.18 = 0.9

The calculated Al (articulation index) level is correct for open areas where reflection is not
observed and needs to be revised for spaces where reverberation exists. It is suggested to use
Figure 10a for places with reverberation time and to subtract the correction coefficient from the
Al value in line with the calculated reverberation time (Mehta et al., 1999). It is seen in Fig. 10a
that while the reverberation time value in the interior is 0.6, it should be reduced by
approximately 0.06 from the Al value. In this direction, it was calculated as 0.84 by decreasing
the value of 0.06 from the calculated Al value. If the audience can see the speech with the raised
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floor system, the intelligibility of the speech is higher because the listeners perceive the facial
expressions and movements of the speaker. In this case, the effective Al value is different. In
this case, the Effective Al value can be determined using Figure 10b (Mehta et al., 1999). While
the Al value is 0.84 in figure 10 b, the effective Al value is approximately 0.88.

0.6 10
a b
) 07 P ) 09 ~
. 0.8
2 or
05 06_ 3 //
Amount to be 0.4 L Effective Al 05 ¥
eubtracted from 03 / k 04 yd
calculated value // 03
of Al 02 1= / | I -
o1 02 S
o1
. ] )
% 1020 30 40 50 60 70 80 80 0561 02 05 04 05 05 07 0.5 08 10
Reverberation time (sec) Calculated Al

Figure 10. Graphics used to determine the Al (articulation index) correction value (Mehta et al.,
1999), a) Reverberation time correction, b) Effective Al level determination

In the literature, it is stated that the intelligibility level of speech is very good if the Al value is
between 0.7 and 1.0. The effective Al (articulation index) level was calculated as 0.88.
According to the calculated result, it was determined that the level of intelligibility of speech in
the classroom environment was very good. Only ceiling reflections were considered in the
calculation process. It is predicted that the Al value will be higher if all reflections are
considered. The speaker could be seen more clearly and the intelligibility level of the speech
was increased thanks to the raised stage and the raised audience section proposed in the new
acoustic project.

In the environmental noise regulation, it is recommended that the environmental noise level
caused by traffic noise should not exceed 65 dBA. For this reason, it was foreseen that the level
of traffic noise outside the building will be 65 dBA maximum and the outdoor noise was
determined as 65 dBA. Facade wall detail was demonstrated in Figure 11. In line with the
fagade sound insulation level, the indoor noise level was determined using the INSUL 7.0.13
software. In the wall detail, a plastered brick wall with a thickness of 22 cm was entered into the
software (as an opaque surface). Other layers of the opaque layer have been ignored to locate on
the safe side. A double glass system was entered into the software as a transparent layer (9mm
glass + 30mm space + 10mm glass). The composite wall sound insulation level of two different
wall systems according to the area ratios on the fagade was calculated in INSUL software. In the
INSUL program, 65 dBA noise levels are defined according to the traffic noise spectrum (in
line with the traffic noise spectrum in the ISO 717-1 standard). According to the results of the
volume of the room, the area of the composite wall system, and the reverberation time of the
room, the indoor noise level (transmitting from the exterior to the interior) was calculated in the
INSUL program. The indoor noise level calculated in accordance with the detail of Figure 11 in
the INSUL program is 26 dBA.
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GLASS (10MM) GLASS (10MM)
AIR SPACE (30MM) AIR SPACE (30MM)
GLASS (9MM) GLASS (9MM)

Figure 11. Wall detail

In the ISO 12354-3 standard, it is stated that the sound coming from the outside can be different
due to flanking transmission at the level of 2 dB in rigid-joined building systems. In addition, it
was considered that the margin of error that may occur in the simulation program may be 3 dB.
For all the reasons stated above, it was anticipated that there may be a maximum difference of 5
dBA and that the indoor noise level will not exceed 31 dBA. The World Health Organization
has stated that the indoor noise level in classrooms can be a maximum of 35 dBA (URL 1). In
addition, the maximum noise level recommended for Class A buildings in the regulation on
noise control in buildings is 31 dBA. The calculated indoor noise level is in line with the
recommended levels.

In the acoustic improvement project proposal, the reverberation time in the classroom was taken
under control in line with DIN 18041 standard. With the acoustic project proposal, delayed
reflections were tried to be reduced as much as possible and beneficial reflections were created
in the ceiling system. Al value has been increased and speech intelligibility has been improved.
As a result of all the improvements made, the auditory comfort conditions of the space have
been improved.

3-Conclusion

Providing acoustic comfort conditions in the classrooms increases the quality of education and
the level of success. In this research, an acoustic examination of a sample classroom and an
acoustic improvement project proposal was explained. In the acoustic improvement project, the
reverberation time has been made in accordance with the DIN 18041 standard by increasing the
total absorption in the space and reducing the room volume. With the suggestion of a raised
floor system, the intelligibility of speech has been increased. According to the calculated Al
results, it was determined that the intelligibility level of the speech was very good for the
student in the back row. The surfaces that may cause delayed reflections in the space were
reduced as much as possible and it was suggested in the acoustic improvement project to have
an absorbing character. In addition, a backstage wall and ceiling system, where useful
reflections can occur, was proposed as reflective surfaces. The ceiling system was designed to
cause beneficial reflections in the acoustic improvement project.

With the acoustic improvement project proposal, the acoustic comfort conditions of the
classroom were improved. It is anticipated that this research will give an idea to experts who
design room acoustic projects and researchers who work on room acoustic studies.
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Abstract

In automobile industry, electric vehicles have enhanced as a rising trend recently
by continuing developments on lots of components of the vehicle in order to
achieve zero emission goal. Those developments have led innovations on the
vehicle in structural, electrical and functional manner. Powertrain system, body-
in-white, positioning of components, material utilization and software system may
be some examples of vehicle’s elements mostly affected by current changes.

There is inevitable development and change in vehicle dynamics and structure
since main elements of vehicle are in enhancement trend due to the battery
integration. Afterward, structural and functional adaptions are essential in order
to response changes in vehicle dynamics and satisfy safety standards which are in
line with electric vehicle safety standards.

Electric vehicles have electric motor and battery instead of internal combustion
engine; thus, vehicle geometry has to be updated with respect to new
configurations of components and systems. Thereby, manufacturers study on new
platforms which are adaptable to new generation electric vehicles. Three options
may come out for Original Equipment Manufacturers: reinforced internal
combustion engine vehicle platforms regarding to electric vehicle requirements,
hybrid platforms compatible with both electric vehicle and internal combustion
engine vehicle and totally new-gen electric vehicle platform.

Key Words: electric vehicle, battery pack, thermal runaway, vibration,
crashworthiness

Introduction

Currently, electric vehicles are developing rapidly, and the automobile market is
responding that development at same rate. Besides, Original Equipment Manufacturers
(OEMs) that produce only electric vehicle can give more focus and source to enhance
more complex and efficient cars, which creates pressure on other OEMs with strong
interest on electric cars from customers. That advantage of OEMs that produce only
electric vehicle can have great impact on electric vehicle market standards. Examining
electric vehicle (EV) platforms in detail can make clear difference between internal
combustion engine vehicle (ICEV) and EV requirements.

