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Research Article

Fe304/su ile Doldurulmus Kanath Sogutucunun Termodinamik Tersinirlik
Acisindan Parametrik Analizi

Hayati Kadir Pazarlioglu®*

aUniversity of Stuttgart, Institute of Aerospace Thermodynamics, Stuttgart, Germany

* Sorumlu Yazar: hayati-kadir.pazarlioglu@itlr.uni-stuttgart.de
OZET

Elektronik bir cihazda asir1 yiiklenen 1sinin tatmin edici bir sekilde dagitilmasi verimli bir sogutma
sistemine baghdir. Bu noktada miihendisler ve arastirmacilar, giivenilir ¢alisma davranislarnn ve
dayanikliliklari nedeniyle bir 1s1 kuyusu kullanmay tercih ederler. Sogutucunun akiskan karakteristigini
ve 1s1l performansini artirmak basittir ¢linkii tasarimindaki herhangi bir kiigtik degisiklik, hidrotermal
ozelliklerinde bir artisin yolunu agar. Burada, ferronanoakiskan (Fez04/su; ¢=%2) akan farkli kanath
(dairesel, kare ve altigen) 1s1 kuyularinin termo-hidrolik performansini arastirmak i¢in laminer rejim
(1000<Re<2000) altinda parametrik sayisal calismalar yapilmistir. Genel olarak, temel duruma gore en
yuksek basari rakami (FOM), nanoakiskansiz 1s1 kuyusunda kare kanat tipi kullanilarak Re=1500'de
gozlenirken, ayni geometrik konfigiirasyonda en diisiik toplam entropi iiretimi ve en ytiksek konvektifisi
transferi performansi Re=2000 ve ¢=%2’de sergilendi. Ayrica, nanoakiskanla doldurulmus 1s1 kuyusunda
kare kanat tipi kullaniminin Re=2000'de ortalama Nusselt sayisim1 (Nu) baz duruma goére %18,41
artirdigl ve ayni karsilagtirma icin basing diistisiinii %59 civarinda artirdig1 sonucuna varilmistir. Son
olarak, Re=2000 ve @=%2'de kare kanath tip 1s1 kuyusu kullanilarak toplam entropi iiretiminin baz
duruma gore %7,71 oraninda azaldig1 gorildt.

Anahtar Kelimeler: Entropi Uretimi, Fes04/su, Ist Kuyusu, Igne Kanatcik, Tasinim Is1 Transferi.

Parametric Analyses of Finned Heatsink Filled with Fe30+/water Regarding
Thermodynamic Irreversibility

ABSTRACT

Satisfactory distribution of the over loaded heat in an electronic device depends on an efficient cooling
system. In this point, engineers and researchers prefer using a heatsink due to their reliable operation
behaviour and durability. To enhance fluid characteristic and thermal performance of the heatsink is
simple since any small change in its design paves the way for an increase in its hydrothermal
characteristics. Herein, parametric numerical studies were performed under laminar regime
(1000=<Re<2000) to investigate thermo-hydraulic performance of the different finned (circular, square,
and hexagonal) heatsinks flowing ferro-nanofluid (Fez0s/water; @¢=2%). Overall, the highest figure of
merit (FOM) over base case were observed at Re=1500 by utilizing square fin type in the heatsink without
nanofluid whilst the lowest total entropy generation and the highest convective heat transfer
performance were exhibited at the same geometric configuration at Re=2000 and @=2%. Besides, it was
concluded that the use of square fin type in the heatsink filled with nanofluid augmented average Nusselt
number (Nu) by 18.41% compared with base case at Re=2000 and increased pressure drop around 59%
for the same comparison. Finally, it was seen that total entropy generation by using square fin type
heatsink at Re=2000 and ¢@=2% was decreased by 7.71% over base case.

Anahtar Kelimeler: Convective Heat Transfer, Entropy Generation, Fes0+/water, Heatsink, Pin Fin.
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I.  INTRODUCTION

Since electronic devices are becoming smaller, their operating temperature is rising, so their
operational temperature and accumulating heat over them should safely be distributed to environment
(Algburi et al.,, 2021). Generally, safety running temperature of electronic devices are considered around
852C. Therefore, to keep lower than this temperature is essential for any electronic devices (Shahsavar
et al, 2021a; Shahsavar et al., 2022a). In this point, heatsinks are usually preferred removing heat from
electronic equipment. A period of twenty years, combination of the water and nanoparticles has a great
power as a working fluid due to their prestigious thermal properties compared to other conventional
working fluids (Pazarhioglu et al., 2023a; Pazarlioglu et al., 2023b). Furthermore, extended surfaces have
a great advantage due to their vivid characteristics on enhancement of the heat transfer rate (Giirsoy et
al,, 2023; Pazarlioglu et al,, 2021). In this regard, the use of pin fins present opportunity for researchers
and engineers due to their high hydrodynamic behaviour compared to other extended surface types (Ates
et al,, 2023; Chen et al,, 2020). Next, as can be seen from the literature, low pressure drop and high
convective heat transfer rate can be obtained by using pin fin, which leads to higher FOM (Figure of Merit)
which is one of the most important parameters for RIC (Research, Investigation, and Commercialization)
(Ates et al., 2022; Pazarlioglu et al,, 2022a). Parlak et al. (Parlak et al., 2022) have experimentally and
numerically investigated micro heatsink with high aspect ratio to optimize it to reach an efficient
geometric design parameter. After completion numerical studies, optimum channel height was found as
2 mm. Also, experimental studies showed very good agreement with numerical data obtained from CFD
results. Shahsavar et al. (Shahsavar et al,, 2022b) numerically performed parametric analyses using
silver/water nanofluid under turbulent flow regime. Then, rifled inlet section was used to observe its
hydrothermal augmentation. As a result of the study, rifled inlet section has increased FOM considerably.
Shahsavar et al. (Shahsavar et al., 2023) was analysed a heatsink filled with nanofluid and applied surface
vibration for enhancement of the heat transfer rate. Analyses were performed under laminar regime
while the surface vibration method to enhance heat transfer was applied for the first time on a heatsink.
It is reported that the use of surface vibration is the effective method for the heat transfer enhancement.
Ghazizade-Ahsaee et al. (Ghazizade-Ahsaee et al., 2023) numerically investigated a heatsink analyses for
observation of the effect of the inlet velocity profiles under laminar regime. It is reported that the use of
non-uniform velocity profile was led to obtaining higher FOM than uniform velocity profile.

Based on the literature review, the use of the different shape of pin fins on heatsink (circular,
rectangular, and hexagonal) are rather scarce that is why the use of these type of pin fins in heatsink
under laminar flow regime are decided to observe thermal and fluid characteristics and investigate total
entropy generation of the proposed system. To the best author knowledge, investigating different fin
shapes have a crucial effect for the mass production companies since adding a fin to the system will lead
to increase in pressure drop which is not desired effect in the system (Li et al., 2011). Therefore, defining
a good fin shape presenting lower pressure drop compared to others will be beneficial for such systems.
Besides, the mass production machines are loaded with high thermal residuals during production
process. To remove this unneeded effect using a well-designed heatsink enhanced by well-structured pin
fins has a considerable effect. In this study, to define therefore the optimum fin geometry for heatsinks
which is great opportunity for removing heat from electronic devices will be highlighted, and these
outputs will shed light on the literature to understand what types of pin fins are better to use such a
system.

Il. MATERIAL AND METHOD

Fig. 1. presents geometrical information about proposed heatsink. In this study, ANSYS Fluent 2020 R2
using Finite Volume Method to discretization of governing equations were used to numerically
investigate proposed geometry and parametric inputs. The uniform heat flux of q” =80000 W/m? for
bottom side and non-uniform velocity profile for inlet section were conducted on the heatsink while other
walls were kept as adiabatic boundary conditions. Also, no-slip boundary conditions were selected for all
geometry’s wall, and pressure outlet boundary conditions were applied for the outlet section. Then, the
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parametric studies were performed under laminar flow regime taking into account steady-state
conditions, single phase approach, and Newtonian fluid. The thermal properties of working fluids can be
seen from Table 1.

Table 1. Thermo-physical properties of water and Fe304 at T=300 K (Tekir et al,, 2022).

Water Fe304 Fes04/water & =2%
p [kg/m3] 998 5180 1083
cp [J/kgK] 4182 670 4122
k [W/m.K] 0.598 80.4 0.6186
u [Pa.s] le-03 - 1.26e-03

-\\
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Fig. 1. Dimensions of proposed heatsink.

Then, the definition of the cases was named according to following information; circular pin finned
heatsink: Case 1, square pin finned heatsink: Case 2, and hexagon pin finned heatsink: Case 3. It is noted
that Case 1 & water is the base case for this study. Moreover, the governing equations (continuity,
momentum, and energy) was discretised to observe hydrothermal characteristics of the proposed
system.

Continuity (Kays et al., 2004) :
VV =0 (1)
Momentum (Kays et al., 2004) :
p((\7.v)\7) = VP + pg+ VA

(2)
Energy (Kays et al., 2004) :
¢, ((V.V)T)=k,VV
For fluid: " (( ) ) ' (3)
A7 _
For solid: kV?V =0 (4)

After solving these governing equations, these findings should be converted meaningful numbers, so
following formulations can be used for this regard:

Reynolds number (Re) (Jiji, 2009):
pvavg.Dh

#H (5)
Convective heat transfer coefficient (h) (Jiji, 2009):

Re =
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”

h— q
Tcpuavg ~Tou
Average Nusselt number (Nu) (Jiji, 2009):
_hb,
k
Temperature uniformity (6) (Shahsavar et al., 2021a):

Nu

T, =T
9 — CPU x CPU in
q
Thermal resistance (R) (Shahsavar et al., 2021b):

"

TCPU in

R — an."_
q
Figure of merit (FOM) (Pazarlioglu et al., 2022b)
h /h

FO M — enhanced base
1/3
(AP, / AR, )

enhanced

(6)

(7)

(8)

(9)

(10)

Thermodynamic irreversibility can be calculated by using below equations (Shahsavar et al., 2021b):

2 (3 (2 (2 (22

S H
Sff Z?

(au aw)2 ow vy
+ —+— | +| —+—
0z oX oy oz

Se=]ll

Srav

0k (asz ar Y [aTJZ

Sh==%| = | *| = | *| =
T OX oy oz

S, = [[[$zav

Stotal = Sff +Sth

Be=S, /S

total

(11)

To solve mentioned above governing equations correctly, the most important parameter in finite
volume analyses is to create well mesh distribution on geometry. In this study, five different mesh
structure were applied on geometry to obtain optimum mesh structure over the body. In the mesh
independency studies, the denser mesh should be carried out which region is the most important to
observe hydrothermal behaviour of it whereas the other region can be meshed less than important region
to take an advantage in terms of computational time. In this study, the denser mesh structure was
conducted for finned region, heated surface, inlet, and outlet section due to having high priority for
designing a heatsink. While the mesh convergency study can be seen from Table 2, the decided mesh

structure (M3) can be seen from Fig. 2.

Table 2. Mesh independency study at Re=2000 for Case 2.

Mesh No M1 M2 M3 M4 M5
Node 798901 1487976 2687954 3543013 4145810
Nu 42.3 48.87 50.36 50.45 50.30
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e

Fig. 2. Mesh structure on heatsink (Case 2).

Before starting analyses of the prosed system, the verification study with the literature should be
performed. Therefore, this numerical study was compared with Shahsavar‘s study (Shahsavar et al,,
2021a). This verification can be seen from Table 3.

Table 3. Verification study with a study published in the literature.

Re Present Study (Shahsavar et al,, 2021a) Deviation rate (%)
- Tcpu [K] Tcpu [K] -
1000 308.301 307.4 0.293103448
1500 306.944 307.1 0.050797786
2000 306.127 306.7 0.186827519
I1l. RESULTS

In this section, thermal characteristics and hydraulic behaviour of the finned heatsink have widely been
discussed under different circumstances. Fig. 3(a) depicts Nu values for different cases and working fluids
under laminar flow conditions. While Case 3&water presented the lowest Nu, Case 2&NF showed the
highest Nu for all Re. Especially, the highest rising ratio has been achieved at Re=2000 for Case 2&NF. It
is noted that working fluid can be moved around square fins due to wider surface area than other fin
types that is why the highest Nu is obtained for this case. Also, this finding is consistency with the study
of (Shahsavar et al,, 2021a). Pressure drop distribution for different cases can be seen in Fig. 3(b). As can
be seen from this figure, the minimum pressure drop value has been faced for Case 1&water at Re=1000
whilst the maximum one has been obtained for Case 3&NF at Re=2000. Case 3 has the widest surface area
compared to other cases, so this phenomenon leads to an increase in pressure drop dramatically. Then,
using of nanofluid as a working fluid may lead to increase in pressure drop value (Tekir et al., 2022). Fig.
3(c) explains temperature uniformity in terms of different cases and working fluids under same boundary
conditions. It can be seen that temperature uniformity decreases as Re increases due to diminishing the
temperature of heatsink. Especially, the lowest temperature uniformity is obtained at Re=2000 due to
hitting the bottom in terms of temperature of heatsink. Fig. 3(d) shows thermal resistance of finned
heatsink for all cases at different Re. While the highest thermal resistance is obtained for Case 1&water,
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the lowest thermal resistance is handled for Case 2&NF. Case 2&NF presents a better approach for
thermal resistance due to effective cooling for finned heatsink for all Re.

60
2700
o g:: i i\’:‘V;ter - - —@— Case 1 & Water -
s 24001 . .O . Casel&NF Pid
55 ~~"W -~ Case2&Water - - ---g-- Case2 & Water s P
— A= Cae2&NF - == 21009 . A~ Ccase2&NF AN
:_-5___- g::zixlv:ter,&/--/ —_,——" F 1800 — -ll— - Case 3 & Water P .-/--/' ’
50 4 - - . = — {1+ — Case3&NF L —
=1 L= /v TR o -
z - -7 L S 1500 A
A g
& 1200 |
45 a
900 A
40 600
F T 1 300 + T i
1000 1500 2000 1000 1500 2000
Re (a) Re (b)
11
—@—— Case 1 & Water
-0 Case 1 & NF
10 —-—-W-- Case2 & Water
-\ - Case2&NF
$ — -fll— - Case 3 & Water
% 9 Case 3 & NF
2
Case 1 & Water . é 81
<404 O Casel&NF Sl o
---g-- Case2&Water o~
a5~ = Case2&NF 71
— -lll— - Case 3 & Water
— =} — Case3&NF
3.0 T i 6 T 1
1000 1500 2000 1000 1500 2000
Re (c) Re (d)

Fig. 3. Hydrothermal characteristics of the proposed system, a) Nu, b) Pressure drop, c) Temperature uniformity, d) Thermal
resistance.

Tanpe slure [k

Fig. 4. Temperature distribution on heatsink for different fin designs at Re=2000 and ¢=2%.
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Fig. 4 presents temperature distribution for all cases at Re=2000. As can be seen in this figure, inlet
section and finned area are cooler than outlet section. The reason of that the acceleration of fluid is higher
in that region than outlet section. Also, in the finned section, cooler surface was obtained due to increasing
in surface area. As can be seen from this figure, using of fin at the middle of the heatsink leads to less
cooling efficiency a region which is close to outlet section. However, for overall efficiency, using of find
inside heatsink is better approximation for cooler surfaces. Furthermore, Case 2 & NF with ¢=2% shows
the maximum efficiency in terms of cooling.

12
I Case 1 & Water BESS Case 2 & Water B8 Case 3 & Water
772 Case 1 & NF S Case 2& NF @ Case 3 & NF
1.0 § ,
7 %
N é é
1 BAEN 7 7
BN % %
AR . é
= AR é é
8 N % Y
AR 7 7
N é ?
041 BAEN 7 ’
1R é é
N
AR o 7
28N % %
AN 7 7
ZEN 7 7
20N % %
.o L RN z é
1000 1500 2000
Re

Fig. 5. Figure of merit (FOM) for all proposed design and working fluid parameters.

FOM defines applicability of proposed design considering all parameters. As can be seen in Fig. 5, the
maximum FOM was handled using Case 2 & NF while the minimum one belongs to Case 3 & NF due to
higher pressure drop value. The main negative parameter is the pressure drop for FOM that is why Case
3 presents lower FOM number than other proposals.

0.00085

18 | @ Case 1 & Water .
Case 1 & Water O Case1&NF P
0.00080 EZZ ; g\’;‘\;ter 161 W Case2&Water P
Case 2 & NF 4] O Cae2&NF . 4 Bie
0.00075 . Case 3 & Water 12 E Ease 8 & water R i -
~ ase 3 & NF - >~

Case 3 & NF

0.00070

Seryp WIK]
6.
Sgeng [WIK] (10°0)

0.00065

0.00060

T i
1000 1000 1500 2000

0.00085

@ Casel& Water

0.00080 O Casel&NF
V¥ Case 2 & Water
A\ Case2 &NF
|
X

0.00075 Case 3 & Water
Case 3 & NF

0.00070

Sgen WIK]

000065 4 o~ Tmeesio

0.00060

0.00055 T
1000 1500 2000
Re (c)

Fig. 6. Entropy generation due to a) thermal irreversibility, b) frictional irreversibility, c) total.



Diizce University Journal of Technical Sciences, 1(1), 2023, 1-10

Fig. 6 (a, b, c) highlights entropy generation for all cases. Fig. 6a presents entropy generation in terms
of thermal irreversibility. As can be seen from this figure, the use of NF affects positively in terms of
thermal irreversibility. For example, the use of Case 3 & water presents the highest thermal irreversibility
whilst Case 2 & NF gives the lowest one which is better in terms of entropy generation. It is known that
using of nanofluids causes the higher thermal performance, so their capabilities on entropy generation is
enhanced, so they lead to decrease in thermal entropy generation. In Fig. 6b denotes frictional
irreversibility for all cases. The minimum one was obtained for Case 3 & water, and the maximum one
was seen for Case 2 & NF. Overall, total entropy generation can be seen in Fig. 6c¢ for all cases. The best
one is Case 2 & NF in terms of total entropy generation.

o & PP P PEL P L PEPE O 6o VEIPPNDPRD DB P
_ e
Entropygenthermal [W.m3.K7] Entropygenfrictional W.m*.K"]

D B A0 Ak 4D S o0 o 0 0’1'%3& M2

o & POl b(ab(@%“@ &"3-\}? QQN AASH A {%“&&%Q’gé’g'\g’\-\‘@g{“
_ “

Entropygentotal W.m=.K"] Bejan number

Fig. 7. Entropy generation in volume and Bejan number distribution for square pin finned heatsink at Re=2000 and ¢=2%.

Fig. 7 (a, b, ¢, d) presents entropy generation contours for the best-case name Case 2 & NF. As can be
seen from this figure, the maximum thermal entropy generation occurs heatsink’s and fin boundaries due
to the fact that Nu is higher in these areas than other zones. Also, the frictional entropy generation is
higher at inlet section and fins boundaries due to the fact that pressure drop is the high in these areas.
While total entropy generation is similar to thermal irreversibility since thermal entropy generation is
dominant for this case. Bejan number is the lowest around the inlet section, but it is the higher toward fin
and outlet section since the thermal irreversibility is higher at these regions.
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IV. CONCLUSION
In this study, finned heatsink was extensively analysed in terms of first and second law of

thermodynamics. Herein, 2 different working fluids and 3 different design parameters were determined
for 3 Res(1000-1500-2000). The main findings of this study can be seen below:

1. Theuse of square pin fin inside heatsink is a satisfied approach for achieving a well-designed thermo
hydraulic characteristics for removing heat from electronic devices.

2. The Nu was enhanced by 18.41% using Case 2 & NF compared to Case 1 & water at Re=2000 while
pressure drop was dramatically increased around %59 for the same comparison at Re=1000.

3. FOM reached its best value at Re=1500 for Case 2 & water since FOM criticise both thermal
achievements and hydraulic penalties.

4. Total entropy generation was obtained with its minimum value for Case 2 & NF for all Res.

5. Finally, Case 2 & NF was obtained as the best offer for both energy and entropy generation compared
to other cases.

For future studies, the same pin fin arrangements should be designed for different size and placement
zone to define optimum distances among pin fins and their number inside heat sink. Then, exergy
efficiency, economical aspect, environmental issues should be taken into account for this study as well as
energy and entropy generation.

NOMENCLATURE

Dn Hydraulic Diameter [m]
ff Friction factor

FOM Figure of Merit

Nu  Average Nusselt Number
NF  Nanofluid

gen Generation

th Thermal

T Temperature [K]

Re  Reynolds number

S Entropy (W/K)

q” Heat flux [W/m?]

p Density [kg/m3]

1 Dynamic viscosity [Pa.s]

[0) Nanoparticle volumetric concentration (%)
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DP600 Celiginin Farkl Siire ve Sicakliklarda Temperlenmesinin Mukavemet ve
Delik Genisletme Oranina Etkisi
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OZET

Gelismis Yiiksek Mukavemetli Celikler, arag¢ govdelerinin yiiksek mukavemetli parcalardan iiretilmesine
olanak saglayarak toplam arag¢ agirliginin azaltilmasina énemli bir katk: saglamaktadir. Bu celiklerin
mikroyapilarinda bulunan ¢esitli fazlarin birbirleri arasindaki yiliksek mukavemet farkhiliklari,
sekillendirme islemleri sirasinda kenar yirtilma problemlerinin siklikla goriilmesine yol agmaktadir. Cift
fazli (DP) celikler, mikro yapilarinda sertlik dereceleri birbirlerinden olduk¢a farkli olan ferrit ve
martenzit fazlarindan olusan bir ¢elik olmasi sebebiyle kenar yirtilma problemlerinin siklikla goriildiagi
bir AHSS celik tiridiir. Bu calismada, malzemenin mukavemetini 6énemli bir 6lglide korurken fazlar
arasindaki mukavemet farkini azaltmak icin DP600 ¢eligine 1lik sicakliklarda (75 °C, 375 °C) 300s, 900s,
1800s ve 3600s siireyle temperleme islemi uygulanmistir. Uygulanan temperleme isleminin DP600
¢eliginin mukavemetine ve delik genisleme oranina etkisini gézlemlemek amaciyla cekme testleri ve delik
genisletme testleri yapilmistir. DP600 celiginin 375 °C'de 900 saniye tavlanmasiyla delik genisleme
oraninin yaklasik %55,12 oraninda arttigi ve mukavemet azalmasinin ise sadece %10,60 civarinda
oldugu saptanmustir.

Anahtar Kelimeler: Cekme Testi, Delik genisletme testi, DP celigi, Temperleme,

The Effect of Tempering Process at Various Temperatures ve Hold Times on the
Strength ve Hole Expansion Ratio of DP600

ABSTRACT

Advanced High Strength Steels (AHSSs) provide a significant contribution for the weight reduction in
vehicles by enabling to form the body-in-white parts of vehicles from high strength products. However,
the high strength differences in their multiple phase microstructures, frequently causes the sheared edge
tearing problems to be observed during forming operations. Dual phase (DP) steels, are one type of AHSSs
that consist of ferrite and martensite phases in their microstructures, whose strengths are significantly
different from one another, and thus, are one type of steels that the edge tearing problems are commonly
observed. In this study, a tempering process for the DP600 steel has been implemented at warm
temperatures (75 °C, 375 °C) for 300s, 900s, 1800s ve 3600s to reduce the strength difference in between
the phases while preserving the strength of the material. The tensile tests and hole expansion tests have
been conducted to observe the effects of the applied tempering process on the strength and hole
expansion ratio of the DP600 steel. It has been shown that the hole expansion ratio of DP600 has
improved by about 55.12% and the strength reduction has been only 10.60 % by tempering the steel at
375 °C for 900s.

Keywords: DP steel, Hole expansion ratio, Tempering, Tensile test

Makale Bilgileri/Article Info
Gelis/Received: 16/11/2023, Revizyon/Received in revised form: 06/12/2023, Kabul/Accepted: 15/12/2023

11


mailto:nurisen@duzce.edu.tr

Diizce Universitesi Teknik Bilimler Dergisi, 1(1), 2023, 11-21

I. Giris

Gelistirilmis Yiiksek Mukavemetli Celikler (GYM(), saglamis olduklari oldukga yiiksek mukavemet ve
makul sekillendirilebilirlik seviyeleri sayesinde giiniimiizde Orijinal Ekipman Ureticileri (OEM)
tarafindan siklikla tercih edilen bir malzeme haline gelmistir (Demeri, 2013; Cora ve Kog, 2014).
GYMC’lerin mikroyapilarinda farkl faz tiirlerinin bir arada yer alabilmesi 6zelligi, bu ¢eliklerin ¢cok farkl
ozellikler sergileyen celiklerin tretilebilmesini saglamaktadir. Boylelikle farkli amaglar igin farklh
GYMC’ler iiretilebilmektedir (Sen ve Civek, 2022). (DP) ¢eliklerin mikroyapisi ferrit ve martenzit
fazlarindan olusmaktadir. Bu ¢eligin yapisinda bulunan ferrit fazi, celige sekillendirilebilirlik 6zellikleri
saglarken, martenzit faz1 ise ¢eligin mukavemetini saglamaktadir (Senuma, 2001; Queiroz, Cunha ve
Gonzalez, 2012; Bayramin, Simsir ve Efe, 2017). DP celiginde farkli oranlarda ferrit ve martenzit fazi
olusturularak, farkli mukavemet ve sekillendirilebilirlik 6zellikleri sergileyen DP celikleri (DP600,
DP700, DP1000, vs.) Uuretilebilmektedir (Keeler, Kimchi ve Mooney, 2017; Balisetty, Chakkingal ve
Venugopal, 2021). DP celiklerinin makul bir sekillendirilebilirlik ve kaza esnasinda yliksek enerji
sontimleme ozelliklerine sahip olmasi sebebiyle, ara¢ govdelerinde siklikla tercih edilmektedir (Mallick,
2010). Ancak, DP celiginin icyapisinda yer alan ferrit ve martenzit fazlarinin arasinda oldukga yiiksek bir
mukavemet farkliliginin olmasi, bu iki faz arasinda yiiksek gerilme yigilmalarina sebep olmakta ve bu
durum kenar yirtilmasi olarak nitelendirilen bir probleme yol a¢gmaktadir (Azuma ve ark., 2012).
Karsilasilan bu problem, bir¢ok parcanin sekillendirilmesinde sorunlara yol acip DP celiginin kullanim
alaninin kisitlanmasina sebep olmaktadir.

