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IE TUYIDER

TUM YUZEY iSLEMLER DERNEGiI

|IZZET AYDIN

Tum Yizey islemler Dernegi Yonetim Kurulu Uyesi

Board Member of Turkish Surface Treatment Association

Hizli teknolojik gelismelerin yasandigi giinimuzde, ylizey teknolojisi endustrinin birgok
dalinda giderek daha merkezi bir rol oynamaktadir. Sadece Urlnlerin dayanikliigi ve kalitesi
icin degil, ayni zamanda Uretim slreclerinin verimliligi ve surddrdlebilirligi icin de ¢ok
onemlidir. Otomotivden elektronik endustrisine, havaciliktan insaat sektériine kadar yiizey
islemenin 6nemi her yerde mevcut ve vazgecilmezdir. Son teknoloji yiizey islem sureclerinin
hedefe yonelik kullanimi olmadan, bugtin bildigimiz yenilikler distinilemezdi.

Bu nedenle, Tiim Yiizey islemler Dernegi (TUYIDER) gibi bir dernek, bu kilit teknolojiyi daha
da gelistirmek, standartlarini korumak ve degisim ve isbirligi icin bir platform saglamak icin
son derece énemlidir. Amacimiz Uyelerimizin ¢ikarlarini temsil etmek, sektorl tesvik etmek
ve yeni zorluklarin Ustesinden birlikte gelmektir.

Dernek dergimizin bu sayisinda, ulusal kimligimizin temelini ve ortak gururumuzu simgeleyen
iki 6nemli ulusal bayrama da dikkat cekmek istiyorum. 30 Agustos Zafer Bayrami’nda, Ulke
tarihimizde bagimsizliga giden yolu pekistiren belirleyici ani aniyoruz. 29 Ekim Cumhuriyet
Bayrami’nda ise modern Turkiye’nin kurulusunu ve bugln bizi sekillendirmeye devam eden
mirasi kutluyoruz.

Bu dusincelerle, sizlere ilham verici bir okuma diliyor ve ortak gelecegimizin hizmetinde
basaril bir diyalogun devamini sabirsizlikla bekliyorum.

Saygilarimla,




In today’s world of rapid technological developments, surface technology plays an increasingly central
role in many branches of industry. It is not only crucial for the durability and quality of products, but also
for the efficiency and sustainability of production processes. From automotive to the electronics industry,
from aerospace to construction, the importance of surface treatment is omnipresent and indispensable.
Without the targeted use of state-of-the-art surface treatment processes, the innovations we know today
would be unthinkable.

Therefore, an association such as the Turkish Surface Treatment Association (TUYIDER) is extremely
important to further develop this key technology, maintain its standards and provide a platform for exchange
and co-operation. Our aim is to represent the interests of our members, promote the industry and tackle
new challenges together.

In this issue of our association magazine, | would like to draw attention to two important national holidays
that symbolise the foundation of our national identity and our common pride. On 30 August Victory Day, we
commemorate the decisive moment in our country’s history that consolidated the path to independence.
On 29 October, Republic Day, we celebrate the founding of modern Turkey and the legacy that continues
to shape us today.

With this in mind, | wish you an inspiring reading and look forward to a successful dialogue in the service
of our common future.

Yours sincerely,
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Elektron Demeti ile Ergitme Yontemi
Kullanilarak Uretilen Parcalarin
Yuzey Kalitelerinin Elektrokimyasal
Yontemlerle Geligtirilmesi

Improving Surface Quality Of Electron Beam Melting
Parts Via Electrometallurgical Methods

Merve Yavas UMUTLU

Helikopter Dinamik Sistemler Ozel Prosesler Lider imalat Miihendisi, Tirk Havacilik ve Uzay Sanayii
Helicopter Dynamic Systems Special Processes Lead Manufacturing Engineer, Turkish Aerospace

Son vyillarda otomotiv sanayi, havacilik ve savunma
sanayisine olan ilginin artmasiyla birlikte, eklemeli imalat
yontemlerine yénelik arastirmalar hiz kazanmistir. Geleneksel
imalat tekniklerine kiyasla montaj gerektirmeyen son derece
karmasik pargalar, eklemeli imalat yontemleri kullanilarak
Uretilebilmektedir.l' Elektron Demeti ile Ergitme (EBM, ing.
Electron Beam Melting) metal tozlarinin bir elektron demeti
ile eritimesine dayanan eklemeli imalat tekniklerinden
biridir. Bu yontem ayni zamanda elektron demeti toz yatak
flzyonu (EB-PBF) olarak da bilinir. Bu yontemde, ylUksek
erime noktasina sahip malzemelerin Uretilmesine yardimci
olan yuUksek enerji yogunluklu elektronlar kullanilir. Vakum
odasi kullanilir ve bu vakum odasi titanyum gibi reaktif ve
hassas malzemelerin islenmesi sirasinda oksijen, azot vb.
gibi bozulmalarin énlenmesini saglar. On istma sicakligi
yaklagik 1100 °C’ye kadar ¢ikarak malzemede olusan artik
gerilmeyi azaltir Ayni zamanda bitmis Urlin sonrasi uygulanan
proseslerin sayisi azaltimis olur.”!