The adoption of platform rebuilding is common among major manufacturers in
automotive industry for battery electric vehicle transition period. The adoption is
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growing and used platform number in production is dropping gradually, since there is
factor of vehicle components commonality approach is becoming common. The aim is
to manufacture the maximum possible number of vehicles from the same platform via
share common modules and components in order to reach economies of scale such as
reducing research and development expenditures and production costs during the
period.

Powertrain system, engine placement, battery integration, weight change and storage
space are core difference on the EVs. These differences are going to be examined and
their effects are going to be discussed. Changing vehicle center of mass, electric motor
for each 2 wheels, size of battery, charging system and method, absence of ICE parts,
mass distribution and drive dynamics, different electric motor characteristic and
weight/range relation make strict upgrades essential to build new architecture of electric
vehicles.

Strong market trend forces OEMs to adapt rapidly new EV approaches and customer
services. On the other hand, regulations are becoming strict day by day and this
revolution creates more tough targets. For instance, Europe Union is going to set
obligations for ICEVs in the near future.

Market Share and Trend

If take a quick look the Figure 1 below, EV sales have a trend which increases every
year gradually; however, in 2021, sales were doubled due to effects of Covid-19
pandemic. Besides, there is another important jump on the sales in 2018. After the going
under control of Covid-19 pandemic, customer behavior and perspective have reformed
in many fields, then these altered behaviors have begun to change industry dynamics
and manufacturers. Under new zero emission regulations which are becoming more
strict day by day, electric vehicles are becoming more popular and preferrable currently.
Furthermore, it is predicted that the boost up trend on the sales goes in the near future
with respect to project of customers’ behavior in the industry.
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Figure 1. Global sales and sales market share of electric cars, 2010-2021 [1]

Other factor behind the rise of EV sales is that many companies are currently investing
their own R&D centers in order to manufacture new brand or concept EV with help of
the impact of electrification innovation. That boost up on R&D studies supply wide
range EV versions, which can make more customer interested in purchasing appropriate
EV version. Supply and demand relation in EV market seems to keep rise of increase
and even another jump may happen again.

Structure Differences

Functional structures must be examined in detail in order to clearly understand main
differences between ICEVs and EVs. There are few schematics which indicate
architectures of electric vehicle.
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Architecture schematics are shown above to highlight three various types of electric
vehicles used as common nowadays. For battery electric vehicles (BEVs), battery
system has role of energy supply to driver electric motor or motors. Plug-in hybrid
electric vehicles have internal combustion engine with its fuel tank additionally
regarding BEVs. On the other hand, hybrid electric vehicles differ from Plug-in hybrid
electric vehicles (PHEVSs) due to regenerative brake system in their architectures. Those
electric vehicles have different structure even among their own, if a comparison with
ICEVs is obtained, the result will vary surely.

Electric motors bring high level of torque and rotation speed; thus, EV powertrain
systems have to respond that advance requirements. Those changed inputs to system are
also altered from category to category such as sports utility vehicle (SUV), passenger
vehicle and commercial vehicle. To adapt different categories of vehicle causes design
complexity since different categories have different regulations and physical tests
parallel with real conditions they exposed. Consequently, with minimum concept
number OEMs have to meet regulations and limitations. Furthermore, EV architectures
also bring supplementary requirements to meet with new generation platforms. For
instance, batteries are critical in order to achieve desired travel range and enough
performance to satisfy users. It makes battery packs open to enhance in terms of storage
capacity, placement on the vehicle, preservation during an accident and life endurance.
All of these circumstances require multi-disciplinary studies so that optimized battery
technology can meet whole enhancement list. During an accident or extreme conditions
protection of battery health is obligation and challenging for OEMs. Thereby, material
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technology is intensively focus on improvement of battery packs/trays. Integration the
battery tray to EV platform is another improvement issue. Battery unit has to made in
large dimensions and its dimensions can change inputs and conditions of the vehicle.
The common integration solution is accepted as battery unit placement under passenger
compartment within battery tray/pack, which provides lower center of mass in vehicle
dynamics.

These differences are originated from aim of reach lots of customers groups with
minimum platform concept. Recent days, vehicles in different segments such as B
segment, E segment can have various regulation necessities and customer profiles; thus,
have different design also. At that point, flexible platforms are taught as efficient
solution for these challenges. Flexible platforms can introduce change in length and
width by keeping being assembled to upper body of the vehicle. For instance, there is a
possibility of that passenger car platform can be utilized on a commercial vehicle by
enlarging and expanding. Accordingly, manufacturer is going to produce only upper
body of the vehicle as different part. Keeping platforms similar as much as possible
contributes to utilization of same chassis components, which may be cost effective.

Battery Systems

Battery system is the key development during transition to electric vehicles since it
contains lot of limitations and regulation necessities from various disciplines. The
system has to be safe during accident, efficient possible weather conditions, easy
mountable to changing platforms, chargeable rapidly and have competitive performance
and endurance for all types of usage.

Customers’ expectations are really strict and extorsive for manufacturers; however, lots
of tough steps are taken in battery production. Increase in range, fast charging, capable
of disassembled battery unit and consistent performance output in varying weather
conditions are some of the achievement OEMs did. However, there are some issues to
deal with such as preservation battery unit from damage and fire risk during accidents,
charging time and change service or method when battery unit completes its designed
life. As customer experiences boost up, the solution points come to light; later, methods
are released to overcome these problems by producers. Therefore, current inadequacies
are going to be solved in the near future.

Battery has to consist of lots of plates/components in order to present long distance
travel with one charge. On the contrary, large battery unit results in weigh gain, which
is totally undesired consequent, even it will reduce the efficiency of travel distance due
to the performance loss with weight gain. As a result, batteries have to be minimized in
terms of weight and scale. Scale of the battery is also important since positioning on the
vehicle is another design limitation. To achieve best placement of battery unit, under of
passenger cabin is utilized to alignment. However, alignment to under the passenger
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compartment brings preservation obligation during road conditions and accidents.
Therefore, battery trays/packs gain great importance and need to have qualified
endurance by keeping batteries safe. On the other hand, current design allows for
innovation opportunities such as dynamic wireless charging while driving.

Powertrain Systems

Powertrain systems is another element affected by concept change of electric vehicles
since EVs has not need only IC engine and lots of mechanical parts that is essential in
ICEVs are eliminated by electric motor integration. Therefore, powertrain systems are
able to be lightweight and less complex. Besides, for BEVs, electric motor can directly
transfer the power to compact electric shaft. On the contrary, hybrid electric vehicles
(HEVs) involve some combine of gearbox with respect to designed work principles of
IC engine and electric motor. Main challenge originates from higher torque and rotation
speed as consequences of electric motors. On the other hand, with flexibility of electric
motors positioning on platform, more than one concepts are applicable. Flexibility of
electric motors can also contribute to flexibility of platforms; thus, these platforms can
be utilized for the vehicles from different categories by responding essential regulations
and customer profile expectations for each category or segment. For instance, terrain
vehicle needs high torque generation, meanwhile passenger vehicle needs high
rotational speed with medium torque generation. As another challenge is architecture of
powertrain system because ground clearance, drive capability, two-wheel drive or four-
wheel drive options and traction performance shape the architecture of powertrain
system. Afterward, these concepts result in complexity of the platform. OEMs aims to
reduce number of platforms in the production; thus, they have to deal with complexity
of the EV platforms for this purpose. Efforts of building the platform that powertrain
and battery systems are mountable to it are on the top of design priorities since
minimizing the number of platforms can effectively reduce cost of the vehicle. Lower
vehicle cost has vital role on the OEMs strategy since a lot of customer and different
potential groups in order to sale new EVs. If cost of powertrain elements and its
dependency of the platform are examined, it can come out conclusion that adaptive
powertrain technologies and concepts underlie EVs which has reachable price.