Sekillendirme esnasinda yirtilma problemlerinin azaltilabilmesi igin farkl celik tireticileri ¢esitli GYMC
tlrleri tiretmislerdir. Bu gelikler arasinda karmasik fazl ¢elik (CP) ve TRIP Destekli DP ¢elikleri (DH) yer
almaktadir. CP c¢eliginin i¢ yapisinda ferrit, beynit ve martenzit yapilarinin bir arada bulunmasi, fazlar
arasindaki sertlik farkinin belirli bir oranda dengelenmesini saglamaktadir (Karelova ve ark., 2009).
Karelova ve ark. (Karelova ve ark., 2009), yapmis oldugu ¢alismada CP ¢eliginin delik genisletme oraninin
DP celigine gore daha yiliksek oldugu saptamislardir. DH ¢eliginin igyapisinda ise ferrit ve martenzit
fazlariin yani sira icyapida kalint1 6stenit fazi da bulunmaktadir (Mirhosseini ve ark., 2022). Bu kalinti
Ostenit yapisi deformasyonla birlikte martenzit fazina doniiserek celigin ekstra bir sekillendirilebilirlik
kazanmasini saglamaktadir. Kenar yirtilma problemine yol agan bir¢ok etken olsa da, uygulanilan sac
kesim yontemi sebebiyle sac kenarinda olusan piirtizliiliikk ve hasar, bu probleme dogrudan etki eden
parametreler arasinda yer almaktadir. Ornegin Balisetty ve ark. (Balisetty, Chakkingal ve Venugopal,
2021), dort farkli delik hazirlama yénteminin (Elektroerozyon, delme, delme + raybalama ve zimbalama)
delik genisletme oranina etkisini incelemis ve elektroerozyon yontemi ile en yiiksek delik genisletme
oraninin elde edildigi sonucuna varmislardir. Benzer sekilde Xu ve ark. (Xu ve ark., 2012), farkl kesim
yontemlerinin (zimbalama, elektroerozyon, lazer kesim) DP980 celiginin delik genisletme oranina
etkisini arastirmis ve elektroerozyon yontemi ile yapilan delik genisletme testinin diger kesim
yontemlerine gore en ylksek orani sagladigi gériilmiistiir. Hance ve ark. (Hance, Comstock ve Scherrer,
2013), lazer kesim, su jeti ve zzimbalama yéntemlerinin DP980 ¢eliginin delik genisletme orani tizerindeki
etkisini incelemis ve en ytliksek oranin lazer kesim yontemi ile elde edildigini gézlemlemislerdir. Sen ve
ark. (Sen, Helimergin ve Tasdemir, 2021), DP600 ve DP800 saclarin kesimi isleminde hassas kesme
yontemini uygulamislar ve elde ettikleri kesim yiizeylerini incelemislerdir. Yazarlar calismada, hassas
kesme yontemi ile yapilan kesme isleminde kesim ytiizey kalinligin %90 oraninda kesildigini ve herhangi
bir hasar yiizeyi goriilmedigini belirtmislerdir. Genel olarak uygulanilan kesim yonteminin sac kenari
lizerinde piiriizsiiz bir yiizey olusturmasi ve daha az hasar olusturmasi delik genisletme testinde dnemli
pozitif bir etki yaratmaktadir.

DP celiginin mikroyapisindaki ferrit ve martenzit faz oranlarinin degisimi de celigin kenar yirtilma
davranisina 6nemli bir etkisi olmaktadir. Balisetty ve ark. (Balisetty, Chakkingal ve Venugopal, 2021),
yapmis olduklar1 ¢calismada DP g¢eliginde bulunan martenzit oraninin %22 civarindan %45 civarina
arttirlmasinin delik genisletme oranimi diisiirdiigii sonucuna varmislardir. Ayrica Terrazas ve ark.
(Terrazas, Findley ve Van Tyne, 2017), yapmis olduklar1 ¢alismada DP c¢elik yapisindaki martenzit
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morfolojisinin delik genisletme oranina etkisi oldugu anlasilmis, homojen bir dagilim gésteren martenzit
yapisina sahip DP celiklerin daha yiiksek delik genisletme oranina sahip oldugu sonucuna varmislardir.

Literatiirde incelenen bir¢ok ¢alisma DP celiklerin mikroyapisinda bulunan ferrit ve martenzit fazlar
arasindaki yiiksek sertlik farkinin bu celigin delik genisletme testinde goézlemlenen hasarin ana
etkenlerinden birisi oldugu belirtilmektedir (Azuma ve ark., 2012; Hu ve ark., 2013; Gao ve ark., 2019;
Chen ve ark., 2020). DP celiklerde siklikla goriilen kenar yirtilma problemi, yiiksek bir enerji soniimleme
ozelligine sahip olan bu celigin karmasik geometrilerde kullanimini sinirlamaktadir. Bu sebeple DP
celiginin mukavemetinden 6nemli bir dl¢iide 6diin vermeden, kenar yirtilma kapasitesinin gelistirilmesi
bu celigin daha karmasik geometriler icin kullanim alanlarinin 6nemli o6lciide genisletilmesini
saglayacaktir. Bu ¢alismada DP600 c¢elik yapisinda bulunan iki farkli faz arasindaki sertlik farkinin
diistriilmesi ve boylelikle daha ytiksek bir delik genisletme oraninin elde edilmesi amaciyla 75 °C ve 375
°C sicakliklarda 300s, 600s ve 900s siireyle tavlanma islemi uygulanmistir. Temperleme isleminin
ardindan ¢ekme testleri ve delik genisletme testleri yapilarak, uygulanilan temperleme isleminin DP600
celigin mukavemeti ve delik genisletme oranina olan etkileri incelenmistir.

Il. MATERYAL METOT

A. Malzeme

Bu calismada 1 mm kalinhigindaki, SSAB c¢elik firmasindan temin edilmis, DP ¢elik malzemeler
kullanilmistir. Celigin kimyasal bilesimi Tablo 1. ‘de verilmistir. Sac malzemeden ISO 6892-1
standartlarinda ¢ekme testi numunesi ve ISO 16630 standartlarinda delik genisletme test numunesi
zimba ile kesilmistir. Cekme testi numuneleri hadde yoneliminde kesilmistir. Cekme testi ve delik
genisletme test numunelerinin dl¢tileri Sekil 1. ve Sekil 2.’de verilmistir.

Tablo 1. DP600 ¢eliginin kimyasal bilesimi

Malzeme Fe C Si Mn P S Al Ti Nb \"/
DP600 98,2 0,108 0,195 0,878 0,0129 0,0024 0,0454 0,0008 0,0160 0,0167

L

17.50 o
4-1—|-— '
5
X

IR

105

20
1

Sekil 1. Cekme test numunesinin teknik dlgiileri (6Igliler mm cinsindendir)
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150

180

Sekil 2. Delik genisletme testi numune o6lgiileri

B.  Numunelerin Temperlenmesi ve Test Edilmesi

Sekil 1. ve Sekil 2.’de gosterilen numunelerin kesilmesinin ardindan numuneler atmosfer kontrollii
1sitma firininda 75 °C ve 375 °C sicakliklarda 300s, 900s, 1800s ve 3600s siireyle tavlanmistir. Firindan
¢ikartilan numuneler havada sogutulmustur. Temperlenen ¢cekme test numuneleri Zwick/Roell ¢ekme
cihaz1 kullanilarak ISO 6892-1 standartlarina uygun olarak test edilmistir. Elde edilen verilerden
temperlenen DP600 numunelerinin akma mukavemeti, cekme mukavemeti ve toplam uzama degerleri
incelenmis ve Kkarsilastirlmistir. Temperlenen delik genisletme test numuneleri, ISO 16630
standartlarina uygun olarak, Sekil 3."de gosterilen Zwick/Roell BUP600 cihazinda 60° agili bir konik
zimba kullanilarak genisletilmistir. Delik genisletme islemi sirasinda BUP600 cihazinin {ist kisminda yer
alan kameralar araciligi ile anlik goriintiiler alinmis ve delik etrafinda ilk boyuna ¢atlak goriildiigiinde
test durdurulmustur. Delik genisletme orani Es.1’de gosterildigi gibi hesaplanmistir.

S Di

x 100 1)

i

Burada, Ds ve Di delik genisletme test numunesinde bulunan sirasiyla son ve ilk ¢cap boyutunu temsil
etmektedir.

Sekil 3. Zwick/Roell BUP600 delik genisletme test cihazi
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I11. SONUCLAR VE TARTISMA

A.  Temperleme Uygulamasinin Mekanik Ozelliklere Olan Etkisi

DP celiklerin tiretiminde genellikle celik ara kritik sicaklik bélgeye 1sitilir (Ac1 - Ac3), bu bélgede belirli
bir siire bekletilerek ferritik-dstenitik yapinin elde edilmesi saglanir ve sonrasinda hizli bir sekilde ¢eligin
sogutulmasi ile yapidaki dstenitin martenzite doniistiiriilmesi saglanir (Li ve ark., 2015; Tisza, 2021;
Selova ve ark., 2023). Boylelikle ferrit ve martenzit yapisindan olusan cift fazli bir ¢elik elde edilir. Elde
edilen martenzit yapisinin sertliginin ferrit fazina gére ¢ok fazla olmasi, deformasyon sirasinda ferrit
martenzit tane sinirlarinda gerilme yigilmasi olusturarak, bu bdlgelerde bosluk olusumlarina neden
olmaktadir. Temperleme islemi, malzemelerde genellikle su verilme isleminden sonra olusan asiri
sertligin veya gevrekligin giderilmesi amaciyla, yeniden kristallesme sicakliklarinin altinda uygulanilan
bir 1s1l islemdir. Sekil 4. ve 5."de DP600 celigine sirasiyla 75 °C ve 375°C‘de farkli siirelerde uygulanilan
temperleme isleminin gekme testi sonuclarina etkisi gosterilmistir. Sekil 4’de goriildigi tizere 75 °C ‘de
3600s siireye kadar uygulanilan temperleme isleminin celigin mekanik 6zelliklerine énemli bir etkisi
olmadig1 anlasilmaktadir. Buna karsin, Sekil 5’de gosterildigi gibi 375°C‘de uygulanilan temperleme
isleminde, temperleme siiresinin ciddi bir etkisi oldugu goriilmektedir. 375°C‘de temperleme siiresinin
artmasi ile birlikte celigin cekme mukavemetinin gozle goriliir bir seviyede diistiigii anlasilmaktadir.
Bununla birlikte ¢eligin 375°C‘de temperlenmesiyle birlikte malzemenin elastik deformasyondan plastik
deformasyona gecisinde farklilik olustugu goriilmektedir. DP celigi oda sicakliginda ve 75 °C'de tim
temperleme siireleri sonunda stirekli bir akis gosterirken, ¢eligin 375 °C’de temperlenmesiyle birlikte
celigin siireksiz akma davranisi gostermeye basladigi gorilmiistiir. Bilindigi lizere 6stenit faz1 yiizey
merkezli kiibik yapiya sahip iken, martenzit yapis1 hacim merkezli tetregonal yapiya sahiptir (Guerrero
ve ark., 2021). Cift fazli celigin Uiretimi sirasinda 6stenitik fazin (yiizey merkezli kiibik yapinin), martenzit
yapiya (hacim merkezli tetregonal yapiya) dontismesi ile birlikte bir miktar hacim genislemesi meydana
gelmektedir (Moyer ve Ansell, 1975). Bu durum ferrit ve martenzit taneleri arasinda “geometrik olarak
gerekli” olarak adlandirilan dislokasyonlarin olusmasina sebep olur (Kundu ve Field, 2016). DP ¢eligin
baz hali deformasyon 6ncesinde bir ¢ok dislokasyon barindirdigi i¢in stirekli bir akma davranisi gosterir
(Li ve ark., 2015; Basoeki, 2018). Fakat uygulanilan temperleme islemi ile birlikte bu dislokasyonlarin
dagilmasi, stireksiz akma davranisinin goériilmesine neden olacaktir. Kamp ve ark. (Kamp, Celotto ve
Hanlon, 2012), DP ¢eligine uygulamis olduklari temperleme isleminde celigin siireksiz bir akma davranisi
gostermeye basladigini not etmislerdir. Sekil 4'de gosterilen ¢ekme testi egrilerinde celigin tim
durumlarda siirekli akma gosterdigi goriilmektedir. Bu durumda uygulanilan 75 °C sicakligin DP ¢elik
yapisindaki dislokasyonlarin dagilmasi icin yeterli bir sicaklik olmadig1 anlasilmaktadir. Sekil 5'de
gosterildigi tizere, 375 °C sicakligin ise DP ¢elik yapisindaki dislokasyonlarin dagilmasi i¢in yeterli oldugu
ve bu sebeple ¢eligin siireksiz bir akma gosterdigi anlasilmaktadir. Sekil 6. ve Sekil 7.’de sirasiyla 75 °C ve
375 °C uygulanilan temperleme islemi neticesinde ¢ekme testleri sonucunda elde edilen % uzama
degerleri gosterilmistir. Her iki sicaklik seviyesi icinde uygulanilan temperleme islemi ile birlikte %
uzama degerlerinde ciddi bir degisim goériilmemistir. 75 °C’de temperleme neticesinde DP600 ¢eligin %
uzama degerlerindeki degisim 300s, 900s, 1800s ve 3600s icin sirasiyla %3,90, %2,73, %3,90 ve %2,73
olarak elde edilmistir. 375 °C’de temperleme neticesinde bu degerler sirasiyla %1,95, %-0,39, %0,39 ve
%2,34 olarak elde edilmistir. Sekil 8. Ve Sekil 9.’da temperleme islemi neticesinde DP600 ¢eligin cekme
mukavemeti lizerindeki etkisi gosterilmistir. 75 °C’de temperleme neticesinde DP600 celigin ¢ekme
mukavemetinde 6nemli bir degisim gozlemlenmezken, 375 °C'de temperleme isleminde siireye bagh
olarak cekme mukavemetinde dnemli bir degisim meydana geldigi goériilmiistiir. 375 °C’de ¢eligin 300s
temperlenmesi, celigin mukavemetinde bir diisiise sebep olmazken, temperleme siiresinin artmasi ile
birlikte, 3600s’ye kadar ¢ekme mukavemetinin lineer bir sekilde diistiigii gozlemlenmistir. 375 °C'de
uygulanilan temperleme islemi neticesinde, yapida bulunan martenzit fazinin temperlenmesi, bu
diisiistin temel sebeplerinden birisi olabilir. Sen ve ark. (Sen ve Civek, 2022), DP600 ve DP800 celikleriyle
ilgili uygulamis olduklari 1lik sicaklik ¢ekme testlerinde de mukavemet degerlerinin 375 °C sicakliktan
itibaren diismeye basladigin1 gézlemlemislerdir. 75 °C’'de maksimum ¢ekme mukavemetindeki diisiis
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%1,36 olarak kaydedilirken, 375 °C’'de ¢ekme mukavemetindeki maksimum diisiis 3600s bekleme
suresinde %10,59 olarak kaydedilmistir.
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Sekil 4. 75 °C’de farkl siirelerde temperlenen DP600 ¢eliginin ¢ekme testi grafigi
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Sekil 5. 375 °C’de farkli stirelerde temperlenen DP600 celiginin cekme testi grafigi
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Sekil 6. 75 °C’de farkl siirelerde temperlenen DP600 ¢eliginin % uzama degerlerindeki degisim
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Sekil 7. 375 °C’de farkli stirelerde temperlenen DP600 celiginin % uzama degerlerindeki degisim
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Oda sicakligi: 661 MPa
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Temperleme Siiresi

75 °C’de farkl siirelerde temperlenen DP600 ¢eliginin ¢cekme gerilmesi degerlerindeki degisim
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375 °C’de farkl siirelerde temperlenen DP600 celiginin ¢cekme gerilmesi degerlerindeki degisim
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B. Temperleme Uygulamasinin Delik Genisletme Oranina Olan Etkisi

DP celiklerin mikroyapisinda bulunan ferrit ve martenzit yapilarin arasindaki yiiksek sertlik farki bu
celiklerin sekillendirilmesi sirasinda kenar yirtilma problemlerinin karsilasilmasina sebep olmaktadir.
iki yap1 arasindaki sertligin diigiiriilmesi, bir baska ifade ile daha homojen bir yapinin elde edilmesi
saglanarak bu problem bir miktar azaltilabilmektedir (Terrazas, Findley ve Van Tyne, 2017). Sekil 10. ve
Sekil 11.'de sirasiyla 75 °C ve 375 °C'de farkli bekletme siirelerinde uygulanilan temperleme islemi
neticesinde delik genisletme testlerinde elde edilen delik genisletme oranlari gosterilmistir. Sekil 10’da
gorildiugi tizere, 75 °C’de uygulanilan temperleme isleminin DP600 ¢eligin delik genisletme oranina
onemli bir etkisi olmamistir. Temperleme islemi neticesinde delik genisletme oraninin yaklasik %32,3
degerinde bir degisim gdsterdigi goriilmiistiir. 375 °C’de ise bekleme siiresinin artmasi ile birlikte delik
genisletme oraninda da lineer bir artisin meydana geldigi gorilmistiir. 375 °C'de celigin 3600s
temperlenmesi sonucunda delik genisletme oraninin %51,50 olarak elde edildigi goriilmiis ve oda
sicaklig1 degerine gore (%33,2) delik genisletme oraninin %55,12 artis gosterdigi anlasilmistir. Elde
edilen bu durumun sebebi, ¢eligin temperleme islemi neticesinde elde edilen ¢cekme mukavemeti
degerleri kiyaslandiginda anlasilabilmektedir. Sekil 8."de gosterildigi gibi 75 °C’de DP600 geliginin cekme
mukavemetinde 6nemli bir degisim meydana gelmemekle birlikte, 375 °C’de ise bekleme stiresine dayal
olarak celigin cekme mukavemetinde diisiis meydana geldigi gozlemlenmistir. 75 °C sicaklik, ¢eligin
martenzit yapisinda yeterli temperleme etkisini olusturamamis olurken, 375 °C sicaklikta bekleme
stiresine dayali olarak martenzit yapisinin temperlendigi ve buna dayali olarak da cekme mukavemetinde
diisiis (maksimum %10.59) ve delik genisletme oraninda artis (maksimum %55.12) meydana gelmis
olabilir.
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Sekil 10. 75 °C’de farkli stirelerde temperlenen DP600 celiginin delik genisletme oranlarindaki degisim

19



Diizce Universitesi Teknik Bilimler Dergisi, 1(1), 2023, 11-21

60
Oda sicakhig:: 33,2

50 A

43

40 A

Delik Genisletme Oram, (%)
w
o

10 A

300s 900s 1800s 3600s

Temperleme Siiresi
Sekil 11. 375 °C’de farkli siirelerde temperlenen DP600 ¢eliginin delik genisletme oranlarindaki degisim

IV. CIKARIM (CONCLUSION)

Bu ¢alismada DP600 cgeligine 75 °C ve 375 °C’de 300s, 900s, 1800s ve 3600s siire ile temperleme islemi
uygulanmistir. Temperlenen DP600 celiginin mekanik o6zellikleri ¢cekme testi ile incelenmis ve
temperlenen DP600 celigin kenar yirtilma hassasiyeti delik genisletme testi uygulanilarak arastirilmistir.

Bu calismadan elde edilen ¢ikarimlar asagida siralanmistir:

Cekme testi sonuglarina gore 75 °C’de temperlenen DP600 c¢eligin ¢ekme mukavemeti
degerlerinde herhangi bir degisim goriilmemistir.

Cekme testi sonuclarina gore 375 °C’de temperlenen DP600 celigin ¢cekme mukavemeti
degerlerinde, temperlenme siiresine dayal olarak diisiis gozlemlenmistir.

Cekme mukavemetindeki maksimum disiis (%10,56) c¢eligin 375 °C’de 3600s siireyle
temperlenmesi sonucu meydana gelmistir.

Her iki sicaklik seviyesi i¢in de, ¢eligin % uzama degerlerinde 6nemli bir degisim goriilmemistir.
75 °C’de temperlenen DP600 celiginin delik genisletme oranlarinda herhangi bir degisim
goriilmezken, 375 °C'de temperlenen DP600 celigin, temperlenme siiresine dayali olarak artis
goOstermistir.

Delik genisletme oraninda maksimum artis (%55,12) DP600 celiginin 375 °C’de 3600s boyunca
temperlenmesi neticesinde gerceklesmistir.
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OZET

Tiirkiye uydu isletmeci olma kararini 1989 yilinda ilk defa haberlesme uydusu satin almak i¢in ihaleye
¢ikarak yapmistir. 1994 yilinda Tiirksat 1A uydusunun firlatilmasindan 2006 yilinda Tiirksat 3A uydu
tiretimine kadar uydular satin alinmakla birlikte teknoloji transferi yapilmamistir. Tiirksat 3A projesi
kapsaminda ilk defa uydu teknoloji transferi programi TURKSAT ile Alcatel Alenia Space arasinda
anlasma yapilarak baslamistir. Tirksat Teknoloji Transfer Programi (TTTP) cercevesinde Fransa’'da
tiretilen Tiirksat 3A uydu iiretim projesine 16 miihendis katilim saglamistir. TURKSAT 3A projesi
kapsaminda yerli haberlesme uydusu tasarim projesi olan TUSAT’a baslanmistir. TUSAT haberlesme
uydusu tasarimi (On Tasarim incelemesi (PDR diizeyi)) 2012 yilinda tamamlanmistir. Bu ¢alismada,
TTTP'de yapilan calismalar ve bu calismalar sonrasi ililkemizde hali hazirda uydu teknolojileri
konusundaki TTTP’nin katkilar1 hakkinda bilgiler verilecektir.

Anahtar Kelimeler: Teknoloji Transferi Programi, Tiirksat 3A, Uydu Teknolojileri.

Tiirksat Technology Transfer Program within the Scope of Tiirksat 3A Satellite
Project

ABSTRACT

Turkey made its decision to become a satellite operator in 1989 by holding a tender to purchase
communications satellites for the first time. Although satellites were purchased from the launch of the
Tirksat 1A satellite in 1994 until the production of the Tiirksat3A satellite in 2006, no technology transfer
was made. Within the scope of the Tiirksat 3A project, the first satellite technology transfer program
started with an agreement between TURKSAT and Alcatel Alenia Space. 16 engineers participated in the
Tirksat3A satellite production project, produced in France, within the framework of the Tiirksat
Technology Transfer Program (TTTP). TUSAT, a domestic communication satellite design project, was
started within the scope of the TURKSAT 3A project. TUSAT communication satellite design (Preliminary
Design Review (PDR level)) was completed in 2012. In this study, information will be given about the
studies carried out in TTTP and the contributions of these studies to satellite technologies in our country.

Keywords: Satellite Technologies, Technology Transfer Program, Tiirksat 34,.

I.  GIRIS (INTRODUCTION)

4 Ekim 1957 yilinda Ruslar uzaya Sputnik 1 yapay uydusunu yolladiktan sonra uzaya yapay uydu
gonderme hayali ger¢ek olmus oldu. Sputnik 1 uydusunun agirligi 86.7 kg'di. Ardindan 30 giin sonra 3
Kasim 1957 yilinda yaklasik yarim tona yakin Sputnik 2 yapay uydusu Ruslar tarafindan uzaya yollandu.
Amerika Birlesik Devletleri (ABD) Rusya’nin géndermis oldugu 2 yapay uyduya karsilik 31 Ocak 1958
yilinda Explorer 1 uydusu ile karsilik verdi. Explorer 1 uydusunun agirligi 14 kg’di. Sputnik ve Explorer
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yapay uydularin uzaya firlatilmasi ile uzayda biiyiik bir yaris Rusya ve Amerika arasinda baslamis oldu.
Bu yarisa uzayda daha sonra diger iilkeler tarafindan da devam edildi. Bu yarisa Fransa, Japonya, Cin,
Hindistan, Israil, iran, Kuzey Kore ve en son olarak da Turkiye eklendi.

Tiirkiye'nin uydu ile tanismasi 21 Aralik 1990 yilinda Fransiz Aerospatiale firmasi ile haberlesme
uydusu yapilmasi ile baslamisti. 24 Ocak 1994 yilinda Tiirksat 1A uydusunun firlatilmasi
gerceklestirilmisti. Ancak ariza nedeni ile uydu okyanusa diismiistii. Daha sonra Tiirksat 1B uydusu 11
Agustos 1994’te firlatilmis ardindan 10 Temmuz 1996’da Tiirksat 1C uydusu firlatilmistir. Ttrksat 1C
uydusu Tiirksat 1A’nin yerine firlatilmisti. 11 Ocak 2001 tarihinde Tiirksat 2A (Eurasisat 1) uydusu
firlatilmisti. 13 Haziran 2008 tarihinde Tiirksat 3A uydusu firlatilmisti. Tiirksat 14, Tiirksat 1B, Tiirksat
1C, Tirksat 2A ve Tiirksat 3A uydulari Fransiz firmasi eski ad1 Aerospatiale ve Alcatel Alenia Space (AAS)
yeni ad1 ile Thales Alenia Space (TAS) tarafindan iiretilmisti. Tiirksat AS firmasina ait Tiirksat 1A, Tiirksat
1B, Tiirksat 1C, Tiirksat 2A ve Tirksat 3A uydularinin tamami Fransiz Guyana’dan Ariane roketleri ile
uzaya gonderilmisti. Tlrksat 3A uydu projesine kadar haberlesme uydular iizerine teknoloji transferi
konusunda herhangi bir ¢alisma yapilmamaisti.

Bu ¢alismada Tiirkiye’de uydu yapim siirecini 6grenmek ve bagimsiz haberlesme uydusu yapabilme
yetenegini kazanabilmek amaci ile Tiirksat 3A uydu projesi kapsaminda Tirksat Teknoloji Transfer
Programi hakkinda bilgiler ve kazanilmis tecriibeler paylasilacaktir.

Il. TEKNOLOJI TRANSFERI

Bir iilkenin gelismislik seviyesinin en 6énemli gdstergelerinden bir tanesi o iilkenin sahip oldugu
teknolojik yetenek kapasitesidir. Teknoloji olarak gii¢cli olan iilkeler, sahip olduklar1 teknolojiyi
ekonomik giice cevirmekte ve bu teknolojik gii¢ tilkenin diinyada politik ve askeri olarak otorite olmasina
yansimaktadir. Uzay sanayii giinlimiizde ileri teknolojinin en yogun kullanildigi alanlardan birisidir.
Gelismemis Uulkeler uzay konusunda ileri teknolojiye sahip olan {ilkelere yetismek icin teknoloji
transferine ihtiya¢ duymaktadir.

Teknoloji transferi, ihtiya¢ duyulan teknolojilere yenilik¢i yontemler ile en kisa stire ile gelismis
tilkelerin teknolojik seviyelerine ulagsabilmenin en hizli ve etkili ydntemlerindendir [Mohammad ve ark.,
2011]. Ayrica daha 6nce iiretilmis ve test edilmis olan bir teknolojinin transfer edilmesi, ayni teknolojinin
yeni bastan gelistirilmesi sonucu ortaya ¢ikacak olan basarisizliklar ve riskler ile karsi karsiya kalmama
yontemidir [Cohen, 2004]. Teknoloji transfer siireci transfer edilecek olunacak olan teknolojinin
karmasikligini, teknolojiyi alacaklarin 6grenme yetenegini ve vericinin 6gretme yeteneginin yer aldigi
karmasik yapiy1 ifade etmektedir [Lee ve ark., 2010]. Teknoloji transfer adimlarinin ve transfer i¢in en
uygun yontem seciminin bu adimlarin hangileriyle i¢ ice oldugu Sekil 1’de goriildiigii gibi agiklanmistir
[Selami ve Reavil, 1997].

