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Abstract:

Radiation is the energy released from matter. Radiation is divided into two according to
its source: natural and artificial radiation. Artificial radiation is used in treatment methods
in medicine. One of these treatment methods is brachytherapy. Brachytherapy treatment
is applied by placing small radioactive sources inside the body and sending beams
directly to the cancerous cell. The main thing to consider in brachytherapy treatment is
the selection of the applicator. The applicator is the device that enters the patient's body
cavity. Inthis study, based on the applicators currently used in the medical field, a patient-
specific, biocompatible, sterilized, and reusable applicator will be created from PLA
material by using a 3D printer. The applicator to be designed will consist of 2 parts: the
intrauterine tube and the spherical tip. The spherical tips, which vary according to the
size of the tumor, will be pressed to integrate with the tube part of the applicator. Thus, a
patient-specific design will be realized by using the spherical tip suitable for the patient’s
tumor region. As a result of the project, since the applicator will have spherical tips of
different sizes, it completely covers the intrabody cavity of the patient. Thus, the
movement of the applicator is limited, and dose distribution is prevented. The treatment
process of the patient is improved. Another result is that the prototype applicator printed
with PLA filament is produced at a very low cost. Thus, access to the applicator becomes
easier and its use in the medical field increases.

1. Introduction

1.1 Radiation

to their high energy. They have the energy to break
down the DNA inside the cell as a result of
uncontrolled exposure. Due to the damage to DNA,
it causes many diseases in the body, including cancer

Today, radiation is a concept that we frequently
encounter in our environment. Radiation is the
energy released from matter. Physically, it is the
propagation of various types of energy in waves [1].
According to energy and frequency level, radiation
is divided into two main categories: ionizing and
non-ionizing. lonizing radiation creates ions in the
material it hits, and energy is transferred by electron
detachment from this ion [2]. It is also referred to as
nuclear radiation. The type of radiation used in the
medical field is ionizing radiation. They have high
frequency, low wavelength, and damage tissues due

[3]. Non-ionizing radiation is ultraviolet rays, visible
light and infrared rays, microwaves, and radio
frequency that do not ionize the environment [4]. In
this type of radiation with low frequency and high
wavelength, ionization does not occur. In contrast to
ionizing radiation, non-ionizing radiation does not
have the energy to detach electrons from molecules.
Therefore, it is not directly harmful to the human
body. However, continuous exposure to high doses
of non-ionizing radiation can damage the tissue due
to the heat emitted.
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There are many sources of radiation energy. The sun,
radioactive materials, medical devices, and X-rays
are some of these sources. These sources can be
analyzed into two categories: natural and artificial.
Natural radiation is the radiation that exists in nature
without human contribution. The main headings of
natural radiation can be grouped as cosmic,
terrestrial, and internal radiation [5]. The radiation
we are exposed to from the sun, stars, Earth, rock,
soil, water, and air, and the types of radiation
naturally found in the human body (Potassium-40/
Carbon-14 isotopes) are examined under this
heading.

Artificial radiation sources can also be divided into
two as medical sources and industrial products.
Since there is no continuous exposure like natural
sources, exposure may vary depending on the
person's daily lifestyle. Medical sources are the area
of use of ionizing radiation. It is the type of radiation
exposure due to medical diagnosis and treatment
areas such as radiography, radiotherapy, and nuclear
medicine [5]. In radiography and imaging methods,
low doses of radiation are used for diagnostic
purposes without harming the cells and the patient.
However, since apoptosis occurs in radiotherapy,
high doses of radiation are targeted.

While radiation can be extremely harmful to the
human body, it can also be beneficial. For example,
while it can cause cancer as a harmful effect, at the
same time, cancer can be cured with radiation used
in the appropriate dose and area. For this reason, to
use the effects of radiation correctly, an appropriate
and controlled dose should be selected, and the
duration of exposure should be adjusted correctly.
Measurement units are used internationally to adjust
this dose correctly and to obtain reliable results in
studies.

The number of decays of radioactive nuclei per unit
of time is known as activity and its unit is Becquerel
(Ba) [6].

The amount of radiation energy stored as energy due
to ionization in the environment is the absorbed
dose. The unit of this dose is Gray (Gy) [7].
Stochastic and deterministic effects may occur if
radiation is not used at the appropriate dose and
duration. These effects are extracellular effects.
Deterministic effects are the effects when radiation
damages a tissue or organ, and the body reacts. There
is a certain threshold value and if a dose smaller than
this threshold value is received, the effect is zero.
However, if radiation is received above this
threshold, damage occurs in the body. The damage
increases depending on this dose. The most common
effects are infertility, sudden death, and cataracts.
For example, cataracts can occur with 5 Gy or more
radiation to the eye [7]. Stochastic effects are those
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observed without any threshold value. They occur as
the effects of low doses of radiation. Their effects are
not sudden like deterministic effects but are
observed later. Here the damage/ threshold
connection is linear. The more exposure to radiation,
the greater the damage/ disease that will develop [7].

1.2 Use of Radiation in Healthcare

Radiation is used in various fields of health such as
diagnostic imaging and radiation therapy. It is
important to use radiation safely and appropriately to
minimize health risks. There are various radiation
devices used for different purposes in healthcare.
Some of the radiation devices used in healthcare
include X-rays, CT, PET, MRI, and radiotherapy. X-
rays provide imaging of the internal structures of the
body using ionizing radiation with X-rays.
Computed tomography (CT) provides detailed
imaging of the body using ionizing radiation and is
used to diagnose internal injuries and diseases by
combining X-ray images taken from different angles
[8]. Positron Emission Tomography (PET) provides
metabolic and functional imaging using a
radioactive tracer injected intravenously. Magnetic
Resonance Imaging (MRI) uses magnets to emit
magnetic fields and radio waves to create images of
the body. Radiotherapy uses high-energy radiation to
target and destroy cancer cells. There are different
radiation therapy machines. These include beam
radiation therapy, brachytherapy, and proton
therapy.

These devices play an important role in the diagnosis
and treatment of diseases. With the right radiation
used in the health field, early diagnosis of diseases,
non-invasive treatments and a more comfortable
treatment process for the patient can be realized.
Radiation doses should be monitored and minimized
to reduce harmful effects due to the radioactive
effects of the devices.

1.3 Radiation and Radiotherapy in Cancer
Cancer is a disease caused by the uncontrolled and
irregular growth and division of cells in the body [9].
During this uncontrolled growth process, the cells
cause great damage by damaging the healthy tissues
around them.

The most common types of cancer are breast cancer,
cervical cancer, colon cancer, and prostate cancer.
Risk factors include genetic factors, age, and
environmental factors.

Early diagnosis makes cancer treatment more
effective. However, the treatment process may vary
depending on the stage and type of cancer. There are
different treatment methods such as chemotherapy,
surgery, and radiotherapy. Almost 50% of cancer
patients receive radiotherapy [10].
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Radiotherapy is one of the most common treatment
methods [7]. While its main purpose is to destroy
cancer cells using high-energy radiation beams, it
can also be used to shrink cancerous tissue and
relieve symptoms. These beams are directed directly
at the cancerous cells, causing damage to the
structure of the cancerous cell, and slowing/
stopping the cancer. The duration and dose of
treatment is determined depending on the patient and
the course of the disease.

The radiotherapy method may also change according
to the course of the disease. The most used
radiotherapy methods can be explained as follows.
In EBRT (External Beam Radiation Therapy), high-
energy beams are used for cancerous cells. The
machine with the radiation source rotates around the
patient, focusing the beams on the cancerous cells.
IGRT (Image Guided Radiation Therapy) uses
imaging techniques to directly target the cancerous
area. The most common imaging techniques in this
method are CT and MRI. Since the area is directly
targeted, radiation can be directed more accurately.
Tomotherapy treatment is one of the most common
IGRT methods. Dosimetric planning is provided
with 3D imaging. Another method is intraoperative
radiotherapy.

1.4 What is Intraoperative Radiotherapy?

The word brachytherapy is a combination of the
Greek words brachy + therapy, which means
short distance + treatment [11]. In this method, the
radioactive material is placed in direct contact with
the cancerous cell and inside the cancerous tissue,
exposing the tissue to radiation. It is applied after the
removal of cancerous tissue during surgery [12].
Cancerous tissue cannot be completely removed
from healthy tissue when surgically intervened. As
explained in the previous section, the effectiveness
of the treatment is quite high in this method since
IORT directly contacts the cells intensively. For the
same reason, the damage caused by IORT to healthy
tissue is also minimal [12].

The radiation sources used in this method are high-
energy X-rays, electrons, and gamma rays. Since
breast, pancreatic, uterine, head, and neck cancers
are more prone to spread, IORT is highly utilized for
these cancers [13].

Unlike conventional radiotherapy, IORT delivers a
higher dose of radiation to cancerous tissue while at
the same time protecting healthy cells more [14].
This reduces the duration of the patient's treatment
[15]. Due to the protection of healthy cells, side
effects can be observed less frequently.

It is applied with a device placed in the tissue after
surgery. Electron radiation has a limited range and
thus causes less damage to surrounding tissues.
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Gamma rays are applied to the tissue with a special
device. It provides a more homogeneous radiation
distribution compared to other radiation methods.
As a result, the choice of method for IORT should
be carefully and meticulously selected in light of the
patient's condition, the course of the disease, and the
doctor's attention [16]. IORT, which offers highly
effective treatment in a short time, is costly due to
the devices, heads, and other external factors used.
In addition, the fact that the applicators used to
directly contact the tissue and destroy the cancerous
area are compatible with the patient will increase the
effect of the treatment. Thanks to the applicators we
have discussed and designed in this study, we aim to
increase the preference and effectiveness of the
treatment result by reducing the cost and increasing
the patient compatibility of the applicators.

2. Material and Methods

In order to print the prototype applicator, which we
expect to be used in the brachytherapy method, using
an FDM type 3D printer, a product design was made
in 3D space with the Autodesk Fusion 360 program.
In the product design, the Axxent electronic
applicator, which is used in the literature for breast
cancer treatment, was used as a template for the
drawing, inspired by the studies in the literature. The
product designed is made up of two main parts, the
applicator tube, and the spherical tip.

The spherical tips, which vary according to the size
of the tumor, were 3D printed to integrate with the
tube part of the applicator. Spherical tips, which
provide patient-specific applicator design and differ
in size from each other, were developed in
accordance with the patient's tumor region. The tube
part of the applicator, unlike balloon applicators,
contains only a port suitable for radiation entry.
Produced in accordance with the use of Ir-192 high
dose rate (HDR) radiation source and/ or electronic
X-ray source, the applicator transmits the radioactive
material from the radiation port to the spherical tip.
The two-piece prototype applicator was turned into
an object by on a printing on 3D printer, using PLA
polymer material which is a commercially available
inexpensive, biocompatible, and high-resolution
filament.

3. Results and Discussions

Devices for creating three-dimensional objects from
digital designs are called 3D printers. 3D printing
can be defined as the process of creating objects by
adding the material used layer by layer. Therefore,
production in 3D printers is an additive process. It is



Oykii YUZER, Betiil OZER, S. Enes OZDEL, Osman GUNAY / IJCESEN 9-3(2023)205-212

formed by the combination of layer sections at the
specified resolution [17].

Designs for 3D prints can be easily edited and
reprinted, allowing test-based optimization.
Additionally, 3D-printed devices do not require a
cleanroom fabrication environment. Consumables
for 3D printing are usually just resin and solvent to
remove support materials, so costs can be low [18].

Various types of 3D printers are available on the
market, including Fused Deposition Modelling
(FDM), Stereolithography (SLA), Digital Light
Processing (DLP), and Selective Laser Sintering
(SLS). FDM 3D printers, which operate by heating
and extruding a plastic filament to form an object,
are the most popular and affordable type of 3D
printers. To form an object with FDM, the filament
is melted and extruded through a hot tip nozzle
moving in the x, y and z axes, and the molten
filament is deposited layer by layer. In other words,
the basic concept of the FDM manufacturing process
is simply to melt the raw material and shape it to
create new shapes. The material is fed through a
nozzle placed on a roller, pulled by a drive wheel,
and then temperature controlled.