Her imalat ydnteminde oldugu gibi, eklemeli imalatin da
olumlu ve olumsuz ydnleri bulunmaktadir. Yukarida belirtilen
nedenlerden dolayl, EBM, karmasik geometrik sekiller ve
yUksek hassasiyet icin uygundur.l" Bu yéntemlerin olumsuz
yonlerine ornek olarak dusuk mekanik 6zellikler, yorulma

In recent years, with the increasing interest in the automotive
industry, aerospace and defense industry, research in
additive manufacturing (AM) methods has been accelerated.
Enormously complex parts that is not require any assembly
in comparison to conventional manufacturing techniques
can be manufactured by using AM methods."!

Electron Beam Melting (EBM) is one of the AM techniques
based on melting of metallics powder by an electron beam.
This method is also known as electron beam powder-
bed fusion (EB-PBF). In this method, high energy density
electrons which help to manufacture high melting point
material are used. Vacuum chamber is used and this
provides to prevent disturbance of oxygen, nitrogen, etc.
during processing reactive and sensitive materials such
as titanium. Preheat temperature is about up to 1100 °C
and it decreases the residual stress and lead to less post
treatment process which indorsement of structure during
AM process.?

As in every manufacturing method, there are some pros and
cons. For the reasons mentioned above, EBM is suitable
for complex geometry shape and high accuracy, which is
very important feature of EBM.I' Low mechanical properties
such as fatigue behavior and low surface quality properties

https://www.tuyider.org



and porosity can be given as examples of negative points of
these methods.?

Especially in the aviation and defense industry, finished metal
parts should have a certain surface roughness quality due to
working conditions which require wear resistance, fatigue
behavior etc. It is more applicable to provide extremely
good surface quality by using conventional methods in
comparison to AM. In AM techniques some post treatment
methods shall be applied to obtain good surface roughness
quality.

In this review, methods in which chemical-electrochemical
etching, electrolytic polishing, that are used to increase
surface roughness quality after AM process, will be
highlighted.

2. ELECTRON BEAM MELTING PRINCIBLE

Melting and rigidifying of metal powder pursued by an
addition step (layer by layer) to obtain 3D parts involve the
EBM process. Electron beam is used for heat source and
produced by tungsten filament with thermionic emission in
high vacuum column.®!

info@tuyider.org

davranigi ve dusUk ylzey kalitesi ozellikleri ile gbzeneklilik
problemi verilebilir.?!

Ozellikle havacilk ve savunma sanayiinde, bitmis metal
pargalar, asinma direnci, yorulma davranigi gibi calisma
kosullari nedeniyle belirli bir ylUzey purGzIUlik kalitesine
sahip olmalidir. Eklemeli imalat ile kiyaslandiginda,
geleneksel yontemler kullanilarak son derece iyi yUzey
kalitesinin saglanmasi daha uygulanabilirdir. Eklemeli imalat
tekniklerinde, iyi ylzey pUrGzIGIugu kalitesi elde etmek icin
bazi son islem yontemleri uygulanmalidr.

Bu incelemede, eklemeli imalat sltreci sonrasinda ylUzey
pUrdzIlUligu  kalitesini artirmak icin kullanilan  kimyasal-
elektrokimyasal agindirma ve elektrolitik parlatma yontemleri
vurgulanacaktir.

2. ELEKTRON DEMETI IiLE ERGITME iSLEMININ PRENSIBI

Metal tozunun erimesi ve katilasmasi, U¢ boyutlu pargalar
elde etmek icin EBM sUrecinde katman ekleme adimi
(katman katman) ile gerceklestirili. Isi kaynagl olarak
kullanilan elektron demeti, yUksek vakum sutununda
termiyonik emisyon ile tungsten filament tarafindan Gretilir.®
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EBM prensibi, elektron mikroskobuna benzerken sahip
oldugu donanim sistemiise kaynakislemiile benzerlik gdsterir.
Sekil 1, EBM makinesinin genel yapisini gdstermektedir.
Makine donanimi Ust sUtun ve islem odasindan olusur.
Ust siitun, elektron tabancasini ve manyetik lensleri icerir.
Elektron tabancasinda, bir katot elektronlar yayar. Isitma,
hem bir tungsten filamani hem de bir laboratuvar kristalinin
elektron yaymasina neden olabilir ve her ikisi de potansiyel
katot malzemeleri olarak hizmet eder. Elektronlar, 60
kV’luk bir anot potansiyeli nedeniyle hizlanarak isik hizinin
%40’ Ina kadar ulasir. Manyetik lensler, elektron demetinin
odaklanmasi ve sapmasi Uzerinde hassas kontrol saglar.
Elektron sapmasini 6nlemek icin islem ytksek vakum altinda
gerceklestirilir. islem odasindaki artik gaz basinclari genellikle
10-3 Pa ile 10-5 Pa araliginda olur. Toz yataginda elektrik
yUklerinin  birikmesini dnlemek ve stabil termal kosullan
saglamak icin, islem sirasinda 10-1 Pa’da helyum gazi akisl
saglanrr. islem odasi, celikten yapilmis bir tank, toz hazneleri
ve bir trmik sistemi icerir. Tank iginde, baslangi¢c plakasi
temel katman dUzlemini saglar ve ana eksen boyunca
hareket ettirilebilir.

EBM principle is similar to electron microscope and hardware
is like welding system. Figure 1 shows general structure of
EBM machine.