Teknolojinin Transfer i¢in ihtiyaclarin
Gelistirilmesi ve Uygun Yodntem Tammlanmasi
Yayilmasi Secimi
r v
A4

Goriisme ve Taslak Teknoloji igin Uygun
Anlagmanin |4 Sozlesmenin g Uygun Kaynagin ||q— Teknolojinin
Imzalanmasi Hazirlanmasi Secimi Secimi

Teknolojinin ¢
Kullanilmas: ve |4 Uygulama
Oziimsenmesi

Sekil 1. Teknoloji transfer stireci [Selami ve Reavil, 1997].

Teknoloji transfer yontemi, genel olarak transferi gerceklestirilmek teknolojinin vericilerden alicilara
gecislerini saglamakta olan transfer oncesi tanimlanmis faaliyetlerin tamamidir [Madani ve Radfar,
2009]. Bu faaliyetler, organizasyonlarin ihtiyaclari, teknolojinin icerigi, alic1 ve vericinin 6zelliklerine
gore her yontem icin farklilik gostermektedir. Teknoloji transfer yontemleri Tablo 1'de goriilmektedir.
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Tablo 1. Teknoloji transfer yontemleri [Moradian ve ark., 2020; Kiper, 2004].

Satin alma (ekipman veya know-how) Bilimsel ve teknik personel degisimi

Lisanslama ve know-how anlasmalari Insan kaynaklari dolasimi

Franchising Konferanslar, fuarlar, ticari tanitimlar, kisisel iliskiler
Dogrudan yabanci yatirimlar Egitim ve 0gretim

Anahtar teslim projeler (Turn Key Project) Ticari ziyaretler

Ortak girisim (Joint Venture) anlasmalari Sirket satin alma ve birlesmeleri

Tedarik iligkileri ve anlagmalari Acik literatiir (kamu bilgisi)

ARGE isbirlikleri Tersine miithendislik

Universite-sanayi is birligi Endiistriyel casusluk

Secilmek istenen teknoloji transfer modelinin konusu, politik, sosyal, yonetsel ve iilkenin kendi ulusal
konular ile i¢ ice olmasi ile birlikte bircok faktdorden de etkilenmektedir [Moradian ve ark., 2010].
Teknoloji transfer yontemi secimi konusunda yapilan diger bir ¢alismada, teknoloji transfer
yontemlerinin tamami i¢in secimdeki kararlar1 etkileyen sektorlerden bagimsiz genel kriterler sira ile
maliyet, siire, kalite, risk, 6lcek ve bagimlilik olarak belirtilmistir [Karakaya, 2009]. Tablo 2’de teknoloji
transfer yontemi se¢im kriterleri yer almaktadir [Eren ve ark., 2015].

Tablo 2. Teknoloji transfer [Eren ve ark., 2015].

Genel Secim Kriterleri Aciklama
Teknoloji saglayici ve alic1 arasinda, transfer siirecinde
kurulmas1 arzulanan is birligindeki karar Kkatki

isbirliginin kapsamini belirleyebilme

yetenegi derecesi
. . Transfer edilen teknoloji ve transfer metodunun
Yatirim ihtiyaci veya maliyet maliyeti

Teknoloji alicisinin, transfer edilen teknolojiye hangi
oranda sahip olabildigi

Teknoloji edinim hizi Thtiyac duyulan teknolojinin transfer edinilme aciliyeti
Risk seviyesi Teknoloji transferinin basari/basarisizlik riski
Teknolojinin alic1 tarafindan ne kadarina sahip
olunacagi orani

Transfer edilen teknolojinin yeni teknolojilerle uyum
derecesi

Firmanin sahiplik derecesi

Teknoloji edinim seviyesi (bagimlhlik)

Teknoloji degisimlerine uyum seviyesi

I11. TORKSAT 3A TEKNOLOJI TRANSFER PROGRAMI (TTTP)

TURKSAT, Eyliil 2006 yilinda Fransa’da Alcatel Alenia Space’e (yeni adi ile Thales Alenia Space-TAS)
gonderdigi 16 kisilik ekibiyle TURKSAT-3A teknoloji transfer programina adim atmistir. TURKSAT AS
tarafindan gergeklestirilen ilk teknoloji transferi programidir. Program TAS'in iki farkli yerleskesinde
gerceklesmistir. Toulouse Yerleskesinde 5 faydali yiik miihendisi (payload engineers) Cannes
Yerleskesi'nde 11 platform miihendisi (platform engineers) yer almistir. TAS ekibi tarafinda sirasi ile
Tirksat3A Program Midiri (Program Manager), TTTP Miidiirii (TTTP Manager), Lojistik Midiirii
(Logistics Manager), Egitici Miidiir (Tutorial Manager) ve Tiirksat 3A Program Sekreteri (Program
Secretary) gorevlendirilmisti.

TTTP’'nin amaci Tirkiye'de ileride yapilacak olan haberlesme ve gézlem uydularinin tasarim, analiz,
montaj, entegrasyon ve test siiregleri i¢in bilgi birikimi elde etmekti. Ttrksat AS, bu amaca ulasilmasina
yardimci olabilmek adina tasarim ve analiz egitimlerinin alinmasi i¢in 16 miihendisi Tiirksat 3A
uydusunun firlatilmasina kadar TTTP program cercevesinde gérevlendirmisti. TTTP teorik ve pratik
egitimler olarak planlanmisti ve egitimlerde konusunda uzman Fransiz miihendisler ile calismalar
yapilmisti. Egitimlerini tamamlayan Tiirksat AS miihendislerinden bir kismi Tiirkiye’ye dontip TUSAT ad1
altinda haberlesme uydusu tasarimini gergeklestirecekti. TUSAT uydusu su anda lilkemizde yerli ve milli
haberlesme uydusu Tiirksat 6A uydusunun temellerini olusturmustur. 16 mithendisin kendi konulari ile
ilgili alanlarda calismalari Sekil 2’de yer alan TAS’ta belirlenen egitim yol haritasi (training road map) ile
devam etmistir. Oncelikle Cannes sehrinde 22 uzman miihendis egitimleri (Introduction Training-IT)
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almistir. ileri egitime (Advanced Training-AT) 16 TTTP ekibi ile devam edilmistir. Baslangig ve ileri
egitim tamamlandiktan sonra isbasi egitimleri uydu tasarimi (On the job training-OJT on satellite design)
olmak lizere egitimlere devam edilmistir. Sonrasinda egitimler isbasi egitimi TUSAT tasarimy, ileri egitim
AIT (Assembly Integration and Test), isbasi egitimi uydu AIT, uydu AIT ve en son olarak TUSAT tasarim
seklinde tamamlanmistir.

Baslangig ileri egitim » | Isbas egitimi p| gitimi
e g sbasi egitimi Ishasi egitimi — TUSAT
> (uydu tasarim) (TUSAT tasarim) tasarim
lleri egitimi Uydu AIT
(AIT) \
ishagi /
egitimi
(Uydu AIT)

Sekil 2. Turksat 3A TTTP teorik ve isbasi egitim is akis diyagrami [TTTP TURKSAT 34, 2006].

Egitimler iki modiilden olusmaktaydi. ilk modiil baslangi¢c egitimi (Introduction-1) modiilii olarak
planlanmisti. Bu modiilii 16 mithendis Cannes Fransa’da sinif i¢i egitimi olarak almisti. Bu modiilii ayrica
Tirksat 3A uydu projesini takip eden izleme ekibinde (monitoring team) yer alan 1 program miidiirii ve
5 uzman mihendis de almistir. Toplamda baslangi¢ egitimi 22 uzman miihendis tarafindan alinmisti.
Egitime ait bilgiler Tablo 3’te yer almaktadir.

Tablo 3. Tirksat 3A TTTP baslangi¢ egitim modiilii [TTTP TURKSAT 34, 2006].

Siire | Yer Kisi Tarihler
No | Ders .
(giin) sayisl
1 AAS sunumu ve fabrika ziyareti (AAS presentation 05 Cannes | 22 6 Eyliil 2006
and site visit) )
12 TK 3 programina giris (Introduction to TKS 3 05 Cannes | 22 6 Eyliil 2006
program) )
I-3 | Faydali yiik (Payload) 1 Cannes | 22 7 Eyliil 2006
I-4 | Goérev analizi (Mission analysis) 0.5 Cannes | 22 8 Eyliil 2006
I-5 | Uzay ortami (Space environment) 0.25 Cannes | 22 11 Eylil 2006
I-6 | Uydu operasyonu (Satellite operation) 0.5 Cannes | 22 8 Eyliil 2006
I-7 | Firlatma hizmetleri (Launch services) 0.5 Cannes | 22 11 Eylil 2006
[-8 | Gilivenirlilik (Reliability) 0.25 Cannes | 22 11 Eylil 2006
[-9 | Mekanik mimari (Mechanical architecture) 0.5 Cannes | 22 12 Eylil 2006
[-10 | Isil mimari (Thermal architecture) 0.5 Cannes | 22 12 Eyliil 2006
11 Dinamik ve ucgus kontrolii (Dynamics and flight 1 Cannes | 22 13 Eyliil 2006
control)
1-12 | itki (Propulsion) 0.5 Cannes | 22 14 Eyliil 2006
1-13 | Aviyonik (Avionics) 1.25 Cannes | 22 14-15 Eyliil 2006
114 Yiiksek giivenirlige sahip bilesenler (High reliability 0.25 Cannes | 22 15 Eyliil 2006
components) )
115 Uyd)u entegrasyonu ve test (Satellite integration and 1 Cannes | 22 18 Eyliil 2006
test
I-16 | Kalite giivencesi (Quality assurance) 0.5 Cannes | 22 19 Eyliil 2006
117 Uydu miihendisligi siireci, araglar1 ve teknikleri 05 Cannes | 22 19 Eyliil 2006
(Satellite engineering process, tool and techniques) )

Egitimin ikinci modiili ileri egitim modiilii (Advanced-A) olarak alinmisti. Bu egitim modiilii sadece
Tirksat 3A TTTP ekibini olusturan 16 miihendis tarafindan alinmisti. Bu egitimde her miithendis kendi
uzmanlik alaninda egitimleri yine kendi uzmanlik alaninda olan Fransiz miihendislerden almistir. ileri
egitim modiiliine ait bilgiler Tablo 4’te yer almaktadir.
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Tablo 4. Tiirksat 3A TTTP ileri egitim modiilii [TTTP TURKSAT 34, 2006].

Siire | Yer Kisi Tarihler

No | Ders ..
(giin) sayisl

Uzay programi yonetimi (Space program 5 Cannes 2 18-24 Ekim 2006
management)

Uydu operasyonlari ve yoriingede test Cannes 2 25-31 Ekim 2006
(Satellite operations and In-orbit test-10T)

Cannes 2 2-6 Kasim 2006
Cannes 2 7-13 Kasim 2006
Toulouse | 5 21-27 Eyliil 2006

A-3 | Firlatma hizmetleri (Launch services)
A-4 | Uriin giivencesi (Product assurance)
Radyasyon uyumlu tasarim ve analiz
(Radiation compatible design& analysis)
Is1l tasarim ve analiz (Thermal design & Cannes 2 20 Eylul-3 Ekim 2006
analysis)
Mekanik tasarim ve analiz (Mechanical design 10 Cannes 2 20 Eylil-3 Ekim 2006
&analysis)
itki tasarimi ve analizi (Propulsion design & 10 Cannes 2 4-17 Ekim 2006
analysis)
Gii¢ tiretimi, dagitimi, depolama tasarimi ve Cannes 3 20-26 Eylil 2006
A-9 | analizi (Power production, distribution, 5
storage design &analysis)
Elektromanyetik uyumluluk ve korumasi Cannes 3 27-29 Eylil 2006
A-10 | (Electro-magnetic compability (EMC) and EMC | 3
shielding)
Haberlesme detayl tasarimi (Communication 10 Toulouse | 4 28 Eyliil-11 Ekim 2006
detailed design)
Tekrarlayici ve antenlerin detayl tasarimi Toulouse | 4 12-18 Ekim 2006
(Repeater & Antennas detailed design)
Yonelim belirleme kontrol sisteminin ve Cannes 3 20 Eylil- 3 Ekim 2006
yerlesik yazilimin detayli tasarimi ve analizi
A-13 | (Attitude determination and control system- 10
ADCS and on board software-OBSW detailed
design &analysis)
A-14 | Gorev analizi (Mission analysis) 5 Cannes 20-26 Eyliil 2006
Cannes montaj entegrasyon ve test yonetimi, Cannes 9 18-19 Haziran 2007
A-15 | organizasyonu ve planlamasi (Cannes AIT 2
management, organisation & planning)
Cannes montaj entegrasyon test elektrik Cannes 9 20-22 Haziran 2007
destek ve mekanik destek ekipmanlar1 detayl
tanimu ve listesi (Cannes AIT Electrical ground
support equipment-EGSE & Mechanical ground
support equipment-MGSE detailed description
& list)
Uydu biitgesi ve analizi (Satellite budgets & Cannes 2 27 Eylil -3 Ekim 2006
analyses)
Cannes montaj entegrasyon ve test tesisi Cannes 2 11-15 Haziran 2007
detayl agiklamasi, bakim arayiizleri ve
A-18 | giivenlik yonetimi (Cannes AIT facility detailed | 5
decription, maintenance interfaces, safety
management)
Toulouse montaj, entegrasyon ve test Toulouse | 2 24 Ocak 2007
yonetimi, organizasyonu ve planlamasi 05
(Toulouse AIT management, organisation & '
planning)
Giines jeneratdrii montaj entegrasyon ve test Cannes 1 4 Nisan 2007
A-20 | yOnetimi, organizasyonu (Solar generator AIT 0.5
management, organisation)
Baslangic ve ileri egitimlerin tamamlanmasi sonrasinda isbasi egitimler (On the job training-O]T)
alinmistir. Bu egitim siirecinde uzmanlik alanlarina ayrilan Tirksat uzman miihendisleri Fransiz
miihendisler ile birebir is basi egitimlerini TAS’1n tahsis etmis oldugu genellikle ilgili Fransiz uzman
miihendislerinin ofislerinde veya ofislere yakin olacak baska bir yerde egitimlere devam etmistir. isbasi
egitimler ile ilgili bilgiler Tablo 5’te yer almaktadir. Tablo 5’'te ayrica 16 TTTP uzman mihendisin
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uzmanlik alanlar1 ve dereceleri de yer almaktadir. 16 TTTP uzman miihendisin 7’si doktora (DR)
derecesine, 7’si yliksek lisans (YL) derecesine ve 2’si lisans (L) derecesine sahipti. 10'u Amerika’dan, 1'i
Almanya’dan, 1'i Fransa'dan ve 4’1 Tlirkiye’den en son derecelerini almislardi.

Tablo 5. Tirksat 3A TTTP uzman miithendis ekibi ve isbasi egitim dagilimi

Say1 Uzmanlik ve isbasi egitim dagilim Derece(iilke)
2 Is1l (Thermal) YL (Amerika), DR (Tirkiye)
3 Elektrik (Electrical) YL (Amerika), YL (Almanya), YL (Fransa)
2 Aviyonik (Avionics) YL (Amerika), L (Tiirkiye)
2 Sistem ve Misyon (System and Mission) 2 DR (Amerika)
5 Faydal Yiik (Payload) 3 DR (Amerika), YL (Amerika), L (Tiirkiye)
2 Mekanik ve Itki (Mechanical and Propulsion) DR (Tirkiye), YL (Amerika)

IV.UYDU VE UZAY TEKNOLOJi TRANSFERINDE DiKKAT EDILMESi GEREKEN KONULAR

Teknoloji transferinin dogru olarak gerceklesmesi icin teknoloji transferi sirasinda énemli konularin
dikkate alinmasi gerekmektedir. ik éncelik, teknoloji transferinde yer alacak miihendislerin tamaminin
ileri diizeyde Ingilizce (konusma, dinleme, okuma, yazma) bilgisine sahip olmasi gerekir. Ozellikle
dinleme ve konusma yoniinden miihendislerin ileri seviyede olmasi beklenmektedir. Gidilecek iilkede
ingilizce dilinden farkli bir dil kullaniliyorsa o dili bilen en az 1 veya 2 Kisi kesinlikle olmalidir. Tiirksat
3A TTTP programinda egitim Fransa’da oldugundan dolay: 16 kisilik ekipte Ingilizce dili disinda 1 kisi
Almanca, 1 kisi Fransizca dilini bilmekte idi. Teknoloji transfer program ekibi kurulurken miihendisler
ise yeni alinmis ise bu mithendislerin kesinlikle teknoloji transferine gitmeden dnce, gerekli egitimlerin
sirket icerisinde alinmasi saglanmalidir. Gidilecek olan iilkenin egitim programi ve ders icerikleri iilkeye
gitmeden alinmali ve igerikler istege uygun diizenlenmelidir. Teknoloji transferi yapilacak konularda
ilgili egitim programina katilacak uygun miihendisler secilmelidir. Gidilecek yerdeki lojistik islemler
o6nceden dogruca detayli tanimlanmalidir (ev, araba, ofis, giivenlik, saglik, vb).

V. CIKARIM

Uzay teknolojilerinde teknoloji transferleri uzay alaninda yeni ¢alismalara baslayan iilkeler tarafindan
onem kazanmaktadir. Ulkemiz haberlesme uydularinda teknoloji transferini ilk defa 2006 yilinda Tiirksat
3A uydu programi cercgevesinde gerceklestirmistir. Bu ¢alismada Tiirksat 3A uydu projesi kapsaminda
gerceklesen TTTP hakkinda bilgiler verilmistir. 16 uzman miihendis ile baslanan bu teknoloji transferi
sonucunda direkt veya dolayli olarak su anda 1000’e yakin uzman miihendis/teknisyen/tekniker
tilkemizde uydu teknolojileri alaninda ¢alismaktadir.

Insan kaynagi disinda iilkemiz uydu tiretimlerinin gergeklestirilecegi Kahramankazan Ankara TUSAS
Yerleskesi’'nde TURKSAT AS ve Savunma Sanayii Bagkanhigi (SSB) finansmani ile gergeklestirilen eski ad
ile Uydu, Montaj, Entegrasyon ve Test Merkezi (UMET) yeni ad1 ile Uzay Sistemleri Entegrasyon ve Test
Merkezi'ne (USET) sahip olmustur. Bu tesis sayesinde diinyada kendi uydusunu iireten ilk 10 tlke
arasinda yerini almistir.

Ayrica TTTP ekibinde yer alan uzman miihendisler tarafindan TURKSAT 6A Milli Haberlesme Uydusu
Projesi Konsept Tasarim (TUSAT) gerceklestirilmistir. TUBITAK-KAMAG tarafindan 1007 cagrisi ile
Tirksat 6A uydu projesi 15 Aralik 2014 tarihinde baslamis ve uydunun 2024 yilinda firlatilmasi
planlanmaktadir.

TESEKKUR
TURKSAT AS’ye TTTP programina bizlerin katilimini sagladigi icin tesekkiir ediyoruz.
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OZET

Bu calismada, 3D yazic1 kullanilarak kablosuz haberlesme sistemleri ile uyumlu ¢alisabilecek, elmas
goriintiisiine sahip, 3 boyutlu bir anten tasarimi ve liretimi sunulmaktadir. Yapilan ¢alismadaki amag, 3D
yazicllar ile standart anten tasarimlarindan farkli tipte olusturulan cisimlerin, bakir bant ile
kaplanmasiyla meydana gelen yeni anten tasarimlarinin performansini incelemektir. Antenin calisip
¢alismadiginin tespitini yapmaktir. Tasarlanan antenin bilgisayar ortaminda 0-4 GHz frekanslar
araliginda benzetim grafikleri elde edilmistir ve iiretilen anten yine 0-4 GHz frekanslar1 araliginda Nano-
VNA ile test edilmistir. Yapilan literatiir arastirmasina gore, ¢cogu 3D yazic1 yardimiyla iiretilip tasarlanan
elmas sekline sahip antenlerde, elmasin sadece 2 boyutlu diizlemi iizerinde ¢alismalar gerceklestirilirken
bu ¢alismada elmas seklinin 3 boyutlu diizlem tzerindeki hali ile ¢alisiimaktadir. Sonuc¢ olarak, elmas
sekilli antenin 3000 MHz ve 3805 MHz (laboratuvar 6l¢iimii: 3300 MHz - 3800 MHz) frekanslar1 arasinda
-15 dB degerinden daha diisiik giris geri yansima (S11) orani ile ¢alistigi, dolayisiyla; antenin bagarili bir
performans sergiledigi goriilmektedir. Bu bulgular 15181nda, 3D yazicilarda eklemeli imalatin kullanimi
dahilinde, 6nerilen parametrelerin kullanilmasiyla, elmas seklinde iiretilen antenlerin kablosuz iletisim
cihazlarinda ve 5G uygulamalarinda kullanabilir oldugu asikardir. Aynm1 zamanda, gergeklestirilen bu
calisma sayesinde bagka sekillerde olusturulabilecek anten tasarimlarinin gergeklestirilmesine olumlu
katki saglanmis olunacaktir.

Anahtar Kelimeler: Eklemeli imalat, Elmas sekilli anten tasarimi, Kablosuz iletisim sistemleri, S Bandi, 3D
yazicinin farkli uygulama alanlari.

Analysis of Performance of 3D-Printed Diamond-Shaped Antenna in Wireless
Communication Systems

ABSTRACT

In this study, a three-dimensional antenna design with a diamond shape, compatible with wireless
communication systems, produced using a 3D printer, is presented. The aim of the study is to examine
the performance of newly designed antennas. They are created with different types than standard
antenna designs using 3D printers by covering objects with copper tape. The second aim of the study is
to determine whether the antennas operate successfully. Simulation graphs of the designed antenna were
obtained in the computer in the frequency range of 0-4 GHz, and the produced antenna was tested with
Nano-VNA in the frequency range of 0-4 GHz. According to the literature survey, most diamond-shaped
antennas produced and designed with 3D printers operate only on the 2D plane of the diamond, while in
this study, the diamond shape is worked on the 3D plane. As a result, it is observed that the diamond-
shaped antenna operates with an input return loss (S11) lower than -15 dB between the frequencies of
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3000 MHz and 3805 MHz (laboratory measurement: 3300 MHz - 3800 MHz), indicating that the antenna
demonstrates successful performance. In light of these findings, it is evident that antennas produced in
the diamond shape with the proposed parameters using additive manufacturing on 3D printers can be
used in wireless communication devices and 5G applications. At the same time, this study will contribute
positively to the realization of antenna designs that can be created in different shapes.

Keywords: Additive manufacturing, Diamond-shaped antenna design, S Band, The diverse applications of
3D printing, Wireless communication systems.

I. GIRis

3D yazicilar, ilk olarak 1980’li yillardan itibaren baslamis olsa da son 10 yilda popiilerligini ciddi bir
sekilde arttirmistir. Yapilan calismalar gostermektedir ki (Glasco ve ark., 2022) 2010 ve 2022 seneleri
arasinda “3D printing” anahtar kelimesini iceren yayinlar git gide artmaktadir. Buna gore 3D yazicilarla
ilgili yapilan ¢alismalar 6zellikle 2013 senesinden itibaren ciddi bir artis goriilmektedir. Buna ydnelik
olarak 3D yazicilarla anten tasarimlari da son 3 senede yapilan ¢alismalarda olduk¢a 6ne ¢ikmaktadir. Y.
Wang ve arkadaslar1 yaptig1 calismada 3D yazicilarla iiretilen antenlerin yapi ve malzemelerine gore 5G
iletisime olan katkisina yonelik detayl bir inceleme gerceklestirmistir (Wang ve ark., 2023). Peter Njogu
ve arkadaslar1 3D yazici ile yapay insan tirnagi lizerine bir mikroserit anten tasarimi gerceklestirerek 5G
uygulamalarina yonelik bir calisma gergeklestirmistir (Njogu ve ark., 2020). J. Olivia ve arkadaslari ise 3D
yaziciyla bir horn anten tasarimi gercgeklestirerek standart bir horn antenle karsilastirmasi iizerine
calismistir (Olivova ve ark. 2022). G. Mazingue ve arkadaslar1 uzay uygulamarinda kullanilabilecek
seramik yapida bir anten tasarlamislardir (Mazingue ve ark., 2020). Kotzé ve Gilmore, uydu haberlesmesi
icin X bantta ¢alisan dairesel polarizasyonlu 3D anten iiretmistir (Kotzé ve Gilmore, 2019).

3D yazicilar diger iiretim tiirlerine gére daha 6zel tasarimlarin iiretilmesine imkan saglamaktadir
(Praveena ve ark. 2022). Bundan dolayi, 3D yazicilarla tiretilen antenlerin standart antenlere nazaran
daha genis bir iiriin yelpazesi vardir (Colella ve ark., 2019). Bu hususta, ilgili calismada gergeklestirilen
anten tasariminda elmas yapist model olarak alinmistir. Bu modelin tercih edilmesindeki temel
prensipler; piiriizsiiz yiizey yapisina ve daha dayanimli bir geometriye sahip olmasidir. Bu sekilde
antenin; diisme, carpma, kirilma durumlarinda anten geometrisinin bozulmasinin 6niine gecilmesi
diistinilmiustiir. Ayrica géze daha hos gelen bir goriintii olmasinin satin almada tercih sebeplerine etkisi
olabilecegi g6z dniinde bulundurulmustur.

Bu ¢alisma, temel olarak, 3D yazici kullanilarak elmas sekilli bir dizaynin PLA baskisi alinarak bakir
bant kaplanmasi ardindan SMA portun baglanmasi ile {retilen bir anten tasarimi olusturmayi
amagclamaktadir. Bu islemde eklemeli imalat kullanilmistir. Bilgisayar simiilasyonlar1 ve gercek ortam
testleri 0-4 GHz frekanslar1 araliginda yapilmistir. IEEE’ye gore S bandinda (2-4 GHz) ¢alisabilecek anten,
en iyi verimi 3300 MHz ve 3500 MHz frekanslar1 arasinda vermektedir. Calisma noktas1 3460 MHz
frekansidir.

Literatiirde bulunan elmas seklindeki antenlerin ¢ogu 2 boyutlu FR-4 ya da farkli bir “substrate” yiizey
lizerinde iiretilmistir. Buna ek olarak “elmas seklinde anten” olarak bahsedilen kisimlar ya bakir yiizeyin
elmas sekline benzemesinden ya da ylizeyin elmas sekline benzemesinden olusmaktadir. Yapilan bir
calismada (Rana ve Rahman, 2022), “Rogers RT5880” yiizeyi lizerinde gergeklestirilen mikroserit yama
anten tasariminda, bakir kapl alanda, elmas seklinde bir bosluk olusturularak performans incelemesi
yapimistir. Yapilan ayri bir ¢alismada (Shaif ve ark, 2017) ise, bakir kapl alam1 dértgen bir elmas
seklinde olan mikroserit anten tasarimi sunulmustur. Bu ¢alismada, tasarlanan ve tretilen antenin
literatiirdeki diger elmas sekline benzeyen antenlerden farki 3 boyutlu bir yapiya sahip olmasidir. Anten
performansinin kablosuz haberlesme sistemleri ile uyumlu ¢alismasi beklenmektedir. Yapilan calismalar
baz alindiginda literatiirde rastlanmayan, benzersiz bir anten tasarimi sunmak ana hedeftir.
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Il. MATERYAL METOT

Bu calismanin konusu, 3D yaziciyla bastirilan elmas seklindeki bir cismin, kendinden yapiskanl bakir
bant kullanilarak dis yiizeyinin kaplanmasi ve 0-4 GHz frekanslarinda ¢alismaya el verisli SMA port lehim
edilmesiyle olusan bir 3D anten iretilmesi ilizerinedir. Antenin performansi kablosuz iletisim
sistemlerinde kullanilan spektrumlarda kayipsiz g¢alisarak, elektromanyetik uygulamalarina uyumlu
olmasi ile belirlenir. Bu hususta, mobil iletisim teknolojileri olan 2G, 3G, 4G, 4.5G, 5G gibi standartlar
onem kazanmaktadir. Standartlara ait bant degerleri Tablo 1'de yer verilmistir (Dirlik, 2020). Ayrica, “Wi-
Fi, WiMAX, Bluetooth, GPS” gibi 6zel uygulamalarda ¢alisabilmesi de ¢alismanin degerini artiracaktir.