Itis a filament that is put on the head and heated until
it becomes semi-liquid [19]. FDM 3D printers are
frequently used in prototyping, manufacturing, and
product design work. In addition, FDM printers can
print with various materials such as PLA, and PETG,
which are easily available in the market. These
features also make them useful.

FDM 3D printers, which create objects by depositing
melted filaments layer by layer, create objects using
various filaments. The filaments used are mainly
PLA (Polylactic Acid), PETG (Polyethylene
Terephthalate Glycol), Nylon, TPU (Thermoplastic
Polyurethane), ABS (Acrylonitrile Butadiene
Styrene).

Although FDM-type 3D printers are compatible with
working with many filaments, PLA is the most
preferred filament due to its usefulness and
cheapness. PLA filament is a widely used material
for 3D printers. PLA is a naturally sourced,
biodegradable, and environmentally friendly
material and is often produced from natural raw
materials such as corn starch. Polylactic Acid (PLA)
is the most used thermoplastic and natural fibers can
be used as a filler [20]. Biocomposite filaments
consist of a biodegradable composite matrix and
biofillers. Additives can make fibers or particles.
Therefore, PLA is a popular thermoplastic material
used in fusion deposition modeling (FDM) with a
wide variety of medical uses [21].
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PLA filaments are a type of thermoplastic material
that melts when heat is applied and can be reshaped.
PLA is suitable for high-precision printers and can
be used to produce very precise parts. Made from
renewable resources with a low melting point,
biodegradable, biocompatible, low bending
coefficient PLA filament allows users to create safe,
good dimensional stability prototypes.

A good material for bioengineering is PLA. It has a
wide range of medicinal applications, including
orthopedic and dental purposes as well as tissue
engineering and regenerative medicine. The
advantages of this material have helped engineers
and scientists [22].

It has minimal to no documented carcinogenic
impact, and is easily manufactured, recyclable,
biodegradable, and biocompatible [23]. Also
permitted by the FDA for direct contact with
biological fluids is PLA.

A method to exterminate all microbial life forms,
such as viruses and bacteria, is referred to as
sterilization [24]. Especially in the medical field,
sterilization of these microbial life forms is of great
importance as they are undesirable substances.
Recently, with PLA being a frequently used material
in medicine, studies have also been conducted on its
sterilization and sterility in surgical use. Among
these studies, hydrogen peroxide sterilization is the
most suitable method for 3D-printed PLA materials.
The sterilization with hydrogen peroxide prevents
the deformation of 3D-printed PLA materials during
autoclave sterilization [25]. With sterilization with
hydrogen peroxide, the designed applicator can be
used intraoperatively many times.

Depending on the molecular weight and degree of
crystallinity of the polymer, PLA's mechanical
characteristics can change [26]. With different PLA
isomers and functional groups, these values alter.
Table 1 lists the PLA's mechanical and physical
characteristics. varied isomers and functional groups
have varied values for these parameters.

Table 1. Physical and Mechanical Properties of PLA

[27]

Properties PLA
Polymer Density 1.21-1.25 g/cm®
Tensile Strength 21.0-60.0 Mpa
Tensile Modulus 0.35-3.50 Gpa

Ultimate Strain 2.5-6%

Specific Tensile Strength
Specific Tensile Modulus
Melting Temperature

16.8-48.0 Nm/g
0.28-2.80 KNm/g
150-162 °C
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The most important factor to consider when
choosing a polymer to utilize as a biomaterial is
whether its mechanical characteristics and rate of
degradation are appropriate for the application.

Physical features are also crucial for a medical
device; therefore, the designer must take into
account the product's dimensions, size, and weight
specifications. For instance, the design should
safeguard the product against weights, pressures,
and impacts while yet being light enough for the
surgeon to handle precisely [28].

Tensile strength, tensile elongation, tensile modulus,
impact resistance (all for toughness), and flexural
modulus are significant mechanical qualities.

Applications for PLA include tissue engineering,
medication delivery systems, orthopedic and
fixation devices, and wound care and stents. In one
work, a polymer based on lactic acid was used to
create an implantable decomposable inflated balloon
[29]. By separating the prostate rectum with balloons
during radiation treatment for cancer, or to cure
severe rotator cuff injuries, it has been employed as
a sub-acromial separator [30].

Various software programs are used for designing
and prototyping 3D models. Software developed for
Computer-Aided Design (CAD) allows users to
create 3D models, simulate their designs, and
prototyping by providing various features. Today,
actively used, and popular software: Autodesk
Fusion 360, SolidWorks, SketchUp, and Blender can
be listed as.

Autodesk Fusion 360 is a design and manufacturing
software. This software is designed for the design,
simulation, manufacturing, and learning of products
and offers a variety of design tools, simulation
features, manufacturing features, and learning tools.
Autodesk Fusion 360, a cloud-based CAD/CAM
(Computer Aided Design/ Computer Aided
Manufacturing) software, offers a host of features
for designing and prototyping 3D models, including
parametric modeling, sculpting, and direct
modeling, as well as tools to simulate the
performance and behavior of designed parts. allows
users to test their designs before producing them.
Thus, it is widely used in various industries
including engineering, product design, and
manufacturing. The fact that Fusion 360 is a cloud-
based software prevents data storage in local
memory, while project files can be accessed from
anywhere with an internet connection. Another
advantage is that it allows users to collaborate on
projects in real-time.
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In additive manufacturing, the slope of a downward-
facing surface (protrusion) of the object is above a
critical value relative to the base plate for the object
to be self-supporting. If a part contains regions with
projection angles below this critical value in the
intended construction direction, it will not be self-
supporting and cannot be printed as it is [31].
Therefore, the critical angle must be determined, and
the design must be made accordingly. However,
changing an optimized geometry can degrade the
object's performance or even render it inapplicable.
For this reason, it is a more preferred method to
support the object with traditional supports and
remove it from the object when the printing process
is completed.

Thanks to the "overhang optimization" or "self-
supporting structures" methods, balloon-shaped
object output can be obtained without using support
structures. In addition, these methods aim to reduce
material waste and post-processing efforts. "Mesh
Structures" and "Gradual Overhangs" are some of
the techniques used for these methods. There is a
special design on the basis of these methods. The use
of supports can be minimized by using gradual
angles and curves in the design.

In our study, the FDM type 3D printer PLA material
is deposited layer by layer and the object comes out
of the printer. This causes the resulting object to
have a rough structure. In our study, sanding and
polishing processes were carried out respectively to
make the object smooth. Thanks to these methods,
which are frequently used in the production of
medical devices with 3D printers, the use of support
can be minimized, and the created device can be
smoothed.

Figure 1. Spherical Tip Sketch

Figure 2. Whole Applicator Sketch
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Figure 3. Whole Applicator 3D View with Two Different
Spherical Tips

Figure 4. Three Different Spherical Tips with the Radius
Parameter

.QO

Figure 5. Three Different Spherical Tips

In the Figure 1, the spherical tip sketch made in
Autodesk Fusion 360 is shown with the parameters.
Figure 2 shows the whole applicator design with the
applicator tube, and the spherical tip.

The general view of the applicator is shown in Figure
3. The tube and spheric type are shown in this figure
with their external appearance.

Figure 4 shows the cross-section of the spherical
tips. This figure shows the parameters and the cross-
section of the tips with different diameters.

The whole view of the cross-sectional images given
in Figure 4 can be observed in Figure 5. In this
figure, the whole appearance of the tips with
different radii is shown.

The design of the applicator to be used in the
intraoperative treatment has been completed and its
external appearance and drawings are given in the
figures. Accordingly, applicators, which are drawn
and printed according to different diameters, are
expected to be effective for treatment in cases that
vary according to different tumor sizes and the size
of the patient's internal cavity. In addition, the
applicator, which basically consists of two parts
(tube and cylindrical tip), offers a simple solution for
the use of paramedics and improves the treatment
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process based on the separate-clean-connect-use
principle.

4. Conclusions

Traditional application methods and applicators
used in brachytherapy treatment were examined in
the literature. As a result of the literature review, the
development process of the currently used
applicators was examined and some deficiencies
were revealed. The unique value of this study is the
development of balloon applicators suitable for
cervical cancer treatment using 3D printing and the
creation of a sterilized and reusable applicator. The
applicator to be created consists of two parts: a tube
and a spherical tip. The spherical tips, which vary
according to the size of the tumor, will be pressed to
be integrated with the tube part of the applicator.
Thus, a patient-specific design will be realized by
using a spherical tip suitable for the patient's tumor
area. The intrauterine tube will limit the movement
of the biocompatible applicator to be produced,
closing the gap in the tumor area, and facilitating
access to the area to be exposed to radiation. This
study will be one of the pioneering studies in the
field and will be a reference for future studies. When
compared with similar studies to be conducted in the
coming years, this study will reveal the importance
of applicators created with 3D printers for use in
brachytherapy treatment in cervical cancer
treatment.
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Abstract:

Natural disasters, especially earthquakes, have caused and still cause serious loss of life
in our country. Since many of our cities are located on fault lines, earthquake or collapse
risks threaten our lives. In this study, a wearable sensor and tracking system has been
developed to prevent or minimize the loss of life after a possible earthquake. The
presented system consists of a wristband prototype designed to instantly monitor the vital
data and location of victims trapped under the rubble. The wristband prototype includes
a GPS module, a temperature sensor and a pulse oximeter. While the vital data of the
victim is monitored by the temperature sensor and pulse oximeter, the location
information of the victim is received via GPS. The data read from these sensors via a
controller is transferred to a display screen through a wireless communication module. A
computer and a mobile application were developed as the display screen. A Wi-Fi module
was preferred for wireless communication. As an alternative to the Wi-Fi module, a GSM
module was added to the wristband prototype. Thus, the order and time of rescue
interventions for people trapped under the rubble can be determined. The presented work
can be used not only for collapse and earthquake victims but also for Alzheimer's patients
or people with poor mental development thanks to the GSM module. In this case, the
patient's vital data and location will be transmitted to the user's relatives.

1. Introduction

debris. To reduce mortality after a natural disaster, it
is important to monitor vital data of a person trapped

Natural disasters are a threat to our lives today as
well as in the future. Especially earthquakes have
taken and continue to take a high number of lives
today. If precautions specifically for earthquakes are
not increased, these casualties may increase [1]. If
the earthquake is considered in 3 stages, precautions
should be increased for all 3 stages of a possible
earthquake. These stages are 1) before the
earthquake, 2) during the earthquake and 3) after the
earthquake.

In case of natural disasters, the expeditious
identification of individuals who have survived
within structures that have collapsed is of the utmost
significance. The prevailing approach for searching
is reliant upon the accounts of survivors, to ascertain
the conceivable existence of casualties beneath the

under rubble [2, 3].

Zhang et al. [4] proposed a system consisting of a
CO; sensor, a thermal camera and a microphone to
detect people trapped under rubble. However, CO,
detection in open air is difficult. Also, thermal
cameras alone are not very reliable in detecting
people behind various obstacles such as piles of
metal. Instead of these sensors, the vital data of
people under the rubble can be tracked with
alternative sensors. These sensors are mostly found
in health monitoring systems. Demirtas et al. [5]
developed a patient monitoring system that enables
instant recording of data from biomedical sensors
such as ECG, heart rate, temperature, movement,
etc. Baig and Gholamhosseini [6] provide an
overview of smart health monitoring systems in their
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research. They discuss the design and modeling of
smart health monitoring systems and provide an
overview of the different types of sensors used in
these systems. Pantelopoulos and Bourbakis [7]
conducted a survey on wearable sensor-based
systems for health monitoring and prognosis. They
provide an overview of the different types of
wearable sensors used in health monitoring systems
and discuss the challenges associated with these
systems. Anikwe et. al. [8], synthesized research
efforts on mobile and wearable sensors for health
monitoring. They categorized health monitoring
systems as dual sensor-based studies that utilized
two sensor modules for various health monitoring
researches. Kaur et. al. [9], explored wearable
sensors for heart rate, pulse rate, ECG, blood
pressure, and body temperature for health
monitoring  purposes. They also discussed
personalized medicine and cancer biomarkers in the
case of different diseases. Lou et. al [10], discussed
wearable health monitoring systems have emerged
as the subsequent epoch of personal portable devices
for telemedicine implementation. These devices
operate on the principle of supervising various types
of biological signals exuded by human beings,
including but not limited to saliva, urine, respiration,
and cutaneous perspiration. Although for different
purposes, most of the sensors preferred in health
monitoring systems in the literature can be used to
detect and rescue earthquake victims under the
rubble.