Conclusion

In this report, EV platforms are introduced, and challenges interfaced during transition
period from ICEVs to EVs are examined in order to provide an insight into platform
necessities. Besides, transition period from current platforms to EV platforms are
mentioned. There are several strategies to make smooth transition to EV such as
reinforcement of used platforms or making small modifications for hybrid vehicles
without change in vehicle architecture. On the other side, building totally new EV
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platform contains some tough challenges. Powertrain systems, power unit, battery
tray/pack cause structural and dynamical changes because of varying vehicle
characteristics. Electric motors as vehicle driver have different characteristic than IC
engines such as higher and stable torque, no need to some mechanical part (crank shaft,
etc.) and high level of driver rotation speed for transmission components. Furthermore,
power unit and battery positioning on the vehicle are crucial points which has to be
focused deeply. These major changes will bring major arrangements and upgrades
surely. Adaptation, fast and smooth transition to EV platforms becomes more of an
issue for OEMs in the near future; therefore, enhancements on platforms are going to
have important place. Therefore, there is a competition between OEMSs to achieve
completed EV platform in possible short time and make it adaptable to mass production.
Main goal behind all of these efforts and studies is being able to present wide range of
vehicles and reach customers from every group of society since electrification analogy
involves being reachable alongside of using green energy and zero emission target in its
background.
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Abstract: The first discovery of concrete and later studies on concrete were
generally limited to compressive strength. Today, while studies on the mechanical
properties of concrete still have an important place, the importance and number of
studies on the durability of concrete has increased considerably. In addition, the
use of mineral additives has key position in the studies carried out on the
production of impermeable concrete, and it is increasing in the studies carried out
for this purpose. The subject of this study is to reveal the mechanical and capillary
properties of the traditional concrete produced by using fly ash at different
replacement ratios with cement. In addition, the effect of different curing times
applied to concrete was investigated. The aim of this study is to produce concretes
by replacing the cement amount of traditional concrete, which has a very wide
usage area, with fly ash at high ratios and to examine how the mechanical and
capillary properties of these produced concretes change with the curing time and
to reveal the relations of these changes with each other. For this purpose,
compressive strength, splitting tensile strength and capillarity tests were carried
out on the concretes produced by replacing fly ash with cement at the ratios of 0%,
15%, 30% and 45%, both at the end of the 28-day curing period and at the end of
the 90-day curing period. As a result of the experiments carried out, it was
observed that the use of fly ash had a positive effect on the compressive strength,
splitting tensile strength and capillary properties of concrete. By increasing the
curing time from 28 days to 90 days, it was observed that there were significant
improvements in both mechanical and capillary properties of concrete.

Keywords: fly ash, compressive strength, splitting tensile strength, capillarity
coefficient.

Introduction

Concrete is the most used material on earth after water, and it is the most used material among
building materials (Monteiro et al., 2017). Concrete mainly consists of aggregate, cement and
water. Concretes with different properties can be produced by mixing these main components in
certain proportions and adding different substances in addition to these components. Among the
many properties of concrete, the most important property is its compressive strength.
Compressive strength is very important for evaluating the performance of the concrete structure
throughout its life cycle, as it is directly related to the safety of the concrete structure (Chen et
al., 2022). In recent years, it is noteworthy that researches on the durability properties of
concrete have taken place a lot in the literature. The reason why durability properties of concrete
are important as well as compressive strength is since the long-term service of the concrete
structure can be met with good durability properties. Because it is seen that a structure with
good durability will provide a lot of benefits both in terms of economy and sustainability, since
it will serve for a longer period (Neville, 1972; Baradan, 2012).
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On the other hand, with the increasing demand for concrete in the construction industry, the
demand for cement increases at the same pace. This situation causes environmental pollution.
The construction industry is responsible for 5-7% of total CO, emissions. Minimizing this
situation, which constitutes such a serious environmental problem, is important in terms of
sustainability. Cement production is the most important factor responsible for CO, emissions in
the construction industry. One of the best methods available to minimize cement production is
to use mineral additives as a substitute for cement in concrete. The use of industrial waste such
as fly ash, silica fume, blast furnace slag in concrete provides environmental benefits in two
different ways. These are to prevent environmental pollution by the disposal of these wastes and
to prevent environmental pollution as a result of reducing the use of cement due to the use of
these wastes by replacing them with cement (Kovler et al., 2005; Hasselman, 1969). In addition,
with the use of these substances in concrete, very effective results occur in the properties of
hardened concrete in a positive way. Especially the improvements in the durability properties of
concretes are very evident. Of all mineral additives, fly ash is the most accessible and
researched mineral additive. Fly ash is a mineral additive that is formed as a result of the
combustion of coal in thermal power plants and is approximately as fine as cement (Mehta et
al., 2014; Kumar et al., 2023). The capillarity test, which is an indicator of the movement of
water against gravity in the concrete with the effect of capillary, is one of the popular tests used
to determine the durability of concrete. Capillarity test gives an idea about some properties of
concretes such as permeability, gas diffusion and carbonation (Basheer et al., 1999; Van den
Heede et al., 2010).

The present study is the initial and trial phase of a comprehensive study. In the study, concretes
were produced by replacing fly ash at 0%, 15%, 30% and 45% by weight with cement. How the
compressive strength, splitting tensile strength and capillarity coefficients of these concretes
change, their relationship with each other and the effect of curing time on these properties were
investigated.

Materials and Method

In the study, limestone-based crushed stone and crushed sand were used as aggregates. The
maximum grain diameter of the aggregates used is 16 mm. The unit volume weights of the SSD
aggregates were found to be 2.68 for coarse aggregate and 2.66 for fine aggregate. In addition,
the water absorption values of the aggregates were obtained as 0.6% and 0.63% for coarse and
fine aggregates, respectively. When 50% of coarse aggregate and 50% of fine aggregate are
used, the allowed granulometry curve limits in the standards are not exceeded, so mixing
aggregate was used in the produced concretes in this way. CEM-I 42.5 R type cement was used
in the study. The properties of the cement used in production are given in Table 1.
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Table 23. Chemical, Physical and Mechanical Properties of Cement

Chemical Composition Physical and Mechanical Properties

Oxides Content, % | Retained on 45 um sieve, % 9.7
SiO, 19.65 Retained on 90 um sieve, % 1.0
Al,O4 4.12 Specific surface-(Blaine), m’/kg 411.3
Fe,0s 431 Particle density, Mg/m® 3.11
EAZ% 22051 Setting times-(Vicat), min. ::r:'r:;?l ;gg
SO; 3.01 Water demand, % 29.4
Na,O - Soundness, mm 1.0
K,O - 2-day |27.7
CI 0.02 Compressive strength, MPa 7-day [40.1
Loss on ignition |2.95 28-day [51.1

Tap water was used in concrete production. The properties of the fly ash used are given in Table
2.