Tablo 1. Mobil iletisim teknolojileri ve frekans bantlar1

Teknoloji Frekans Bandi1 (MHz)
2G 900-1800
3G 2100
4G 800-2600
5G 700-3400

Tasarimi gerceklestirilen antenin giristen geri yansima parametresi (S11) degerinin -10dB ve altindaki
degerlerde olmasi beklenmektedir. S11, gii¢, verimlilik ve buna benzer faktdrlerin yeterli olmasi
durumunda antenin diger tilkelerde farkl alanlarda kullanimi s6z konusu olabilir.

Calisma siireci ile ilgili planlama $ekil 1'de verildigi gibi 4 asamadan olusmaktadir.

Sekil Secimi

Tasarim Sureci /,," Materyal Segimi

\ N .
/ \ Solidworks ile Tasanmin
\ Cizimi

Tasarimin CST programinda
bakirla kaplanmasi

Benzetim Sureci /SMA konnektoriin baglanmasi

Benzetimin gerceklestiriimesi

3D Anten Calismasi \/

\ Tasarimin 3D Yazici ile
\ Basilmasi

Uretim Siireci Bakir Bant ile Kaplama

SMA konnektorin
lehimlenmesi

NanoVNA cihazinin SOL
\ Test Sureci B kalibrasyonu
N _

\ Antenin cihaza takilmasi

\,  Testin gerceklestirilmesi

Sekil 1. Caligsma siireci ile ilgili planlama.

A. Tasarim ve Benzetim

Sekil 1’de yer alan asamalardan ilk ikisi Tasarim ve Benzetim asamasi olarak tek bir baslikta
sunulabilir. Bu baslikta, ilk olarak antene ait tasarlanacak olan geometrinin seg¢ilmesi saglanir. Bu
calismada belirtildigi iizere elmas seklindeki anten tasarimi gerceklestirilmistir. Segilen elmas sekline ait
boyutlarin 6lgekli ¢izimleri Sekil 2’de goriilmektedir. Benzetim boyutlar1 gerceklenmis tasarim
boyutlarinin 3 katidir. Laboratuvar 6l¢limlerinde maliyet/hiz oraninin azalmasi icin boyutta kiigiilmeye
gidilmistir.
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Sekil 2. Elmas sekline ait gorsel ve 6lgtiler.

Sekil 2’de altigen basa sahip elmas bir yap1 yer almaktadir. Tasarimin olusturulmasinda “Solidworks”
programi kullanilmistir. Sekil 2 a ve Sekil 2 c’de gorildiigii iizere; elmasin tist kismini olusturan altigen
yapinin en u¢ noktalarinin birbirine uzakligi 50 mm iken en kisa noktalarinin birbirine uzakllig: 38.5
mm’dir. Elmasin yiiksekligi ise Sekil 2 b’de gdsterildigi gibi 36.7 mm’dir. Sekil 2 a’daki elmas seklinin 60
derece x ekseninde dondiiriilmesiyle Sekil 2 b olusur; Sekil 2 a’daki elmas seklinin dikey eksende 90
derece dondiiriilmesiyle ise Sekil 2 ¢ olusmustur. Sekil 2 d’de perspektif goriintiisii verilmistir. Diger
uzunluk bilgileri i¢in Sekil 2 incelenebilir.

Kullanilan malzeme Polilaktik Acid (PLA)’dir. PLA, 3D yazicl ile tretilen bir¢ok iiriinde kullanilan
popller bir malzemedir. Cevre dostu bir malzeme olmasi ve maliyet/erisim bakimindan daha avantajli
olmas1 PLA'nin tercih edilmesindeki en 6nemli faktorlerdendir (Xu ve ark., 2022). Buna ek olarak, PLA'nin
FR-4 dielektrik alt-taban malzemesi ile benzer kazang ve sabit radyasyon modeline sahip oldugu ortaya
cikmistir (Prakash ve ark., 2021).

Bu baslik ikinci olarak, antenin “CST Studio” programinda performansinin 6l¢iilmesi ile ilgili verileri
kapsar. Bu noktada, antene baglanacak olan SMA konnektériiniin konumu belirlenerek 6l¢iim noktasi
kararlastirilir. Sekli olusturulan elmas tasarimin yilizeyi programin materyal sekmesi kullanilarak bakir
ile kaplanir. Ardindan antene baglanacak olan SMA konnektor, port olarak eklenir. Devaminda antene ait
performans 6l¢limii alinmasi i¢cin benzetim gerceklestirilir. Benzetimi gergeklestirilen bakir kapli ve SMA
eklenmis olan antene ait bilgisayar gorseli Sekil 3 a’da aktarilmistir.

SMA konnektor icin materyal olarak altin kaplama secilmistir. Benzetim asamalarinin sonucunda elde
edilen S11 grafigi Sekil 4’te sunulmustur.
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€) (b)

Sekil 3 a. Benzetimi gerceklestirilen anten tasarimi b. Yazicidan iiretilen baski c. Antenin bakir bant ile kaplanmasi.
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Sekil 4. Anten tasarimina ait S11 grafigi.

Antenin en iyi performans gosterdigi frekans 3460 MHz noktasidir. Anten bu frekans degerinde -20.707
dB degerine ulagsmaktadir. Grafige gore anten yaklasik olarak 3000 MHz ile 3805 MHz arasinda -15 dB
degerinin altinda calismaktadir. Genel olarak bakilan -10 dB sinir noktalar: ele alindiginda ¢alisma
frekanslari arasi S bandinin frekanslari arasindan dahi daha genistir. Bant genisligi i¢in ise 3 dB ylikselen
noktalar arasina yani -17.707 dB degerleri arasina (3240 MHz - 3675 MHz) bakilir ve bant genisligi
yaklasik 435 MHz olarak bulunur.

B. Uretim

Uciincii asamada, tasarlanan seklin ¢ikartilmasi igin tasarim, STL formatinda 3D yaziciya aktarilir. STL
formati, bircok yazilim programinin destekledigi, prototipleme ve bilgisayar destekli iiretimlerde sik¢ca
kullanilan bir format tiiridiir.

Sekil 3 b’de yer alan baski ¢iktisi i¢in kullanilan yazici modeli Creality markasina ait Ender-3 S 1
modelidir. Bu cihaz PLA ve ABS gibi malzemeleri kullanarak baski alinmasini saglayabilmektedir. Daha
sonra Uretimi yapilan elmas, kendinden yapiskanli bakir bant ile kaplanir. Bakir bant kapli elmas Sekil 3
c’de gosterilmistir. Yapiskanin elektriksel gecirgenlik degeri bakirin altinda kaldigi i¢cin 6nemsizdir. 3D
baski malzemesinin cinsi de saglamlik acisindan 6énemli diger yonlerden 6nemsizdir. Ciinkii yayilan
elektromanyetik dalga, antenin ylizeyini kullanilarak aktarilir, i¢ tarafi ilgili ile bir aktarma yoktur.

Sekil 3 c’de goriilen bakir bant ile kapl anten, SMA konnektoriiniin lehimlenmesi isleminden sonra
laboratuvarda gergeklestirilecek test asamalarina hazir hale getirilmistir. SMA’nin canli ucu bakir banda
temas etmektedir fakat toprak uclar1 havadadir, bu demektir ki; toprak olarak hava kullanilmistir ve
empedansi: 377 ohm’dur.
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Z= Jee= - / = 1207 = 377 [0 (1)
r=o 0 36w102

C. Test

Son asamada, elmas seklindeki antenin performansini test etmek icin NanoVNA (“Nano Vector Network
Analyzer” - Nano Vektdr Ag Analizorii) test cihazi kullanilmistir. VNA, bir elektrik devresinin ya da
sisteminin giris ve ¢ikis 6zelliklerini 6l¢mek icin kullanilan bir elektromanyetik test cihazidir. Bu cihaz
sayesinde antene 6zgi karakteristik 6zellikler olan iletim katsayisi, yansima katsayisi, empedans degeri
gibi degerler 6l¢iilebilmektedir.

USB kablo

Elmas anten

NanoVNA

Sekil 5. NanoVNA ile Test Ol¢iim Goriintiisii.

Sekil 5’te antenin test edildigi diizenek gosterilmektedir. Anten, NanoVNA’ya ait portun ve kendi
tizerindeki SMA’nin disi olmasi sebebiyle erkek-erkek SMA baglanti aparati yardimiyla NanoVNA cihazina
baglanmistir. NanoVNA aracilifiyla dl¢iilen veriler USB kablo tizerinden bilgisayara aktarilir. Bilgisayarda
kullanilan VNA programi (NanoVNA Saver) sayesinde antene ait Kkarakteristik datalar
incelenebilmektedir.
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Sekil 6. Ol¢iim Sonuglari.
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Sekil 6’da 6l¢ciim sonuclarina ait veriler ve grafikler goriilmektedir. Sol taraftaki veriler grafik iizerinde
secilmesi muhtemel “Marker”larin degerlerini okuyucuya aktarir. Ayrica baslangis ve bitis frekans
ayarlamalari, adim degeri, orta frekans degeri vs bu boéliimden ayarlanir. Kalibrasyon baslangi¢ ayari da
yine sol meniide yer almaktadir. Sag tarafta yer alan grafikler 6l¢iim yapilacak olan devre elemaninin
karakteristik davranislarini frekans ekseni iizerinde gosteren grafiklerden ve Smith Chart grafiginden
olusur. Anten, tek port oldugundan S21 veya S12 6l¢liimii yoktur. S11 degerine bakildiginda, iiretimi
gerceklestirilen anten yaklasik olarak 3300 MHz ile 3800 MHz arasinda -15 dB degerinin altinda giristen
geri yansima parametresini vermektedir. Yaklasik 3600 MHz frekans1 ise orta frekans olarak
bulunmustur. Bu frekans degerinde -19 dB bulgusuna varilmistir. CST programindaki benzetim grafigi ile
NanoVNA cihazinin ortaya koydugu S11 6l¢ciim grafigi karsilastirildiginda tasarlanan anten ile iiretilen
antenin birbiriyle benzer sonuglar verdigi sdylenebilir. S11 6l¢iim grafigi daha yakindan Sekil 7’de
verilmistir. Bant genisligi icin ise 3 dB yiikselen noktalar arasina bakildiginda -16 dB degerleri arasina
(=3375 MHz - 3830 MHz) bakilmasi gerekir. Boylece bant genisligi 455 MHz olarak bulunur.

511 Return Loss (dB)
0 g
Wy

-10
-12
14
-16

-18

100.0M 1.075G 2,050G 3.025G 4.000G

Sekil 7. S11 Olgtimii.

I11. SONUCLAR

Bu ¢alismada, Solidworks ve CST Studio programlarinda olusturulan elmas seklindeki bir tasarimin 3
boyutlu yaziciyla baskisi ¢ikarilip bakir bant kaplanmasi yapilmistir. Bu sayede; 3 boyutlu bir anten
tasariminin benzetimi, liretimi ve testi gerceklestirilmistir. Calismanin amaci, standart olmayan 3
boyutlu sekillerin 3D yaziciyla baskilanip bakir bant kaplanmasiyla anten tasariminin olusturulup
tiretilmesinin miimkiin olup olmadiginin belirlenmesidir. Calismanin hedefi, S bandinda, spesifik olarak
ise 3 GHz ila 4 GHz arasinda kullanima uygun olan ve kablosuz haberlesme projelerinde ¢alisabilen bir
anten liretmektir; bu projeden basarili bir sonug alinmistir.

Gergeklestirilen test sonuglarina gore 3 boyutlu elmas yapidaki anten tasarimi 3300 MHz ve 3800 MHz
titresim araliginda -15 dB degerinin altinda (benzetimde 3000 MHz ile 3805 MHz arasinda); 3600 MHz
orta frekansi (benzetimde 3460 MHz) civarlarinda ise -19 dB (benzetimde -20.707 dB) degerinde S11
performansi sergilemistir; bant genisligi degeri, laboratuvar 6l¢limiinde 455 MHz (benzetimde 435 MHz)
olarak bulunmustur. Tim bu verilere gore sunulan projenin benzetim ve laboratuvar dlgiimlerinin
yaklasik esit oldugu ayrica 5G tarzi uygulamalarda basarili bir sekilde kullanilabilir yorumu ortaya
cikmustir.
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Tablo 2’'de benzetim sonuclari ve laboratuvar dl¢limlerinden elde edilen degerler aktarilmistir.

Tablo 2. Mobil iletisim teknolojileri ve frekans bantlari.

Benzetim Laboratuvar

Ol¢iim frekans araliklar: 100 MHz - 4 GHz 100 MHz - 4 GHz
Calisabilegi frekans araliklar1 3 GHz - 4 GHz 3 GHz - 4 GHz
-15 dB altina indigi frekans | 3000 MHz - 3805 MHz 3300 MHz - 3800 MHz
araliklar:
Merkez frekans 3460 MHz (-20.707 dB) 3600 MHz (-19 dB)
Bant genisligi araliklar: 3240 MHz - 3675 MHz arasi 3375 MHz - 3830 MHz arasi
Bant genisligi 435 MHz 455 MHz

IV. TARTISMA

Uretilen yeni antenin performans parametresi degerlerinin diger antenlerin degerleriyle daha dogru
bir kiyaslama yapilarak arastirilmasinin saglanmasi i¢in iiretilen antenin empedans uyumuna bakilmasi
gerekebilir. Uretilen antene ait ériintiilerin incelenmesi performans parametreleri icin katki saglayabilir.
Ayrica referans anteninden yararlanilarak bulunabilen anten kazanci bilgisiyle yorum yapilmasi daha
dogru sonuglarin elde edilmesine yardimci olacaktir.

V. CIKARIM

Bu ¢alisma; 0-4 GHz frekanslar1 arasinda taramasi yapilan, 3300 MHz ve 3800 MHz frekanslari arasinda
kablosuz iletisim teknolojilerine uyumlu olabilecek, 3D yaziciyla 3 boyutlu elmas yapisi ve goriintiisii
verilen, arastirma ve gelistirme siirecleri yapilan bir antenin periyotlari ile ilgilidir. Elde edilen sonuclara
gore antenin kablosuz iletisim teknolojilerinde 6zellikle de 5G uygulamalar i¢cin 3600 MHz merkez
frekansini kullanan iilkelerde calistirilabilecegi 6n goriilmektedir. Sonuc olarak, 3 boyutlu yazicilarla
eklemeli imalat sayesinde basimi yapilan sekillere, bakir bant kaplanarak tiretilen antenlerin kablosuz
iletisim teknolojilerine uyum saglayabilecegi goriilmiistiir. Elde edilen sonuglara gore; 3D yaziciyla
basilarak olusturulan benzer sekil veya cisimler, bakir kaplanarak farkl sistemlere entegre edildiginde,
faydali islem goren antenler haline getirilebilir.

KAYNAKLAR

Dirlik, T. (2020). Metamalzeme kullanilarak es benzetim ile mikroserit anten tasarimi ve optimizasyonu, Yiiksek Lisans Tezi, Bagskent
Universitesi Fen Bilimleri Enstitiisii.

Glasco, D. L., Sheelam, A., Ho, N. H., Mamaril, A. M., King, M., ve Bell, J. G. (2022). Editors’ Choice—Review—3D printing: an
innovative trend in analytical sensing, ECS Sensors Plus, 1(1), 010602.

Kotzé K. ve Gilmore J. (2019). SLM 3D-Printed Horn Antenna for Satellite Communications at X-band, IEEE-APS Topical Conference on
Antennas and Propagation in Wireless Communications (APWC), Granada, Spain, ss. 148-153, doi: 10.1109/APWC.2019.8870367.

Mazingue G., Byrne B., Romier M. ve Capet N. (2020). 3D Printed Ceramic Antennas for Space Applications, 14th European Conference
on Antennas and Propagation (EuCAP), Kopenhag, Danimarka, ss. 1-5, doi: 10.23919/EuCAP48036.2020.9135312.

Njogu P., Sanz-lzquierdo B., Elibiary A., Jun S. Y., Chen Z. ve Bird D. (2020). 3D Printed Fingernail Antennas for 5G Applications, IEEE
Access, vol. 8, ss. 228711-228719, doi: 10.1109/ACCESS.2020.3043045.

Olivova, J., Popela, M., Richterova, M., ve Stefl, E. (2022). Use of 3D printing for horn antenna manufacturing. Electronics, 11(10), 1539.

Prakash, C., Senthil, P., ve Sathies, T. (2021). Fused deposition modeling fabricated PLA dielectric substrate for microstrip patch antenna,
Materials Today: Proceedings, 39, 533-537.

Praveena B. A., Lokesh N., Buradi A., Santhosh N., Praveena B. L., ve Vignesh R. (2022). A comprehensive review of emerging additive
manufacturing (3D printing technology): Methods, materials, applications, challenges, trends and future potential, Materials Today:
Proceedings, 52, 1309-1313.

R. Colella ve ark. (2019). Electromagnetic Analysis and Performance Comparison of Fully 3D-printed Antennas, Photonlcs &
Electromagnetics Research Symposium - Spring (PIERS-Spring), Roma, Italya, ss. 964-970, doi: 10.1109/PIERS-
Spring46901.2019.9017888.

37



Diizce Universitesi Teknik Bilimler Dergisi, 1(1), 2023, 29-38

Rana M. S. ve Rahman M. M. (2022). Design and Operation Exploration of a Diamond-Shape Slotted Microstrip Antenna for Digital World
High-Speed 5G Wireless Digital Technologies, 2nd Asian Conference on Innovation in Technology (ASIANCON), Ravet, Hindistan,
ss. 1-4, doi: 10.1109/ASIANCON55314.2022.9908769.

Shaif A. D. S. S., Selguk S., Kabaday1 G., Toraman O., ve imeci S. T. (2017). Diamond-shaped microstrip patch antenna with defected
ground structure, 25. Sinyal Isleme ve Iletisim Uygulamalart Kurultayr (SIU), ss. 1-4.

Wang, Y., Zhang, X., Su, R., Chen, M., Shen, C., Xu, H., ve He, R. (2023). 3D Printed Antennas for 5G Communication: Current Progress
and Future Challenges, Chinese Journal of Mechanical Engineering: Additive Manufacturing Frontiers, 100065.

Xu, C., Sun, C.,, Wan, H., Tan, H., Zhao, J., ve Zhang, Y. (2022). Microstructure and physical properties of poly (lactic
acid)/polycaprolactone/rice straw lightweight bio-composite foams for wall insulation. Construction and Building Materials, 354,
129216.

38



Diizce Universitesi

Teknik Bilimler Dergisi Ekéég.si.im.er.?erg.s.
) @ v v ::_
" DUZCE Duzce Uni\{ersity. s ol
UNIVERSITESI Journal of Technical Sciences ' = ﬁ

https://dergipark.org.tr/tr/pub/duted

Research Article
Machinery Sector Problems and Solution Suggestions: Diizce Example
Ali Etem Glireleb, Hiiseyin Aydin<, Gékhan Yildiz4*

aDiizce University, Diizce Vocational School, Department of Electricity and Energy, Diizce/Tiirkiye.

bDiizce University, Engineering Faculty, Department of Mechanical Engineering, Diizce/Ttirkiye.

<Diizce University, Diizce Vocational School, Department of Motor Vehicles and Transportation Diizce/Tiirkiye.
dDiizce University, Diizce Vocational School, Department of Electronics and Automation, Diizce/Tirkiye.

*Corrseponding Author: gokhanyildiz@duzce.edu.tr
ABSTRACT

In this study, a general evaluation was carried out on the machinery manufacturing sector in Turkey in
general and in Diizce specifically. To enable an orderly and consistent comparison of all data, this analysis
was carried out within the scope of Code 28 (Manufacture of machinery and equipment n.e.c.), which is the
binary group of the NACE classification used in the European Union. Both Tiirkiye and Diizce data were
discussed and interpreted under this field of activity. Therefore, the expression "machinery sector” used in
the study covers this production code. The problems of the companies operating in the NACE 28 production
code in Diizce were determined through oral and written interviews (survey application) with selected
company representatives. In addition to the companies operating with the NACE 28 code, opinions were
exchanged with the 4th Professional Committee of the Diizce Chamber of Commerce and Industry (Non-
Food Manufacturing Industry, Machinery, Metal, Rubber Industries and Other Manufacturing) and the
problems and solution suggestions related to nearby manufacturing areas were also added to this study. In
this way, it is aimed to make a much more comprehensive evaluation. Turkish Statistical Institute (TUIK)
data were mainly used in the evaluation of export, import and employment figures of the study. For Diizce,
the data that cannot be accessed on the TUIK website was obtained by officially requesting it from TUIK.
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Makine Sektérii Problemleri ve Céziim Onerileri: Diizce Ornegi

OZET

Bu calismada, Tiirkiye genelinden Diizce ili 6zeline makine imalati sektdrii izerine genel bir degerlendirme
yuritilmiistiir. Tim verilerin diizenli ve tutarl bir bicimde karsilastirllmasina olanak saglamak i¢in bu
analiz, Avrupa Birligi'nde kullanilmakta olunan NACE siniflamasinin ikili grubu olan 28. Kod (Baska yerde
siniflandirilmamis makine ve ekipman imalat1) kapsaminda yiiriitiilmiistiir. Hem Tiirkiye hem de Diizce
verileri bu faaliyet alani altinda tartisilmis ve yorumlanmistir. Bu nedenle, ¢alisma igerisinde gecen “makine
sektorl” ifadesi, bu tiretim kodunu kapsamaktadir. Diizce’de NACE 28 tiretim kodunda faaliyet gosteren
firmalarin sorunlari, secilen firma temsilcileri ile yapilan sézlii ve yazili (anket uygulamasi) miilakatlarla
belirlenmistir. Bununla birlikte, NACE 28 kodu ile faaliyet gésteren firmalara ek olarak Diizce Ticaret ve
Sanayi Odasi 4. Meslek Komitesi (Gida Dis1 imalat Sanayi, Makine, Metal, Kaucuk Sanayileri ve Diger
Imalatlar) ile goriis aligverisi yapilarak yakin imalat alanlari ile ilgili sorunlar ve ¢6ziim énerilerinin de bu
calismaya ilave edilmesi saglanmistir. Bu sayede ¢ok daha kapsayici bir degerlendirme yapilmasi
hedeflenmistir. Calismanin ihracat, ithalat ve istihdam rakamlarinin degerlendirilmesinde agirlikli olarak
Tiirkiye Istatistik Kurumu (TUIK) verileri kullanilmistir. Diizce 6zeli icin TUIK internet sitesinde
ulasilamayan veriler TUIK’ten resmi sekilde talep edilerek temin edilmistir.

Anahtar Kelimeler: Diizce, Issizlik, Makine sektorii, NACE.
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I. MACHINERY SECTOR IN THE FRAMEWORK OF TURKIYE AND DUZCE

A. A General Overview of the Machinery Sector in Tiirkiye

The industrial move of the Republic of Tiirkiye came to life with the izmir Economic Congress, the
Industrial Promotion Law and subsequently the First Industrial Development Plan of 1934 (Kalkinma
Ajanslari; Dogu Marmara Kalkinma Ajansi, 2022). Although many investment moves took place during this
period, the acceleration of the development process of the machinery sector started in the mid-1900s.

In the 1950s, a significant movement began in the machinery sector with the effects of large-scale public
investments such as sugar and cement factories. With the increase in these large-scale investments, the
installation, maintenance and repair needs in factories have also increased. However, during this period,
the difficulties in supplying machinery from abroad, especially due to foreign exchange problems, and the
renewal needs in the sector increased the interest of private enterprises in this field, and thus the first
machinery manufacturing initiatives began (Diizce ili Sektérel SWOT Analizi, 2017).

In the 1970s, there were very important developments in the development of the machinery industry in
Tiirkiye. State Economic Enterprises (KIT) established during this period, such as the Machinery and
Chemical Industry Corporation, Machine Tools Industry, Turkish Motor Industry Trade Inc., Turkish
Electromechanical Industry, Turkish Electronic Industry, have been milestones in the development of the
machinery industry in Tiirkiye (Diizce ili Sektérel SWOT Analizi, 2017).

Due to changing economic policies after 1980, the roles of KiTs began to change. By the 2000s, most of
the KiTs were privatized. Although it has been seriously affected by factors such as global economic
fluctuations, political turmoil, etc., the machinery sector has always maintained its role as a leading sector
for Tiirkiye.

At this point today, the machinery sector continues to be one of the key growth mechanisms of the Turkish
economy. According to the 2021 Machinery Sector Analysis and Guide prepared by the Ministry of Industry
and Technology, TR52 Region data; Tiirkiye is Europe’s 6% largest machinery manufacturer and
approximately 80% of the sector consists of Small and Medium Businesses (KOBI) with fewer than 20
employees. Turkish machinery industry is a leading sector that exports to more than 200 countries,
including free zones (T.C. Teknoloji ve Sanayi Bakanligi; Makine Sektorii Analiz Raporu ve Kilavuzu, 2021).

The machinery sector makes significant contributions to Tiirkiye’s exports. According to 2020 TUIK data,
Tirkiye’s total exports were 169.6 billion dollars. In the same year, machinery sector exports amounted to
approximately 10.6 billion dollars. Thus, the contribution of the machinery sector to total exports for 2020
was 6.25% (Saygili and Saygil;, 2011).

The sector, which had a difficult year in 2020 due to the global epidemic and economic turmoil, recovered
in 2021 and its total exports approached 13.6 billion dollars. With this export figure, the sector made a 6%
contribution to Tiirkiye's exports, which amounted to approximately 225.2 billion dollars in 2021 (TUIK;
Dis Ticaret Istatistikleri, 2022). During this period, approximately two-thirds of machinery exports were
made to the most competitive markets such as the European Union countries, the USA and the UK, which
are considered the most stable markets on a global scale (Anadolu Ajansi; Ekonomi, 2022).