In this study, a wearable sensor and tracking system
has been prototyped to prevent or minimize possible
loss of life after an earthquake. The sensors on the
system consist of a GPS module, an IR temperature
sensor and a pulse oximeter. The data read from
these sensors through a controller is transferred to a
tracking or a monitoring screen via a wireless
communication protocol. A mobile application
interface was developed as a tracking screen. Sensor
data can also be monitored from a web interface
created in addition to the mobile application.

2. Material and Methods

The working diagram of the proposed system is
given in Fig. 1. The prototyping process was carried
out based on this scheme. In the first stage, the
sensors in the system were read separately in
different scenarios. Thus, sensor data was verified.

Sensing Layer

. Communication
° =
| . g’ \
- \
Ry = Controier G Monitoring
Locatian Layer Layer

: 1\ ] Wi-Fi
- P
| ) \ ). - ™
2 ry e
Pulse Rate and Sp02 | Web-Mobile
' - 3 ksl App
< \ )
\% GSM

Human body
temperature

Figure 1. Workflow schematic of the system

Controller

The system is divided into sensing, control,
communication and display layers. The prototyping
progressed through these layers.

2.1 Sensing Layer

In the first step of the prototyping process, the sensor
components in the system were read through a
controller. ESP8266NodeMCU was preferred as the
controller [11]. Fig. 2 shows the data received from
GPS, MAX30102 pulse oximeter [12] and
MLX90614 [13] temperature sensor respectively.

(b) Hearth Rate (Beat Per Minute) and percentage of
oxygen in blood (Sp02)
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]
(c) Temperature (°C)
Figure 2. Sensors data for the validation. (a) GPS data,
MAX30102 pulse oximeter data on LCD, and (c)
MLX90614 temperature sensor data

2.2 Wireless Data Transfer and Web Interface

Wi-Fi [14] was preferred to transfer the data of the
sensors in Fig. 2. For this, instead of using an
external module, the internal Wi-Fi module on the
NodeMCU development board was used.

A\ Your security rules are defined as public, so anyone can steal, mot

32.49866

36.770011902

Figure 3. Monitoring sensor data from Firebase
database

The sensor data was sent synchronously via Wi-Fi to
the interface created in the real-time database
(firebase) [1, 15]. This interface is shown in Fig. 3.
In Fig. 3, synchronously read heartbeat, GPS, SpO2
and, body temperature data can be monitored from
the firebase interface.

2.3 Mobile Application

A mobile application has been realized in order to
monitor the data on the web interface from mobile
devices other than PCs. The mobile application was
developed in App Inventor environment [16]. The
data in firebase is sent to this application in real time.
The application was tested on a smart mobile device
with Android operating system. The mobile
application and its pages are depicted in Fig. 4.
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(b)
Figure 4. The mobile application pages (a) login page
and (b) multi-user data

2.4 Prototyping

The first prototype was established by integrating the
presented system components on a platform that can
be wearable on the wrist. This prototype is provided
in Fig. 5. The proposed design is available for further
development and the efforts to improve this design
are ongoing. Apart from the controller and GPS
module, a GSM module is integrated on the top
side of the first prototype in Fig. 5. Through this
module, when there is a disconnection in the Wi-
Fi, an SMS notification can be sent over the
GSM line. Besides, the Wi-Fi connection can be
observed by the user wearing the wristband
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Figure 5. The first prototype. (a) top, (b) bottom and (c)
wrist-worn view of the prototype.

by means of the LED on the same side. In the
event of a possible wreck, this person can press
the button next to the led when he/she sees that
there is no internet connection and can share
his/her instant vital data with smart mobile
devices registered. Fig. 6 demonstrates the data
sent by the wristband wearer over a GSM line to
a pre-registered phone number. The prototype
was tested indoor in a home environment. Sensor
data was sent to the web interface and the mobile
application from different rooms of the house. As a
result of this transmission, 2 m accurate GPS data
was obtained. GPS data was verified via Google
Maps. Other sensor data was transmitted
synchronously  without any delay. The
measurements were repeated many times and similar
measurements were obtained.
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Latisude 37 9358
Longitude

Body temperature
Heart beat 70

Oxygen saturation %54

Figure 6. SMS with vital data of the wristband wearer

3. Results and Discussions

In the literature, the number of studies in which the
sensors on the proposed prototype are combined is
scarce. Furthermore, in the literature and in the
commercial product market, only bluetooth or Wi-Fi
connection can be provided from the related devices.
In this study, as an alternative to Wi-Fi connectivity,
the ability to send SMS through GSM is addressed.
Most of the studies in the literature have been
developed for monitoring diseases such as Covid-19
[12, 17] or blood pressure [18, 19]. In this study, a
wristband prototype is proposed to prevent or reduce
the loss of life after an earthquake. However, the
prototype can also be used to tracking Alzheimer's
patients or people with poor mental development.
Thus, these people can be prevented from getting
lost.

4. Conclusions

In this study, a wristband prototype with a GPS,
an IR temperature sensor and a pulse oximeter
module is proposed to prevent the loss of life of
individuals trapped under the rubble after an
earthquake. The proposed prototype is garage-
made and tested in a closed indoor environment.
The synchronized data provided by the
prototype was monitored from a real-time
database. A mobile application was developed
to facilitate the tracking of this data. The
database on the web and the mobile application
were accessible from an external source, e.g. by
a rescue team. A GSM module was embedded
as a backup to the web connection. The
prototype is able to instantly measure the user's
location, body temperature and pulse rate. The
measured values can be shared with external
users via a web interface, a mobile application
and an SMS when there is no web connection.
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Hence, people under the rubble can be
intervened as soon as possible and loss of life
can be reduced.
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(b)
Figure 7. Electronic circuit designs. (a) schematic and
(b) PCB drawing of the electronic circuit design to
develop the prototype

As future studies, electronic circuit designs are
ongoing to improve the mechanics of the
prototype. Within the scope of these studies, one
of the circuit designs realized through the open
source KiCad [20] program is given in Fig. 7. In
addition, work is being carried out to improve
the web interface and to add features such as
logging sensor data and graphical display to this
interface.
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Abstract:

The aim of this study is to search the tribological and emission performances of hazelnut
oil as a lubricant in one cylinder two-stroke gasoline engine and simulation-testing
machine. The tribological and emission performances of mineral oil and hazelnut oil as
lubricant were compared. In the experiments, simulation-testing machine and one
cylinder two-stroke gasoline engine were used to determine the tribological performance
of these two lubricants. The wears on the surfaces of cylinder were analyzed to examine
the lubricant performances. In addition to lubrication performance, exhaust emissions of
the lubricants were also measured. To observe the effects of different kinds of cylinder
surface materials, TiN, CrN and gray cast iron coated cylinder surfaces were used in
simulation testing machine. The wear as well as the soot formation on the cylinder
surfaces increased when hazelnut oil was used as the engine lubricant. However, hazelnut
oil exhibited good lubrication properties in simulation testing machine. When hazelnut

oil was used, CO and HC emissions increased while CO, emission decreased.

1. Introduction

Turkey is an important hazelnut producer country in
the world. This makes it a popular choice as
alternative fuel and lubricant. The rise in energy
demand and the finite reserves have made the
renewable alternative energy sources, the high
efficiency of energy conversions, the minimal
harmful effects to the environment and the recovery
of previously unused energies very important [1, 2,
3, 4]. As can be seen in literature, investigations of
harmless, alternative, low emissions fuels to use in
energy producing equipment are the real problem
must be solved [5, 6, 7]. The moving parts of a two-
stroke engine are lubricated either by adding
lubricant into the fuel of by pumping oil from a
separate tank. Two-stroke internal combustion
engines produce more contaminations and emission
than the four-stroke ones, because of oil burning in
the combustion chamber [8]. Since the ineffective
lubrication caused from different lubricant system,
the wear occurred in a two-stroke engine is more
than that of a four-stroke one [9]. The wear and
friction mechanism of a fuel engine is very important
and essential topic to study on. The new methods
have been improved to reduce friction and wear in

the surface of the cylinder and the piston ring of the
internal combustion engines therefore various
lubricating oil were produced. There is an increasing
interest about using of vegetable oil which can be
played a very important role to substitute the
petroleum lubricant, as it possesses lots of
advantages over base lubricant like environmentally
friendly, renewability, less toxicity, biodegradability
and so on [10]. Some authors suggest the importance
of the use of vegetable oils for the engine wear
because of the mineral oil derived from petroleum
oil is toxic and non-biodegradable [11]. Masjuki et
al [12] used mineral oil-based lubricants and palm
oil in a two-stroke single cylinder gasoline engine.
In exhaust emission tests, the engine was operated at
different loads while constant load was used in wear
tests. The results of the experiment showed that the
palm oil-based lubrication oil has a better
performance in wears, and the mineral oil-based
lubricating oil showed better performance about the
friction. Also, showed that the palm oil-based
lubricant is better effective in reducing of CO and
HC emission levels. By using a universal wear and
friction test machine to simulate a two-stroke
internal combustion engine bench wear test is done.
Igartua et al [8] investigated alternative eco-friendly
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lubes for clean two-stroke internal combustion
engines. By selection of optimal synthetic esters
base oil high performance lubricant with ethanol-
containing fuels was improved. From this lubricant,
very good wear resistance obtained, also ashless and
low carbon soot deposit formation were happened.
Jayadas et al [10] investigated tribological
performance of coconut oil as lubricant. They
evaluated the tribological properties of coconut oil
by using a four-ball tester and a test equipment to test
the wear of a two-stroke engine. The
antiwear/extreme pressure additive influence on the
tribological performance of coconut oil was
investigated. The AW/EP addition improved the
lubricity of coconut oil and decreased the wear on
the surface considerably. Isler et al [13] investigated
different oils for 10w40 motorcycle engine with four
strokes. Mineral, bio mineral, synthetic, biosynthetic
based oils were prepared and the lubricant properties
are showed in their study. The best lubricity values
for engine oils were obtained for biosynthetic
lubricants at ambient temperatures. In this paper, it
was concluded that 5% addition of canola methyl
ester to the motor oil would give a lot of advantages
to national renewable resources then importing
crude oil. Tung and Gao [14] simulated the
tribological characteristics using a modified friction
machine with high frequency reciprocating. In a
fixture holder reciprocating against the cylinder liner
segment a section of piston ring installed. The ring
coatings with thermal-sprayed CrN and physical
vapor deposited diamond-like-carbon. The test
results showed that compared to CrN coated piston
ring, Diamond-like-carbon (DLC) coating decreased
the wear of the cylinder surface but piston ring did
not change. The micro-hardness and corrosion
resistance of CrN coated cylinder is higher compared
with gray cast iron cylinder, moreover the friction
coefficient of CrN coated cylinder is smaller than
that of gray cast iron cylinder [15, 16, 17]. In this
study, to determine the tribological and emission
performances of mineral oil and hazelnut oil by
using in one cylinder two-stroke gasoline engine and
in a simulation-testing machine as lubricant were
aimed. Moreover, analyzing the wears on the TiN,
CrN and gray cast iron coated cylinder surfaces and
the soot formation on the cylinder surfaces were
aimed.