Machine hardware consists of the top column and
processing chamber. The top column contains the electron
gun and the magnetic lenses. In the electron gun, a cathode
emits electrons. Heating can cause either a tungsten filament
or a lab crystal to emit electrons, both serving as potential
cathode materials. Electrons undergo acceleration due to
an anodic potential of 60 kV, reaching speeds up to 40% of
the speed of light. Magnetic lenses enable precise control
over the focusing and deflection of the electron beam. The
process is carried out under high vacuum to prevent electron
deflection. Residual gas pressures within the processing
chamber generally fall within the range of 10-3 Pa to 10-5
Pa. To prevent the accumulation of electrical charges in the
powder bed and ensure stable thermal conditions, helium
gas is flowed at 10-1 Pa during the process. The processing
chamber consists of a steel-built tank, powder hoppers, and
a raking system. Within the tank, the starting plate provides
the base layer plane and can be moved along the build axis.

Elektron i1sini / Elektron beam

Isi kalkani / Heat shield

isleme odasi / Processing chamber

1

Tirmik / Rake

insaa Tanki / Build tank + I I

Top column / Ust siitun

Cathod / Katod

Astigmatic lens / Astigmatik lens Elektron Demeti ile Ergitme

Focus lens / Odakli lens

Deflection lens / Saptirma mercegi

Sekil 1:
Makinesinin Genel Yapisi

Figure 1:

General Structure of an
Electron Beam Melting
Machine.“

Powder and part / Toz ve parga
Start plate / Baglangig plakasi
Build platform / insaat platformu

Bu sUregteki temel zorluk, tozun erime havuzu ve bilesen
etrafinda kismen erimesi veya topaklanmasidir ve bu durum,
10 um < Ra < 30 pm arasinda yuzey pUrizIGlugu degerlerine
yol acar. Eklemeli imalatin tipik karmasik geometrileri ve
taglama gibi geleneksel isleme yéntemlerine erisimdeki
sinirlama ile birlestiginde, Ra < 2 pm purtzItlik degerlerine
ulasmak 6nemli bir zorluk teskil eder. [5] EBM’de gerceklesen
proses kusurlarini gidermek i¢in parlatma, geleneksel isleme
ve kimyasal asindirma gibi son iglemler gereklidir. Bu son
islemler, parcalarin mekanik &zelliklerini iyilestirmeye de
yardimci olur. ©

10

The primary challenge in this process is the partial melting
or clumping of powder around the melt pool and the
component, leading to roughness values between 10 pm <
Ra < 30 pm. Coupled with the complex geometries typical
of additive manufacturing (AM) and the resulting limitation
in accessing surfaces for traditional finishing methods like
grinding, achieving roughness values of Ra < 2 pm presents
a significant challenge. [5] Post treatments like polishing,
conventional machining, chemical etching is required to
overcome EBM process defects. These post treatments
also help to improve mechanical properties of the parts.®

https://www.tuyider.org



3. POST TREATMENTS OF ELECTRON BEAM
MELTING PARTS

Post-treatment procedures can be divided into three
primary categories—mechanical, radiation, and chemical—
according to their operational principles. Within the
mechanical category, machining and blasting are two well-
known methods for material removal. These processes
cannot be applied very complex shaped parts. At this stage,
two chemical post-treatment processes show promise as
they offer global treatment of the part: chemical etching, also
known as chemical machining (CM), and electro-chemical
etching, also referred to as electro-chemical machining
(ECM).1

Detailed information on chemical post-treatment methods is
provided in the following section.

3.1 Chemical Machining

Numerous intricately designed precision components,
including those with deep internal cavities, miniaturized
microelectronics, and high-quality parts, can only be
fabricated using unconventional machining techniques,
electron beam melted parts. Additionally, CM is extensively
employed in the production of micro-components for various
industrial sectors such as micro-electromechanical systems
(MEMS) and semiconductor industries. CM involves the
controlled dissolution of workpiece material through contact
with potent acidic or alkaline chemical reagents, with
specific coatings known as maskants safeguarding areas
where metal removal is not desired.”” CM operates on the
fundamental principle of chemical etching, wherein specific
regions of the workpiece metal earmarked for removal are
subjected to contact with a potent corrosive solution known
as an etchant. Upon contact, the etchant initiates a reaction
with the material to be cut, resulting in the dissolution of
solid material. As a consequence, the metal is removed
through the chemical attack exerted by the etchant.® Figure
2 shows illustration of the CM at the processing tank. Tank
equipment’s shall be as follows;

Heater and to obtain desired etching rate.
Agitator to obtain homogeneity of solution and desired
etching rate

e Cooling system to prevent undesirable rising
temperature of the solution

3. ELEKTRON DEMETI iLE ERGITME
YONTEMIi SONRASI iSLEMLER

Bu igslemler, calisma prensiplerine gére U¢ ana kategoriye
ayrilabilir:  mekanik, radyasyon ve kimyasal. Mekanik
kategoride, isleme ve kumlama ylzeyden malzeme
kaldirimasticin bilinen iki yontemdir. Bu islemler cok karmasik
sekilli pargalara uygulanamaz. Bu asamada, iki kimyasal
islem sureci 6n plana ¢ikar. Bunlar kimyasal agindirma, diger
adiyla kimyasal isleme (CM) ve elektrokimyasal asindirma,
diger adiyla elektro-kimyasal isleme (ECM) yontemleridir.©!

Kimyasal son iglem ydntemleri hakkinda ayrintii bilgi
asagidaki bolumde verilmigtir.