Table 2. Properties of Fly Ash

Chemical properties Physical properties

Oxides % Density, g/cm® 2.33
SiO, 63.77 Retained on 45 um sieve, % |[16.1
Al,O3 18.05

Fe,O; 7.42

Ca0O 1,51

Mixture amounts of the produced concretes are given in Table 3. The water/cement ratio was
determined as 0.5 for all concretes. In addition, the total binder ratio (cement + fly ash) in all
concretes was taken as 300 kg/m®. It is aimed for the slump in concretes to be 7 cm, and in order
to achieve this goal, the superplasticizer additive was used in the required amount during the
production phase.

Table 3. Mix Proportion of Concretes

Amount of constituent materials, kg/m’

Fly ash replacement ratio, %

Cement | Water | Aggregate | Fly ash
0 300 1945 0
15 255 150 1931 45
30 210 1917 90
45 165 1904 135

All experiments were carried out on water cured samples both at the end of 28 days of curing
and at the end of 90 days of curing. The compressive strength test was carried out on cube
samples of 15 cm size, in accordance with TS EN 12390-3 (2019). The splitting tensile strength
test was carried out on cylindrical specimens with a diameter of 10 cm and a height of 20 cm.
The TS EN 12390-6 (2010) standard was considered in the splitting tensile strength tests. In the
capillarity test performed in accordance with the ASTM C1585 (2020) standard, cylindrical
samples with a diameter of 10 cm and a height of 20 cm were used. In the capillary test, the
samples, which were kept in the curing pool until the day of the experiment, were kept in the
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oven at 70°C until they reached a constant weight after they were removed from the curing pool.
After the temperature of the samples removed from the furnace decreased to room temperature,
the capillarity test was carried out.

Experimental Results

Compressive strengths of the produced concrete are given in Figure 1. When the 28-day
compressive strengths are examined, it is seen that the highest compressive strength is in
concrete that does not contain fly ash, and the lowest compressive strength is in concrete with
30% fly ash substituted. The decrease in compressive strength of concrete containing 30% fly
ash replacement ratio is 13% compared to control concrete (without fly ash). When the
compressive strengths of the 90-day concretes were examined, it was observed that the
compressive strength of the concretes increased with the increase in the fly ash replacement
ratio. The increase in compressive strength of concretes with 45% fly ash replacement is 18%
compared to control concrete. From this, it is clearly seen that the ultimate compressive
strength of concrete with mineral additives emerges after a longer curing period like 90 days.
The reason why this phenomenon is observed at the end of the long curing period is that the
pozzolanic reactions occur during the long curing period (Neville, 1972).

Although it can be said that the use of fly ash in concrete can reduce the compressive strength in
short-term curing, it can be said that it increases the compressive strength of concrete with long-
term curing and is very effective in terms of both economy and sustainability. It has been
calculated that the compressive strength of the concretes increased by 34% on average, with the
curing period increasing from 28 days to 90 days.

M 28days HE90days

30
0 15 30 45

Fly Ash Replacement Ratio (%)

wu

Compressive Strength (MPa)
= N
(e} (W} (@]

[T V|

Figure 24. Compressive Strengths of Produced Concretes

Splitting tensile strengths of the concretes produced are given in Figure 2. When the splitting
tensile strength values of the concretes subjected to curing for 28 days are examined, it is seen
that the highest splitting tensile strength is 2.98 MPa in the control concrete (without fly ash),
and the lowest splitting tensile strength is in the concrete with 2.25 MPa and 15% fly ash
replacement ratio. In the splitting tensile strength results for the end of 90 days of curing, it is
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seen that the highest splitting tensile strength is seen in concrete with 4.5 MPa and 30% fly ash
replacement ratio, while the lowest splitting tensile strength is seen in concrete with 3.6 MPa
and 30% fly ash replacement ratio. With the increase of curing time from 28 days to 90 days,
splitting tensile strength of concretes increased by 60% on average. Therefore, it has been
observed that the effect of curing time is very important in splitting tensile strength.

M 28 days M90days

0 15 30 45

Fly Ash Replacement Ratio (%)

. N} w IS w

Splitting Tensile Strength (MPa)

o

Figure 2. Splitting Tensile Strengths of Produced Concretes

In Figure 3, the capillarity coefficients of the produced concrete are given. As can be seen from
the figure, the capillarity coefficients decreased significantly with the increase in the fly ash
replacement ratio in the experiments carried out both at the end of the 28-day curing period and
at the end of the 90-day curing period. The decrease in capillarity coefficient of 45% fly ash
substituted concrete compared to control concrete; while it was 26% in concretes cured for 28
days, this decrease was found to be 25% in concretes cured for 90 days. Increasing the curing
period from 28 days to 90 days, the decrease in the capillarity coefficients of the concretes is
around 16%. With the use of fly ash in concrete, the capillarity coefficients, which are an
indicator of durability, have decreased remarkably, and the positive effect of fly ash on
durability has been clearly revealed.
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Figure 3. Capillarity Coefficients of Produced Concretes

Conclusions

The following results were obtained from the study;

- When the compressive strengths are examined; for 28-day compressive strengths,
compressive strengths of 0% (without fly ash) and 30% fly ash substituted concretes
were quite close to each other. For the 90-day samples, it was observed that the
compressive strengths increased with the increase in the fly ash replacement ratio.
Compared to the control concrete (without fly ash), the compressive strength of
concretes with 45% fly ash replacement increased by 18%.

- Among the concretes cured for 90 days, the highest splitting tensile strength was
determined in the concrete with 30% fly ash substitute.

- With the increase in the fly ash replacement ratio, a general decrease was observed in
the capillarity coefficients, and this decrease had a positive effect in terms of durability.
In concretes with 45% fly ash substitute, this reduction amount is around 13%
compared to control concrete.

- As a result of increasing the curing period from 28 days to 90 days, significant
improvements occurred in all the properties examined.
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Abstract: Mesenchymal stem cells (MSCs) are of great importance in many
medical fields due to their abundance and ease of isolation from various sources,
as well as their allogeneic, immunomodulatory, anti-inflammatory, angiogenic,
and anti-apoptotic properties. Adipose tissue-derived MSCs (ADMSCs) have
become increasingly popular for therapeutic purposes in recent years due to their
ease of isolation, high multipotency, and safe use. However, conventional
polystyrene surface culture techniques have been shown to reduce the
immunomodulatory abilities of ADMSCs. In order to address this problem, studies
have been conducted using the HAVDI pentapeptide sequence, located in the first
extracellular part of N-cadherin and involved in cell-cell interactions, to establish
N-cadherin and improve ADMSC proliferation and regenerative capacity.
However, the immunomodulatory abilities of this technique have not yet been
investigated. In this study, experimental groups were formed using normal plastic
surfaces, HAVDI and Scrambled HAVDI sequences, and their effects on immune
response were investigated in 2D and 3D cell culture environments. RNA and
supernatants were collected from ADMSCs after 18 hours of stimulation with 0.1
ug/ml LPS. Results showed that the amount of IL-6 gene and protein increased in
cell cultures when the plates were coated with the HAVDI peptide amphiphile,
indicating positive effects of the HAVDI peptide sequence on the
immunomodulatory response of ADMSCs. In conclusion, the HAVDI peptide
sequence can be considered a strategy to enhance the yield of MSCs, which are
widely used in clinics. This study demonstrated the positive effects of the HAVDI
peptide sequence on the immunomodulatory abilities of ADMSCs, which may have
implications for the future development of MSC-based therapies.