2. Material and Methods

In the experiments, one cylinder two-stroke air
cooled gasoline engine and simulation testing
machine were used to determine the tribological
performance of hazelnut oil. The two-stroke gasoline
engine is an engine with displacement of 98.2 cc,
maximum power of 3.5 hp and fuel/oil ratio of 20/1.
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The gasoline engine was loaded by pumping water
from the water reservoir. In the two-stroke gasoline
engine, lubrication was occurred by using mixture of
oil and gasoline. The mixture of oil and gasoline
burnt in combustion chamber. The gasoline engine
is tested for 100 hours by using mineral oil and
hazelnut oil as lubricant. After the experiments, the
surfaces of cylinder were examined by using
scanning electron microscopy to investigate the
wear. In this study, the simulation testing machine
was designed to obtain the wear mechanism similar
to two-stroke gasoline engine. The simulation testing
machine is shown in Fig.1.

Figure 1. Simulation testing machine.

In the simulation testing machine, the pressure
applied by the piston ring to cylinder surface was
3.436 MPa. This testing machine was operated at
constant load of 10 N and constant speed of 147 rpm.
The gray cast iron, TiN and CrN coated cylinder
samples were used as cylinder sample in testing
machine. The cylinder samples were coated with 2
um thickness using PVD (physical vapor deposition)
technique. Stroke length of the cylinder sample is
120 mm. The simulation testing machine was run 40
hours for each cylinder material including gray cast
iron, TiN and CrN coatings. To simulate the engine
operating conditions, the temperatures of the
lubricants and surface materials were increased to
200 °C by using a heater. The contact area between
piston rings and cylinder surface was lubricated by
pumping hazelnut oil and mineral oil. After the
experiments in the testing machine completed, the
wear losses in the cylinder samples were measured
by using a sensitive balance.

3. Results and Discussions

3.1. Experimental studies in the two-stroke
gasoline engine

Two-stroke gasoline engine was operated with
mineral oil and hazelnut oil as lubricant at constant
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speed of 2800 rpm and constant load for wear tests.
Fuel-oil ratio of engine was 20:1. After the
experiments for both oils, the cylinder surfaces were
examined. When mineral oil and hazelnut oil were
used as lubricant, the situations of cylinders from
two-stroke engine are given in Fig. 2 and Fig. 3,
respectively. When hazelnut oil was used, wear and
soot amount on the cylinder surface increased
compared to mineral oil as seen in the Fig. 2 and Fig.
3. If the cylinder surfaces are examined carefully,
cracks on these surfaces will clearly be seen in the
Fig. 2 and Fig. 3. The wear and soot on the cylinder
surfaces may be an indicator of abnormal
combustion caused from hazelnut oil.

Figure 2. The surface of cylinder when mineral oil when
was used as lubricant.

The cetane number of hazelnut oil was measured as
52. The higher cetane number (the lower octane
number) of hazelnut oil may cause autoignition of
fuel-air mixture. In a gasoline engine, autoignition
causes abnormal combustion. In addition to cetane
number, the carbon number of hazelnut oil was
determined. The carbon number measured of
hazelnut oil was 56. This carbon content of hazelnut
oil may be caused soot formation. Properties of
hazelnut oil and mineral oil were given Table 1. In
the experiments, scanning electron microscopy
(SEM) was used to understand the tribological
performance of hazelnut oil and mineral oil.

Table 1. Properties of hazelnut oil and mineral oil

Property Hazelnut Mineral
oil oil
Viscosity (cst) at 40 °C 35 40
Viscosity (cst) at 100°C 6.5 7.1
Carbon number 56 35
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Figure 3. The surface of cylinder hazelnut oil was used
as lubricant.

SEM analyses of the cylinder parts obtained the
middle of the stroke when mineral oil and hazelnut
oil were used as lubricant, are given in Fig. 4 and
Fig. 5, respectively. These SEM analyses showed
that wear on the surface of cylinder increased when
hazelnut oil was used as lubricant as can be seen in
Fig. 5. In addition to wear, Fig. 5 showed that
hazelnut oil caused surface cracks on cylinder walls.
SEM analyses of the surfaces obtained from near
TDC (top dead center) of the cylinder when mineral
oil and hazelnut oil were used, are given in Fig. 6 and
Fig. 7, respectively. When SEM photomicrographs
were compared, it was seen that wear of surface in
TDC was more than that of surface in middle of
stroke as can be seen in Fig. 6 and Fig. 7. From Fig.
7, itis understood that hazelnut oil caused more wear
on cylinder surface than mineral oil as can be seen
clearly. The wear and cracks on the surface of
cylinder may be caused from worse lubrication
properties of hazelnut oil compared to mineral oil.
One of the most important factors which are
effective lubricity performance of a lubricant is its
sulfur content [16]. Sulfur content of lubricants and
gasoline is given in Table 2. From Table 2, hazelnut
oil has less sulfur content than mineral oil as can be
seen. In this case, lubricant property of hazelnut oil
was decreased. In Table 3, surface roughness values
of the cylinder are presented. Table 3 showed that
the surface roughness increased when hazelnut oil
was used as lubricant. In addition, there was more
surface roughness in TDC.
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Table 2. Sulfur content of lubricants and fuel

Lubricants and fuel Sulfur content (ppm)
Mineral oil >990 ppm
Gasoline 9,1 ppm

Hazelnut oil 4,3 ppm

Table 3. The surface roughness of the cylinder when
mineral oil and hazelnut oil were used as lubricant.

Cylinder In used In used
surface mineral oil hazelnut oil
surface surface
roughness (Ra) | roughness (Ra)
TDC 0,51 um 0,67 um
Mid-stroke 0,45 um 0,50 um
BDC 0,41 pm 0,43 pm

Figure 4. SEM analyes of the middle art of the
cylinder when mineral oil was used as lubricant.

Figure 5. SEM analyse f th middle part of cylinder
when hazelnut oil was used as lubricant.

3.2. Experimental studies in the simulation
testing machine

Simulation testing machine was designed to simulate
wear mechanism in internal combustion engine.
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Figure 6. SEM analyses f TDC top dead center) of
cylinder when mineral oil was used as lubricant.

Figure 7. SEM analyse of DC (top dead cente) of
cylinder when hazelnut oil was used as lubricant.

This testing machine was operated at regular interval
(10 h). TiN and CrN coating in cylinder samples
were used for reducing wear. At first, testing
machine was operated by using gray cast iron
cylinder sample. Then, testing machine was operated
by using cylinder samples coated with CrN and TiN,
respectively. The contact area between piston rings
and cylinder surface was lubricated by pumping
hazelnut oil and mineral oil. After the experiments,
tested cylinder samples were cleaned using acetone
and dried. These cylinder samples were weighted by
using a sensitive balance to determine the wear loss.
The weight losses of cylinder samples are given in
Fig. 8 and Fig. 9 as can be seen. These figures
showed that weight loss of cast iron cylinder sample
was more than those of samples coated with CrN and
TiN. In addition, the weight loss of cylinder sample
coated with TiN was slightly more than that of
sample coated with CrN. The properties of CrN and
TiN are given in Table 4 as can be seen. From Table
4, friction coefficient of TiN was more than CrN as
its seen clearly.



Arzu KEVEN, Cengiz ONER / IJCESEN 9-3(2023)219-224

Table 4. Properties of CrN and TiN

Chemical composition CrN TiN
Coating range (um) 2 2
Hardness, kg/mm? 2200+400 | 2900+200
Friction coefficient 0,5 0,66

Surface roughness, Ra 0,2 0,2

:iTT_ i Minesal O8

i =

3 B

2 s

- -
Uptime (h) :

Figure 8. Weight loss of cylinder samples when mineral
oil was used.

The more surface friction coefficient, the more wear.
The wear resistance of cylinder samples coated CrN
and TiN was more than that of cast iron cylinder
sample. When Fig. 8 and Fig. 9 were compared with
each other it was seen that hazelnut oil exhibited
wear loss similar to mineral oil. The experimental
results exhibited that hazelnut oil was not a good
lubricant in two-stroke gasoline engine, but hazelnut
oil was as a good lubricant as mineral oil in
simulation testing machine. From table 1, viscosity
change with temperature of hazelnut oil is similar to
mineral oil as can be seen. Due to this viscosity
property of hazelnut oil, it may be occurred as good
a lubricant film as mineral oil between the piston
ring and cylinder sample.

Hazednut Ol

Weight loss (mg)

Uptime (h)

Figure 9. Weight loss of cylinder samples when hazelnut
oil was used.

3.3. Exhaust emissions

In two-stroke gasoline engine, exhaust emission
values were measured at constant speed of 2800 rpm.
CO and CO;emissions are given in Fig. 10 and Fig.
11, respectively. It is known that CO emissions are
formed because of incomplete combustion and
dissociation of CO2. When using hazelnut oil, CO
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emission increased while CO, emission decreased as
can be seen clearly in Fig. 10 and Fig. 11. In addition
to CO and CO», as can be seen in Fig. 12, hazelnut
oil caused more HC formation than mineral oil. CO
and HC emissions are the indicators of incomplete
combustion. This incomplete combustion may be
caused from knock resulting from low octane
number of hazelnut oil compared to mineral oil.

CO %)

]

1

Mrneral O Hazeing O

Lubricants

Figure 10. CO emissions measured at 2800 rpm.

€Oy (%)

M O Hazeiaut OF
Lubricant

Figure 11. CO emissions measured at 2800 rpm.

HC (ppm)

Lubticonts

Figure 12. HC emissions measured at 2800 rpm.
4. Conclusions

In one cylinder-two-stroke gasoline engine, the
analysis of SEM and surface roughness value
exhibited that hazelnut oil caused more wear than
mineral oil. The sulfur content, which one of most
important parameters in terms of lubricity, of a
mineral oil was much higher than that of hazelnut
oil. As the result of low sulfur content, the lubricity
performance of hazelnut oil was worse than that of
mineral oil. In addition to wear, soot amount
increased and cracks occurred in the surface of
cylinder when hazelnut oil was used as lubricant The
exhaust emission performance of hazelnut oil is not
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as good as mineral oil. When using hazelnut oil, CO
and HC emission increased while CO, emission
decreased. Mineral oil caused more good
combustion within cylinder than hazelnut oil. The
most sulfur content was found in mineral oil. This
case exhibited that lubricant property of mineral oil
was better than hazelnut oil. The experimental
results demonstrated that are not useful hazelnut oil
as lubricant in two-stroke gasoline engine. In the
simulation testing machine, the best tribological
properties were found in CrN coating. The weight
loss of the TiN sample was slightly more than that of
CrN sample. Hazelnut oil occurred as nearly good a
lubricant film as mineral oil between two metal
surfaces in testing machine. This study showed that
hazelnut oil was not a good lubricant in two-stroke
gasoline engine due to increasing wear and cracks on
the cylinder surfaces while it was as a good lubricant
in simulation testing machine.
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In this study, compression tests were performed on the samples produced with PLA
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1. Introduction

3D printing, also known as additive manufacturing,
is a process of creating a physical object from a
digital model by building it up layer by layer. The
first patent for a 3D printing process was filed in
1986, but the technology has been in development
for much longer than that. One of the earliest 3D
printing techniques, known as stereolithography,
was developed in the 1980s by Chuck Hull [1]. This
process involved using a laser to cure layers of
photopolymer resin, creating a solid object from a
pool of liquid. Other early 3D printing techniques
included selective laser sintering, which used a laser
to fuse particles of plastic, metal, or ceramic powder
into a solid object, and fused deposition modeling,
which extruded layers of melted plastic to build up
an object.

Over the vyears, 3D printing technology has
continued to evolve and improve. Today, there are
many different types of 3D printers available,
ranging from small desktop models to industrial-
scale machines. They can use a variety of materials,
including plastics, metals, ceramics, and even living
cells, to create a wide range of objects [2]. 3D
printing has become increasingly popular in recent
years and has a variety of applications, including

prototyping, manufacturing, and even creating
custom prosthetics and other medical devices.