3.1 Kimyasal isleme, CM

Cok sayida karmasik geometriye sahip ve Olglsel olarak
hassas olan parcalar, derin i¢ bosluklara sahip olanlar,
kicultilmus mikroelektronikler ve yUksek kaliteli parcalar
gibi, sadece geleneksel olmayan isleme teknikleri kullanilarak
yani elektron demeti ile ergitme yontemi ile pargalarin Uretimi
mUmkundUr. Ayrica, CM, mikro-elektromekanik sistemler
(MEMS) ve yan iletken endustrileri gibi cesitli endUstriyel
sektorler icin mikro-bilesenlerin Uretiminde yaygin olarak
kullaniimaktadir. CM, gucli asidik veya alkalin kimyasal
reaktiflerle temas vyoluyla parcanin bu kimyasallarla
reaksiyona girmelerini icerir; Bu strecte, metal azaltimasinin
istenmedigi bolgeleri koruyan maskeler kullanilir.”? CM,
kimyasal daglamanin temel prensibine gére calisir; burada
is pargasi metalinin ¢ikariimasi icin ayrilmis belirli bolgeleri,
daglayici olarak bilinen guclt bir agindinci ¢ozelti ile temasa
tabi tutulur. Temas Uzerine daglayici, kesilecek malzeme ile
bir reaksiyon baglatir ve bu da kati malzemenin ¢6zinmesine
neden olur. Sonu¢ olarak metal, daglayicinin uyguladig
kimyasal saldirn yoluyla uzaklastiniir® Sekil 2'de isleme
tankindaki CM’nin ¢izimi gosterilmektedir. Tank ekipmanlari
asagidaki gibi olacaktir;

e |sitici ve istenilen agsindirma oraninin elde ediimesi.

e Cozeltinin homojenligini ve istenilen agindirma oranini
elde etmek igin karistirici

e (Cozeltinin istenmeyen sicakliginin ylkselmesini dnleyen
sogutma sistemi

Sekil 2: Kimyasal isleme Prosesinin Sematik Gosterimi

Figure 2: lllustration of CM Process

Maskeli / Maskant
is pargasi / Workpiece

Kimyasal reaktif / Chemical reagent

info@tuyider.org

Karistirici / Agitator

Tank / Tank

Isitma / Heating

Sogutma bobinleri / Cooling coils
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3.1.1 Kimyasal isleme Yénteminin Adimlari

“ls parcasi hazirlama” olarak tarif edilen parcanin
temizlenmesi ile isleme baslanir. Maskeleme malzemelerinin
taban malzemesine yapismasi énemli bir admdir. Amag¢ alt
proseslerden kaynaklanan gres, yag, kirlerin gideriimesidir.
ikinci adm maskeleme malzemesinin  tim  ylzeye
uygulanmasidir, UgUncl adim ise asindirilacak belirli bir
geometri elde etmek icin maskeleme malzemesinin gizilmesi
ile devam edecektir. Daha sonra FeCI3, HF, HNO3, CuCI2
vb. kullanilarak daglama islemine gegilir.1' 1

Bu islemin agamalar tablo 1’de gosteriimektedir.

Tablo 1: Kimyasal isleme Yéntemi Adimiari ©

m

1 is pargasi hazirigi (temizleme)

2 Maskeleme malzemeleri ile kaplama
3 Maskenin gizilmesi

4 Asindirma

5 Maskeleme malzemesinin ¢ikariimasi

3.1.2 Kimyasal isleme Yénteminin
Avantaj ve Dezavantajlan

Tablo 2’de prosese ait avantaj ve dezavantajlar 6zetlenmistir.

Tablo 2: Pros and cons of the CM 1219

Advantages Disadvantages

Keskin ve karmasik sekil

Kolay agirlik azaltma iglemi késesi elde etmek zor

Metal parcalarin sertligini
etkileme gibi olumsuz etkisi
yoktur

Kalin malzemelerdeki
zorluklar

Es zamanli olarak malzeme

clkarma iglemi Cevreye zararl

Pargaya herhangi bir gerilim
uygulanmaz

Kimyasallarin imhasi
pahalidir

Dustik Maliyet Dustk boyutsal hassasiyet

Yiksek ylzey kalitesi -
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3.1.1 Steps of Chemical Machining (CM)

Process shall be started with cleaning of the part which is
described as “workpiece preparation. It is important step
for adhesion of masking materials to base material. Aim is
to remove grease, oil, dirties that come from subprocess.
Second step is applying of masking material to all over the
surface then third step shall be continued with the scribing
of the masking material to obtain certain geometry to be
etching. Then, process shall be continued with Etching
operation by using FeCI3, HF, HNOS, CuCI2 etc.['® !
Steps of CM process are shown table 1.

Table 1: CM steps|9]

m

1 Workpiece preparation (cleaning)

2 Coating with masking materials

S Scribing of the mask

4 Etching

9 Removing of maskant

3.1.2 Advantages and Disadvantages of CM

Table 2 is summarized the pros and cons of the CM method.

Table 2: Pros and cons of the CM[12-15]

Advantages Disadvantages

Difficult to get sharp and

Simple weight reduction
complex shape corner

Difficulties on thick
materials

No detrimental effect on metal
pieces such as hardness

Material removing operation,

. Environmentally harmful
simultaneously

No stress is applied to metal Disposal of the chemicals
pieces are expensive

The accuracy of scribing
is restricted, leading to a
decrease in dimensional
precision.