Key Words: HAVDI, ADMSC,3D CULTURE, IMMUNOMODULATION
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Ozet: Niifus artisi, kentlesme, sanayilesme, iiretim ve tiiketimdeki artislar tath su
kaynaklary icin giderek yiikselen bir talep yaratmigtir. Diyarbakir kent merkezinin
artan niifusu dogrultusunda icme suyu ihtivaci Biiyiiksehir belediyesine bagl DISKI
tarafindan saglanmaktadir. DISKI temel olarak icerisinde Pompa, Tasima ve Aritma
Istasyonlarimi barindiran bir biitiinsel sistem isletmesidir. Bu yap: elektrik enerji
ihtiyacim, Tiirkiye Elektrik Dagitim Sebekesinden aldigi 36 kV gerilim kademesi ile
karsilamaktadwr.  Elektrik enerjisinin  kesintisiz, kayipsiz ve kaliteli olarak
saglanmast kullamcilarin su ihtiyaci i¢in gereklidir. DISKI i¢cme suyu biitiinsel
sistemi elektrik enerjisini kaynak olarak Diyarbakir-3 TM 380/36 kV Yildiz-Uggen
Gii¢ trafosundan 2(3x477MCM) ¢ift devre ile almaktadir. Elektrik enerjisi iletimi
hem yeralti hem de havai hatlar ile yapilmaktadir. Iletim hattimizda, Pigeon (3/0) ve
Hawk (477MCM) havai hatlary ile 1x95/16mm?2 XLPE ve 1x240/25 XLPE yeralti
kablolart her fazda yaklasik 45 km uzunlugundadir. Elektrik tesisinde ayrica 5 adet
KOK binasi, 3 adet Trafolu Kabin (Trafo Binasi) olmak iizere toplamda 62,9 MVA
giiciinde 9 adet trafo ve 2970 kVAr kapasitor banki bulunmaktadir. Mevcut yapida
toplamda 17.000 HP giiciinde 6 adet asenkron motor bulundugundan sistem yiikii
endiiktif ozellik gostermektedir. Bu ¢alismada, DISKI elektrik enerji sistemi mevcut
yapisimin modeli olusturularak verimlilikle ¢calismast enerji maliyetleri géz oniinde
bulundurularak degerlendirilmesi amaglanmistir. Oncelikle mevcut elektrik alt
yapusimin modeli olusturulmustur. Bu model iizerinde DISKI enerji sisteminin
gerilim, gii¢, agisal konum bilgileri izlenmistir. Yapilan degerlendirme sonunda gii¢
iletiminin P- & egrileri elde edilmistir. Iletim hatlarinda mevcut durumun verimini
artirmak amaciyla seri kompanzasyon yapilarak hattin reaktans degeri
kiigtiltiilmiistiir. Yapilan model ¢alismasinda, seri kompanzasyon ile iletim hattinda
tasina bilinecek maksimum gii¢c miktart artarken aym yiik agisinda (9) daha biiyiik
miktarda gii¢ tasina bilinmistir.

Anahtar Kelimeler: DISK/, dagiim sebekesi, P - O egrileri, orta gerilim
kompanzasyonu
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Abstract: The lighting sector, which has developed with the acceptance of lighting as
a basic need, continues to develop rapidly in the automotive industry. For almost
every vehicle manufacturer, lighting styles and designs determine the characteristics
of the models. The most important processes are the design of the lighting element to
be used in automotive lighting and the appropriate mould design, part production,
and assembly. With computer-aided engineering, virtual analyses used in automotive
lighting provide a great advantage in terms of analysing the optical and mechanical
outputs of the lighting element parts to be produced before production. Since the lens,
which is one of the most important optical parts in automotive exterior lighting
products, affects the light direction and intensity, the material used in its construction
should also be chosen very carefully. An important parameter in the material
selection of the lenses is the heat resistance for the heat which is created by the light
source in the lighting element. Another important parameters of an optical system are
light sources. Filament lamps differ from other light sources in many points such as
light output angles, heat emission amounts, environmental resistance, and working
principles. Since the filament lamps release UV light, they cause deformation by
heating the surrounding components. For this reason, an experimental study was
carried out by comparing the thermal resistance and light transmittance of lenses
made of PMMA material with the same structure with different ratios of colour
additives, using a 16W filament lamp as a light source.

Keywords: Automotive lighting, optic material, PMMA, filament lamps

Introduction

The importance of automotive exterior lighting functions is quite high in ensuring traffic safety.
For this reason, automotive lighting is subject to specifications such as ECE and SAE created by
internationally recognized commissions [1] [2].

In addition to functional lighting intensity requirements in specifications and norms, life tests
are also emphasized. It is important that the materials to be used do not suffer any damage under
environmental conditions and any usage conditions. It especially applies to the materials that
form the optical system of lighting functions, namely reflectors, lenses, and other lenses. The
materials used are selected from high-strength polymer-based plastics, and high-density strength
tests and life tests under accelerated and defined conditions are applied to these plastics [3].

Considering the optical requirements to be fulfilled in automotive exterior lighting, the
polymers that make up the designed lenses must be made of materials with high light
transmission. Glass with high light transmittance is a material that can be used in outer lens
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designs because it is resistant to heat generated by light sources. In addition, when
environmental factors such as dust and UV rays etc. are taken into account, the deformations
that occur in the glasses are almost zero [4]. However, it is more advantageous to use plastic
instead of glass in the outer lenses of automotive lighting elements in terms of safety,
machinability, and freedom of design. Considering all these, it can be predicted that the use of
plastic will increase even more in the future [5].

In the automotive sector, it is seen that many parts of the vehicles are made of plastic materials,
especially polymers such as Polycarbonate (PC), Acrylonitrile butadiene styrene (ABS),
Polybutylene Terephthalate (PBT), Polymethyl Methacrylate (PMMA) are frequently used. In
the design of the lenses of lighting products, the use of PC and PMMA polymers is the most
suitable option, since it is necessary to choose a material with high light transmittance in order
to meet the optical transmittance conditions. PMMA and PC transparent materials are polymer
materials with the highest average light transmittance in the visible region of the
electromagnetic spectrum (EMS).

In polymers that are affected by temperature changes, such as PMMA, the material softens as
weak bonds break at the melting point and the chains shift from one to the other. At the freezing
point, the bonds remodel and the material solidify. Materials that experience these changes are
called “thermoplastic materials” [6] [7].

The chemical composition of the material used, its solid-state structure and impurities (internal
factors) play an important role. However, external factors such as ambient atmosphere (oxygen),
mechanical and biological stress, temperature, and radiation also affect the aging of polymers.
The light source used in the lighting function plays an important role in the face of radiation
aging. The behavior of materials against heat can change under different wavelengths [8].