Traditional manufacturing methods involve the
removal of material to shape a part or product, while
additive manufacturing methods involve the
addition of material to build a part or product layer
by layer. This fundamental difference leads to
several other differences between the two
approaches: complexity of shape, material options,
lead time, cost, waste, accuracy and design freedom.
There are both positive and negative aspects to each
of these methods. Some of the positives include the
ability to create complex and customized objects, the
potential for mass customization and on-demand
production, and the ability to use a wide range of
materials. However, there are also some negative
aspects to consider, such as the high cost of some 3D
printing systems and the relatively slow speed of the
printing process. Additionally, 3D printed objects
may not have the same level of strength and
durability as objects made using traditional
manufacturing methods. There are several different
methods used in additive manufacturing, also known
as 3D printing. Some of the most common methods
include: Stereolithography (SLA), Selective laser
sintering (SLS), Fused deposition modeling (FDM),
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Digital light processing (DLP), Powder bed fusion
(PBF), Material jetting, Sheet lamination [3-6]
Additive manufacturing can use a wide range of
materials, including plastics, metals, ceramics, and
composite materials [7]. Some common materials
used in additive manufacturing given in Table 1. It's
worth noting that the material choices for additive
manufacturing are constantly expanding, and new
materials are being developed and introduced all the
time.

There are several factors that can influence the
mechanical properties of samples produced with
additive manufacturing technology. Some of the
most important factors include: material, process
parameters, microstructure, part geometry, post-
processing [8,9]. Overall, the mechanical properties
of objects produced using additive manufacturing
technology can be influenced by a combination of
these and other factors. It is important to carefully
consider these factors in order to optimize the
mechanical performance of the finished object.
There are studies on this subject in the literature and
different materials and different production
parameters have been evaluated.

sPohyfactic Acd [PLA)

sAcrylonitrde butadiene styrene (ABS]

sPolyethylene terephthatate (PET)

*Nylon
*Polycarbonate

*Stainless Steel
*Aluminum
sTitarsum
«Copper
*Brass

sZirconia
*Aluming

Ceram| Silicon Carbide

*Carbon fiber reinforced plastics
*Giass fiber reinforced plastics

€<€€<

Figure 1. Materials used in additive manufacturing

Vicente et al. [10] determined infill patterns and
infill density as parameters and applied tensile tests
to the samples produced from ABS filament. As a
result of their tests, they stated that the samples with
100% fill rate reached the highest strength values.
Motoparti et al. [11] investigated how printing
parameters such as build direction and raster angle
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affect compression modulus and yield strength. In
their studies, they applied compression tests to the
samples produced from ABS material. They reported
that the build direction and raster angle are important
parameters that affect the yield strength of the
samples. Abbas et al. [12] applied compression tests
to PLA samples produced with different infill
densities in their study. According to their results,
they showed that increasing the infill density
increased the compressive strength. Chacon et al.
applied three-point bending tests to PLA samples
produced with different variations of build
orientation, layer thickness and feed rate. They
reported that ductility decreased as the layer
thickness and feed rate increased [13]. Lebedev et al.
[14] compared the mechanical properties of the
samples produced by hot press and 3D printing
methods. They found that the samples produced by
the hot press method showed better mechanical
performance. Panes et al. [15] , in their study
comparing PLA and ABS materials, produced
samples with different layer thicknesses and
different fill rates. They stated that the infill density
is a very important factor. Nadernezhad et al. [16]
performed mechanical and thermal tests on the
samples they produced using different variations of
parameters such as layer thickness, infill density,
infill pattern. They reported that the residual thermal
stresses increase as the layer thickness increases, and
decreasing the infill density decreases the material
strength. Ezeh and Susmal [17] investigated the
effect of build direction on fatigue strength in their
study. Tanveer et al. [18] investigated the effect of
infill density on the tensile and impact strength of the
material. They showed that the impact strength
changes proportionally with the infill density. Yao et
al. [19] subjected the samples produced at different
angles and with different layer thicknesses to tensile
tests. According to the results they obtained, they
showed that the tensile strength of the samples with
small printing angles decreased. Samykano et al.
[20] produced different values of layer thickness,
raster angle and infill density in their study. Tensile
and hardness tests were applied to the samples they
produced. They reported that the optimum density
ratio to be selected for the ABS sample is 80%.
Aloyaydi et al. [21] applied low velocity impact tests
to the samples they produced using different infill
patterns. They reported that samples with a
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triangular pattern showed the best performance in
absorbing energy. Gunasekaran et al. [22] applied
tensile, impact, bending and hardness tests to PLA
samples produced at different infill densities. They
reported that the increase in infill density increased
the mechanical performance of the material.
Rajpurohit and Dave [23] produced samples using
PLA material with different raster angles, raster
widths and layer thicknesses. They compared the
impact performance of the samples they produced
and emphasized that the raster angle is an important
parameter affecting the impact strength. Yadav et al.
[24] applied compression tests to the samples they
produced with different infill patterns. They reported
that the infill pattern with Hilbert curve design gave
the best results. Farazin and Mohammadimehr [25]
investigated the effects of infill density, infill pattern
and layer thickness on tensile and compression
strengths. They reported that the material showed a
more brittle character at high densities. Mishra et al.
[26] performed impact tests on the samples they
produced with different infill patterns and densities,
and reported that they reached the best absorbed
energy value at 85% density. In their study, Patil [27]
et al. compared the surface roughness of the
materials they produced under variables such as
different infill patterns, densities, velocity and layer
thickness. They showed that the infill density had the
most significant effect on the GRG (Gray Relational
Grade). Samykano [28] compared the tensile and
hardness strengths of the materials produced at
different infill densities and reported the optimum
printing parameters.

We can say there are several ways to increase the
strength of a part produced by additive
manufacturing against compression force; using a
high-strength  material, increasing the layer
thickness, using a honeycomb or lattice structure,
using support structures, using post-processing
techniques, optimizing the design, material, process
parameters, microstructure, part geometry. Overall,
the mechanical properties of objects produced using
additive  manufacturing technology can be
influenced by a combination of these and other
factors. It is important to carefully consider these
factors in order to optimize the mechanical
performance of the finished object. In this study,
sandwich samples were produced by the additive
manufacturing method. Fused deposition modeling
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(FDM) method was chosen as the production
method. Production was carried out with different
infill densities and infill parameters, and then the
static energy absorption amounts were measured by
performing compression tests. Thus, the effects of
production parameters on the static energy
absorption ability were investigated.

2. Material and Method

In this study, fused deposition modeling was used as
the production method. Fused Deposition Modeling
(FDM) is a type of 3D printing technology that
creates a physical object by laying down and fusing
successive layers of material, typically thermoplastic
filament (such as ABS or PLA), layer by layer. The
material is melted and extruded through a heated
nozzle onto a build platform, where it solidifies and
forms the desired shape. The process is controlled by
computer-aided design (CAD) software. FDM is a
low-cost and accessible 3D printing technology,
widely used for prototyping and producing small
batch production runs.

The printing processes of the samples were made
with Ender-3 S1 printer. The Ender-3 S1 is a 3D
printer made by Creality. It is a more compact and
lightweight version of previous model, designed for
use in smaller spaces. It has a build volume of 220 x
220 x 250 mm and a print resolution of up to 100
microns. The printer is powered by a 32-bit
motherboard and uses a filament sensor to
automatically pause printing when the filament runs
out or breaks. It is capable of printing with a variety
of materials, including PLA, PETG, TPU, ABS and
more. It features a removable, flexible magnetic
build plate for easy removal of printed objects and
an upgraded extruder to improve print quality.

In this study all samples were produced using
Polylactic Acid (PLA) filament. PLA is a
biodegradable and environmentally friendly 3D
printing material made from renewable resources
such as corn starch or sugarcane. It is one of the most
popular 3D printing materials due to its easy
printability, low warping, and low odor. PLA is a
strong and stiff material with good layer adhesion,
making it suitable for a wide range of applications.
It is commonly used for prototyping and model
making. One of the main advantages of PLA is that
it does not require a heated bed, making it easier to
print with and more suitable for use on basic 3D
printers. However, it has a lower melting
temperature compared to other materials like ABS,
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which means it may deform or warp when exposed
to high temperatures. It is also more brittle than other
materials. Overall, PLA is a good choice for 3D
printing and for projects that do not require high
levels heat resistance. In Table 1, the infill
parameters used in the printing process and the
general printing parameters are given. The masses of
all samples were measured and given in Table 2. It
was observed that the masses of the samples with the
same infill density were close to each other. The
samples were produced as three pieces for each
combination and this study has total 60 samples of
15 different combinations (Fig. 2), which consists 5
different infill patterns and 3 different densities. The
compression tests (Fig. 3) were carried out on a
200kN capacity universal testing machine and force-

displacement data collected. The test speed was
chosen as 4 mm/min, with a total test time of 1-3
minutes.

3. Results and Discussion

Force and displacement data were obtained from
compression tests and force-displacement graphs
were created. There are three points to note in these
charts. These are the maximum force reached until
the crush starts, the average force at which the crush
occurs, and the crush stroke. As can be seen in figure
4, it is seen that the compressive strength of the
samples increases as the infill density increases for
all infill pattern types.

Table 1. Infill and printing parameters.

Infill Infill Pattern Line (Li) Cubic (Cu) Octet (Oc) Triangles (Ta) Trihexagon (Th)
Parameters
10 10 10 10 10
Infill Density 15 15 15 15 15
(%)
20 20 20 20 20
Printing Layer Height | Top Thickness Bottom Thickness Infill Density Bed Temperature Print Speed
Parameters
0.2 mm 1mm 1 mm 0,1 60 50mm/s
Table 2. Sample masses.
Infill Density Cu Li Oc Ta Th
(%) 10 15 20 10 15 20 10 15 20 10 15 20 10 15 20
Mass (g) 20,16 | 24,22 | 28,65 | 20,1 | 24,38 | 28,55 | 20,17 | 24,17 | 2855 | 20,15 | 24,63 | 28,74 | 20,15 | 24,28 | 28,75

OCTET

TRIANGLES

Figure 2. Sample types
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Figure 3. Compression test '
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Figure 4. Force-Displacement curves of the tested samples with respect to infill densities.
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Figure 5. Peak force values of samples with respect to infill pattern and densities.
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When the slope of the curves until the first
damage is evaluated, it is seen that the increase in
the infill density does not show a change in the
stiffness of the structures. Since the increase in
the infill density increases the cross-sectional
area, the maximum force values are improved.
Therefore, an increase in the inner density, that
is, filling it with a denser infill pattern, did not
contribute to the stiffness of the material. Again,
as seen in Figure 4, as the density increases, the
crush stroke value decreases and densification
begin earlier. In this state, the early initiation of
In figure 5, the peak force values reached by the
samples with different infill patterns and
densities are given. It has been previously stated
that the strength increases with the increase of
infill density. In this graph, we can see more
clearly at what rate this increase occurs in
samples with different infill patterns. It is seen
that the samples with the highest percentage
increase in the peak force value due to the
increase in infill density are the samples with
cubic, octet and triangular infill patterns
respectively. If the graphics are evaluated in
terms of Infill patterns, it is seen that the lowest
strength values are in the samples with line (Li)
pattern, and the highest strength is in the samples
with tri-hexagonal (Th) and triangle (Ta) pattern
types. In Figure 6, force displacement curves of
samples filled with different patterns with 20%

120

100

60

Force (kN)

40

20

a

densification provides an increase in the amount
of static energy absorbed by the material. When
the graph of the samples with Line (Li) infill
pattern is examined, it is seen that they reach
lower maximum force values, but considering the
force values at which crushing occurs, it is seen
that these are the samples where the average
crushing force is closest to the peak force value.
Based on these data, it can be said that the crush
resistance is higher and that can make sample
with line infill pattern safer at the time of damage.

infill density are shown. From this graph, it can
be said that the stiffnesses of the samples with
Cubic, Line and Octet infill patterns are close to
each other, while the stiffness of the samples with
Triangle and Tri-hexagonal patterns is higher.
When the samples with the line pattern with the
lowest compressive strength were examined,
Li20 (Line pattern, %20 infill density) sample
which has the highest infill density reached a
maximum value of 30.45 kN. On the other hand,
Th10 sample, which is the lowest density sample
produced with tri-hexagonal pattern, reached up
to 36 kN load. In this context, it seems, it’s
possible to work at lower infill density rates by
applying tri-hexagon pattern instead of producing
at 20% infill density with line pattern. Thus,
production time will be shortened, raw materials
will be saved and costs will be reduced.