Low cost

Good surface roughness -

https://www.tuyider.org



3.2 Electro-chemical machining (ECM).

In this method, H2SO4 and HF solution can be used for
the electrolyte. General configuration of ECM is shown
figure 3. The parts to be etching is pretended to be like
anode. Inner diameter tube has the role of cathode which
is the stainless steel. The chosen geometry was intended to
ensure maximum conformity of the cathode to the external
shape of the treated part. By centering the part within the
tube, consistent spacing between the cathode and the

3.2 Elektrokimyasal isleme (ECM).

Bu yontemde elektrolit olarak H2SO04 ve HF c¢ozeltisi
kullanilabili.  ECM’nin  genel  konfiglrasyonu sekil 3’te
gOsteriimektedir. ~ Asindirlacak  parcalar  anot  gorevi
gdrmektedir. ic capl boru, paslanmaz celik olan katot roliine
sahiptir. Segilen geometri, katodun islenen parganin dis sekline
maksimum uyumunu saglamayl amagclar. Parcayi tlp iginde
ortalayarak katot ile anot arasinda tutarll bir aralik saglanarak

anode was maintained. It should be noted that the distance yerlestirli. Katot ile ahot grasmdgh mesafenin, - parga
between the cathode and the anode Uzerindeki elektrik alan yogunlugunun
38.00 i

plays a crucial role in determining the 2 Cathode ve dolaysiyla ¢ikarlan  malzemenin
electric field density on the part and, kalinhginin belirlenmesinde ¢cok 6nemli
consequently, the thickness of material 7 s bir rol oynadigi unutulmamalidir. ©
removed.® ]

Figure 3: - / Sekil 3: Elektrokimyasal isleme

Configuration of the ECM ¥l /é 20 Yonteminin Konfigtrasyonu ©
Electrolyte type, pulse and feed rate Anode Elektrolit tlr(, darbe ve ilerleme hizi

and their effects on the finished parts
can be variable. For instance, Demirtas et al. reported that
NaCl type of electrolyte is less effective to machine the
material than NaNOS. Moreover, it was noted that continuous
voltage application during machining struggles to effectively
eliminate sludge (particles of machined material) from the
workpiece, particularly in regions of high machining (25 x
25 mm?). Employing pulsing during the machining process
and replenishing electrolyte without current flow result in
surface cleaning and the achievement of brighter surfaces.
Additionally, higher feed rates exceeding 1 mm/min led to
frequent short circuit occurrences between the workpiece
and the tool, resulting in extended machining durations
and decreased material removal rates. Surface roughness
of EBM part surfaces was evaluated before and after the
ECM process using an optical profilometer. The analysis
revealed a decrease in Ra values from 35.39 pm to 3.25 pm
in the build direction and from 26.73 pm to 2.47 um in the
scan direction. Overall, surface roughness was improved by
approximately 91% in both directions.!'®)

3.3 Other Post Treatment Methods

Apart from CM and ECM, plasma electrolytic polishing can
be used to improve surface roughness quality. Zeidler et al.
reported that The recently developed Plasma Electrolytic
Polishing (PeP) process operates by applying a high DC
voltage between the part and an aqueous electrolyte,
leading to the formation of a plasma sheath. This process
involves a combination of electrochemical and plasma
reactions. Unlike traditional methods, PeP does not require
specialized tools and can achieve remarkably high surface
quality, with Ra values as low as 0.02 um achievable starting
from milled parts. However, its effectiveness is currently

info@tuyider.org

ve bunlarin bitmis parca Uzerindeki
etkileri degisken olabili. Ornedin Demirtas ve ark. NaCl
tipi elektrolitin malzemeyi islemede NaNO3’e gdre daha az
etkili oldugunu bildirdi. Ayrica, isleme sirasinda strekli voltaj
uygulamasinin, 6zellikle islemenin ylksek oldugu bdlgelerde
(25 x 25 mm? camuru (islenen malzeme pargaciklar) is
parcasindan etkili bir sekilde ortadan kaldirmaya c¢alistigi
kaydedildi. isleme prosesi sirasinda darbe kullanimasi
ve akim akigl olmadan elektrolitin yenilenmesi, ylzeyin
temizlenmesine ve daha parlak ylzeylerin elde edilmesine
yol acar. Ek olarak, 1 mm/dk’yl asan daha yUksek ilerleme
hizlar, is pargasi ile takim arasinda sk sik kisa devre
olusmasina yol agarak, isleme sUrelerinin uzamasina ve talas
kaldirma oranlarinin azalmasina neden oldu. EBM parca
ylUzeylerinin ylzey pUrdzlGligt, ECM igleminden once ve
sonra optik bir profilometre kullanilarak degerlendirildi. Analiz,
Ra degerlerinde yapim ydninde 35,39 pm’den 3,25 um’ye
ve tarama ydéninde 26,73 pm’den 2,47 pm’ye bir dusts
oldugunu ortaya cikardi. Genel olarak ylzey pUrdzIUIGgu her
iki ydnde de yaklagsik %91 oraninda iyilestirildi.['®

3.3 Diger Son islem Metotlari

Yizey pUrizlGlik kalitesini artirmak icin CM ve ECM diginda
plazma elektrolitik parlatma da kullanilabilir. Zeidler ve ark.
Yakin zamanda gelistirilen Plazma Elektrolitik Parlatma (PeP)
isleminin, parga ile sulu bir elektrolit arasina yiksek bir DC
voltajl uygulayarak calistigini ve bunun bir plazma kilifinin
olusumuna yol actigini bildirdi. Bu slre¢ elektrokimyasal
ve plazma reaksiyonlarinin  bir kombinasyonunu igerir.
Geleneksel yontemlerin aksine, PeP &zel aletler gerektirmez
ve frezelenmis pargalardan baslayarak 0,02 ym’ye kadar
dUstk Ra degerleri ile olduk¢a yiksek ylzey kalitesi elde
edebilir. Bununla birlikte, akim yogunlugunun belirledigi mikro
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tepe noktalarina odaklanmasi
nedeniyle genis ylzey dalgaliligi

le ugrasirken etkinligi su anda Proces
sinirlidir. Bununla birlikte PeP, o
katmanl  Uretim  pargalarnin cortacs )

bitirilmesi icin uygun bir secenegi
temsil eder ve sk tolerans
zincirlerinin korunmasinda rol
oynar, bdylece karmasik parca-
larin Uretimi icin eklemeli imalat
teknolojisinin daha genis capta
benimsenmesini kolaylastirr.
Sekil 4 PeP prosesin ile ilgili
gorseli tarif etmektedir.