The machinery industry in Tiirkiye has a KOBI structure, as it does on a global scale, and has
representatives from all scales, large, medium and small, in line with general and special-purpose
machinery branches. When it is looked at the distribution of exports among companies in the machinery
sector, it is seen that approximately 60% of exports are carried out by companies with less than 250
employees (Table 1). This circumstance provides information about the magnitude of the added value that
will be created by KOBIs in the sector making progress in innovation and efficiency (T.C. Teknoloji ve Sanayi
Bakanlig1; Makine Sektorii Analiz Raporu ve Kilavuzu, 2021).
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Table 1. Export shares by company size (T.C. Teknoloji ve Sanayi Bakanligi; Makine Sektorii Analiz Raporu ve Kilavuzu, 2021)

Small and medium-sized companies

Total share of

Y 1-9 10-49 50-249 Total share of
ears 1-249
employees employees employees emplovees over 250
(%) (%) (%) lz%g employees (%)
2015 19.1 224 19.7 61.2 388
2016 19.0 225 19.9 61.4 38.6
2017 18.6 22.0 20.6 60.9 39.1
2018 17.9 211 20.3 59.3 40.7
2019 17.3 21.0 20.4 58.7 41.3

All these developments are also reflected in the number of enterprises and employment figures of the
sector. According to TUIK data for 2020, the number of enterprises in the field of Machinery Not Elsewhere
Classified reached 18310. 72.52% of these enterprises are micro-scale, 21.66% are small-scale, 4.96% are
medium-scale and 0.86% are large-scale enterprises. In summary, approximately 99% of startups are in the
KOBI category (TUIK; Kiiciik ve Orta Biiyiikliikteki Girisim Istatistikleri, 2020).

According to TUIK data, the total number of employment in this field in 2020 was 255459 people.
Approximately 70% of this employment occurred in businesses in the KOBI category (TUIK; Kiigiik ve Orta
Biiyiikliikteki Girisim Istatistikleri, 2020). When the employment data for 2021 was examined, it was seen
that employment increased by approximately 11% compared to 2020 and reached 282603 (TUIK; Ucretli
Calisan istatistikleri, Ocak 2022). According to 2021 TUIK data, the machinery industry constitutes
approximately 5.7% of Tiirkiye's total manufacturing industry employment and approximately 1% of total
employment (TUIK; Isgiicii istatistikleri, 2021).

For the machinery sector, as in every sector, Research and Development (R&D) expenditures, production,
turnover, added value and capacity utilization rates (CUR) data are very important in drawing the road map
and seeing the current position of the sector. Table 2 gives these data for the machinery sector by year
(MAKDEF, 2021). In 2020, when the deep effects of Covid-19 were experienced, the sector brought added
value of around 42 billion TL to the country's economy, in return for a turnover of nearly 160 billion TL.
While 107 large enterprises account for 37% of production and turnover values, this value has increased to
42% in added value production (MAKDEF, 2021).

Table 2. R&D expenditures, production, turnover, added value and CUR data of the machinery sector (MAKDEF, 2021).

2018 2019 2020
R&D Expenditure 1,074,485,412 1,300,752,923 1,640,918,060
Production - 103,295,782,140 110,155,393,174 146,384,167,921
(TL)
Endorsement- 110,252,999,234 119,57,369,844 159,549,723,212
Added Value - 28,343,943,745 30,795,044,883 41,679,423,616
CUR (%) 74.58 68.12 65.90

The importance given to R&D activities and the expenditures at this point shed light on the sustainability
of the sectors and their renewal speed. The R&D expenditure of the machinery industry in 2020 increased
by 26% compared to the previous year and reached 1 billion 640 million TL. As of January 2022, the sector
ranks first with 174 centers among 1,254 R&D Centers approved by the Ministry, and fourth with 38 centers
among 338 Design Centers (MAKDEF, 2021). When the CUR data is examined, it is seen that this rate
decreased significantly in 2019 and 2020. One of the biggest reasons for this circumstance is the COVID-19
process and global fluctuations. The CUR of the sector, which decreased to 66% in 2020, increased to 75%
at the end of 2021. The sector's employment index, which exceeded that of the manufacturing industry in
2020, continued this course in 2021. Therefore, despite the COVID-19 process, direct employment, which
increased to 255 thousand, continued to increase in 2021 and exceeded 282 thousand. (MAKDEF, 2021 ve
TUIK; Isgiicii Istatistikleri, 2021).
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TOBB Industry Database data was used to evaluate the general distribution of the sector in our country.
According to these data, there are a total of 10395 companies registered in NACE (Nomenclature of
Economic Activities) 28 fields of activity in Tiirkiye (TOBB Sanayi Veritabani, 2022). When the distribution
of companies on a Turkish scale is examined, it is seen that the sector is concentrated in industrially
developed regions (Sekil 1). These regions stand out as TR10 (istanbul), TR52 (Konya-Karaman), TR41
(Bursa-Eskisehir-Bilecik), TR42 (Kocaeli-Sakarya-Diizce-Bolu-Yalova), TR31 (izmir) and TR51 (Ankara).
These regions differ from other regions with features such as ease of access to raw materials, logistics
advantages, access to labor and strong infrastructure.

Registered Producer |
1 3172

-

Figure 1. Distribution of companies by province in the field of Manufacturing of Machinery Not Elsewhere Classified
(NACE 28), industrial registry records (TOBB Sanayi Veritabani, 2022).
B. A General Overview of the Industrial Sector in Diizce

Diizce province is located in the Western Black Sea Region of Turkey and has a surface area of 739.1 km?.
Diizce deeply felt the devastating effects of the earthquakes in 1999, both economically and socially. The
existing industrial infrastructure of the province was seriously damaged, especially after the second
earthquake (November 12, 1999) centered in Diizce-Kaynaslh, and production losses and therefore
unemployment became an important problem. Following the earthquakes, a new process began in Diizce,
which was separated from Bolu and gained provincial status on December 9, 1999, and efforts to eliminate
the effects of the earthquakes began (Diizce ili Sektérel SWOT Analizi, 2017).

One of the most important of these studies was the Investment Incentive Law No. 5084, which was
published and entered into force in February 2004. After the relevant law, Diizce became one of the most
advantageous provinces due to its geographical advantage among the provinces included in the scope, thus
attracting intense interest from investors. In addition, with the "Decision on State Aids in Investments”,
which came into force after being published in the Official Gazette dated 19.06.2012 and numbered 28328,
Diizce benefited from the 4th Region advantages until 2021 (T.C. Diizce Valiligi; Sanayi ve Ticaret, 2022).

According to the database of the Ministry of Industry and Technology of the Republic of Turkey, there are
5 Organized Industrial Zone (0IZ)s, 1 Technology Development Zone, 10 R&D and 2 Design Centers in
Diizce, 3 of which are active (1. OIZ, I1. OIZ and Glimiisova OIZ). When region-specific advantages are added
to these data, Diizce is an important investment center (T.C. Sanayi ve Teknoloji Bakanligi;; MEYDIP, 2022
ve T.C. Sanayi ve Teknoloji Bakanligi; AR-GE, Tasarim Merkezleri ve TGB Veritabani, 2022).

Depending on all these developments, the population of the province is constantly increasing. The
population, which was 159960 in 2000, has reached 400976 people today. The province's net migration
rate is 6.60% and its gross domestic product per capita is 43749 TL, according to 2019 TUIK data (TUIK;
Cografi [statistik Programi, 2022).

According to TOBB Industry Database Data (as of May 05, 2022), the number of companies in Diizce is
456, the number of capacity reports is 484 and the number of employees in these companies is 31693.
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Details of the number of employees of companies operating in Diizce are given in Table 3. As can be seen
from the table, a large portion of the companies operating in Diizce have KOBI status - as is the case in
Tiirkiye (TOBB Sanayi Veritabani; Il Genel Durumu, 2022).

Table 3. Employee distribution by range for Diizce province (TOBB Sanayi Veritaban; il Genel Durumu, 2022).

Number of employees Number of capacity reports Total employees

1-10 157 936
11-20 75 1120
21-50 107 3866

51-100 60 4312

101-250 60 9358
250+ 25 12101
Total 484 31693

The sectors that have the most facilities and provide employment in Diizce are the textile industry, forest
industry, furniture industry, metal-machinery industry, food industry, rubber-tyre-plastic industry, mining
industry, construction industry, automotive industry and chemical-pharmaceutical industry (T.C. Diizce
Valiligi; Sanayi ve Ticaret, 2022). According to TOBB Industry Database Data, the top 15 most coded activity
areas on a provincial basis are given in Table 4. As seen in the table, the textile industry, forest industry and
furniture industry are very effective areas of activity in Diizce (TOBB Sanayi Veritabani; Faaliyetlere Gére il
Genel Durumu, 2022).

Table 4. The top 15 most coded activity areas in Diizce.

Number
Order Code Explanation of capacity
reports
1 14.14 Underwear manufacturing 44
2 16.10 Mowing and planning trees 41
3 14.13 Manufacture of other outerwear 28
4 13.99 Manufacture of other textiles not elsewhere classified 25
5 16.21 Wood veneer panel and wood-based panel 23
manufacturing
6 31.09 Manufacturing of other furniture 18
7 1039 Processing arllq storage of fruits and vegetables not 18
elsewhere classified
8 1431 Knitted . (knitwear) and  crocheted  socks 15
manufacturing
38.32 Recovery of sorted materials 15
10 2221 Mfmufacturlng of plastic sheets, sheets, tubes and 15
profiles
11 25.11 Manufacturing of metal structures and building parts 14
12 29.32 Manufacture of other parts and accessories for motor 13
vehicles
13 16.22 Manufacturing of combined parquet flooring 12
14 1419 Manufgcture of other clothing items and clothing 12
accessories
15 08.11 Quarrying of decorative and building stones and 11

limestone, gypsum, chalk and slate (slate)

C. Current circumstance of the Machinery Sector in Diizce

The machinery sector activity field data, which is the focus of this section, was also obtained from the
TOBB Industry Database and discussed. According to these data, the number of registered companies
operating in the NACE 28 (Manufacture of machinery and equipment not classified elsewhere) sector in
Diizce is 33, the number of capacity reports is 33 and the total employment in this field is 1380. To make a
general evaluation, the number of companies in this field corresponds to 7.2% of the companies operating
in Diizce, and employment in this field corresponds to 4.3% of the total employment of the province (TOBB
Sanayi Veritabani; i1 Genel Durumu, 2022).

The district-based distribution of companies operating in the machinery sector in Diizce is shown in
Figure 2 (TOBB Sanayi Veritabani; Sektoér Secimli il Genel Durumu, 2022). As can be seen, approximately
58% of the companies are clustered in the city center. One of the important reasons for this circumstance
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is the logistic advantage and the other is the location of two large organized industrial zones in the central
district. However, it is seen that the most companies are located in Giimiisova district after the Central
district. The fact that this district is on the TEM highway and the D-100 highway is a great advantage,
especially in terms of logistics. In addition, the impact of Glimiisova OIZ is also quite great.

e .
CUMAYERI

Figure 2. District-based distribution of companies operating with NACE 28 code in Diizce
(TOBB Sanayi Veritabani; Sektor Secimli Il Genel Durumu, 2022).

The information of the companies operating in Diizce with the NACE 28 code (in addition to their
production in different activity codes) and the production details of these companies are given in Table 5
(TOBB Sanayi Veritabani; Sektér Secimli il Genel Durumu, 2022).

As can be seen from the table, a large number of machinery needed in Turkey and the world can be
manufactured in Diizce province. Although the manufacturing of agricultural machinery and forest products
processing machines seems to be at the forefront since Diizce is an agricultural and forest region, many
machinery production such as machine parts manufacturing, mold manufacturing, plastic injection
machines and foundry machines are also carried out.

Table 5. Companies operating in the Machinery Sector (NACE 28) in Diizce (TOBB Sanayi Veritabani; Sektor Secimli il Genel
Durumu, 2022).

Company Name District Product Codes Company Product Description

- Various Mold Manufacturing
25.73.60.65.00 - Plastic and Wooden Machine Molds

- Various Mold Manufacturing
28.22.17.70.00 - Plastic and Wooden Machine Molds

28.22.18.40.00 - Hydraulic Freight Lifts

- Tree Length Sizing Machine
- Stoylok (Tree Peeling Apparatus and

28.30.8630.00 Channel Opening) Production and Spare
Parts
28.41.31.40.00 - Plywood Cold and Hot Deck Press
Tiirkan Makina Plastik imalat 28:49.12.33.00 - Shegt Machm.e
i o . . Center - Slitting Machine
Sanayi Ticaret Limited Sirketi .
- Papel Dryer Front Loading and Rear
28.49.12.75.00 .
Discharge Apparatus
- Papel Peeling and Drying Machine
28.95.11.17.00 - Wallpaper Machines
- Lacquering Machine (Glue Applying)
28.95.11.90.00 - Papel Glue Applying Machine
- Laminating Machine
28.96.10.75.00 - Plastic Packaging Machine
- Bag Machine
28.99.14.50.00 | ~ mtaglio Machine
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28.99.31.30.00

- Impregnation Drying Oven
- Timber Drying Ovens
- Drying Ovens

28.99.39.15.00

- Various Bag Filter Dust Silos and
Transport Screws

- Automatic Hazelnut Collecting Machine

. . . 28.30.59.30.00 - Vacuum Hazelnut Collecting Machine
Kefeli Tarim Aletleri, Otomotiv —- -
. . ) - Branch Grinding Machine
ve Elektrik Malzemeleri Sanayi Center
ve Ticaret Limited Sirketi 28.30.8630.00 - Dryer
- Straw Shredding Machine
28.93.20.00.00 - Sorting and Classifying Machine
Uluginar Yap1 Malzemeleri
Makine Orman Uriinleri ingaat - Forestry Goods Marking and Barcoding
Sanayi ve Ticaret Limited Center 28.30.86:30.00 System Set (Or-Set)
Sirketi Diizce Subesi
TEMSAY AsaI_]sor_Sana.yl ve Center 28.22.16.30.00 - Elevator Installation
Ticaret Anonim Sirketi
6 Gen Miihendislik ve Asansor .
Sanayi Ticaret Limited Sirketi Center 28.22.16.30.00 - Elevator Installation
28.41.12.40.00 -CNC Mac_hlmng Center (Dental
) Processing)
Safak Makina Yedek Par¢a - CNC Pipe Bending Machine
Sfmay.i ve Ticaret Arllonim Center 28.41.31.40.00 - NC Pipe Bending Machine
sirketi Diizce Subesi 28.41.31.80.00 - Countersink Pressing Machine
29.32.30.90.00 - Automotive Sub-Industry Products
28.30.31.40.00 - Tractor Rear Digger
- Shredding Machine
28.30.33.50.00 - Tractor Front Loader
Kuzeytek Makina Gemi inga 28.30.34.30.00 - Solid Fertilizer Spreader
Sanayi ve Ticaret Limited Akcakoca 28.30.70.40.00 - Tractor Trailer
Sirketi 28.30.83.00.00 - Feed Mixing Machine
- Snow Plow Machine
29.20.30.30.00 - Mop
- Front and Rear Scraper
24.20.13.50.00 - Economical Stove Pipe
28.30.34.30.00 - Subsoil Fertilizer Spreading Machine
] ) ) 28.30.39.00.00 - Branch Cutting Tool
Kummucit Makina Sanayi ve Center 2830.51.30.00 | - Mower
Ticaret Limited Sirketi — -
28.30.60.90.00 - Hazelnut Picking Machine
T - Snow/Animal Manure Plowing Machine
28.93.17.60.00 - Hazelnut Cracking Machine
- Brush Handle Back Rounding Machine
28.49.12.63.00 - Brush Handle Sanding Machine
o _ - Wood Profile Machine
Hamit Gilerim-Han Makina Center 28.49.12.75.00 - Brush Handle Machine
- Multiple Slitting Machine
28.49.12.79.00 - Brush Handle Threading Machine
ASTM As Teknik Miihendislik - Apparatus and Fixture
Ticaret Limited Sirketi Center 28.49.22.30.00 - Machine part
24.33.11.10.00 - Cold Formed Sheet Metal Parts
DUZMAKSAN Kalip Makine 25.62.20.00.00 - Var}ous Mach{ne Parts .
Tasarim Imalat Damsmanhk - Various Machine Mold (Plastic
. . L. Glumiusova 25.73.50.20.00 Injection, Rubber Injection, Hair
Sanayi ve Ticaret Limited .
Sirketi Forrr.nng, etc.) . _
28.49.21.40.00 - Various Mounting Apparatus (Fixtures,
Templates, etc.)
DHM Dékiimhane Sistemleri 28.29.22.30.00 - Sandblasting Machine
;?rrli}s ve Ticaret Anonim Glimdsova 2891.1130.00 | - Foundry Machinery
) ) - Metallurgical Machinery/Cold Rolling
Gerd Wolff Makina Sanayi Giimiisova 28.91.11.57.00 Machines

Ticaret Limited Sirketi

28.91.12.50.00

- Cold Rolling Machine Roll
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28.91.12.70.00

- Cold Rolling Machinery Parts and Parts

CEMA Makina ve Kalip Sanayi

25.40.14.00.00

- Miscellaneous Weapon Parts

Anonim Sirketi Center 28.41.40.50.00 - Machine Spare Part
Kogaloglu Makina Sanayi ve PR .
Ticaret Limited Sirketi Akgakoca 28.41.32.60.00 Guillotine Scissors
- Various Steel Construction
25.11.23.60.00 - Stainless Steel Pressure Tank
25.11.23.70.00 - Aluminum Pressure Tank
ENDMAKSAN Miihendislik 28.92.28.00.00 - Snow Knife
Makine Insaat Sanayi ve Center ~ Asphalt Patchine Robot
Ticaret Limited Sirketi 28.92.30.90.00 _ Sallz Unit 8
28.92.62.00.00 - Var_lous Steel Machinery/Industrial
Equipment
29.20.23.00.00 - Trailer/Frigo/Trailer
- Glass Cutting Line
Aktas Grup Makina Cam Sanayi - Glass Cutting Machine
ve Ticaret Anonim Sirketi Center 28.49.11.70.00 - Glass Loading Machine
Diizce Subesi - Insulating Glass Production Machines
- Laminated Glass Cutting Machine
Ucak Plastik Kallp Metal Ithalat . 22.22.13.00.00 - Plastic Injection Products
Thracat Sanayi ve Ticaret Glumiisova
Anonim Sirketi
28.96.20.00.00 - Plastic Goods Mold and Machine Parts
Pronom Makine Sanayi Ticaret . . .
Anonim Sirketi Center 28.99.39.55.00 - Special Purpose (Specific) Machine
Talyum Endiistriyel Mutfak ve .
Mutfak Banyo Ekipmanlari Kaynash 28.93.32.00.00 Frygr Basket Made of Tin-Coated Steel
R N . . - Stainless Steel Fryer Basket
Sanayi Ticaret Limited Sirketi
&/I;ksi?:a Onur Catak Onur Akcakoca 28.92.40.30.00 - Hazelnut Crushing, Yield Machine
- Rotary Oven
28.93.15.30.00 - Deck Oven
Egemak Makina Sanayi ve Center - Tunnel Oven
Ticaret Limited Sirketi - Rest Tunnel
28.93.17.70.00 - Bread Packaging Machine
- Various Dough Processing Machines
- Bathroom battery
CiSA Pres Dokiim Sanayi ve Giimiisova 28.14.12.33.00 - S?nk Mixer
Ticaret Limited Sirketi 3 - Sink battery
28.14.12.35.00 - Brass Faucet
Anadolu Rulman imalat Sanayi _ 28.15.10.30.00 - Ball Radial ]_Searmg
ve Ticaret Anonim Sirketi Cumayeri 28.15.10.90.00 - Roller Bearing
28.15.39.50.00 - Ground Honed Shaft
Orent Orman Uriinleri Makina 25.11.10.30.00 - Cable Degass.mg Chambers
: " . 25.93.12.30.00 - Tobacco Drying
Insaat Taahhiit Turizm Tarim - -
Nakliyat Ticaret ve Sanayi Center - Steaming Ovens and Equipment
o . ) 28.21.13.55.00 - Heat Treatment Furnaces
Limited Sirketi , .
- Drying Ovens and Equipment
22.19.30.55.00 - Concrete Pump End Hose
- Gaskets and Wedges
22.19.73.47.00 - Rubber Piston Wedge
24.20.40.73.00 - Concrete Pump Intermediate Pipe
24.51.30.30.00 - Double Wall Elbow
Karlas Lastik Sanayi Ticaret ve
Center

Turizm Limited Sirketi

25.62.10.05.00

- Machined Steel Semi-Finished Parts

28.13.31.00.00

- Pump 1st outlet

- Pump 2nd Output
- Pump Pants Pipe
- Pump S-Tube
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29.32.30.90.00

- Mixer Folding Trough

Mas-Daf Makina Sanayi
Anonim Sirketi

Center

25.29.11.30.00

- Expansion Tank

28.13.13.20.00

- Gear Pumps (0.75-10 HP)

28.13.14.13.00

- Submersible Type Single Stage
Centrifugal Pumps (1-750 HP)

28.13.14.30.00

- Self-Priming Horizontal Shaft
Centrifugal Pumps (1-200 HP)
- Column Pumps (0.5-750 HP)

28.13.14.51.00

- Dry Rotor "In-Line" Type Centrifugal
Pumps (0.5-750 HP)

- Single Stage Horizontal and Vertical
Shaft Centrifugal Pumps (0.5-2500 HP)

28.13.14.55.00

- Double Suction Detachable Casing
Horizontal and Vertical Shaft Centrifugal
Pumps (15-6000 HP)

28.13.14.60.00

- Multistage Horizontal and Vertical Shaft
Centrifugal Pumps (1.5-5000 HP)

28.13.14.80.00

- Complete Stainless Vertical and
Horizontal Shaft Centrifugal Pumps (0.5-
5000 HP)

- Automatic Suction Systems

- Package Booster Systems (1-200 HP)

- Fire Extinguishing Groups (3- 1000 HP)

TGM Kule Ving Sanayi ve Dis
Ticaret Limited Sirketi

Glimusova

28.22.14.40.00

- The tower crane

Volta Motor Sanayi ve Ticaret
Anonim Sirketi

Glumiusova

28.22.15.70.00

- Electric Three Wheel Freight Vehicle

29.10.59.90.00

- Gasoline ATV
- Electric ATV

30.91.11.00.00

- Gasoline MOPED
- Gasoline Three Wheel MOPED

30.91.12.00.00

- Gasoline Motorcycle

30.92.10.50.00

- Bicycle

- Electric bike

- Electric MOPED

- Electric Motorcycle

- Electric Three Wheel MOPED
- Electric Personal Vehicle

Yagmur Traktér Sanayi ve
Ticaret Anonim Sirketi Diizce
Subesi

Center

28.30.10.00.00

- Tractor

28.30.21.00.01

- Pickup Truck Type Tractor (Tracar)

Is1-Tan Isitma Sogutma Yedek
Parga ve Makina Sanayi Ticaret
Limited Sirketi Diizce Subesi

Center

28.25.13.90.00

- Process Coolers

28.29.60.90.00

- Mold Conditioner (Heater)
- Process Heaters

Akafor Membran Sistemleri
Sanayi ve Ticaret Limited
Sirketi

Akgakoca

28.29.12.50.00

- Anionic-Cationic Resin System

- Cataphoresis Anode Cell

- Cataphoresis Electrode 316

- Cataphoresis Uf Module and Circulation
System

- Stainless Bag Filter Case

- Stainless Uf Module Cover Set

- Ro-Nf System

SESA Filtre ve Plastik Sanayi ve
Ticaret Limited Sirketi

Akgakoca

28.29.13.30.00

- Bag Filter

The machinery sector in Diizce employs 1380 people. The distribution of employees within this
employment is given in Figure 3. As can be seen from the graph, a large portion of the employees have the
status of workers (891 people), and their rate in total employment is approximately 65%. This rate is an
expected circumstance, especially for a labor-intensive sector such as machinery manufacturing. However,
the proportion of those working as masters or technicians in total employment is only 2.5%. This rate is
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worrying in terms of activities such as improving product quality, maintaining and raising the service
standard, and training newly employed personnel.

Additionally, employment of engineers constitutes approximately 6.1% of the total employment in this
field. A large part of this rate is concentrated in companies that are already engaged in R&D activities or
have to employ engineers due to legal regulations. Of the 33 companies examined, 9 have no engineers, 10
have no technicians, and 4 have no employees in the master category. With the new incentive packages
announced by Small and Medium Enterprises Development Organization (KOSGEB), it is predicted that the
employment of university graduates will increase in companies.

Other
Administrative|

Worker L

Expert

Technician [Jl

Engineer

o 200 400 600 800 1000

Number of employees

Figure 3. Distribution of Employees in Diizce Machinery Sector (TOBB Sanayi Veritabani; Sektér Secimli il Genel Durumu, 2022).

D. Import and Export Circumstance of Diizce and Diizce Machinery Sector

In this section, import and export data are compared both for Turkey-Diizce in general and for Tiirkiye-
Diizce Machinery Sector specifically. The contribution of Diizce province to Tiirkiye's exports over the years
is very important in terms of creating the road map of this study.

Export and import figures by year, created from TUIK data, are given in Figure 4a and Figure 4b,
respectively (TUIK; Dis Ticaret statistikleri, 2022). When Diizce's export figures are examined, it is seen
that the total exports of Diizce province are 280 million 617 thousand dollars, according to TUIK data for
2021. With this export figure, Diizce is the 44th province with the most exports. Considering that Tiirkiye's
total export figure for 2021 is approximately 225.2 billion, Diizce's proportional contribution to Tiirkiye's
exports is approximately 0.12% (TUIK; Dis Ticaret Istatistikleri, 2022). Considering important factors such
as Diizce province's logistics advantages, industrial infrastructure and proximity to big cities, it becomes
clear that this export figure must go much higher.

While Tiirkiye's total imports in 2021 were 271.4 billion dollars, the imports of Diizce province were 216
million dollars. With this import figure, Diizce became the 31st province with the most imports (TUIK; Dis
Ticaret Istatistikleri, 2022).
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Figure 4. Comparison of export (a) and import (b) data of Tiirkiye and Diizce province (TUIK; Dis Ticaret Istatistikleri, 2022).
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The changes in Diizce-specific machinery and equipment manufacturing export and import data
examined within the scope of this study were requested from TUIK by official correspondence and compiled
from the database and given in Figure 5.

As seen in the figures, there is a significant jump in the export data of machinery and equipment
manufacturing not classified elsewhere in Diizce (Figure 5a) in 2019 and onwards. The most important
reasons for this circumstance are the serious increase in the activities of I. OIZ, I1.0IZ and Giimiisova OIZ as
of this date. In addition, other important factors are the increase in the number of capacity reports, which
were low before 2019, and the increase in foreign labor costs. Although Tiirkiye turned into an alternative
to China during the global epidemic period, sector exports tended to decrease in 2020, the year in which
the epidemic showed its effects most deeply, but recovered in 2021. According to 2021 data, total exports
in this field reached 61.9 million dollars with 15 thousand tons of products. When it is remembered that
Diizce’s total exports for the same year were approximately 280.7 million dollars, it can be seen that the
machinery sector alone met approximately 22% of the province's total exports. These export figures are
important as they show that the machinery sector is a locomotive sector for Diizce.

When import data for the same sector is examined (Figure 5b), it is seen that the import figures of the
sector have also increased as of 2019. Since this period, increasing industrial investments and imported
machinery inputs have been factors in the increase in import figures. As a result of increasing exchange
rates, machinery imports have increased greatly, especially from countries such as China or Taiwan.
According to 2021 data, 18.65 thousand tons of products and 94.43 million dollars were imported in the
machinery sector. This value constitutes approximately 44% of the province's total imports for the same
year. The size of this ratio is very important as it reveals the importance of efforts to reduce imports in the
machinery sector.