Cu-20
Li-20

Oc-20
Ta-20

= Th-20

Displacement (mm)

Figure 6. Force-displacement curves of samples produced at 20% infill density with different infill patterns.
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4. Conclusion

In this study, the compression performance of
samples with different infill parameters and infill
densities was investigated. The following
conclusions can be drawn from the mechanical
characterization carried out through experimental
analysis;

- As the infill density increases, the compressive
strength of the material increases.

- The increase in density did not make a
significant difference in the stiffness of the
material.

- The change of the infill pattern increased the
stiffness of the structure. The samples produced
with Triangular and tri-hexagonal patterns had
more rigid structures.

- Despite the same percentage increase in density,
the samples showing the best increase in
material strength were cubic, octet and
triangular samples, respectively. From this point
of view, it can be said that these samples are
more sensitive to the increase in density.

- The most successful samples in terms of static
energy absorbing ability were triangular and tri-
hexagonal samples.

- It was observed that the crushing force and peak
force were closer to each other in the samples
with line pattern. This showed that the structure
would operate in a safer range in case of sudden
damage.

- According to the data obtained, it is possible to
produce structures with lower densities and
higher strength by using triangular and tri-
hexagonal infill patterns. In this way, it will
provide significant savings in terms of material,
time and energy.
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Abstract:

Artificial Intelligence is a sub-branch of artificial intelligence used to produce new data
or content. These methods can create recent examples in different categorical fields such
as natural language processing, image processing, music, and video creation by using
models from learning clusters with artificial intelligence (Al) tools in this field. Al tools
that can solve real-world problems are also created using different methods apart from
generative Al methods. With generative-based artificial intelligence tools, it can facilitate
people's work in jobs that require creativity. However, they can offer the opportunity to
build advanced models that learn from data with other artificial intelligence methods. In
the study, the public dataset has been used. This dataset includes trending artificial
intelligence tools, Al methods, and user scores. In this study the working area and user
trend of the ai tools in the dataset and the effect of generative Al methods on the
development of the tool are discussed. Random Forest and Naive Bayes algorithms from
classification methods have been used to measure the impact and estimation. Several Al
tools help solve real-life problems. Identifying what type of category is needed for Al
tools and method selection are interlinked, and the research provides an overview of this

connection.

1. Introduction

Artificial intelligence (Al) is the ability to create
applications or tools with computer programs that
aim to think like humans, similar to human
intelligence. The field of Al was studied in 1956 by
a computer scientist at Dartmouth College. They
have been based on the identifiability assumption of
intelligence and aimed to make the simulation a
machine. Thus, it seeks to enable people to solve
problems specific to humans and learn from data [1-
4]. The primary purpose is to solve the issues that
people can learn or solve with their cognitive
intelligence with the help of machines or
applications. These problems can be in different
categories, such as language comprehension, music
creation, image recognition, and decision support
systems. The human ability in these categories is to
be able to meet similar. The primary purpose of
artificial intelligence tools is to create advanced
systems with cognitive intelligence in many fields,

such as health, education, entertainment, image,
video, and the military. Artificial intelligence
systems, which can interpret human input with
applications such as chatbots and convert it from text
to text or from text to picture with natural language
processing techniques, serve effectively in many
areas today. It has become a personal assistant tool
that can help in different areas, such as customer
service, search engines, and code generators [5]. As
data-based learning systems depend on statistical
data, artificial intelligence tools have developed
rapidly. Two main reasons have been influential in
these tools' widespread use and development. The
first of these is the general use of data storage
systems and data sets, and the other reason is the
increasing computing power of computers. With the
deep learning sub-artificial intelligence field,
powerful personal assistants such as Siri and Alexa
were introduced in 2010. Today, ChatGPT has
reached widespread use as an advanced personal
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assistant and a language processing tool offered by
OpenAl [1].

The deep learning technique is a structure created by
combining forms of artificial intelligence with
machine learning models [6-8]. Unlike neural
networks, which use only one-layer, deep learning
structures use multiple layers. Thus, a better
estimation model can be made. Deep learning is
defined as a multi-layered neural network structure.
This neural network transfers information to the last
layer in a non-linear form between layers, which is
possible with activation functions. In the
convolutional form, activation functions take place
as parameters between layers in the transfer of
information and are used to disrupt linearity. Thus,
the deep learning structure will achieve better
learning ability. Minimizing the loss value by
forward and backward propagation is the main goal
[1,9].

The Generative Adversarial Networks (GAN)
architecture method is among the artificial
intelligence methods that attract great attention
today. It is a deep learning method frequently
preferred in natural language processing, image, and
video processing with artificial intelligence tools
created with this method. Creating powerful
personal assistant applications such as healthcare or
ChatGPT, such as the production of new drugs, is a
promising method [10-13]. Responsible use of
artificial intelligence is among the discussion topics
that come with it. Presenting the text and images
produced by Al as an ‘original work’ is also a
research topic [14].

In the study, the artificial intelligence tools dataset in
the publicly available Kaggle database is discussed.
Today, widely used artificial intelligence tools are
listed in this dataset. Extra details, such as usage
areas and development methods, are given. It has
been tried to analyze the effect of generative
artificial intelligence methods or other artificial
intelligence methods on the widespread use of the
tools in the study, depending on the subject area
targeted by an artificial intelligence tool. Random
forest, support vector machine, and logistic
regression from machine learning techniques have
been used for estimation. Evaluation metrics and
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analysis are also has been discussed in the following
sections.

2. Material and Methods

In this chapter, GAN, which is the most preferred
method for the development of ai tools, is explained.
The following sections give an exploratory analysis
of the data set used. In the last section, the evaluation
of the model is given.

2.1, Generative Adversarial Networks

Architecture

According to the Generative Adversarial Networks
architecture, it is a deep learning method in the
convolutional artificial neural network structure.
Goodfellow et al. proposed this in 2014 [15,16]. It
has been frequently used and preferred as a deep
learning method. This method uses real data as input
and learns the sample distribution. This produces
outputs similar to real data [17]. It is an effective
method to create tools such as ChatGPT by giving
outcomes above human capabilities [18]. This
method, preferred in data creation, is also essential
for data imbalance problems. With the development
of deep neural network architectures, variants of the
GAN architecture have also emerged. It has been
proposed as a preferred variant for unsupervised
learning (DCGAN), for increased stability
(WGAN), and poor sample quality problems
(WGAN-GP) [19]. As seen in Figure 1, there is a
producer (G) and a separator (D) object. The GAN
method is presented in Equation 1. According to the
formula, the goal is for Pda to converge to Pg with a
gradient.

Real Data |
\

...................................................

Figure 1. GAN Architecture




Yasin KIRELLI / IICESEN 9-3(2023)233-237

According to the formula, G Generator, D stands for
the discriminator. Pz distribution of the random
noise; Pda represents the real sample distribution.
D(x) is the discriminant probability value, and G(z)
is the sample output.

L(G,D) = mGinm[z)szxNPda [logD (x)]

+ Ez~Pz [log(l
—D(G(2)))]

1)

According to Equation 1, when Pda = Pg, it is
assumed that the generated data distribution is equal
to the actual data distribution [19].

2.2. Exploratory Data Analysis (EDA)

The dataset contains publicly available Al tools and
information from the Kaggle database. This dataset
is currently widely used and is a resource for
discovering new tools [20]. The dataset includes the
target subject area, user scores and ai methods
information of these tools. The data set consists of
1012 rows and sample 5 records are shown in Figure

Figure 2. Data set s

e

According to the records in the data set and Figure
3., the most Al tools are in 110 Copywriting, 91
Generative Art and 84 Chat subject areas. According
to the results, considering the use of artificial
intelligence tools by individual users, personal
assistants that assist in writing texts are widely used.
It is seen that multimedia solutions are the next most
used area. Figure 4 shows the most preferred ai tool
categories and the applied methods according to user
comments. According to the graph, GAN
architecture has been mostly preferred as a method
in developing Al tools. In Figure 5, if the Al tools
are sorted according to user preferences, it is seen
that "LeiaPix,” "GPT-3," and "Codeium™ have the
most votes. All three tools have been developed
using the artificial intelligence method. In addition,
these tools are in the "LeiaPix" image improvement
category, "GPT-3" copywriting, and "Codeium"
generative code category, respectively. If it is

considered a personal assistant tool, it attracts
attention from users. Figure 6 shows each ai tool in
the dataset and a word cloud according to the
description field and word frequencies in the dataset.
It can be seen that the emphasis is placed on
‘generative artificial intelligence’ and ‘personal
assistant' in the word cloud.

2.3 Implementation and Evaluation of the Model

The dataset's ‘ai tool development technique' has
been chosen as the estimation or dependent variable.

Figure 3. Category and usage rates

Count of Al Tools by Al Methods

Al Methods
Figure 4. Category and Al Methods for Top 100 Al
Tools
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Figure 5. Trends of Al tools by user ratings
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Figure 6. Al Tools description field word frequencies

The dependent variable ‘'ai tool development
technique' consists of two categorical values: 'GAN'
or 'Other Methods.' The independent variables are
the upvotes of the users and the categorical area
addressed by the artificial intelligence tool. While
creating the prediction model, Python programming
version 3.10 and the Sklearn library have been used.
Logistic Regression, Random Forest, and Support
Vector Machine machine learning techniques have
been used for the prediction model, respectively.

Table 1. Support Vector Machine Model Evaluation

Metrics
precisio | recall fl-score
n
GAN 0.68 0.93 0.79
Other Methods 0.83 0.45 0.59
Accuracy 0.72
Macro Avg 0.76 0.69 0.69
Weighted Avg 0.75 0.72 0.70

Table 2. Random Forest Model Evaluation Metrics

precision | recall fl-score
GAN 0.97 0.95 0.96
Other Methods 0.95 0.97 0.96
Accuracy 0.96
Macro Avg 0.96 0.96 0.96
Weighted Avg 0.96 0.96 0.96

Table 3. Logistic Regression Model Evaluation Metrics
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precision recall fl-score
GAN 0.79 0.79 0.79
Other Methods 0.73 0.73 0.73
Accuracy 0.76
Macro Avg 0.76 0.76 0.76
Weighted Avg 0.76 0.76 0.76

The accuracy scores of the evaluation and criteria are
presented in Table 1, Table 2, and Table 3.
According to the models created, it is seen that the
highest accuracy rate in the analysis has been
obtained with the Random Forest model at 96%. It is
seen that the next closest and with the highest metric
ratio is Logistic Regression. While creating the
models, hyperparameter tuning has been performed
in order to select the most suitable model parameters
for the data set. Thus, it can be suitable for the data
set, and the estimation rate is increased.