TARTISMA

Elektron Demeti ile Ergitme (EBM) ve bunun islem sonrasi
yontemlerine iliskin tartisma, eklemeli imalat teknolojilerinin
karmasikiginin ve gelisen dogasinin altini ¢iziyor. Metal
tozlarini vakum ortaminda eritmek icin yUksek enerji
yogunluklu elektronlarin kullaniimasiyla karakterize edilen
EBM, Uretim yeteneklerinde 6nemli bir ilerlemeyi temsil
ediyor. Karmaslik, birlestiriimis parcalar yUksek dogrulukla
Uretme yetenegi, geleneksel Uretim ydntemlerinde uzun
sUredir devam eden zorluklarin Ustesinden gelir. Ancak
avantajlarina ragmen EBM’nin sinirlamalar da vardir. Dustk
mekanik 6zellikler, ylzey pUrizIUliga ve gdzeneklilik gibi
sorunlar, EBM tarafindan Uretilen pargalarin performansini
ve kalitesini artirmak igin etkili islem sonrasi yontemlere olan
ihtiyacr vurgulamaktadir.

Ayrica, Oncelikle kimyasal isleme (CM) ve elektrokimyasal
isleme (ECM) gibi kimyasal yontemlere odaklanarak, EBM
parcalari icin mevcut olan gesitli islem sonrasi segeneklerini
arastinyor. Bu yontemler, karmasik geometriler icin kiresel
isleme ¢OzUmleri sunarak istenen sekilleri ve ylzey
kaplamalarini elde etmek icin kontrolll malzeme kaldirmaya
olanak tanir. Bununla birlikte, keskin ve karmasik sekillerin
elde edimesindeki sinirlamalar, kalin  malzemelerle ilgili
zorluklar ve kimyasallarin imhasi ile ilgili cevresel kaygilar
da dahil olmak Uzere zorluklar da beraberinde getiriyorlar.
Bu dezavantajlara ragmen CM ve ECM, EBM parcalarinin
kalitesini ve islevselligini gelistirmek icin temel secenekler
sunan, katmanli Uretim arac¢ setindeki degerli araclar olmaya
devam ediyor.

Ayrica, olaganUstl yUksek ylUzey kalitesi elde etmek icin
yenilikci cozimler sunan Plazma Elektrolitik Parlatma (PeP)
gibi yeni ortaya ¢ikan islem sonrasi teknikler vurgulaniyor.
PeP’in  puUrlzItltik degerlerini esi benzeri gortimemis
seviyelere dUstrme vyetenegi, katmanl olarak Uretilen
parcalar icin ylzey bitirmedeki geleneksel sinirlamalarin
Ustesinden gelme potansiyelini ortaya koyuyor. Bununla
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Sekil 4 PeP prosesi gorseli®

Figure 4 Typical PeP process setup®®

limited when dealing with large
surface waviness due to its

e focus on micro peaks dictated
Electrolyte by current density. Nonetheless,
ottt PeP represents a viable option for
siechioe finishing additively manufactured
Workplacs (AM) parts and plays a role
Plasma skin

in maintaining tight tolerance
chains, thereby facilitating the
broader adoption of AM
technology for the production
of complex metal components
in various industrial applications.
61 Figure 4 shows process setup
for PeP.

Basin
Cathode

DISCUSSION

The discussion of Electron Beam Melting (EBM) and its
post-treatment methods underscores the complexity and
evolving nature of additive manufacturing (AM) technologies.
EBM, characterized by its use of high-energy density
electrons to melt metallic powders in a vacuum environment,
represents a significant advancement in manufacturing
capabilities. Its ability to produce complex, assembled parts
with high accuracy addresses longstanding challenges in
conventional manufacturing methods. However, despite its
advantages, EBM is not without limitations. Issues such as
low mechanical properties, surface roughness, and porosity
highlight the need for effective post-treatment methods to
enhance the performance and quality of EBM-produced
parts.

The discussion further explores the various post-treatment
options available for EBM parts, focusing primarily on
chemical methods such as chemical machining (CM) and
electro-chemical machining (ECM). These methods offer
global treatment solutions for complex geometries, enabling
controlled material removal to achieve desired shapes and
surface finishes. However, they also present challenges,
including limitations in achieving sharp and complex
shapes, difficulties with thick materials, and environmental
concerns associated with chemical disposal. Despite these
drawbacks, CM and ECM remain valuable tools in the
additive manufacturing toolkit, providing essential options
for improving the quality and functionality of EBM parts.

Moreover, the discussion highlights emerging post-treatment
techniques like Plasma Electrolytic Polishing (PeP), which
offer innovative solutions for achieving exceptionally high
surface quality. PeP’s ability to reduce roughness values
to unprecedented levels demonstrates its potential to
overcome traditional limitations in surface finishing for
additively manufactured parts. However, challenges remain

https://www.tuyider.org



in addressing large surface waviness and optimizing the
process for broader applications.