The aim of the study is to test the behavior of special polymers used in lighting components
when exposed to radiation heat in the face of different light transmittance and finally to obtain
valid data for real product applications. For this purpose, Polymethyl Methacrylate (PMMA),
one of the most commonly used plastic materials in automotive lighting lamps, was preferred in
the scope of the study.

In the study, a filament lamp was used as the light source. The most important difference
between filament lamps and other light sources is the temperature value of the light in "kelvin"
and the change in the light intensity depending on the wavelength of the light at this temperature
value [9]. For this reason, a 16-Watt filament lamp was used in the study to understand the
effect of radiation heat on the material.

2. Material and Methode

2.1. PMMA (Polymethyl methacrylate)

PMMA, called polymethyl methacrylate or plexiglass, is widely used in safety glasses, light
fixtures, lenses, fiber optics, and contact lenses, as it provides excellent optical properties [10].
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It can transmit more than 93% of the light and provides 4% reflection [11]. In previous studies,
the refractive index of pure PMMA polymer was measured as 1.49 [12]. It is the most ideal
alternative for glass as its raw form is almost as clear as glass and has high light transmission.
Compared to glass with very good optical properties, it is softer and has excellent impact
resistance compared to glass.

PMMA filters UV rays lower than 300 nm wavelength [13]. It can be produced in many
different colors and the light transmittance decreases as the color gets darker. Additives such as
color are applied to PMMA products, reducing the light transmittance and filtering light up to
300-400 nm wavelengths. It transmits infrared rays up to a wavelength of 2800 nm.

PMMA has very good thermal stability as it can stay well up to 200 °C [14]. Another advantage
is that it has high UV resistance and high resistance to environmental factors such as humidity
due to low water absorption. All these are the reasons to prefer PMMA for optical surface
design. Since it is a material that softens when heated and hardens again when cooled, it enters
the class of thermoplastics, and the high number of production options of thermoplastics
increases its preference. Table 1 shows some properties of PMMA material.

Table 7. PMMA materials properties.

Special Feature Average Value
Tensile Strength 55-80 MN/m?
Strain Failure % < 10
Flexing Endurance 100-150 MN/m?
Specific Heat 1.25- 1.7 kJ/kg/°C
Thermal Expansion Coefficient 5-10 x 10"-3 /°C
Density 10-12
Water Absorption %0.1-0.5
Refractive Index 1.492

2.2. Absorption and Transmission

Waves carrying electromagnetic energy, also called light or photons, can be absorbed by
particles carrying an electrical charge, such as electrons. This absorption process is called
“absorption”. Every material cannot transmit all the light falling on it, it absorbs some of it
selectively. The absorbed light transfers its energy and momentum to the charged particle, and
the photons cease to exist [15] [16] [17]. The energy absorbed by the particle from the photon
causes the particle to increase in energy and heat up. Materials transmit light that they do not
absorb, which is called "transmission".

The color of materials is electromagnetic rays that pass through the material for transparent
materials or reflect from non-transparent ones and reach our eyes in the visible region.

Most materials transmit some wavelengths and absorb some other wavelengths (Figure 1). This
situation is expressed as the “absorption coefficient of light (a)”. According to the Lambert-
Beer law of absorption in the material, the amount of light passing through a homogeneous
material of equal thickness is logarithmically inversely proportional to the path traveled by the
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light on the material and the intensity of the material, and proportional directly to the amount of
absorbed light [18].

) 5 7))
Lo L.
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/

Figure 18. Light entering and exiting the material.
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The ratio of the amount of light entering the material to the amount of light coming out is
expressed as Transmittance (T), usually expressed as a percent “%T”.

In this article, transmission rates in PMMA materials are analyzed according to color additive
ratios.

In Table 2, x-y positions and permeability of PMMA materials, which consist of different color
additives, measured with Perkin Elmer Lambda 19 device, are given according to the CIE
graph. In the study, the analyzes of the materials with these values were made and the
relationship between color additives, permeability, and thermal resistance was examined.

Table 8. x-y position and permeability of PMMA.

cor:gr- thE::nkr?Ess T [%] X y

V268 2 87,21 0.4468 | 0.4081
V271 2 73,85 0.4447 | 0.4092
V273 2 48,81 0.4409 | 0.4103
V274 2 38,65 0.4404 | 0.4109
TV337 2 3,24 0.4155 | 0.4062

3. Experimental Studies

In this study, the thermal resistance of PMMA materials containing different paint additives was
measured. In the studies, PMMA plates with 5 different additive ratios, each 2 mm thick, were
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used. PMMA plates fixed at 2.5 cm from the W16W bulb within the designed closed spaces
were tested in a cabinet with a constant 24 °C and 40% constant humidity. At certain time
intervals, the surface temperatures of the plates were measured with the thermocouple and the
results were compared.

In Figure 2, PMMA plates containing different paint additives used in the study are shown.

Figure 19. PMMA plates with different paint additives.

In Figure 3, the transmittance values at 2 mm of PMMA plates containing different paint
additives used in the study are given.

100
a0
a0
70
&l
50
40
30
20
10

Transmittance (%)

0
V268 Tl 273 274 337

Plexiglas

Figure 20. Transmittance of PMMA plates containing different paint additives.

In Table 3, the test began temperature and 15-minute intervals of measured temperature of the
PMMA plate surfaces are given.
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Temperature (°C)
Time(minute)\Plexiglas |7V268 V271 V273 V274 7Vv337
0 23,7 24,2 23,7 24,4 23,9
15 65,2 66,6 70,6 71,8 72,7
30 66,5 68 72,1 73,8 75,3
45 66,6 68,9 72,5 74,4 76

Table 9. Temperature values of PMMA plate surfaces measured over time.

This study was also supported by numerical analysis. The thermal values on the most
transparent PMMA and the least transparent PMMA under the same conditions as the cabinet
are shown in Figures 4 and 5.

Temperature ( Solid) ( °C) [66,6°C]

Temperature ( Solid) ( °C)

Figure 21. 7V268 material’ thermal analysis.
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Temperature ( Solid) ( °C) [76°C]
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Figure 22. 7V337 material’ thermal analysis.

4. Conclusion

By using 5 different 2mm thick PMMA plates with different paint additive ratios, it was aimed
to examine the thermal effect of the additive ratios and a numerical comparison was made by
taking the surface temperature measurement results at 15-minute intervals (Figure 6).

Figure 3, the test start temperature and 15-minute intervals of measured temperature of the
PMMA plate surfaces are given.

Obtained results show that as the paint additive ratio increases in PMMA materials, the light
transmittance will decrease, the absorption will increase, and accordingly the surface
temperature will increase.