3. Conclusion

Generative artificial intelligence is presented to
produce a response, unlike other techniques. It can
create outputs similar to human intelligence beyond
just generating answers but also go beyond that. Al
tools such as ChatGPT are among the popular tools
preferred by users in this study as an example of
generative intelligence that includes different
methods rather than just producing natural language
processing output. Due to the increased machine
capacities and data processing speeds today, they
have become personal assistants in daily life thanks
to successful Al tools. According to the study, since
artificial intelligence tools created using the
generative artificial intelligence technique are
preferred as personal assistant services for individual
users, using these tools has become more widespread
with the users' upvotes. The primary purpose is to
use the information provided by generative artificial
intelligence tools for ethical and goodwill purposes
by their users. Therefore, ethical principles and bias
in the effective widespread use of artificial
intelligence are another discussion topic. For this
reason, it is a different need to confirm the accuracy
of the information produced by generative artificial
intelligence tools.
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Abstract:

The radiation that has existed throughout human history is always present in our
environment, in our bodies and in space. Radiation has been used in almost every aspect
of medicine, science and industry since it was discovered. Technologies that use
radiation make people's lives easier, and people's lives are saved through early detection
and treatment of diseases, especially in medical applications. With rapidly evolving
technology, medical staff are exposed to more radiation doses due to increased radiation
use in medicine. Since life without radiation is unlikely, there needs to be a sufficient
level of information about radiation to protect against the harmful effects of radiation.
In universities, which constitute an important part of education and training, the better
the radiation knowledge of the students in the field of health, which will shape the
future, the better the transfer of radiation knowledge level to future generations and at
the same time to the people they serve since these students will be the health personnel
of the future. Health personnel should be able to protect themselves from the harmful
effects of radiation, take the necessary precautions during diagnosis and treatment, and
increase their level of knowledge in this regard. In this study, it was aimed to evaluate
the level of awareness of health services vocational school students, who will be health

personnel in the future, towards the concept of radiation and radiation protection.

1. Introduction

Physics is a fundamental science that helps us
understand the fundamental structures of nature and
discover the laws underlying the events that take
place in the universe. Physics studies phenomena at
all levels, from the quantum level to cosmic
dimensions, and aims to explain natural phenomena
with mathematical expressions. Physics enables the
understanding of complex concepts such as
radiation and the discovery of many phenomena
that form the basis of our daily life as well as our
technological and scientific progress. "Radiation,"”
an important concept in physics, refers to different
forms of energy. In general terms, radiation is the
process of emitting and transmitting energy in
waves or particles. One of the most remarkable
aspects of radiation is radioactive radiation, which
radioactive materials emit naturally and artificially.
Although the ritual of exposure to radiation has
continued since the beginning of the universe,
mankind discovered radiation in the last years of
the nineteenth century. After its discovery, it began
to be used in various fields [1]. Since its discovery,

radiation has been employed in a variety of
disciplines, including energy generation in power
plants, radiological applications in medicine,
fundamental scientific research, and industry [2].
After the discovery of X-rays in 1895, ionising
radiations have been widely used in many fields
from medicine to industry [3]. Radiological
applications in medicine have a large share of the
areas of use of radiation. In the medical field,
radiation is a vital tool in diagnosis and treatment
processes. Radiation therapy is a form of cancer
treatment that uses radiation to destroy malignant
cells [4]. Imaging methods such as X-ray, magnetic
resonance imaging (MRI) and computed
tomography (CT) are of great help to healthcare
personnel in the diagnosis and detection of
diseases. Thanks to these methods, it is possible to
diagnose diseases early and manage treatment
processes more effectively.

Two important types of radiation used in medicine
are X and gamma rays. These ionising radiations
carry high enough energy to interact inside cells
and break down DNA. Thanks to these properties,
they are effectively used in the radiotherapy method
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used in cancer treatment. lonising radiation from
medical applications has the largest share among
the artificial radiations to which society is exposed
[5]. The most affected by artificial radiation used
for medical purposes are the patients exposed to the
procedure and the health personnel working in
these units [6]. In addition, 95 per cent of radiation
exposure is due to diagnostic X-rays [7]. Computed
tomography (CT), X-ray and mammography are
among the most commonly used diagnostic X-ray
devices, especially in Turkey. [8]. It is of vital
importance to ensure the radiation safety of those
working with all these radiation emitting sources
and devices. Occupational doses received by those
working with ionising radiation should be
continuously monitored and these doses should be
minimised [9].

Such targeted and effective use of radiation in
medicine aims to minimise damage to healthy
tissue while increasing treatment success. In
addition, these vital uses of radiation in medicine
are of great importance for the progress of
humanity and the improvement of the quality of
life. However, strict controls, training and
guidelines must be followed for the effective and
safe use of radiation.

Nowadays, the awareness of individuals working in
ionising radiation fields and people in the society
exposed to radiation increases its importance as one
of the basic conditions for a healthy and safe life.
The more comprehensive and accurate the
knowledge of students and healthcare professionals,
who will be among the shapers of the future, on
radiation, the potential damages of radiation in
future generations will be significantly reduced.
Increasing radiation awareness will raise awareness
in all segments of the society and raise the
consciousness of individuals to protect their health.
Therefore, acting in a conscious manner to
minimise the negative effects of radiation should be
a fundamental goal. Minimising radiation exposure
is of great importance for health and the
environment.

Radiation literacy is an important issue especially
for students, health personnel and the public.
Studies in this field emphasise the importance of
these groups having knowledge about radiation for
the future. Therefore, nuclear physics and radiation
literacy are important for researchers and many
studies have been conducted in this field recently
[10-35].

For this reason, the study was planned to analyse
the attitudes towards radiation of health services
vocational school students, each of whom will be
health personnel, in terms of emotion, thought and
behaviour dimensions. In line with this plan, it was
aimed to reveal whether the attitudes towards
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radiation differ according to various individual and
demographic characteristics in the evaluation of the
attitudes of health services vocational school
students towards radiation. It is thought that by
exposing students' attitudes and levels of
knowledge towards radiation, education will be
provided for students with a lack of knowledge and
misinformation, thus ensuring effective and
efficient provision of services for students who are
candidates for medical staff. It is thought that the
research results will help healthcare vocational
school students with the necessary, accurate
information on radiation and to properly implement
this information when needed.

2. Material and Methods
2.1 Study Area and Population

The population of the study consists of the students
of Amasya University Sabuncuoglu Serefeddin
Vocational School of Health Services in the 2021-
2022 academic year. In the 2021-2022 academic
year of Sabuncuoglu Serefeddin Vocational School
of Health Services, 973 students who enrolled in
the course and actively continued their education
were interviewed from a total of 2594 students
studying in the 1st and 2nd grades. The sample was
not selected in the study and the whole population
was reached.

2.2 Ethical Permission

The study was conducted under the Principles of
the Declaration of Helsinki. Before the study,
ethical approval was obtained from Amasya
University Non-Interventional Clinical Research
Ethics Committee (dated 3.06.2022 and numbered
E-30640013-050.01.04-73478).

Before starting the study, permission to use the
Radiation Attitude Scale and the Radiation Attitude
Scale for Healthcare Workers and the Radiation
Protection Knowledge Scale for Healthcare
Workers in this study was obtained by e-mail from
the authors of the Turkish validity and reliability.
Also, the participants were informed about the
nature of the study.

2.3. Data Collection Tools

The data were collected using the Personal
Information Questionnaire, Radiation Attitude
Scale, Radiation Attitude Scale for Healthcare
Workers and Radiation Protection Knowledge
Scale for Healthcare Workers developed by the
researcher.

Survey form: Consisting of the first part that
evaluates students' sociodemographic and radiation-
related identifying information, the first part is
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followed by radiation attitude scale, radiation
attitude scale for healthcare workers, and health
workers' radiation protection knowledge scale.
Radiation Attitude Scale: Built in 2011 by Torun,
M., Yalgm, P., Yalgin, S. A. to apply to
undergraduate level students, its reliability has been
tested [34]. A "radiation attitude scale™ was used to
measure students' awareness of the harmful effects
of radiation, which had been used in the case of
Erzincan province before. The radiation attitude
scale is a 32-question likert-type scale. The
cronbach alpha internal coefficiency coefficient of
the scale was found to be 0.88.

Radiation Attitude Scale for Health Workers:
Radiation attitude scale for healthcare workers
developed by Ekinci and Yalcin in 2019 [36]. The
cognitive, sensitive and behavioral attitude of
healthcare workers towards radiation and the use of
RTNT (Radiological Examination and Nuclear
Test) is highly important for the employees
themselves and the patients receiving healthcare.
The study developed a four-factor liquert-type scale
with a reliability coefficient (Cronbach's Alpha)
and a qualitative data collection tool consisting of
eight substances, accounting for 64.5% of the total
variance, consisting of 18 substances, to determine
healthcare workers' attitude 0,914 radiation. The
mixed scale prepared to cover the purpose of the
study has been communicated in accordance with
ethical guidelines through one-to-one interviews
with health workers in health care facilities in
Turkey and online, and the scale has been applied
to 236 health workers following the scale
development phase and the data has been analyzed
by statistical programme. Four-factor liquert type
scale; by finding that there is a significant
difference in the lower dimensions relative to the
variables of gender, occupation, department,
institution and year of service; data from the eight-
item qualitative data collection tool appeared to
support results from liquert scale.

Health Workers' Radiation Protection
Information Scale: The scale of health workers'
radiation protection information was developed by
Mahmut Ay in 2021 [37]. The Health Workers'
Radiation Protection Information Scale is a 10
"liquert type scale consisting of 33 substances and
three sub-dimensions. For scale assessment, for
scale reliability when calculating language, scope,
and structure transition analyses, the Guttman Split-
Half and Cronbach alpha values were calculated
under substance analyses, internal consistency. The
Radiation  Protection Information Scale of
Healthcare Workers has been translated and
reversed into Turkish for language passage. An
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opinion was taken from 14 experts for scope
passage and it was found that scope-pass index
values ranged from 0.83-1.00. Confirmatory Factor
Analysis has been conducted to ensure structure
validity and three factors discovered have been
confirmed. In this analysis, compliance indexes
were determined at y 2/sd = 3.59, RMSEA = 0.08,
SRMR =0.06, IFI =0.91, and CFI =0.91 at TLI =
0.90. To assess reliability, the Cronbach alpha
reliability coefficient of the scale was looked at and
calculated 0.98 for the entire scale. The Guttman
Split-Half value of the scale was found to be 0.95.
The scale clauses were determined to have matter-
total score correlation coefficients r = 0.61 to 0.87.

2.4. Analysis of the Data

The statistical evaluation of the obtained data was
performed with SPSS 24.0 package programme in
computer environment. Descriptive statistical
measures (mean, standard deviation, minimum and
maximum values and percentages) were used. Since
the variables fulfilled the parametric test
assumptions in the evaluation of the data, Student t
test was used to determine the difference between
the averages of two independent groups, one-way
analysis of variance for more than two independent
groups (Tukey if homogeneity is provided to
determine which group mean is different from the
others, If not, Games-Howell test), Pearson
correlation analysis to determine the direction and
level of the relationship between variables, simple
linear regression analysis to evaluate the effect of
more than one variable on the continuous
dependent variable, Cronbach Alpha test to
determine the internal validity level of the scales
and the error level was taken as 0. 05 was taken as
the error level.

3. Results and Discussions

The distribution of the students participating in the
study according to their sociodemographic
characteristics is given in Table 1. The average age
of the students is 20.71 + 2.21, with 60.0% (n =
584) in the 20-21 age bracket, 75.8% "in (n = 738)
girl, 53.1%" in (n = 517) studying in one of the
non-direct health related programs, 70.6% of (n =
687) primary education of her mother's education
status, 60.1% "in (n = 585) elementary education of
her father, 43.2% (n = 420) living in the city,
58.8%" in (n = 572) resident of the Black Sea
Region (Table 1) 13.7% of students (n = 133)
worked in the emergency room as part of the
coursef/internship, 75.4% described the radiation of
"reputation (n = 734) as" energy event emitted in
the form of electromagnetic wave or particle,



Nurdan KARPUZ / IJCESEN 9-3(2023)238-247

"93.6% of which (n 911) was previously
associated with radioactive matter or radiation
58.3% (n = 567) did not know enough about
radiation protection (table 2). The distribution of
the mean scores of the students participating in the
study according to their answers to the radiation
attitude scale, radiation attitude scale for healthcare
workers and radiation protection knowledge scale
for healthcare workers is given in Table 3.