70 16 100 o 20
= s Product quantity s

S Product quantity a0 Import B 18
60 s Export 14 _ _
] 80 16 2
12 & s
g 50 a E = 70 b J 14 8
= = o
2 03 €4 12 2
= 40 H F =
=] s 8 =
= 8 & = 50 ; 10 &
El B E A =
E 39 E T 40 5 B
£ 6 8§ 5 { E]
2 = 2 if =
& 20 ., E g 30 | ¢ %

= y
g 20 — ] 4+ £
10 2 e P
10 2
0 o

Years Years

Figure 5. Export and import data of Diizce province Machinery Manufacturing Not Elsewhere Classified.

In Diizce, the top five activity areas with the highest export and import figures in the machinery sector in
2021 are given in Table 6. As seen in the table, the most important field of activity in the field of export in
Diizce is the manufacturing of agricultural and forestry machinery. Diizce has been in a very good position
in the field of forest industry for many years. For this reason, companies producing machinery in this field
are very experienced and have high export capabilities. Especially drying and steaming ovens, wood peeling
and sizing machines are important export items in the field of forestry in Diizce.
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Table 6. Diizce machinery sector export and import figures for 2021.

Export Imports
Number Number
Activity name (Million Activity name (Million
dollars) dollars)
Agricultural and

Agricultural and forestry

. . 34.13 forestry machinery 51.05
machinery manufacturing .
manufacturing
Other pump, compressor, Manufacturing of metal
tap and valve 13.46 processing  machines 13.49
manufacturing and machine tools
Manufacture of other Manufacturing of other
. . 3.64 general purpose 11.80
special-purpose machines .
machines
Manufacturing of
Manufacturing of other bearings, gear/gear
. 2.76 O 9.02
general purpose machines sets, transmission and
drive elements
Manufacturing of liftin Other pump,
§ 8 2.21 compressor, tap and 231

and carrying equipment .
ymng equip valve manufacturing

When the import section of the same table is examined, it is seen that the primary field of activity in
imports is the manufacturing of agricultural and forestry machinery. The reason for this circumstance is
that, due to increasing domestic costs, companies, especially in the forestry sector, import and install tree
peeling and drying machines from China. Especially in recent years, machines of Taiwan and China origin
have shown themselves in every sector, and this has increased the amount of imports. The reason for the
high imports of the metal processing machines and machine tools manufacturing activity area, which ranks
second in the import rankings, is also the same. Especially in recent years, Taiwan and China have been
preferred for CNC manufacturing.

II. EXPORT AND IMPORT PROBLEMS OF DUZCE MACHINERY INDUSTRY

A. Factors Affecting the Use of Imported Inputs in Diizce Machinery Sector and Reasons for Imported
Dependence

According to the export and import data specific to Diizce province, which is examined in detail in Section
2, although there was a significant increase in export figures after 2019, import data also increased
significantly. The reasons for this increase in import figures, both in terms of foreign currency and product
amount, have been evaluated under this heading, based on the meetings held with Diizce TSO 4th
Professional Committee Members and the results of the survey filled out by company representatives.

There was a significant increase in capacity reports in Diizce in 2019 and afterwards. For this reason,
there is a significant increase in both export and import figures after this year. The biggest reason for the
increase in import figures in the Diizce machinery sector, especially in recent years, is the shift of machinery
supply abroad as a result of increasing exchange rates and rising costs (labor, energy, etc.).

Machinery installations for the agriculture and forestry sector in Diizce constitute one of the largest
markets of the Diizce machinery sector. In recent years, due to increasing domestic costs, equipment such
as drying facilities, woodworking machines, etc. have started to be supplied from countries such as China
and Taiwan. Although the machines coming from these countries are lower in quality than domestic
companies, economic factors direct companies to import. Similarly, it is seen that import figures are quite
high in the field of metalworking machines and machine tools manufacturing. The most important reason
for this circumstance is that CNC machines and benches are imported from countries such as China and
Taiwan.

Meetings held and observations made in the sector have shown that one of the important obstacles to
reducing imports and increasing exports is short company lifespans and limited sustainability. As is the case
throughout Tiirkiye, company lifespans are quite short in Diizce. This circumstance creates a deficiency in
institutionality, experience and trust and limits global competition. However, examples of company
mergers or collective work, which are important in terms of increasing exports, are quite limited in Diizce.
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Therefore, companies struggle only with their individual competitiveness, which is not enough in most
cases.

Another important problem in the Diizce machinery sector is the problems experienced in after-sales
services in the sector. In fact, although this circumstance is directly related to the employment of qualified
personnel, it is seen as important in terms of creating trust and continuity problems in both the domestic
and international markets.

B. Foreign Trade Advantages and Disadvantages in Diizce

Diizce is in a very important position as it is located in the middle of two big cities such as Istanbul and
Ankara. However, it is also very close to industrial centers such as Gebze, izmit, Sakarya and Bursa. For this
reason, Diizce is an advantageous city in terms of logistics. These advantages have brought Diizce to an
important position in terms of production and industrialization, especially in the last 10 years. Diizce is a
very important production center for companies with a very high export capacity throughout Tiirkiye and
many of the local machinery sector companies serve as suppliers. This is an important advantage in terms
of increasing the production capacity of the sector and improving the quality of production.

Diizce is also located very close to the ports. Sakarya-Karasu and Zonguldak-Eregli ports are very
accessible. This minimizes logistics costs. Although Diizce has the coastal district of Ak¢akoca, this district
does not have a commercial port. As a result of the discussions about whether this circumstance creates any
disadvantages, some company officials said that Karasu and Eregli ports are sufficient and that the sector
does not need a port for now, while others stated that a port project to be built in Ak¢akoca could be
beneficial.

In the interviews held with sector companies, it was stated that the energy quality problems experienced
in electricity transmission in the past years have been largely resolved and infrastructure problems are few.
All these points are important advantages in terms of export and production.

Diizce was included in the third region in investment incentive practices with the publication of the
Presidential Decree No. 31220 dated 21 August 2020 in the Official Gazette. For this reason, it has lost some
of the advantages it previously had within the scope of the fourth region. This change causes companies
operating in Diizce Central District, Ak¢akoca and Glimiisova to benefit less from important support items
such as tax deduction, insurance premium support, interest or dividend support, in terms of duration or
rate. However, according to the same decision, 5 districts of the province (Cilimli, Cumayeri, Golyaka,
Kaynasli and Yig8ilca) continue to benefit from sub-regional incentives (4t Region). For this reason, these
districts are expected to be an important investment point. However, if the company's investments are
within the scope of O1Z, it is possible to benefit from the 4t Region incentives. The fact that there are 5 OlZs
in Diizce, 3 of which are active, is very important for investors who want to benefit from these incentives.

According to the Annex-2B (Sectors that can benefit from Regional Supports) section of the Presidential
Decree No. 31220 dated 21 August 2020, the Machinery and equipment manufacturing sector in Diizce can
benefit from incentives. This is important for promoting regional sector investments and exports.

Diizce province is in the drinking water basin of istanbul and is in the ISKI protection area. Therefore,
very strict restrictions apply. Although these restrictions are quite appropriate in terms of environment and
health, they cause some companies in the sector not to invest, and they cause existing companies to not be
able to carry out some production operations in Diizce. For example, galvanized coating must be applied to
a large part of the machine parts, but this is not allowed. For this reason, sector companies receive this
service from other cities, which increases costs.

The lack of customs in Diizce is also a factor that negatively affects exports. Diizce sector companies use
Sakarya for customs. This circumstance increases logistics costs significantly. However, since there is no
customs in Diizce, customs services cannot be carried out on-site. This circumstance emerges as another
important factor affecting companies.

C. Qualified Personnel Employment Problems in Diizce

Verbal interviews with both professional committees and companies show that the employment of
qualified personnel is one of the biggest problems facing production and exports in Diizce. Companies
operating in the sector are experiencing serious difficulties in meeting the need for not only qualified but
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also unqualified personnel to be trained. According to the titles of the employees, the greatest demand is
for workers, technicians and technicians, respectively. These professional groups are the backbone of the
machinery manufacturing industry and are very important in terms of production continuity and quality.
The biggest problem regarding the employment of engineers, which is also one of the important needs of
the sector, is the distant attitude of some newly graduated engineers towards working in the labor-intensive
manufacturing sector.

In Diizce, many companies experience workforce losses, especially in August, when the hazelnut harvest
begins. During this period, absenteeism and even work stoppages increase. In addition to periodic
workforce loss in Diizce, another important problem regarding employment is the low corporate affiliation
of employees. For this reason, company changes occur frequently. These problems not only lead to the need
for new personnel, but also lead to significant losses in terms of material and production due to the training
of new personnel.

Although the employment of qualified personnel is very critical, especially in a high-tech field such as
machinery manufacturing, some companies train and employ unqualified personnel or untrained personnel
in the relevant field in order to complete their deficiencies at this point. This circumstance can cause
disruptions and malfunctions in the operation of expensive and critical equipment such as CNC and lathes.

IT1. CONCLUSION AND SUGGESTIONS

The surest way to reduce imported input use and import dependency is undoubtedly to increase domestic
production. Only in this way can foreign dependency on purchasing machinery and equipment be reduced.
Especially in recent years, domestic production costs have increased significantly in the machinery sector,
as in all sectors. The most important of these costs are raw material, logistics, energy and employee costs.
All these costs also increase the price of the machinery and equipment produced. In summary, the most
effective solution to reduce imported input use and import dependency is government incentives.

Although there are incentives from institutions such as the Ministry of Industry and Technology, KOSGEB,
etc., it is considered important that these incentives are constantly updated according to changing market
conditions. However, perhaps the most striking point in the interviews held with the sector was that some
sector representatives stated that they did not have enough information about the supports. At this point,
especially Diizce Chamber of Commerce and Industry has important duties. Recently, Diizce Chamber of
Commerce and Industry has been organizing visits to the chamber members and providing information
about the Ministry of Industry and Technology, KOSGEB, Ministry of Commerce, ISKUR and SGK incentives
and grants. It would be appropriate for these information activities to continue and even for representatives
from relevant institutions to participate in these information activities.

Customs duty exemptions, both in Diizce and throughout Tiirkiye, are very important for the sectors.
Customs duty exemption is applied for investment goods, machinery and equipment to be procured from
abroad within the scope of the Investment Incentive Certificate by the Ministry of Industry. However, this
exemption only covers new machinery and equipment. In other words, used or renewed machinery and
equipment cannot be procured within the scope of the incentive certificate. For this reason, sector
companies import new machinery and equipment, even if it is more expensive, which leads to an increase
in import figures. In the interviews with sector companies, it was particularly emphasized that it is
important to include the purchase of second-hand machinery and equipment within the scope of incentives.
In some cases, especially from European countries, there are very high quality second-hand machines, but
since they are not within the scope of customs duty exemption, the sector is forced to turn to countries such
as China or Taiwan. At this point, it may be recommended to provide customs duty exemption, albeit at
certain rates, for used machinery and equipment with expertise certificates issued by independent
organizations.

It is possible to examine the problems experienced in employment in Diizce in two main frameworks. The
first of these is the periodic decrease in the workforce and the other is the problems in accessing qualified
personnel. Hazelnut, an important agricultural product in Diizce, is a source of income for many families. As
of August, when the hazelnut harvest begins, permit usage increases in many companies. Using permits
simultaneously puts a strain on sector companies in terms of production. Another important problem that
emerged during this period is the increase in absenteeism and turnover. It seems that the most important
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step in reducing the effects of this problem is to accept the problem. Considering that hazelnuts are an
important source of income for Diizce and that many people are engaged in hazelnut farming, it becomes
clear that companies should take action according to this reality. In fact, when some examples of companies
across Diizce are examined, it can be seen that steps have been taken to eliminate this problem. The effects
of this problem can be reduced by measures such as reducing company activities during this period and
scheduling annual leave usage accordingly. However, devoting this period to maintenance-repair-
renovation activities can also be an important alternative.

Problems in accessing qualified personnel and solutions to these problems are a much more detailed
issue. In the process that started with the increase of uninterrupted education to 12 years, difficulties began
to be experienced in finding personnel to be trained in all branches of industry and commerce. Employment
in this age range is limited since most high school graduates tend to receive a university education. The
decrease in student enrollment in vocational high schools and the low academic levels of students enrolled
in these high schools also affect the sector. Some regulations made by the Ministry of National Education to
increase interest in vocational education are quite promising. With the new regulation made in the
Vocational Education Law No. 3308, the payment of fees to those who register to vocational training centers
and the insurance against work accidents and occupational diseases increases the interest in these
institutions. Students registered here receive theoretical training at school 1 day a week and practical
training in businesses 4 days a week. This regulation is expected to bring beneficial results to all sectors. In
addition, the establishment of vocational training centers in all OIZs so that OIZs can benefit from this
opportunity has been a pleasing development. Another justified expectation of the sector at this point is to
open private or public vocational high schools within OIZs in Diizce province, as in some cities, that can
provide education in line with the employment needs of these regions. It is thought that this practice will
be useful in training personnel suitable for regional needs.

The interviews held on increasing the employment of associate and bachelor's degree graduates, which
is important in meeting the needs of the sector, showed the inadequacy of internship practice. Since the
internship practice in many academic units is generally in the summer months, the backlog in this period
cannot be spread over the year. Moreover, this period is often insufficient for the employer to get to know
the student with employment potential. One of the main demands from the sector in this regard is the
dissemination of the workplace training model called 3+1 and 7+1 to the relevant units of Diizce University.
It is an important expectation of the sector that the 7+1 system applied in Diizce University Faculty of
Engineering programs on an undergraduate basis, especially in the form of 3+1 in associate degree
programs. Although this model is seen as useful for both students and employers, it should be implemented
by taking into account the problems coming from different universities. The biggest concern with this model
is the difficulties that all students may experience over time in finding a company where they can continue
their workplace training. For this reason, it is thought that the transition to this practice should be initiated
not in all academic programs, but only in programs where the problem of finding a company is less.

At this point, it is possible to say that the "Employment Angel" project, launched by Diizce University in
the Spring semester of the 2021-2022 academic year, is capable of meeting the needs of the sector in this
regard. The relevant project ensures that students are matched one-on-one with companies while they are
still in their education life. Associate degree students and undergraduate students are matched with
companies starting from the fifth semester and receive training at the company within the scope of the
course until they complete their education. In this way, students gain experience, expand their skills and
learn business discipline while they are still in their education life. Companies both guarantee the
employment cycle and are largely relieved of the burden of training their new, inexperienced personnel. It
is thought that it is very important to introduce this project to the sector and to include sector companies
in this project.

Finally, it should be noted that the wage policies of the sector companies and the social rights they offer
to their employees are of critical importance in meeting the need for qualified personnel and increasing the
belonging of the working personnel. It seems that companies also have important duties in this regard.

It has been discussed in the previous sections that one of the most important problems mentioned by the
companies operating in the sector, specifically in Diizce, is that there is no customs in the city. Although
Diizce is a bridge between major cities and close to industrial centers, the logistics costs of companies
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increase due to the lack of customs, and the lack of on-site customs service puts difficulties on companies
at the point of export. The most important suggestion at this point would be to open a customs office in
Diizce. Work in this direction continues and it is expected that the customs office will be put into service in
a short time. This has been a pleasing development in terms of facilitating exports. It is recommended that
this customs office, which is planned to be opened, be located within the OIZ.

Diizce is located in a very advantageous area in terms of location. It dominates the D-100 and TEM
highways and is close to the ports. The TEM exit built in Diizce city center after Golyaka and Kaynash and
located close to both the first and second OIZs was also very useful. There is no problem in transferring
products to customs, ports or delivery points throughout Diizce. At this point, the most important problem
is the high fuel prices, which is also a problem for the country in general. High fuel prices directly affect
companies' costs. Another problem cited by the sector regarding logistics is road and bridge tolls. It is clear
that state support is required to solve both problems. Making certain discounts from fuel taxes and road
tolls depending on the export and/or production amounts of companies can reduce the problems at this
point.
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ABSTRACT

In this study, EDM process was applied to DIN 32CrMoV12-10 (1.7765) high-quality cold work tool steel
with a hardness of 50 HRC with different processing parameters. The experimental design of the study was
prepared using Taguchi L27 orthogonal array. Processing parameters were used three different electrode
materials (copper, graphite, tuncop), three different currents (10, 20, 30 Amps), three different pulse
durations (200, 400, 600 ps), constant cutting depth (1 mm) and constant time off (50 ps). Following the
experiments, the hole diameters formed by the electrode materials on the material surface were measured.
The results obtained were examined experimentally and statistically. The smallest hole diameter was
measured as 12.2085 mm in the experiments carried out with the copper electrode, and the largest hole
diameter was measured as 12.5284 mm with the tuncop electrode. When the study was examined
statistically (Signal-to-noise ratio), it was determined that the most suitable processing parameters to
create the ideal hole diameter were 10 Amps current and 200 ps pulse duration in copper electrode
material. When the analysis of variance (ANOVA) results were examined, it was determined that the most
effective machining parameter for the hole diameter was the Amps value of 47.85%.

Keywords: Electro discharge machining, Hole diameter, Taguchi method.

Sertlestirilmis 32CRMOV12-10 Takim Celiginin Elektro-Erozyon Tezgahinda Delme
Performansinin Incelenmesi

OZET

Bu ¢alismada, sertligi 50 HRC olan DIN 32CrMoV12-10 (1.7765) yiiksek kaliteli soguk is takim ¢eligine farkh
isleme parametreleriyle EDM islemi uygulanmistir. Calismanin deneysel tasarimi Taguchi L27 ortogonal dizi
kullanilip hazirlanmistir. Deneylerde isleme parametreleri olarak ii¢ farkli elektrot malzeme (bakir, grafit,
tuncop), ii¢ farkli akim (10, 20, 30 A), ii¢ farkli vurum stiresi (200, 400, 600 ps), sabit talas derinligi (1 mm)
ve sabit bekleme siiresi (50 ps) kullanilmistir. Yapilan deneylerin ardindan elektrot malzemelerin malzeme
yuzeyinde olusturdugu delik ¢aplar1 dl¢lilmiistiir. Elde edilen sonuglar deneysel ve istatistiksel olarak
incelenmistir. Calisma sonucunda tiim elektrot malzemeleriyle yapilan deneylerde en kiiciik delik ¢apinin
200 ps ve 10 amper akimda, en biiyiik delik ¢apinin ise tiim elektrot malzemelerinde 600 ps ve 30 amper
akimda olusmustur. En kii¢iik delik ¢apinin bakir elektrot ile gerceklestirilen deneylerde 12.2085 mm
olarak, en biiylik delik capinin ise tuncop elektrot ile 12.5284 mm olarak odl¢iilmiistiir. Calisma istatiksel
(Sinyal-giiriilti orani1) olarak incelendiginde ideal delik ¢apimi olusturmak i¢cin en uygun isleme
parametrelerinin bakir elektrot malzemede, 10 A amper akim ve 200 ps vurum siiresi oldugu belirlenmistir.
Varyans analizi (ANOVA) sonuglari incelendiginde ise delik ¢api i¢in en etkili isleme parametresinin %47.85
oraninda amper degerinin oldugu tespit edilmistir.

Anahtar Kelimeler: Delik capi, Elektro erozyon isleme, Taguchi metot.
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I.  INTRODUCTION

Electro discharge machining (EDM) is a non-traditional manufacturing process and has proven to be an
effective alternative compared to conventional manufacturing processes. In this electro-thermal process,
chip is removed from the material by controlled arcs produced between the tool electrode immersed in
dielectric liquid and the workpiece. The high temperature of the discharge current melts and vaporizes the
workpiece material and creates overlapping craters on the machined surfaces (Clijsters et al., 2010). During
this period, no mechanical cutting force is applied to the workpiece material. All metals that have(the ability
to conduct electricity can be subjected to this process (Chen et al., 1999). Since there is no mechanical
contact between the two electrodes, the process is able to shape any conductive component, regardless of
its hardness, into accurate and complex shapes.

In the early 1980s, local Turkish companies produced EDM machines to meet the needs of the domestic
market and Electro-erosion became a production method that can process complex shapes and hard
materials to precise dimensions. Machining properties are independent of the hardness, toughness and
strength values of the material. On the other hand, processing efficiency depends on the melting
temperature and thermal conductivity of the material (Yilmaz et al,, 2015) (Yilmaz, 2013) (Her and Weng,
2001). In research aiming to meet the low machining time, high quality and low-cost expectations of the
production sector, special importance is given to improving relative wear, workpiece processing speed,
average surface roughness and electrode wear rate (Yilmaz et al., 2015). The development of Electro EDM
Machining started in 1943 using controlled discharge conditions to achieve precision machining, and since
then, EDM technology has developed rapidly and has been used in mold making, micro machining,
prototyping, etc. It has become indispensable in manufacturing applications (Dutta et al,, 2015). However,
understanding arc discharges even at a steady state remains a challenge. The electrical discharge
phenomenon in EDM occurs in a very narrow space filled with liquid in a very short time period and involves
evaporation and melting of the electrodes and material, thus making both observation and the theoretical
analysis extremely difficult (Kunieda et al.,, 2005).

EDM technology provides significant improvements in terms of time and cost in metals that are very
difficult to process in current processes (Yilmaz, 2013). Any conductive material can be processed by
electrodischarge. Tooling electrodes that act as templates are required for machining. The negative of the
electrode form becomes processed on the material surface. The most important limitation of EDM is that it
removes chips very slowly compared to other machines. The second limitation of the bench is the
preparation and consumption of electrodes. Electro-discharge machines require other machines to prepare
the electrodes (Ozgedik, 2014). Additionally, in order to expand the application scope of the EDM method,
rotating electrodes with a diameter of 30-50 mm are used in the drilling process (Springborn, 1967). In the
surface finishing process, there are different studies such as metal powder mixed with dielectric liquid
(Mohri, 1988), surface variability with composite electrode (Mohri et al., 1993), linear machining (Saito et
al,, 1986).

In this study, the etching process of DIN 32CrMoV12-10 (1.7765) tool steel, which has a hardness of 50
HRC, will be carried out on the EDM machine using different processing parameters. The test results will be
examined both experimentally and statistically to determine the ideal processing parameters. The result of
this study will guide researchers for subsequent EDM studies to be carried out with the same material at
different processing parameters.

Il. MATERIAL AND METHOD

In this section, the materials, devices, systems used in the experiments and the methods used to evaluate
the data obtained are explained.

A. Material and Electrode

Experiments carried out at room temperature were carried out using a King ZNC-K-3200 brand model
plunge erosion bench. DIN 32CrMoV12-10 (1.7765) steel (Figure 1) with dimensions of 315X10 mm, which
is difficult to machine, was used as the workpiece. Heat treatment was applied to a hardness of 50 HRC by
vacuum hardening method. This material, which is resistant to high temperatures, has recently been widely
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used in the defense industry engineering field. Electrolytic copper, graphite and tuncop materials of
¥12X100 mm size with density 0of 8.90 g/cm3, 1.80 g/cm3, 15.20 g/cm3 were used as electrodes, respectively.

Table 1. Chemical composition of DIN 32CrMoV12-10 (1.7765) steel used in experiments.

Carbon % | Silicon % | Manganese % | Chromium % | Molybdenum % | Vanadium %
0.32 0.35 0.60 3.00 1.00 0.30

Figure 1. Technical drawing of the workpiece used in experimental studies.

B. Hole Diameter Measurements

The hole diameters resulting from the abrasions on the material surface of the three different electrodes
used in the experiments were determined with the arithmetic average by making 3 different measurements
with the Rational VMS-4030G brand video measuring device with a measurement accuracy of 1/10.000.

Measured
Test Piece

Measured
Value

Figure 2. Image of RATIONAL brand VMS-4030G device during hole diameter measurement.

C. Experimental Parameters

Experiments performed by Taguchi the orthogonal array design is designed according to Lz7 (3#3) and
full factorial design method. The parameters to be used after the preliminary experiments were carried out
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were defined as three different pulse durations, current intensity and constant waiting time (Figure 3). The
control factors and levels used in the experiments performed are shown in Table 2.

Figure 3. Image of preliminary experiments conducted to determine experimental parameters.

Table 2. Control factors and levels.

Factors Values Symbol Levels
Electrode Copper, Graphite, Tuncop A 3
Pulse Duration (Tone), (us) 200,400, 600 B 3
Current (Amps), (A) 10, 20, 30 C 3
Waiting Time (Toff ), (us) 50 D 1

111. ANALYSIS AND EVALUATION OF EXPERIMENTAL RESULTS

The average hole diameter values obtained as a result of experimental studies carried out with the electro
discharge machining method are shown in Table 3.

Table 3. Average hole diameter values in the experimental study.

Hole Diameter @(mm)

Experiment Amps Time Electrode
No. (A) on (us)

Copper Graphite TunCop

200 12.2085 122346  12.2855

10 400 12.2528 122785  12.3222
600 12.3416 123559  12.3569

200 12.3429 123441  12.3613

20 400 123521 123532 12.4011
600 124518 124733  12.4950

200 12.3524 123662  12.3715

30 400 123648 123721  12.4526
600 124905 124917  12.5284

O© 00 N O U1 » W N -
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Copper, graphite and tuncop electrode materials, as seen in Table 3, the lowest hole diameter average
values were 12.2085 mm, 12.2346 mm and 12.2855 mm, respectively, at 200 ps pulse duration and 10
Amps current. It was determined that the average values of the largest hole diameter at 600 ps pulse
duration and 30 Amps current processing parameters were 12.4905 mm, 12.4917 mm and 12.5284 mm,
respectively. The changes in the average hole diameters of copper, graphite and tuncop electrode materials
specified in Table 3 depending on the pulse durations are shown in Figure 4. The hole diameter changes on
the material surface at 10, 20 and 30 Amps for copper, graphite and tuncop electrode materials depending
on the pulse durations are shown in Figure 5. The hole diameter changes of copper, graphite and tuncop
electrode materials at and 10, 20 and 30 Amps depending on the pulse duration are shown graphically in
Figure 6.

Copper Electrode Graphite Electrode TunCop Electrode

126 _ 126 12,6
£ S 5
— - -
£ 123 / é 12,3 / S5 o —+—
s 3 §
[a} s} Fa
2 2 @
2 12 2 12- S 12-

200 400 600 200 400 600 200 400 600

Pulse Duration (us) Pulse Duration (us) Pulse Duration (us)
—+—10 —=—20 ——30 —+—10 —=—20 ——30 —+—10 —=—20 ——30
(@ (b) (c)

Figure 4. Average hole diameter values compared to pulse times of copper (a), graphite (b) and tuncop (c) electrode.

When the graph in Figure 4 is examined, it is observed that the hole diameter value increases with the
increase of pulse duration for copper, graphite and tuncop electrode materials at 10, 20 and 30 Amps
current. The hole diameter was larger than the electrode diameter, and as the timeout decreased and the
amperage increased, the electrode came into contact with the side walls of the hole depending on the pulse
duration, causing a larger diameter to occur (Nas et al., 2021). Therefore, to obtain a specific hole diameter,
the pulse duration must be taken into account (Singh et al., 2004).