Overall, the discussion underscores the importance of post-
treatment methods in additive manufacturing, particularly
in enhancing the quality, performance, and functionality
of EBM-produced parts. As the field continues to evolve,
ongoing research and development efforts are essential to
address the limitations of existing post-treatment techniques
and explore new approaches for achieving optimal results in
additive manufacturing processes.

CONCLUSION

In conclusion, the growing interest in additive manufacturing
(AM) methods, particularly in industries like automotive,
aerospace, and defense, has propelled research and
development efforts in technologies such as Electron Beam
Melting (EBM). EBM offers unique advantages in producing
complex, assembled parts with high accuracy, thanks to its
use of high-energy density electrons in a vacuum chamber
to melt metallic powders. However, challenges such as low
mechanical properties and surface quality limitations persist,
especially in demanding sectors like aviation and defense
where stringent standards for wear resistance and fatigue
behavior are essential.

To address these challenges, post-treatment methods play
a crucial role. Chemical methods like chemical machining
(CM) and electro-chemical machining (ECM) offer global
treatment options for complex-shaped parts, enabling
controlled dissolution of materials to achieve desired
geometries and surface finishes. These methods, though
effective, come with their own set of advantages and
disadvantages, necessitating careful consideration based
on specific application requirements.

Furthermore, emerging techniques like Plasma Electrolytic
Polishing (PeP) show promise in achieving exceptionally
high surface quality with reduced roughness values,
making them suitable for finishing additively manufactured
parts. While PeP offers advantages such as simplicity and
high surface quality, challenges remain in addressing large
surface waviness.

In summary, the integration of post-treatment methods
like CM, ECM, and PeP into the additive manufacturing
workflow is crucial for overcoming process limitations and
ensuring the production of high-quality, functional parts
for diverse industrial applications. Continued research
and development efforts in post-treatment techniques
are essential for advancing the capabilities of additive
manufacturing technologies and expanding their adoption
across various sectors.

info@tuyider.org

birlikte, genis ylzey dalgalliginin gideriimesinde ve surecin
daha genis uygulamalar igin optimize edilmesinde zorluklar
devam etmektedir.

Genel olarak, eklemeli imalatta, 6zellikle de EBM tarafindan
Uretilen pargalarin kalitesini, performansini ve iglevselligini
arttirmada son islem yontemlerinin dneminin altini giziyor. Alan
gelismeye devam ettikge, mevcut islem sonrasi tekniklerin
sinirflamalarini ele almak ve katmanl Uretim sdreclerinde en
iyi sonuglar elde etmek icin yeni yaklagimlar kesfetmek icin
devam eden arastirma ve gelistirme cabalar ¢cok énemlidir.

SONUG

Sonug olarak, 6zellikle otomotiv, havacilk ve savunma
gibi endUstrilerde eklemeli imalat (AM) ydntemlerine artan
ilgi, Elektron Demeti Ergitme (EBM) gibi teknolojilerde
arastirma ve gelistirme c¢abalarni tesvik etmistir. EBM,
metalik tozlari eritmek i¢in bir vakum odasinda yuksek enetiji
yogunlugundaki elektronlar kullanmasi sayesinde karmasik,
birlestiriimis pargalarn yuksek dogrulukla Uretiimesinde
benzersiz avantajlar sunar. Bununla birlikte, distik mekanik
Ozellikler ve vylzey kalitesi sinirlamalarn gibi  zorluklar,
Ozellikle asinma direnci ve yorulma davranigi agisindan kati
standartlarin gerekli oldugu havacilik ve savunma gibi zorlu
sektdrlerde devam etmektedir.

Bu zorluklarn Ustesinden gelmek icin tedavi sonrasi
yontemler ¢ok Onemli bir rol oynamaktadr. Kimyasal
isleme (CM) ve elektrokimyasal isleme (ECM) gibi kimyasal
yontemler, karmasik sekilli parcalar icin kiresel isleme
secenekleri sunarak, istenen geometrileri ve ylzey
kaplamalarini  elde etmek igin  malzemelerin  kontrolld
¢dzUnmesini saglar. Bu yontemler etkili olsa da, kendine
6zgl avantaj ve dezavantajlar da beraberinde getirir ve
Ozel uygulama gereksinimlerine dayall olarak dikkatli bir
degerlendirme gerektirir.

Ayrica, Plazma Elektrolitik Parlatma (PeP) gibi yeni ortaya
cikan teknikler, azaltiimis partzItluk degerleri ile olaganUstu
yUksek ylUzey kalitesi elde etme konusunda umut vaat ediyor
ve bu teknikleri, katmanli Uretim pargalarinin bitirilmesi icin
uygun hale getiriyor. PeP basitlik ve yiksek ylzey kalitesi gibi
avantajlar sunarken, genis ylzey dalgaliiginin gideriimesinde
zorluklar devam etmektedir.