Table 1: Distribution of Students According to
Sociodemographic Characteristics (N=973)

Table 2: Distribution of Students by Internship,
Radiation Definition, and Knowledge of Radiation
Protection by Status (N = 973)

Features N %

Unit Studied Under

Course/Internship

Internal Units 34 35

Surgical Units 16 1.6

Operating room 13 1.3

Emergency Services 133 13.7

Intensive Care 34 35

Outpatient Services 59 6.1

Other 684 70.3

Radiation

Energy coming from underground

Electricity Based Energy Event 18 1.8

Energy Event Emitted in 84 8.6

Electromagnetic Wave or Particle Form 734 75.4

It Is the Energy Event That Causes 60 6.2

Environmental Pollution 77 7.9

Energy Event Emitted From Nuclear

Power Plants

Previous experience in any work

that can be considered related to

:(aetiloactlve material or radiation 62 6.4
911 93.6

No

The Status of Thinking That They

Have Sufficient Knowledge About

sgglatlon Protection 406 417

No 567 58.3

Note: Frequency and percentile calculations used

Table 3: Distribution of Mean Scores of Radiation
Attitude Scale, Radiation Attitude Scale for Healthcare
Workers, Radiation Protection Knowledge Scale for
Healthcare Workers (N=973)

Characteristics N %

Age

18-19 years 196 20.1

20-21 years 584 60.0

22 years and over 193 19.9

Average Age 20.71 +£2.21 (min: 18 — max:40)

Gender

Girl 738 75.8

Boy 235 24.2

Learning Program

Programmes directly related

to health 456 46,9

Programmes not directly

related to health 517 53.1

Mother’s Education

Hierat I
. . 687 70.6

Primary education 182 18.7

High School .
AN 31 3.2

University

Father’s Education

e no |
X . 585 60.1

Primary education

High School 282 290
AN 95 9.8

University

Living Place

Metropolitan 298 30.6

City 420 43.2

The Town 70 7.2

Village 185 19.0

Living Region

Marmara Region 46 4.7

Ege Region 22 2.3

Central Anatolia Region 185 19.0

Black Sea Region 572 58.8

Mediterranean Region 56 5.8

Eastern Anatolia Region | 44 4.5

Southeastern Anatolia | 48 4.9

Region

Note: Frequency and percentage calculations were used,
Programmes Directly Related to Health: First and Emergency
Aid, Medical Laboratory Techniques, Disabled Care and
Rehabilitation, Physiotherapy, Aged Care. Programmes Not
Directly Related to Health: Child Development, Medical
Documentation and Secretariat, Opticianry
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Scales X SS min | max Cronbach
alpha

RAS 7460 | 16.79 | 32 160 0.87

RASHW 3228 | 11.14 | 18 90 0.94

Radiation 12.48 459 7 35 0.89

Knowledge

Radiation 716 | 274 | 4 | 20 0.90

Sensitivity

Patient 736 | 276 | 4 | 20 0.91

Sensitivity

Infc_)rmlng the 564 204 3 15 0.95

Patient

RPKSHW 106.94 | 56.93 | 33 321 0.97

Note: RAS: Radiation Attitude Scale, RASHW: Radiation

Attitude Scale for Healthcare Workers, RPKSHW: Radiation
Protection Knowledge Scale for Healthcare Workers

The mean total score of RAS was 74.60+£16.79; the
mean total score of RASHW was 32.28+11.14; the
mean radiation knowledge sub-dimension was
12.48+4.59; the mean radiation sensitivity sub-
dimension was 7.16+£2.74; the mean patient
sensitivity sub-dimension was 7.36+2.76; the mean
patient information sub-dimension was 5.6442.24;
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and the mean total score of RPKSHW was
106.94+56.93. According to these results, it was
determined that the students' knowledge of
radiation protection was below the average.
Considering the mean total score of the "radiation
attitude™ scale, it was determined that the students'
awareness of the harmful effects of radiation was
not at a sufficient level.

When the reliability levels of the internal validity
coefficients of the scales used in the study were
analysed, it was determined that the general
reliability levels of the RAS, RASHW and
RPKSHW were highly reliable (0.80<0<1.00) [38].

Table 4: Comparison of the Sociodemographic
Characteristics of the Students with the Total Scores of
RAS, RASHW and RPKSHW

Features RAS RASHW RPKSHW
XSS X£S8S X£S8S
Age
18-19 years 76.93£14.98 | 33.66+11.00 105.89452 53
73.81£17.51 | 32.10+11.24
20-21 years 746141614 | 314421092 105.39+57.76
22 years and ' ) ’ ’ 112.68+58.59
over
E/p* 2.54/0.07 2.13/0.11 123/0.29
Gender
Girl 74.29+15.83 | 31.68+10.56 | 03.96+56.07
Boy 75.56+19.51 | 34.17+12.62 | 116.29+58.68
t/p** | -0.90/0.36 | -2.73/0.00 -2.90/0.00
Learning
Program
Programmes 74.98+17.69 | 31.62+11.55 112.70£55.39
directly
related to
health 74.26+£15.96 | 32.86+£10.75 101.85+57.82
Programmes
not  directly
related to
health 0.66 /0.50 -1.73/0.08 297/0.00
t/ p**
Mother’s
Education
Status 71.45+£16.72 | 31.58+10.30 | 107.99+50.75
Illiterate 74.81£16.63 | 32.25+11.05 | 105.31+57.66
Primary 74.55+17.83 | 32.34+12.06 | 110.35+£55.90
education 77.45+13.57 | 34.29+9.55 | 120.52+60.09
High School
University 1.19/0.31 0.43/0.72 1.00/0.39
F/p*
Father’s
Education
Status 70.82+16.06 | 27.55+6.83 | 120.27+48.84
Illiterate 74.34+16.91 | 32.12+10.82 | 105.16+56.02
Primary 74.79+15.78 | 32.43+£10.90 | 105.91+57.95
education 76.00£19.04 | 33.35+13.84 | 119.41+59.30
High  School
University F/ | 0.46/0.70 1.00/0.38 1.94/0.12
p*
Living Place
Metropolitan 74.39+18.31 | 32.52+12.44 | 106.31+59.20
City 74.66+15.37 | 31.88+9.98 108.69+57.23
The Town 73.71+£15.83 | 30.70+11.80 | 107.67+53.79
Village 75.10+17.77 | 33.41+11.15 | 103.69+53.86
F/p*
0.13/0.93 1.33/0.26 0.34/0.79

Living
Region
Marmara
Region (1)
Ege Region
(2
Central
Anatolia
Region
3)
Black
Region
4)
Mediterranean
Region

()

Eastern
Anatolia

Sea

76.74+15.91
70.68+27.30

71.19£17.73

76.67+15.63

70.45+16.37

68.66+18.31

73.00+16.45

33.70+9.82
32.95+14.87

31.44+10.96

32.94+11.36

29.39+10.07

30.73+10.13

30.77+10.00

107.54+59.35
115.05+70.56

110.41£59.83

102.79+£55.13

122.38+58.26

112.84+45.95

115.21+£62.52

Region

(6)

Southeastern

Anatolia

Region (7)
F/p*

4.70/0.00 1.57/0.15 1.63/0.13

Significant
Difference

3-4, 46 - -
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Notes: *One-way analysis of variance, **Student t test, RAS:
Radiation Attitude Scale, RASHW: Radiation Attitude Scale for
Healthcare Workers, RPKSHW: Radiation Protection
Knowledge Scale for Healthcare Workers

In Table 4, in which the sociodemographic
characteristics of the students and the mean total
scores of the scale were compared, it was found
that the students who were 18-19 years old, boy,
studying in programmes directly related to health,
whose parents were university graduates, residing
in the village and living in the Marmara Region had
higher mean scores on the radiation attitude scale,
and there was a significant difference between the
total score of the RAS and the region of residence
variables (p < 0.05). It was determined that the
students who were 20-21 years old, boy, studying
in programmes not directly related to health, whose
parents were university graduates, residing in the
village, and living in the Marmara Region had
higher mean scores on the radiation attitude scale
for health workers, and there was a significant
difference between the total score of the RASHW
and the gender variable (p < 0.05). It was
determined that students who were older than 22
years, boy, studying in programmes directly related
to health, whose mothers were university graduates,
whose fathers were illiterate, who resided in the
city and who lived in the Mediterranean Region had
higher mean scores on the RPKSHW, and there was
a significant difference between the total score of
the RPKSHW and gender and the programme of
study (p < 0.05). In Table 5, in which the students'
place of internship, definition of radiation and m




Table 5: Comparison of Students' Internship Placement,
Knowledge of Radiation Definition and Radiation
Protection with the Mean Total Scores of RAS, RASHW
and RPKSHW

Features

RAS

RASHW

RPKSHW

XSS

XSS

X£SS

Unit
Under
Course/Internship
Internal Units

(@)

Surgical Units

@

Operating room

(3)

Emergency
Services

(©)]

Intensive Care

®)

Outpatient
Services

(6)

Other (7)

Studied

71.62+15.64

79.19+18.67

71.85+£23.02

75.41+21.74

80.32+13.25

73.98+18.30

74.30+15.53

32.68+7.72

30.56+12.16

29.23+10.83

31.80+13.27

35.26+11.47

32.66+12.32

32.27+10.69

127.53+48.93

97.88+51.60

153.00+68.04

113.18+54.68

103.65+50.94

133.12+57.85

101.94+56.68

F/p*

1.19/0.30

0.69/0.65

5.62/0.00

Significant
Difference

3-7,6-7

Radiation
Energy coming
from
underground

(1)

Electricity Based
Energy Event

(2

Energy  Event
Emitted in
Electromagnetic
Wave or Particle
Form

3

It Is the Energy
Event That
Causes
Environmental
Pollution

4

Energy Event
Emitted From
Nuclear Power
Plants (5)

63.44+18.46

76.88+17.88

74.53£16.31

71.90+16.68

77.45+18.67

33.17+10.57

35.87+11.92

31.68+10.58

34.98+14.29

31.81+12.07

132.78+69.34

105.70+61.10

108.10+56.42

103.25+55.80

94.03+53.07

F/p*

3.35/0.01

3.70/0.00

Significant
Difference

1-2,2-3,1-5

2-3

2.07/0.08

Previous
experience in
any work that
can be
considered
related to
radioactive
material or
radiation

Yes

No

72.03£17.04

74.77£16.77

32.63+11.87

32.26+11.10

132.31+56.14

105.21+56.60

t/p**

-1.24/0.21

0.25/0.79

3.64/0.00
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The Status of
Thinking That
They Have
Sufficient
Knowledge
About
Radiation
Protection

73.67+18.06 | 32.13+£11.73 | 122.20+58.21

Yes

No 75.26+15.80 | 32.39+10.71 | 96.01+53.42

t/p** | -145/0.14 | -0.36/0.71 7.26/0.00
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Notes: *One-way analysis of variance, **Student t test, RAS:
Radiation Attitude Scale, RASHW: Radiation Attitude Scale for
Healthcare Workers, RPKSHW: Radiation Protection
Knowledge Scale for Healthcare Workers

knowledge about radiation protection were
compared with the mean scores of the scale, it
was determined that the mean score of the RAS
was higher in those who worked in the
intensive care unit within the scope of the
course/internship, defined radiation as “the energy
emitted fronuclear power plants”, had not
previously worked in any study that could be
considered related to radioactive material or
radiation, and did not think that they had enough
information about radiation protection, and there
was a significant relationship between the
definition of radiation and the total score of the
RAS (p < 0.05). It was found that those who
worked in the intensive care unit within the scope
of  course/internship, defined radiation as
"electricity-based energy event”, had previously
worked in any study that could be considered
related to radioactive material or radiation, and did
not think that they had enough information about
radiation protection had a higher mean score on the
RASHW, and there was a significant relationship
between the definition of radiation and the total
score of the RASHW (p<0.05). Those who worked
in the operating room within the scope of
coursef/internship, defined radiation as "an energy
event coming from underground”, had previously
worked in any study that could be considered
related to radioactive material or radiation, and
thought that they had enough information about
radiation protection had a higher mean score on the
RPKSHW, it was found that there was a significant
correlation between the unit of study within the
scope of the course/internship, the status of being
involved in any study that can be considered related
to radioactive material or radiation before, and the
status of thinking that they had enough knowledge
about radiation protection and the total score of the
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