10 Amps 20 Amps 30 Amps
126 126 _ 126
£ £ £ 2
‘q;: })’ / g ; /
B 12,3 — 5 12,3 2 12,3 =
8 e S oy
[a)] [a) [a)]
L <@ <L
o
T 12 2 12 2 12
200 400 600 200 400 600 200 400 600
Pulse Duration (us) Pulse Duration (us) Pulse Duration (us)
—o—Cu Gr TunCop —o—Cu Gr TunCop —o—Cu Gr TunCop
(@) (b) (0

Figure 5. Hole diameter changes on the material surface of the electrodes depending on pulse duration at 10 (a), 20 (b) and 30 (c)
Amps current.

When the graph in Figure 5 is examined, it shows that the hole diameter values increase with the increase
of pulse duration at 10, 20 and 30 Amps current (Singh et al.,, 2004). Increasing pulse duration created larger
arcs in the machining range, simultaneously causing more evaporation and material removal from the
workpiece (Yilmaz, 2013).
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Figure 6. Hole diameter changes of copper (a), graphite (b), tuncop (c) electrode materials depending on pulse duration at 10, 20
and 30 Amps current.

When the graph shown in Figure 6 is examined, it is seen that as the amperage increases for copper,
graphite and tuncop electrodes, the hole diameter increases depending on the pulse duration. As the current
value increases, the electrode produces sparks with more erosion energy along the hole path. This causes
more material to be abraded, resulting in an increase in hole diameter (Yilmaz, 2013).

A. Taguchi Method

Taguchi method, one of the most widely used analysis methods, was used to statistically analyze the
results obtained. This method was developed by Japanese scientist Dr. It was developed by Genichi Taguchi.
In the Taguchi method, the results are converted to Signal/Noise ratio, which is a statistical performance
measure. The actual values obtained affect the result as the signal factor, and the factors that affect the
result, which are not included in the experimental design, affect the result as the noise factor [16]. In
calculating S/N ratios; nominal (written value) is best, smallest is best and largest is best methods are used.
For the hole diameter to be closest to the electrode diameter, the "smallest is the best" objective function
shown in Equation (1) was used (Nas and Akincioglu, 2019).

Most Small -Most Good : % = —10log (i n, ylz) (1)

B. Signal to Noise Ratio

The results obtained were analyzed with the Minitab 19 statistical program and the resulting
Signal/Noise ratios are shown graphically in Figure 7.

Main Effects Plot for SN ratios

Ampere (4) Time on (us) | Electrote

-21.80
-21.82

-21.84

Mean of SN ratios

-21.86
-21.88

-21.90
10 20 30 200 400 600 Cu Gr  TunCop

Figure 7. Signal/Noise ratio analysis graph.
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The highest vertical point in the graphs is interpreted as the most effective parameter. When Figure 7 is
examined, the ideal processing parameter was determined as 10 Amps, 200 ps pulse duration and copper
electrode in order to ensure that the hole diameter is closest to the electrode diameter.

C. Variance Analysis

ANOVA statistical method was used to determine the effect rates of processing parameters. The purpose
of ANOVA is to reveal how much input factors affect output values (0zlii, 2021). ANOVA results obtained
from the experimental study are shown in Table 4.

Table 4. ANOVA statistical results.

Source D.F. SeqSS Contribution Adj SS AdjMS F-Value P-Value
Amps (A) 2 0.083623 47.85% 0.083623 0.041812 147.67 0.000
Timeon (us) 2  0.075122 42.99% 0.075122 0.037561 132.65 0.000
Electrote 2 0.010353 5.92% 0.010353 0.005176  18.28 0.000
error 20 0.005663 3.24% 0.005663  0.000283
Total 26 0.174761 100.00%

R- sq 96.76%

When ANOVA results were examined, the most effective parameter was determined to be Amps with
47.85%. When the study was examined, it was determined that increasing the amount of amperage
negatively affected the hole diameter. This situation causes large deformation on the material surface with
the increase in amperage during the machining process (Peksen and Kalyon, 2021).

D. Regression Analysis
Regression analysis is used to examine the dependence of a variable on one or more quantitative variables.
The mathematical model obtained by analyzing the results obtained from the experimental study allows for

predicting the results of studies that will be carried out with the same material and different parameters.
This prevents loss of time, energy, labor and materials (0zlii, 2021).

Table 5. Mathematical models of the results obtained by regression analysis.

Electrote
Cu Diameter (mm) = 12.0984
Gr Diameter (mm) = 12.1109 + 0.006409 Amps (A) + 0.000311 Time on (us)

TunCop Diameter (mm) = 12.1447

IV.RESULTS

In this study, the drilling performance of hardened DIN 32CrMoV12-10 (1.7765) tool steel with copper,
graphite and tuncop electrodes was examined experimentally on an electro-erosion bench. After the
experiments, the effect of variable parameters on the measured hole diameter results was statistically
investigated. The results obtained are presented below in items.

« It was determined that the lowest hole diameter obtained with the copper electrode was 12.2085 mm
at 200 ps pulse duration and 10 Amps value, and the highest hole diameter was 12.4905 mm at 600 ps pulse
duration and 30 Amps value.

« [t was observed that the lowest hole diameter obtained with the graphite electrode was 12.2346 mm at
200 ps pulse duration and 10 Amps value, and the highest hole diameter was 12.4917 mm at 600 ps pulse
duration and 30 Amps value.

* The lowest hole diameter obtained with the Tuncop electrode was found to be 12.2855 mm with a pulse
duration of 200 ps and a value of 10 Amps, and the highest hole diameter was found to be 12.5284 mm with
a pulse duration of 600 us and a value of 30 Amps.

e It has been determined that the hole diameter increases as the pulse duration increases for copper,
graphite and tuncop electrode materials.
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e In the experiments, it was determined that the minimum hole diameter for all electrode materials was
10 Amps and 200 ps pulse duration, and the maximum hole diameter was 30 Amps and 600 ps pulse
duration.

* Among the electrode materials, the smallest hole diameter in experiments using copper electrodes is
12.2085 mm, and in experiments using tuncop electrodes, the maximum hole diameter value is 12.5284
mm.

¢ When the signal-to-noise ratio was examined statistically, it was determined that the most suitable
processing parameters to obtain the optimum hole diameter value were copper for the electrode material,
10 Amps for the current value and 200 ps for the pulse duration.

* When ANOVA analyses were examined, it was determined that the most effective processing parameter
was the amperage value with 47.85%.

V. DISCUSSION

In the study, optimum conditions were determined for the processing of hardened DIN 32CrMoV12-10
(1.7765) tool steel on the EDM machine, experiments were carried out with different processing
parameters (electrode, waiting time, pulse time and amperage) and the electrode forms formed on the
machined surface were ensured to be formed at the most ideal values. Since the increase in the pulse
duration will cause the effect of the discharge current to last longer, the amount of chip removed by creating
much faster melting has directly affected the hole diameter and increased in the measurements. Compared
to other studies in the literature, the re-cast layer, micro cracks, micro pits, spherules, craters and surface
damage caused by high thermal energy, which are considered disadvantages of the raw hardness material
on the machining surface, increase depending on the hitting time (Salman and Kayacan, 2006). It has been
confirmed that as the hardness increases, the resistance of the material against abrasion increases in direct
proportion, resulting in a decrease in the amount of craters formed on the material surfaces, resulting in
better quality surfaces and healthier measurement results in the operations performed.

V1. CONCLUSION

By calculating the electrode forms that will form on the material with the estimated results, time and cost
loss will be minimized, and material with advanced surface quality will be produced in a short time
compared to different processing methods.
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OZET

Hayatimizin hemen her alanina dokunan tekstil iiriinleri giyim tekstili, ev tekstili ve teknik tekstil olarak
li¢ alt sinifta ele alinmaktadir. Bu siniflar incelendiginde giyim tekstili ve ev tekstili daha ¢ok moda ve
tasarim alanlarinda yer alirken teknik tekstil grubu Ar-Ge ve Ur-Ge calismalarimin gergeklestirildigi
katma degerli ve fonksiyonel iiriinlerin ortaya cikarildigi bir alan olarak karsimiza c¢ikmaktadir.
Arastirmanin amaci; Teknik tekstillerden viicut icine yerlestirilemeyen tibbi tiriinler grubunda yer alan,
farkli kompozit tekstil malzemelerinden olusan, fizyoterapistler tarafindan kullanilmasi tavsiye edilen
bir tibbi malzemeler biitiinii olarak bilimsel yolla tasarlanmis, GoldTone, TogRite, Velkro kanca isimleri
verilen Urilinlerin bir arada kullanilmasiyla olusan TheraTogs adini alan yliksek performansl teknik
tekstilin ozellikleri ve kullanim yerlerini de belirterek tanitmaktir. Bununla birlikte, TheraTogs ile
yapilmis ¢alisma sonuglarini inceleyerek, bu malzemeler biitiiniintin etkililigini ortaya koymaktir. Bu
dogrultuda; arastirmada sirasiyla, teknik tekstiller, Med-tech uygulama alanlari, TheraTogs, Spandex ile
TheraTogs uygulama alanlari ele alinmistir. Arastirma sonucunda TheraTogs adli tibbi teknik tekstil
iriinliniin, uzman kontroliinde dogru sekilde kullanildiginda, ¢esitli néromotor bozukluklarin (SP, down
sendromu ve diger kromozomal anormallikler ile travmatik beyin - akut vb.) yonetimi, tedavisi ve
hastalarin yasam standartlarinin artmasinda son derece olumlu etkilere sahip olan bir yéntem oldugu
tespit edilmistir.

Anahtar Kelimeler: Spandex, Teknik tekstil, TheraTogs, Tibbi tekstil,

TheraTogs and Its Applications as a Medical Textile

ABSTRACT

Textile products that touch almost every aspect of our lives are divided into three subclasses: clothing
textiles, home textiles and technical textiles. When these classes are examined, while clothing textiles and
home textiles are mostly in the fields of fashion and design, the technical textile group appears as an area
where R&D and P&D studies are carried out and value-added and functional products are produced.
Purpose of the research; The high-performance technique called TheraTogs, which is a combination of
products called GoldTone, TogRite and Velcro hooks, which is scientifically designed as a set of medical
materials recommended for use by physiotherapists, consisting of different composite textile materials,
which is in the group of medical products that cannot be placed inside the body from technical textiles.
To introduce textiles by stating their properties and usage areas. However, the aim is to reveal the
effectiveness of these materials by examining the results of the study conducted with TheraTogs. In this
direction; In the research, technical textiles, Med-tech application areas, TheraTogs, Spandex and
TheraTogs application areas were discussed, respectively. As a result of the research, it was determined
that the medical technical textile product called TheraTogs, when used correctly under expert control, is
a method that has extremely positive effects on the management and treatment of various neuromotor
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disorders (SP, down syndrome and other chromosomal abnormalities, traumatic brain - acute, etc.) and
increasing the living standards of patients. .

Keywords: Medtech, Spandex, Technical Textile, TheraTogs.

. GIRIS

Tekstil; lif iiretiminden baslayarak, iplik iretimi, dokuma, 6rme veya dokusuz yiizey olusumu (kumas),
terbiye islemleri ve hazir giyim tliretimi basamaklarinin bitiiniinii olusturan bir kavramdir. Hayatimizin
olmazsa olmazlari arasinda yer alan tekstil; giyim tekstilinden, mekan tekstiline ve teknik tekstillere
kadar ¢ok genis capli bir iiretim ve buna paralel bir tliiketim potansiyeline sahiptir. Tekstil sektoriinde
gelisim potansiyeli olan arastirma ve gelistirmek (Ar-Ge) ile iiriin gelistirme (Ur-Ge) ¢alismalarina agirlik
veren firmalar; mevcut her sektoér igin farkli, fonksiyonel, nitelikli ve katma degerli triinler
tiretilebilmekte, her tiirlii sorun ve durum igin ¢6ziim 6nerileri gelistirebilmektedir. 21. Yiizy1'da moda
ile baglantili olarak giyim tekstilleri 6n planda olsa da en 6nemli tekstil dalinin, fonksiyonel 6zellikleri ile
on planda, daha kapsamli ve katma degerli iiriinler olan teknik tekstiller oldugu bilinir. Teknik tekstiller;
gida sektoriinden, insaata, tarima, otomotiv sektdriinden, saglik sektoriine her alanda karsimiza ¢ikar.
Her sektor icin biiyiik 6nem arz ettigi bilinen teknik tekstillerin en 6nemlilerinden biri de Medtech olarak
adlandirilan tibbi tekstillerdir. Tip ve hijyen uygulamalarinda kullanilan teknik tekstiller dort gruba
ayrilir, bunlar; viicut igine yerlestirilebilen ve yerlestirilemeyen triinler ile ekstra bedensel iiriinler,
bakim ve hijyen lriinleridir.

Calismanin amaci; viicut icine yerlestirilemeyen tibbi tekstiller grubunda yer alan, bilimsel olarak
kompozit yapida tasarlanmis farkli tekstil malzemelerinin (GoldTone, TogRite, Velkro kanca isimleri
verilen pargalar) bir arada kullanilmasiyla olusturulmus ve fizyoterapistlerin gézetiminde kullanilmasi
tavsiye edilen bir tibbi malzemeler biitiini olan TheraTogs adli yiiksek performansl teknik tekstili
tanitmak, 6zellikleri ve kullanim yerleri ile TheraTogs kullanilarak yapilmis deneysel ¢alisma sonuglarini
incelemektir. Bu dogrultuda, arastirmada sirasiyla, teknik tekstiller, tibbi tekstiller ve TheraTogs,
Spandex, TheraTogs uygulanarak yapilan ¢alismalar ele alinmistir. Calismanin disiplinler arasi bir
¢alisma oldugu goz 6niinde bulundurularak, hem tibbi teknik tekstilleri, hem de TheraTogs ile yapilmis
deneysel ¢alismalari igermesi bakimindan literature katki saglayacagi, bununla birlikte yeni tibbi teknik
tekstillerin Ar-Ge ¢alismalarinda altyapi olusturabilecegi diisiiniilmektedir.

Il. TEKNiK TEKSTILLER

A. Teknik Tekstil

Teknik tekstiller; estetik veya dekoratif 6zelliklerinden ziyade, daha ¢ok teknik performanslar ve
fonksiyonel 6zellikleri icin iiretilen tekstil malzeme ve tiriinleri olarak ifade edilir (Ozdizdar, 2004).
Ayrica, teknik tekstiller; kimyasallara, hava sartlarina ve mikroorganizmalara dayanikli, yiiksek
performans ve fonksiyonel 6zelliklere sahip, katma degeri yiiksek bir iiriin grubu olarak da tanimlanir
(Bulut & Sular, 2010). Genel olarak teknik tekstiller, iiretiminde kullanilan lif veya ipligin cinsine gére
degil, elde edilen iiriiniin son kullamim yerine ve 6zelliklerine bagl olarak tiretilir. Ancak, teknik tekstil
iriin performansinda 6ncelikli olarak lif 6zellikleri ve iirlin geometrisi ile uygulanan islemler etkili olur
(ITKiB, 2008).

Teknik tekstil iireticilerinin katildigi, Messe Frankfurt teknik tekstiller fuarinda yapilan gézlem ve
calismalar neticesinde teknik tekstil iiriinlerinin nihai kullanim alanlarina goére 12 ana gruba ayrildig
bildirilmistir (Marmarali, 2012):

Teknik tekstillerin son kullanim alanlarina gore siniflandirilmasi
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1. Zirai tekstiller (Agrotech); tarim, orman ve su iiriinlerinde,
2. Bina ve insaat tekstilleri (Buildtech); bina ve insaatlarda, insaat miithendisligi toprak tstii alan
uygulamalarinda,

3. Giyim teknik tekstilleri (Clothtech); giyim ve aksesuar astarlari, dikis ipligi, bagcik vb.,
4. Jeolojik tekstiller (Geotech); insaat ve jeoteknik miihendislik alanlarinda, toprak alti
uygulamalarda,

5. Ev tekstilleri (Hometech); mobilya, ev tekstili, yatak ve yer déseme teknik bilesenlerinde,

Endiistriyel tekstiller (Indutech); endiistriyel amach filtre, tasima ve temizleme vb. sanayi

uygulamalarinda,

Tibbi tekstiller (Medtech); hijyen amach viicut i¢i veya dis1 uygulamalarda,

Tasit araglart icin tekstiller (Mobiltech); Kara, deniz ve hava araglari ile uzay sanayinde,

Ekolojik tekstiller (Oekotech); cevre ve ekolojik koruma amagli,

0. Ambalaj tekstilleri (Packtech); ambalaj ve paketleme sanayinde, endiistriyel tarimsal ve diger
Urlnlerin paketlenmesi, tasinma, depolama ve korunmasinda,

11. Koruyucu tekstiller (Protech); insanlar i¢in tehdit olusturan silah, kimyasallara, zararli madde ve

kot gevre kosullarina karsi koruma amagl (giysi, 6rtii, cadir ve ekipman vb.),

12. Sportif tekstiller (Sporttech); spor ve rahat giysiler ile spor amagh aksesuarlarda kullanilan

tekstillerdir (ITKIiB 2008; Mecit et al., 2007).

Bunlarin yani sira, son yillarda 6n planda olan akill tekstiller ise herhangi bir etkiyi (151k, 1s1, basing,
elektromanyetik dalgalar, ses ve ses otesi dalgalar, hareket vs.) veya degisimi algilama ve buna bagh
olarak tepki verme o6zelligine sahip olan tekstil irtinleridir. Ultraviyole (UV) 1sinlarinin etkisiyle renk
degistiren iriinler, yasam verilerini izleyerek sinyal gonderebilen veya viicut sicakligin1 diizenleyen
giysiler vb. teknik tekstiller icerisinde katma degeri en yiiksek olan bu triinler, ¢ok disiplinli Ar-Ge
calismalari ile gelistirilebilmekte, ileri teknoloji tiriinii bu akilli tekstillerin kullanim alanlari giinden giine
artmaktadir (Coskun & Ogulata 2008; Marmarali, 2016).

o

=0 0N

A.1. Tip ve hijyen teknik tekstilleri (Medtech)

Teknik tekstiller icerisinde aktif gelisim gdsteren ve genis bir {iriin grubuna sahip alanlardan birisi
olup, toplumlarin yasam standartlarindaki ytikselme, arzu edilen hayat kalitesi ile yash niifus ve ¢alisan
kadin sayisindaki cogalma nedeniyle, hijyen ve bakim iirtinlerine yonelik talepler de son yillarda énemli
oranda artmistir. Bu artisin gelecekte de siirecegi 6ngoriilmektedir (Adanur, 1995; Mecit et al., 2007b).
Bu malzemeler genel olarak dort sinif altinda toplanir ki bunlar;

Implante edilebilen (viicut icine yerlestirilebilen) iiriinler: Ameliyat iplikleri (biyolojik olarak
¢oziinebilen/ ¢ézlinemeyen), yumusak doku (yapay tendon, ligament, kikirdak, kas, deri ve g6z kontakt
lens/yapay kornea) implantlari, ortopedik (yapay eklem ve kemik) implantlar ve kardiyovaskiiler (damar
greftleri, kalp kapakgiklar1 ve tamiri i¢cin kullanilan kumaslar) implantlar (Adanur, 1995; Emek, 2004;
Akter, Azim, &Al Faruque, 2014).

Implante edilemeyen (viicut icine yerlestirilemeyen) triinler: insan viicudunun diginda uygulanan
yara sargilari, bandajlar, plasterler (basit elastik ya da elastik olmayan bandaj, hafif destek bandaji, baski
bandaji, ortopedik bandaj), gazl bezler, sargi bezleri ve tamponlar bu gruba giren triinlerdir (Adanur,
1995; Akter, Azim, Al Faruque, 2014).

Ekstra bedensel iiriinler (ekstrakorporal): Yapay bobrek, yapay karaciger veya mekanik akciger gibi
kanin aritilmasinda kullanilan yapay organlardir (Adanur, 1995; Akter, Azim, & Al Faruque, 2014;
Horrocks & Anands, 2003).

Bakim ve hijyen triinleri: Tibbi giysiler (6nliik, baslik, maske, corap, eldiven, iiniforma, koruyucu giysi),
cerrahi kaplamalar (ortiiler, kumaslar, perdeler), yatak ortiileri (¢arsaf, yastik kilifi, battaniye, minder,
yorgan), idrar tutucu pedler (bebek bezi/yatak pedi), kadin hijyenik pedi, temizlik bezleri ve cerrahi
coraplar (Adanur, 1995; Emek, 2004; Akter, Azim, & Al Faruque, 2014).
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I1l. THERATOGS

TheraTogs, sensorimotor bozuklugu olan hastalara postiiral hizalama ve stabilite saglayan, hareket
beceri ve hassasiyeti ile eklem stabilitesini iyilestirmek i¢in yeni bir yaklasim sunan GoldTone, TogRite,
Velkro kancadan olusan ortez bir i¢ ¢camasir1 ve kayis sistemidir. Bu ¢ok 6zellikli malzeme, genellikle
belirli kaslarin veya kas gruplarinin ¢alismasini kolaylastirmak veya engellemek veya modifiye edilmis
hizalama ve gelistirilmis durus, hareket ve isleve davet etmek icin tedavi hedefleri géz oniinde
bulundurularak olusturulur (Bazata, 2006). TheraTogs cemberlemenin (baglama sistemi) temel prensibi,
islevsel baglamda yetersiz kullanilan, asir1 uzatilmis kaslarin uzunlugunu dinamik olarak desteklemek
veya azaltmaktir. Baglama sistemi sayesinde seans boyunca hareketi kisitlanan kas grubu ayni etkiyi giin
boyu giinliik hayata tasirken, dogal olarak bu manuel kolaylastirmanin bazi duyusal ve manuel etkilerini
taklit ederek ogrenme gerceklestirir. Fonksiyonel hizalamayr ve kas alimini etkilemek icin
fizyoterapistler bunlar1 KinesioTaping ile birlikte kullanmay1 6nerir (Cusick. 2007).

Fizyoterapistler, etkili terapi araclar1 olarak cesitli postiiral yardimcilar1 kullanirlar, ki bu araglar
sikistirma ve postural hizalama ayrica, oturma ve konumlandirma miidahalesinin bir parcasi olarak da
kullanilabilirler. Terapi araglar1 olarak basingh giysiler (Benik, Hug, Velvasoft ve SPIO) ve postiiral
hizalama i¢in de TheraTogs, abdominal baglayicilar ve kinesiotape mevcuttur. Kompresyon giysileri,
fonksiyonel hareket olanaklari ile uzuv/viicut pozisyonu hissini ve genel stabilite ile dengeyi gelistirmek
icin tasarlanmistir (Bazata, 2006).

TheraTogs sistemleri, ndromotor egitimiyle ugrasan lisansh bir saglik bakimi pratisyeni tarafindan
tavsiye edilmesi ve onun goézetimi altinda uygulanmasi amaglanan FDA Sinif I tipi tibbi cihazlardir.
TheraTogs iriinleri arasinda, Ankle Dorsiflexion Assist (DFA) System, Clinical Starter System (CSS),
Dragonfly TLSO System, Full Body System, Lower Extremity System, Posture&Torso Alignment (PTA)
System, Sit-Up System, TogRite Strapping, Wrist& Thumb Positioning System ve Wunzi Infant System
sayilabilir. TheraTogs sistemleri, su bazli elastomerik liretandan yapilmis képtik arkalikli ve tescilli bir
kompozit kumas olan GoldTone'dan yapilmistir. TogRite kayis; inert ve hidrofilik silikon bazli bir
kavrama ytizeyine sahip elastomerik bir banttir. TheraTogs™ ortez giysi sistemlerinin tiim malzemeleri
ve bilesenleri imalat ve ambalajlarinda lateks icerir (Theratogs Products,
https://theratogs.com/products/ Accessed 03.03.22; Theratogs Full Body System Product Properties,
https://theratogs.com/product/fbs/ Accessed 03.03.22).

TheraTogs'un genel ve teknik 6zellikleri

Kumastaki dikey direng, postiiral stabiliteyi desteklemek icin tasarlanmis olup, tiim iklimlerde yatay
esneklik, rahatlik ve birey konforu 6n plandadir. TheraTogs ¢ikartilmadan tuvalete erisim imkéani sunar.
Tasarimla dogru orantili ¢ok yonliiliigii sayesinde 6zel boyutlandirma secenekleri, kirpma ¢izgilerine
dahil edilmistir. Hipster tek tarafli yapilabilir ve tamamen uyarlanabilir bir ¢cemberleme sistemine
sahiptir. Uygulama isaretleme sistemi, (varsa) bakicinin evde yeniden uygulamasini kolaylastirir.
TheraTogs sistemi; 6zel olarak oturan yan panellere sahip kolsuz bir atlet, her biri iki uyluk manseti olan
iki hippi, farkh sertlik kalibreli elastiklestirilmis kayis cesitleri, evde dogru kayis ve panel yerlesimini
saglamak icin bir isaretleme kiti, resimli takma talimatlar1 ve baglama 6nerilerinden olusur.

Resim I. GoldTone, TogRite ve Velkro Kanca (Kafy & El-Shamy, 2021).
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Teknik 6zellikler

e TheraTogs, normal kiyafetlerin altinda gézden uzak bir sekilde dogrudan cilt iizerine giyilir. Sikica
uygulandiginda, cilt ylizeyine kaymadan rahatca yapisir ve bu da uygun ¢cemberleme sistemi ile hastanin
hareketini, dengesini, durusunu ve yiiriytisiinii dogru bir sekilde etkilemesine izin verir.

¢ TheraTogs, su bazli bir elastomerik iiretandan yapilmis bir kopiik tabakasi ile Nylon ve Spandex’den
yapilmis elastik, lateks icermeyen ve elde yikanabilen kompozit yapili 6zel kumaslardan olusur
(Anonymous,2003;TheratogsFullBodySystem,https://theratogs.com/wpcontent/uploads/2014/02/Te
arSheet_TogsULTRA_FBS_20101.pdf/ Accessed 03.03.22).

TheraTogs; GoldTone, TogRite, Velkro kancadan olusan ortez bir i¢ ¢amasir1 ve kayis sistemidir.
TheraTogs'un daha iyi anlasilabilmesi icin bunlarin her biri ve bu iirtinlerin iiretiminde yer alan Spandex
asagida ayrintili olarak ele alinmistir.