Considering the thermal life tests of automotive exterior lamps determined by OEMs, the study
becomes very important and constitutes an input for future vehicle exterior lamp manufacturers.
It is known from previous studies that even small temperature increases on the lens surface of
the lamp can cause product deformation. These deformations that occur aesthetically are not
accepted by OEMs. In product feasibility studies, it has been revealed that temperature changes
due to color additives should be added to the analysis while performing thermal analysis. Thus,
any negative results in the physical thermal tests to be carried out after the products are
produced will be prevented and a stronger correlation will be established between simulations
and physical life tests.
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Figure 23. Temperature curves of PMMA plate surfaces measured against time.
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Ozet: Teknolojinin hizli bir sekilde gelismesi ile Diinyada en ¢ok biiyiiyen atik
akislarindan biri atik elektrik ve elektronik esyalardir. Bu nedenle AEEE (atik
elektrik ve elektronik egya)’larin iceriginde yer alan atik baskili devre kartlarindan
degerli metallerin yesil kimya yontemleri kullanilarak geri kazanimi cevresel ve
ekonomik acidan biiyiik onem tasimaktadir. Bu c¢alismanin amaci iletigim
sektoriinden tedarik edilen ABDK (atik baskili devre karti)’ larinda yer alan giimiis
(Ag), paladyum (Pd), nikel (Ni) degerli metallerinin hidrometalurjik yéntemlerle
geri kazamilmasidir. ABDK’lari anakart ve anakart komponenetler olarak iki
boliime maniiel olarak ayrilmis, numuneler kirma ve ogiitme on islemlerine tabi
tutulmugtur. Anakart ve anakart komponenet toz numunelerde HCI, H2S04-H202,
HNO3 ile li¢ islemlerine tabi tutulmus ve li¢ islemleri i¢in asit konsantrasyonu,
sicaklik, siire icin optimum kosullar belirlenmigstir. Belirlenen li¢ sistemleri ile sivi
faza alinan Ag, Pd, Ni degerli metalleri dort farkli iyonik sivi [Bmum][PF6],
[Bmum] [Tf2N], [Hnum][Tf2N], [Hmm][PF6] ile oda sartlarinda ekstrakte edilmis
ve farkli tipteki iyonik sivilarda ekstraksyon mekanizmalari incelenmistir. Anakart
numunede; Ag [Hmim][Tf2N] iyonik sivisinda %87, Pd [Bmum][PF6] da %85, Ni
[Hmum][PF6]’da %90 oraminda, anakart komponent numunede ise; Ag
[Hnum][Tf2N]  iyonik siisinda %88, Pd [Bmum][PF6]'da %90, Ni
[Hnum] [PF6] 'da %84 olarak ekstraksyon verimlilikleri belirlenmistir. Dort farkl
ivonik swvinmin asidik lic ortaminda Ag, Pd ve Ni degerli metalleri igin etkin
ekstraksyon ozelligi gosterdigi belirlenmigtir.

Anahtar Kelimeler: atik baskili devre kartlari, giimiis, paladyum, nikel, iyonik sivi.

Giris

Elektrik ve elektronik endistrisinin diinyanin en biiyiik ve hizli biiyiiyen iiretim kapasitesine
sahip olmasi, lretilen yeni teknolojilerin cihazlarin teknolojik Gzelliklerini hizli bir sekilde
eskitmekte ve kullanim omiirlerini kisaltmaktadir. Elektrik ve elektronik esyalarin fonksiyonel
Omiirleri ile teknolojik Omiirleri arasindaki farkin her gegen giin artmasi bu esyalarin atil
duruma gelmesine ve elektrik-elektronik atik (AEEE) olugmasina sebep olmaktadir. Genellikle
yakma ve gomme gibi bertaraf yontemlerine tabi tutulan bu atiklar icerdikleri organik ve
inorganik maddeler nedeniyle gevre kirliligine ve ekonomik kayba neden olmaktadirlar. Elektrik
ve elektronik atiklar; altin, giimiis, paladyum, bakir, nikel gibi ekonomik degerleri bulunan
metalleri biinyesinde bulundurmaktadir. Cevreye duyarli yontemlerle bu degerli metallerin geri
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kazanilmasi ve yeniden ekonomiye kazandirilmasi, hem ekonomik hem de dogal kaynaklarin
korunmasi yoniinden biiyilkk onem tasimaktadir. Atik elektrikli ve elektronik ekipmanlar
(AEEE), diinya capinda firetilen toplam evsel kati atik miktarinin %S5'inden fazlasini
olusturmakta ve 2019 yilinda 53,6 milyon metrik ton (Mt) olarak belirlenen e-atik miktarinin
devam eden akis ile birlikte 2030 yilina kadar 74,7 Mt ulasacagi ongoriilmektedir (Forti vd.,
2020). Ayrica AEEE Avrupa’da yilda %8 biiyiimeyle en hizli biiyliyen atik tiirlerinden biri
olarak kabul edilmektedir (Ciftlik vd., 2011; Baldé vd., 2017). 2019'da resmi olarak belgelenmis
toplama ve geri doniisiim miktar1 9,3 Mt’dur. Tirkiye’de, iilke ekonomisinin biiylimesiyle
birlikte AEEE’ nin iiretiminin 2005 yilinda, ortalama kisi bas1 4,3 kg, 2016 yilinda 7,9 kg, 2019
yilinda 10,2 kg oldugu belirtilmistir (Baldé vd., 2017; Forti vd., 2020; Widmer vd., 2005).
Tiirkiye’de Tretilen e-attk miktarinin sadece %1’lik bir kismu geri doniislim i¢in
kullanilmaktadir (United Nations University, 2015; Sayman ve Akpulat, 2016). Tirkiye’de
2015 yilinda toplanan e-atik 11,6 kt, 2016 yilinda toplanan e-atik 23,03 kt, 2017 yilinda
toplanan e-atik 19,22 kt, 2018 yilinda ise toplanan e-atik 23,36 kt olarak bildirilmistir (Cevre,
Sehircilik ve iklim Degisikligi Bakanligi, TABS, 2020).

Elektrik ve Elekronik atiklardan degerli metal geri kazanimina yonelik yesil ve siirdiiriilebilir
tekniklerin gelistirilmesi {lizerinde ¢aligmalar yogunlasmistir. Gilinlimiizde geleneksel klor ligi,
biyoli¢ ve basingli siilfat lici gibi yontemler kullanilarak AEEE degerli metal geri kazanimi
yapilmaktadir. Fakat li¢ isleminde kullanilan kimyasallarin toksititesine ve ¢evresel zararlarina
bagli olarak yesil ve siiridiiriilebilir yeni li¢ metotlarinin arastirilmasi ihtiyaci dogmustur.
Iyonik sivilar ve sulu ¢ozeltileri laboratuvar ortaminda altin, giimiis, paladyum, nikel ve bakir
gibi metallerin geri kazamimu icinde kullanilmaya baslanmustir. Ilk iyonik sivi 1914 yilinda
Welton tarafindan [EtNH3][NO3] olarak tanimlanmigtir (Welton vd., 1999) . 1940’11 yillarda
aliminyum kloriir bazli ergimis tuzlar yiiksek sicakliklikarda elektrolitik kaplamalar igin
kullanilmiglardir. 1970’lerin basinda Wilkes, yapiminda ergimis tuzlara gereksinim duyulan
niikleer savas basliklar1 ve uzay araglari i¢in daha iyi bataryalar gelistirmeye g¢aligmiglardir
(Wilkes, J.S., vd., 1982). Bu ergimis tuzlar yakin mesafedeki malzemeleri hasara ugratmak igin
yeterince sicak degillerdi. Dolayisiyla kimyacilar, diisiik sicakliklarda sivi kalabilen tuzlar i¢in
arastirmalar yaptilar ve oda sicakliginda sivi olan bir tuz kesfetmislerdir. Wilkes ve arkadaslari
daha sonra batarya elektroliti olarak kullanilmak iizere iyonik sivilar1 gelistirmeye devam
etmislerdir. Boylece iyonik sivilar {ireten ve dzelliklerini test eden kiigiik bir arastirma grubu
kurulmustur (Fannin, A.A., vd., 1984, Dupont, J.,vd., 2004). 1990’1 yillarin sonlarina dogru
iyonik sivilar umut vadeden solventler olmaya baslamistir. Organo-aliiminat gibi ilk iyonik
stvilar suda ve havada bozunduklarindan uygulama alanlari simirli kalmistir. 1-n butyl-3-
methlyimidazolium tetrafluoroborate ([Bmim][BF,]) ve 1-n-butyl-3 methlyimidazolium
hexafluorophosphate ([Bmim][PFs]) gibi havada kararli iyonik sivilarin sentezinin arkasindan
suda ve havada kararli iyonik sivilarin satisinda biiyiikk bir artis yasanmustir (Dupont, J.,vd.,
2004). Iyonik sivilar heniiz ¢ok yeni bir ¢alisma alani oldugundan, bunlarin yogunluk ve
viskozite gibi temel fiziksel 6zellikleri hala arastirma konusudur (Brennecke, J.F., vd., 2001).