A. GoldTone

GoldTone, biyomekanik egitim talepleri i¢cin 6zel olarak formiile edilmis esneme, cekme ve geri tepme
ozelliklerine sahip, iistiin bir 6rgii malzemenin kaplanmasi ile elde edilmis kompozit bir malzemedir.
Patentli olan bu kumas terbiye islemi kullanilarak elde edilmistir. Diger esnek malzemelerden farki,
TheraTogs ultra sistemlerinin rahatsiz edici kompresyon veya sert destek olmadan néromotor sisteminin
yeniden konumlandirmasina ve yeniden egitilmesine olanak taniyan ve cildi kavrayan yumusak dokusu
koplik kaplama katmanindan kaynaklanir. TheraTogs, maksimum noktaya kadar esneyecek,
biyomekanik diizeltmeleri dokuz saatten fazla giinliik kullanim i¢in siki bir sekilde koruyacak ve bir
gecede orijinal boyutlarina geri donecek sekilde tasarlanmistir. Giysi ve gember seritleri i¢in kullanilan
Velcro® kancasi, GoldTone kumas yiizeyinde tekrarli uygulama ve serit ¢ikarma islemlerini
gerceklestirebilecek sekilde tasarlanmistir. Gerginlik, malzeme viicut cevresinde bircok yone
gerildiginde, esasen giysinin merkezinden disariya dogru yayilan hafif bir kuvvet olustugunda,
gerceklesir. Az miktarda kumas gerilimi, iki yonlii bir kuvvet vektori saglar ve bu da GoldTone’ un bir
eklem c¢evresinde yeniden konumlandirma yetenegini olusturur. Geri tepme yetenegi ile GoldTone
malzemesi bir yiik veya kuvvet vektorii ortadan kaldirildiktan sonra, orijinal konumuna veya sekline geri
doner. Ayrica, acik hiicreli koptk i¢c katmani, yumusak dokuyu ve alttaki fasya ve cildi asir1 sikistirmaz,
yapiskan veya lateks katki maddeleri kullanmaksizin aktif olarak yeniden konumlandirma ile tutus
yetenegine sahiptir (Theratogs GoldToneTM Fabric for TheraTogs ULTRA https://theratogs.com/
Accessed 28 Aralik 20; TheraTogs ULTRA Features New GoldTone Fabric, https://theratogs.com/
Accessed 7 Ocak 21).

B. TogRite ve Velcro Kanca

TogRite™ elastik kayislar, giiclii esneme ve geri gelme 6zelligine sahiptir. Alt taraftaki silikon kayislar;
kumas ylizeyini kavrayip, kayislarin hareket ve fiziksel aktiviteler sirasinda yerinden kaymasini 6nlerken,
cilde karsi yerlestirildiginde ise uzuvlar lizerinde ayni kavrama ve yeniden konumlandirma etkisini
saglar. Cesitli sekillerde kullanilabilen TogRite, bircok klinisyen tarafindan farkli aktiviteler lizerinde
calisirken konumlandirmay: desteklemek, yardimci olmak veya hizli diizeltmeler gerceklestirmek icin
kullanilir. TheraTogs bilesenleri, Spandex-Nylon malzemenin esnekligini ve geri tepmesini giideri
benzeri bir his ile ince ve nefes alabilen bir koptk yiizeyle birlestiren tescilli ve farkli bir kompozit
kumastan yapilmistir. Viicut ile uyumlu, etkili, rahat ve kaymaz ozelliklere sahip TogRite'nin temel
ozellikleri (dikey gerilim altinda daha sert ve yatay yonde daha elastik), Velcro® kancanin alicihigi ve
dayanikliligi ile kopiik tabakasinin tutusu, TheraTogs sistemlerinin ¢alismasini saglamak i¢in bir araya
getirilmis unsurlardir. Buradaki kopiik arkalik, su bazli elastomerik bir tretandir (Theratogs
GoldToneTM Fabric for TheraTogs ULTRA https://theratogs.com/ Accessed 28 Aralik 20; TheraTogs
ULTRA Features New GoldTone Fabric, https://theratogs.com/ Accessed 7 Ocak 21).

TheraTogs’un kullanim alanlar1 TheraTogs™ ve TheraTogs Ultra ortez giysi sistemleri, fiziksel ve
mesleki terapistler ile diger kalifiye saglik pratisyenlerinin bakimi altindaki bireylerde kullanilmak iizere
tasarlanmis tedavi yontemleridir. TheraTogs, zorlanma olmaksizin, manuel rehberlik ve postiiral
hizalama islevsel becerilerinin kolaylastirilmasina yanit veren veya proprioseptif girdi ve postiiral
destekten yararlanan hastalar icin ortez i¢ camasiri olarak bireysel kullanim i¢in tasarlanmistir.
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TheraTogs Tam Viicut Sistemi ise baslangi¢ta, karmasik néromotor bozukluklar:1 olan ¢ocuklar icin
tasarlanmis olmasina karsin, simdi ¢esitli uygulamalar icin ¢ok farkli boyutlarda kullanilir ki bunlar;
optimum kemik ve eklem gelisimini tesvik etmek, eklem stabilitesi ve artan viicut farkindalig1 saglamak,
durus, denge, yiirtime ve hareket becerilerini gelistirmek, genellikle ayak ve ayak bilegi ortezlerinden
beklenen postiiral diizeltme ile is yiikiinii azaltmak, terapi seanslari sirasinda motor performansini
iyilestirmek ve seanslar arasinda terapi programini desteklemektir. Ayrica, ¢ok cesitli tanilarin neden
oldugu noéromotor bozukluklarin (serebral palsi (SP), Down sendromu ve diger kromozomal
anormallikler, travmatik beyin hasari-akut, akut sonrasi ve kronik asamalar, inme nedeniyle hemipleji-
akut, akut sonrasi ve kronik fazlar, multiple skleroz gibi) ve endikasyonlarinin (ataksi, kas dengesizligi,
parmaklar i¢e veya disa dontik yiirliyiis, postiiral hizalanma gibi) yonetimi i¢in etkili bir ydntemdir. Tim
bunlarin yaninda, TheraTogs Tam Viicut Sistemi; gelistirilmis durus ve solunum kapasitesi saglayip,
gogus ve pelvis arasindaki sapmalarin azalmasi ile duyusal farkindalik ve destek tabani artisinin yani sira
kalca kaciranlara ve kalcga kas sistemini stabilize etmeye yardimci olurken, azaltilmis islevsel serbestlik
derecesi saglayarak; yeterli alimi olmayan kaslara yardimci olup, yiiriiylis sapmalarini azaltir ve
gelistirilmis stabilite ve konfor saglayarak da; cerrahi hedefleri desteklemek i¢in baglamada kullanilir
(Anonymous, 2003; Theratogs Full Body System, https://theratogs.com/wp-
content/uploads/2014/02/TearSheet_TogsULTRA_FBS_20101.pdf/ Accessed03.03.22).

C. Spandex (Poliiiretan/Elastomer Lif)

Glikol ile diizosiyanat bilesiklerinin katilma reaksiyonlar1 sonucunda olusan poliiiretan bir adisyon
polimeridir. Bu sinif polimerler genellikle elastomer liflerin liretiminde kullanilirlar. Yapisinda en az %85
elastomer yapida polimer bulunan liflere spandex ad1 verilmektedir (Baser, 1992). Kumaslar lizerinde
gerilme davranisi gosteren elastik lifler; esneme ve rahatlik 6zellikleri dolayisiyla 6zellikle spor
endistrileri ve teknik tekstiller agisindan biiyiik 6neme sahiptir. Spandeks elyafin miikemmelligi, ilk
tiretildikleri glinden bu yana artmaktadir. Baslangi¢ polimerlerini degistirerek, gelismis elastik davranisa
sahip lifler gelistirilebilmektedir (Alam, Islam & Akter, 2020). Genel olarak bu alandaki kavramlara
bakildiginda; gerilmis kumaslara atifta bulunmak i¢in Elastan terimi kullanilmaktadir. Spandeks
(spandex) ise esnekligi nedeniyle degerli olan yapay bir kumastir. Bir¢ok kaynakta "spandeks" terimi bir
tiriin ad1 degildir ve bu kelime genellikle cesitli iiretim teknikleriyle yapilmis polieter-poliiiri kopolimer
kumaslar ifade etmek i¢in kullanmilmaktadir (Islam, Parvin, Urmy, Ahmed and Islam, 2020). Spandex,
Lycra ve elastane kelimeleri ayni veya neredeyse esittir. Bu kumas tiirti, normal boyutunun 5-8 kati kadar
esneyebilir (Pu, 2020). Spandeks iiretmek i¢in kullanilan temel maddeler, 1937'de Almanya'da IG Farben
tarafindan icat edilen poliiiretandir (Islam, Rahman & Mazumder, 2020).

B.1. Spandeks elyafinin fiziksel ézellikleri

Spandex lifi diisiik mukavemete sahiptir, kuru dayanimi 3,1 cN-tex, kirilma mukavemeti 0,5-1,0
g/denier arasindadir. Orijinal uzunlugunun 500-800 katina kadar uzatilabilir ve ayrica miikemmel elastik
iyilesmeye sahiptir (Mehra et al., 2016; Ongwuttiwat et al,, 2018; Mangut ve Karahan, 2005). Spandeks
lifler sudan etkilenmez ancak sicak suya batirilirsa, 1s1 nedeniyle biiziilme meydana gelebilir. Sicakligin
spandeks kumagslar tizerinde dogrudan etkileri vardir 1s1, genellikle elastik kumaslarda termal buziilme
yaratir. Glines 15181 spandeks kumaslar1 dogrudan etkilemez, ancak 1s1 olusmasi durumunda kumaslarin
rengi degisebilir, bazen gilines 15181 hafif termal ¢ekmeye neden olur ancak dnemsizdir (Burningham,
2018; Islam & Alam, 2018; Mc Quenn&Ehnes, 2018). Kiif ve mikroorganizmalara ayrica boceklere karsi
¢okiyi direng gosterir (Islam, et al., 2018; Islam, 2018). Spandeks lifler filament olarak iiretilir, beyaz veya
seffaf renktedir. Bazi spandeks lifleri parlak bazilari ise mat goriiniime sahiptir Spandeks bezler alevden
uzak tutulmalidir (Mangut & Karahan, 2005). Ayrica bu elyaflar daha diisiik elektriksel iletkenlik gosterir
ve radyasyondan etkilenmez (Shimizu, 2016).

B.2 .Spandeks elyafinin kimyasal ézellikleri

Spandeks liflerinin nem ¢ekme 6zellikleri ¢ok diisiik olup, hidrofob karakterlidir bu sebeple her tiirlii
yaga ve terlemeye karsi ¢ok iyi bir dirence sahiptir. Elastan lifleri alkali ¢6zeltilerden biraz etkilenir,
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yiiksek sicakliktaki alkali ¢ozeltide ise agir hasar goriir (Baser, 1992). Elastik kumaslar asit ¢ozeltilerine
kars1 az bir dirence sahiptir. Asit soliisyonu spandeks bezlerde renk bozulmasina neden olabilir. Bu
nedenle hem asidik hem de bazik maddelerle islemlerde dikkatli olunmalidir. Spandeks kumaslar,
dispers, asit, krom, vb. gibi bazi boyalara karsi iyi bir ¢ekicilige sahiptir (Baser, 1992; Mangut & Karahan,
2005). Spandeks lifler organik ¢oziiciiler ve kuru temizleme ¢ozeltilerinden etkilenmez. Bu iiriinler sabun
ve deterjan gibi temizleyiciler ile yikanabilir ama makinede yikama liflere zarar verebilir (Mangut &
Karahan, 2005; Herath, 2013; Kraemer 2010). Yikamalarda suyun 1sis1 60 C'den fazla olmamalidir.
Termoplastik yapida oldugundan yiiksek sicaklik, liflerin ve icerdigi malzemelerin elastikiyetini
azaltabilir. Spandeks iceren kumaslar1 agartmadan kaginmali veya hafif agartma yapilmalidir ayrica
klorlu agarticilar kullanilmamalidir (Mangut & Karahan, 2005; Yin, et al., 2014).

Elastik liflerin performanslari, iiretim stireclerine baghdir. Spandeks liflerin fiziksel ve kimyasal
ozellikleri, kapladig1 maddelere baghdir. Elastan liflerinin miikemmelligini garanti etmek i¢in iireticiler,
liretimin her agamasinda iiriinii gdzlemler. incelemeler, iceri giren hammaddelerin degerlendirilmesi ile
baglar. Ornegin, iriinlerin pH, viskozite, esneklik gibi ortak ozellikleri test edilebilir. Ustelik goriniim,
golge ve koku da degerlendirilebilir. Malzemeler lizerinde sert kalite kontrolii yaptirarak, tireticinin
glivenilir bir iirlin yaratacagi giivencesi verilir (Alam, Islam & Akter, 2020).

Poliiiretanlar (PU), 6zellikle yapi-6zellik iliskilerine bagh olarak, farkli uygulamalarda kullanim i¢in
biiytlik potansiyele sahip ¢ok yonlii bir malzeme sinifidir. Spesifik mekanik, fiziksel, biyolojik ve kimyasal
ozellikleri, farkli uygulamalarda kullanilmak tizere PU'lar1 uyarlamaya yonelik 6nemli arastirmalar
bulunmaktadir. PU bazli malzemelerin 6zelliklerinin ve performansinin iyilestirilmesi, iretim stirecinde
veya bunlarin imalatinda kullanilan hammaddelerde yapilan degisiklikler veya gelismis karakterizasyon
tekniklerinin kullanilmasiyla saglanabilir. A¢ik¢a, hammaddelerin ve iiretim stirecinin uygun yontemlerle
degistirilmesi ile ¢esitli 6zel uygulamalar i¢in uygun PU'lar iretebilir (Akindoyo et al., 2016). Ayrica
poliliretan, polimerik képtk olarakta iiretilebilmektedir. Polimerik kopiikler, muadil malzemelere gore
avantajli 6zelliklerinden dolay1 hemen hemen her yerde bulunabilir. Muhtemelen en énemli polimerik
kopiik sinifi, poliliretan kopiiklerdir ¢iinkii diisiik yogunluklar1 ve termal iletkenlikleri, ilging mekanik
ozellikleriyle birlestiginde, onlar1 miikemmel termal ve ses yalitkanlarinin yani sira yapisal ve konfor
malzemeleri haline getirmektedir (Gama, Ferreira & Barros-Timmons, 2018), Dogru belirtilmis ve
uygulanmis elastomerik kaplamalar, poliliretan képiigii ylizey bozulmalarini korumaktadir. Elastomerik
kaplamalar Nem buhar gecisini engellemek, sistemin estetigini arttirmak, sistemin darbe ve asinma
direncini arttirmak, yanicilik ve kod gereksinimlerini saglamak i¢in de kullanilabilir (Courier, 2004).

D. TheraTogs konulu vaka ¢calismalari

TheraTogs ile ilgili yapilan ¢alismalar incelenmis ve bunlarin arasindan deneysel (vaka ¢alismalari)
olanlar tarih sirasina gore verilmistir;

Engelmeyer et al., (2007) spastik hemiplejisi ve pahali bir tibbi ge¢misi olan bes yasindaki bir ¢cocuk
tizerinde yaptiklar1 vaka ¢alismalarinda TheraTogs lehine 6nemli sonuglara ulasmislardir. Rojas et al,,
(2008) bilateral rijit ayak bilegi ortezi (AFO) ile dolasan spastik diplejik serebral palsi tanisi olan sekiz
yasinda bir erkek ¢ocuk ile yaptiklar1 vaka ¢alismalarinda Theratogs uygulamasinin ¢ocugun yiiriiyis
kalitesini ve verimliligini iyilestirdigini tespit etmislerdir. Her eklemde, normale daha ¢ok benzeyen bir
yuriiylis paternine isaret eden bir miktar iyilesme kaydedilmis ve TheraTogs kullanimi ile biyomekanik
bir bakis acisiyla yuriiyiisiin gelistigini gozlemislerdir. Flanagan et al,, (2009) diplejik serebral palsisi
olan 7 ila 13 yas araliginda bes ¢ocuk iizerindeki yar1 deneysel calismalarinda diger degerlendirme
kosullarina kiyasla TheraTogs giyildikten sonra; yiriiylis kinematigi, tedavi sonrasi pik kalga
ekstansiyonu ve pelvis hizasinda dnemli gelismeler saptamis, fakat ylriiyls hizi, kadans veya adim
uzunlugunda herhangi bir degisiklik tespit edememislerdir. Maguire et al., (2009) ilk tek tarafli inmeyi
takiben hemiplejisi olan 13 hasta ilizerinde yaptiklan rastgele, katilimci i¢i deneysel calismalarinda
TheraTogs lehine anlaml sonuglara ulasmislardir. Sefecka et al., (2009) daha 6nce tibbi veya cerrahi
oykiisii olmadig bildirilen birden fazla serebrellar AVM bulunan 13 yasindaki bir kiz gocugunun oldugu
tek konulu vaka calismalarinda; AtaxiTogs ile birlikte bes haftalik geleneksel miidahaleden sonra,
AtaxiTogs takili ve takili olmadan alinan tiim objektif 6nlemlerde 6nemli gelismeler kaydedilmis ve artan
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fonksiyonel yeteneklerin yani sira hareket giicii, kontrolii ve artan yasam kalitesi ve giiven algisi tespit
etmislerdir. Fenneman and Ries, (2010) 7 y1l, 6 aylik Down sendromu teshisi ve ek tibbi 6ykiisii bulunan
tek konulu vaka ¢alismalarinin sonunda TheraTogs lehine olumlu yénde toplamda %40,1'lik degisim
saptamislardir. Elbasan et al.,, (2011) tek konulu vaka ¢alismalarini rehabilitasyon merkezinde ti¢ yildir
fizik tedavi ve iyilestirme programina devam etmekte olan dért yasindaki diparetik serebral palsi tanisi
konmus bir kiz ¢cocugu tlizerinde gergeklestirmistir. Burada, yliriiylis parametrelerindeki iyilesmelerin,
TheraTogs™ ile elde edilen stabilizasyon sayesinde oldugu gozlenmis ve o6zellikle giysinin lateral
stabilizasyonu ve dis rotasyondaki iyilesme ile ytriiyts kalitesinin daha dengeli bir sekilde iyilesmesine
katki sagladig1 saptanmistir. Richards et al.,, (2012) yiiriiyis sirasinda iki tarafli ayak parmaklari olan L4
spina bifidali iki yasinda bir kiz ¢cocugu olan vaka ¢alismalarinda; TheraTogs kullanimu ile ilgili ytliriyts
verilerinde, kalgalardaki dis rotasyon ile ayak progresyonunun arttigini goéstermisler ve yiiriiyiis
ozelliklerinde ise TheraTogs kullanimi ile gelismis yiiriiylis hiz1 gézlenirken, adim uzunlugu i¢in ayni
durum so6z konusu olmamasina karsin ebeveynler, TheraTogs icin memnuniyet ve tercihlerini
bildirmislerdir. El-Kafy and El-Shemy, (2013) rastgele kontrollii 30 ¢ocuk {izerindeki iki gruplu
¢alismalarinda (6-8 yas, diplejik serebral palsi, ¢omelme yliriyiisi ve kaba motor fonksiyonu
siniflandirma sistemine goére (GMFCS) I-1I) iki grup arasindan TheraTogs giyen grup lehine anlamh
farklar elde etmislerdir. Sheehan, (2014) birincil tanis1 miskiiler distrofi (MD) kompleksi 1+3 ve ek
olarak bilateral ayak asir1 pronasyonu, alt ekstremite i¢ rotasyonu, diz hiperekstansiyonu ile kalga
fleksiyonunda artis ve ayakta dururken lomber lordoz artisi olan 11 yasindaki tek konulu vaka
calismalarinda sekiz asama (hafta) TheraTogs ile miidahale edilmis ve TheraTogs'un destegiyle hasta,
gelismis postiiral kontrol ve dayaniklilik ile tiim aktiviteleri gerceklestirebilmistir. Sekiz haftalik
tedaviden sonra, hastanin her bir test pozisyonuna bagimsiz olarak girebildigi ve bagimsiz olarak
merdivenleri, kaldirimlar1 ve rampalar1 manevra edebildigi ve akranlariyla daha fazla mesgul olmaya
basladig1 tespit edilmistir. El-Kafy, (2014) 6-8 yas, diplejik CP ve ¢omelme yiiriiyiisii olan 51 gocuk
lizerinde rastgele kontrollii ¢alismalarinda; GMFCS I-II ile denekler li¢ gruba ayrilmistir. Burada,
TheraTogs™ ¢cemberleme sistemi ile birlestirilmis statik zemin reaksiyonlu ayak bilegi ayak ortezinden
olusan ortez miidahalesi; spastik diplejik SP’li cocuklarda, ytiriimeyi, TheraTogs™ ile veya onsuz olarak,
geleneksel tedaviye gore, daha iyi hale getirdigi tespit edilmistir. George ve Sweeney, (2015) SP'li 11
cocuk (4-11 yas arasi) lizerinde yaptiklar1 vaka analizi ¢alismasinda; istatistiksel olarak anlamli olmasa
da TheraTogs lehine pozitif egilimler gozlemlendigi ve ebeveynlerin deney grubu yani TheraTogs
giydirilen ¢ocuklarin islevlerinde gézlemlenebilir nitelikte degisimler saptadiklarini tespit etmislerdir.
Maguire et al,, (2016) 14 yillik total kalga artroplastisi dykiisii olan, 12 hafta 6nce biiylik trokanteri
konservatif olarak tedavi edilen avulsiyon kirigini takiben gecikmis iyilesme gosteren 49 yasindaki bir
kadin tizerindeki tek konulu vaka ¢alismalarinda; elektromiyografi (EMG) analizi sonucunda, yardimsiz
yuriimeye kiyasla, TheraTogs ile kas aktivitesinin arttigini ve koltuk degnegi ile azaldigini, ayrica, yiirtime
hizinin, TheraTogs evresinde, koltuk degnekleri evresine gore daha hizli oranda iyilestigini tespit
etmislerdir. ilaveten, koltuk degnegi ve yardimsiz asamalarda govde sallanmasimn arttign fakat
TheraTogs agsamasinda ise daha kararli hale geldigi ve hastada 6l¢iilen tiim parametrelerin fonksiyonu ve
iyilesme oranlarinin, TheraTogs asamasinda, koltuk degnegi veya yardimsiz fazdan daha fazla arttigini
tespit etmislerdir. Ehlert et al, (2017) 11 yasinda diplejik SP teshisi konan bir ¢ocuga Postural
Assessment Software (PAS) ile postiiral degerlendirme yaptiklari vaka ¢alismasinda nicel degerlendirme
yapmislardir. Durusta, TheraTogs’un kalca ekstansiyonu lizerinde daha fazla etkiye sahip oldugu ve bu
degisikligin kullanim sirasinda daha da fazlalastigl tespit edilmistir. Plantar basing dagilimi
degerlendirmesinde ise, ilk temasta plantar basincin posteriorizasyonunda bir artis meydana geldigi,
itme ve ilk salimim faz performanslarinin iyilestigi ve islevsellik agisindan; ¢ocugun hareket kabiliyetinde
gelismeler gozlendigi, ancak TheraTogs® ile kendi kendine bakim becerilerinin azaldig1 saptanmistir.
Shaari et al,, (2020) ataksik spastik dipleji SP tanisi konulan 13 yasinda bir ¢ocukla yapilan tek vakali
deneysel tasarim (SCED) calismalarinda; govde ataksisi nedeniyle yiirlime gercevesiyle bile otur-kalk
hareketini yapmakta gii¢liik ceken ¢ocugun viicut boyutunun, ¢calismada kullanilan her iki ortez giysisinin
lirettigi ara ylizey basincini etkilemedigi ve her iki ortez giysisinin de pozisyon ve hareket aktivitelerine
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farkli tepki verdigi bulunmustur. Bu model, hastanin cildine uygulanan sabit bir yiiksek basin¢ olmadigim
ve bu ¢alismada kullanilan iki tip ortez giysisinin kullaniminin giivenli kabul edildigini gostermistir. Genel
olarak, 1ismarlama ortez giysisinin (DLFO), hazir ortez giysisi (TheraTogs™) ile hemen hemen ayni basinci
uygulayabildigi bulunmus ve bu nedenle; pozisyon ve aktivitelerin, farkli tipteki ortez giysiler tarafindan
uygulanan ara yilizey basincini etkiledigi saptanmistir. Ayrica, TheraTogs'un kisiye 6zel ¢alisilan
1smarlama ortez giysi kadar iyi oldugu sonucuna varilmistir. El-Kafy and El-Shamy, (2022) yaslari 8 ile
10 arasinda degisen diplejik serebral palsili 40 ¢ocuk ile gerceklestirdikleri randomize kontrollii bir
¢alismalarinda; Kontrol grubundaki ¢ocuklara torasik kifotik postiirii modiile etmeyi amaglayan 2 saatlik
geleneksel egzersiz protokolii birbirini takip eden 12 hafta boyunca haftada 3 kez uygulanmis Calisma
grubundaki ¢ocuklar, geleneksel egzersiz programiyla birlikte her giin 8 saat boyunca baglama sistemli
TheraTogs ortezleri kullanilmistir. Calisma grubundaki ¢ocuklar tedavi sonrasi tiim birincil ve ikincil
onlemlerin puanlarinda kontrol grubuna kiyasla anlamli iyilesmeler géstermistir (P < 0.05). TheraTogs
ortez sistemi ile geleneksel egzersiz tedavisinin birlesiminden olusan konservatif tedavi, spastik diplejik
serebral palsili ¢ocuklarda torasik kifozun modiile edilmesinde ve dorsal hareket agikliginin
iyilestirilmesinde etkilidir ve bu iyilesmenin postiiral denge performansi tizerinde olumlu etkisi vardir
ve bu ¢ocuklarda diisme riskini azaltir sonuglarina ulagmiglardir.

IV. SONUCLAR

Teknik tekstiller alaninda yapilan ¢alismalar sinir tanimadan, hizla ve disiplinler arasi olarak devam
etmekte ve insanlik ve diinya i¢in olas1 olumsuzluklari 6nleyip, yok etme ve yliksek yasam standartlarinin
otesinde refah yasam olanaklari saglama konularinda hizla gelisme gostermektedir. Teknik tekstillerin
insan yasami icin en énemli dallarindan biri olan tibbi tekstillerde de durum aymidir. Onlenemeyen saglik
sorunlari olan bireylere yonelik olarak gelistirilen tibbi teknik tekstiller; hastalarin iyilesmesi, iyilesme
siireglerinin hizlandirilmasi ve daha rahat kosullarda yasamlarini devam ettirebilmeleri amaciyla ¢ok
genis bir yelpazede iiretilip, kullanilmaktadir. Calismada, TheraTogs ad1 verilen ve genis ¢aph kullanim
alani sunan tibbi teknik tekstil iiriiniiniin, ¢esitli tanilarin neden oldugu néromotor bozukluklarin (SP,
down sendromu ve diger kromozomal anormallikler ile travmatik beyin - akut vb.) ydnetiminde,
tedavisinde ve hastalarin yasam standartlarinin artmasinda son derece olumlu etkilere sahip olan bir
yontem oldugu, incelenen vaka ¢alismalarinin sonuclari ile gosterilmistir.

Daha yiiksek standartlarda ve saglikli yasam agisindan biiyiik bir 6neme sahip ve de gelismeye a¢ik bir
alan olan medikal tekstiller 6zelinde; 6zellikle yatalak hastalar, yashlar ve giinliik aktivitelerini yerine
getiremeyen hastalarin gektikleri acilarin iistesinden gelmelerine yardimci olacak yeni teknolojilerin ve
tekstil triinlerinin gelistirilmesi bir gereklilik olup, bunun igin, 6zellikle ve 6ncelikle mevcut teknolojiler
incelenmeli ve daha fonksiyonel, hijyenik, dogal ve az maliyetli iirtinlerin gelistirilip, {retilmesine
odaklanilmalidir.
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