Literatlirde iyonik sivilar ve spesifik uygulamalar1 iizerine yapilan caligmalar giin gectikce
artmaktadir. Aragtirmalarin gelecekteki hedefleri, iyonik sivilarin biiyiik &lgekli kimyasal
proseslerde solvent ve katalizor olarak kullaniminin ticarilesmesine yonelik olacaktir. Tyonik
stvilar pozitif ve negatif yiiklii iyonlardan olusurlar, molekiillerden olusmazlar. Iyonik sivilarin
yapilari, pozitif sodyum ve negatif kloriir iyonlarindan olusan sodyum kloriir gibi tuzlarin yapisi
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ile benzerlik gosterirler. Fakat tuzlar 800°C’in altinda erimezken bir¢ok iyonik sivi oda
sicakliginda sivi haldedir. Iyonik sivilar konusunda yapilan bilimsel galismalarin sayisi giin
gectikce katlanarak artmaktadir. Laboratuvar ve endiistriyel uygulamalarda umut verici
alternatif ¢oziiciiler olarak kullanilmaktadirlar.

Materyal ve Metod

Iletisim sektoriine yonelik atik elektrik ve elektronik esyalardan dmriinii tamamlamis baskili
devre kartlar1 temin edilmistir. ABDK' larin {izerindeki kondansator, direng, transistor, metal
sogutucu plakalar, vs gibi kolayca sokiilebilir devre elemanlari maniiel olarak tornavida, keski
vb. kullanilarak baskili devre kartlarinin ana govdesinden ayrilmistir. Anakart plastik kirma
makinesinde tek kademeli kirilarak bilyali degirmende toz haline getirilmistir. Anakart iizerinde
yer alan bilesenlerden degerli metal igerdigi belirlenen komponenetler ¢ekicli kirma
makinasinda kirilarak halkali degirmende oOgitiilmiistiir. Caligmalar anakart toz numune ve
komponent toz numune olarak iki farkli numunede gergeklestirilmistir. Li¢ asitleri olarak ti¢
farkli asit; H,SO, (%95,98), HNO; (%65), HCI (%37) ve oksitleyici olarak H,0, (%37)
kullanilmistir. Numunelerde yapilan li¢ islemlerinde ¢ozeltiye gecen degerli metal miktarlart
ICP-OES cihazi ile ol¢iilmiis elde edilen veriler optimizasyon programinda taguchi analiz
yontemi ile analiz edilerek optimum kosullar belirlenmistir. Anakart ve komponenet numunlerin
icerigindeki degerli metaller optimum kosullarda asit li¢ sistemleri ile ¢ozeltiye alinmis ve dort
farkli iyonik sivi ile [Bmim][PF¢], [Bmum][Tf,N], [Hmum][Tf,N], [Hmum][PFs] ekstraksyon
islemine tabi tutulmustur.

Bulgular

Anakart numunemizde optimum kosullarda Ag, Ni, Pd en yiiksek ekstraksyon verimi, Ag
[Hmim][Tf;N] %86,9, Pd [Bmum][PFs] %84,8, Ni [Hmim][PFs] %90,4 , Anakart komponent
numunemizde yapilan ¢alismalarda en yiiksek ekstraksyon verimi, Ag [Hmim][Tf;N] %88 Pd
[Bmim][PFg]  %89,6, Ni [Hmum][PFg] %84 olarak belirlenmistir. Garfikler asagida
verilmektedir.

Anakart Numune Ag

86,9
90 78,1

45,8
34,7

Ag Ekstraksyon %

BmimPF6 BmimTF2N HmimPF6 HmimTF2N

Grafik 1: Anakart numunede Ag iyonu igin ekstraksyon verimlilikleri.
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Grafik 2: Anakart numunede Pd iyonu i¢in ekstraksyon verimlilikleri.
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Grafik 3: Anakart numunede Ni iyonu igin ekstraksyon verimlilikleri.
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Grafik 4.Anakart komponent numunede Ag iyonu igin ekstraksyon verimlilikleri.
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Grafik 5.Anakart komponent numunede Pd iyonu i¢in ekstraksyon verimlilikleri.
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Grafik 6. Anakart komponent numunede Pd iyonu i¢gin ekstraksyon verimlilikleri.

Sonuglar

Anakart numunede yapilan ¢alisma sonucunda Ag ekstraksyonun da kullanilan [Hmim][Tf,N]
iyonik sivi i¢in Pd in li¢ ekstraksyona ugramamasi sebebiyle secimli ekstraksyon olarak
kullanilacagi ortaya konulmustur. Ayrica Ag ekstraksyonunda [Hmim][Tf,N] ve [Hmim][PFg]
iyonik sivilarin ayni katyona sahip olup farkli anyonlarda farkli ekstrasyon verimliliklerinin
belirlenmesi sayesinde iyonik sivi anyonun ekstraksyon mekanizmasindaki etkileri
gdzlemlenmektedir. Ag icin [Tf,N] iyonun [PFs] Iyonundan daha etkin ekstraksyon &zelligi
gosterdigi, [Hmim][Tf;N] nin viskozitesinin ve hidrofobitesinin fazla olmasina ragmen daha
etkin ekstrakte ozellik gdstermesinin [PFg] iyonun yogun asidik ortamda daha zayif kimyasal
stabiliteye sahip olmasi olarak yorumlanmistir. Bunun yaninda ayni katyona farkli anyona sahip
iki iyonik sivinin giimiis ekstraksyonunda karsilastirtlmast s6z konusu olursa; [Hmim][PFg]
iyonik sivisinin yiiksek asidik ortamda hidroliz reaksiyon iiriinlerinin HF gazi igermesi
sebebiyle [Hmim][Tf;N] tercih edilen iyonik sivi olmaya aday oldugu belirlenmistir.
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