Ozetle, CM, ECM ve PeP gibi islem sonrasi yontemlerin
katmanl Uretim is akigina entegrasyonu, stire¢ sinirlamalarinin
aslimasi ve gesitli endUstriyel uygulamalar icin yUksek kaliteli,
islevsel pargalarin  Uretimesinin - saglanmasi  agisindan
cok 6nemlidir. islem sonrasi tekniklerde siirekli arastirma
ve gelistirme cabalar, katmanl Uretim teknolojilerinin
yeteneklerinin gelistirimesi ve bunlarn ¢esitli sektorlerde
benimsenmesinin genisletiimesi icin gereklidir.
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Endustriyel, ticari ve mimari pazarlar, varliklarin korunmasina
yonelik olarak kaplamalara blyUk dlcide glvenmektedir.
Genel anlamda kaplamalar, bir ylzey Uzerinde gelismis
koruyucu, dekoratif veya islevsel ozellikler saglayan ince bir
kati malzeme tabakasi olarak tanimlanir. Daha spesifik olarak
bunlar, bir ylzeye uygulandiktan sonra kati formda koruyucu,
dekoratif veya fonksiyonel bir filme doéntstirdlebilen kompo-
zisyonlara sahiptirler. Alt tabakayi korozyondan korumak icin
yUzeye koruyucu kaplamalar uygulanir. Metali korozyondan
korumanin etkili bir yolu, koruyucu kaplamalar uygulayarak alt
tabakayi gevresinden fiziksel olarak izole etmektir.

Kaplamalar asagdidaki yontemlerden biriyle korozyona kargi
koruma saglar: korozyon sUrecini baglatmak igin gerekli
bilesenlerin bir araya gelmesini engeller, elektrokimyasal
reaksiyonun olusmasini aktif olarak engeller veya korozyon
strecini bir yéne yodnlendirir. Bu kaplamalar pUskuUrtUlerek,
daldirlarak veya firga ile uygulanabilir.

Kaplamalar tiirlerinin koruma yaklagimlari:

A) Korozyon Bariyeri: Su, oksijen ve elektrolitlerin alttaki
metalle temasini dnleyerek koruma

B) Korozyon Onleyici / Geciktirici: Korozyonu engellemeye
calisan kimyasallar igeren kaplamalar ile koruma

C) Kurban Kaplamalar: Daha disuk elektrot potansiyeli
degerlerine sahip veya elektrokimyasal seride daha ylksek
seviyelere sahip olan ince metal katmanlar uygulanarak alt
tabakay koruma
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The industrial, commercial, and architectural markets rely
heavily on coatings for the protection of assets. In a general
sense, coatings are defined as a thin layer of solid material
on a surface that provides improved protective, decorative,
or functional properties. More specifically, they are a liquid,
liquefiable, or mastic composition that, after application to a
surface, is converted into a solid protective, decorative, or
functional adherent film. Protective coatings are applied to a
surface to protect the substrate from corrosion. An effective
way in which to protect metal from corrosion is by physical
isolating a substrate from its environment by applying
protective coatings.

Coatings protect against corrosion through one of the
following methods: they block necessary elements from
coming to together to start the corrosion process, actively
prevent the electrochemical reaction from occurring, or steer
the corrosion process in a direction that is will not harm the
asset. These coatings can be applied by spraying, dipping
or brushing.

Types of coatings protection include:

A) Barrier: Protect by preventing water, oxygen, and
electrolytes from contact with an underlying metal

B) Inhibitive: Coatings that contain chemicals that work to
hinder corrosion

C) Sacrificial: Thin metal layers that have lower electrode

potential values or those having higher levels in the
electrochemical series are applied

https://www.tuyider.org



D) Combinations
Materials typically used in protective coatings are:

1. Polymers, pvc, ptfe, epoxies, and polyurethanes for non-
metallic coatings

2. Zinc, aluminum, nickel, cobalt and chromium for metallic
coatings

D) Kombinasyonlari

Tipik olarak koruyucu kaplamalarda kullanilan
malzemeler sunlardir:

1. Metalik olmayan kaplamalar icin: polimerler, epoksiler,
pvc, teflon ve polilretanlar v

2. Metalik kaplamalar icin ¢inko, aliminyum, kobalt, nikel ve
krom

Korozyon Korumasi / Corrosion Protection
Dayanikli malzemeler Kaplamalar ve yuzey islemleri Korozyon inhibitorleri
Durable materials Coatings and surface treatments Corrosion inhibitors

Organik katmanlar inorganik metalik olmayan katmanlar Metalik katmanlar
Organic layers Inorganic nonmetallic layers Metallic layers

Boyama Anodik oksidasyon Sicak daldirma

Painting Anodic oxidation Hot dipping

Toz boya Emayeleme Elektrolitik biriktirme
Powder coating Enamelling Electrolytic deposition

Koruyucu kaplamalarin uygulanmasi siireci sunlari igerir:

e ylzey hazirigi

e astar/primer kaplama uygulamasi

e (st kaplama uygulamasi

e sizdirmazlik kimyasal maddesi kullanimi

info@tuyider.org

The process for applying protective coatings involves:

e surface preparation

e application of a primer
e a top coating

e yse of a sealant

19



ETOYIDERG J ki

Korozyon, ©&nemli ekonomik ve c¢evresel etkileri olan
yaygin ve maliyetli bir sorundur. Korozyona karsl koruma
kaplamalari, gesitli endUstrilerin korozyonun zararl etkilerine
karsi korunmasinda hayati bir rol oynamaktadir. Kaplama
malzemesi secimi, ydntem secimi ve uygulama esaslan
kaplamanin performansi ve dayanmi igin oldukga kritiktir.
asagida uygulamalarda kullanilan standartlar verilmektedir.
Markets and Markets tarafindan hazirlanan bir rapora gore,
kuresel korozyon koruma kaplamalari pazari 2023’te 10,4
milyar ABD dolarydi ve 2028 vyilina kadar 12,4 milyar ABD
dolarina ulasacagi tahmin ediliyor. Uygulamalarda metalik ve
polimerik kaplamalar korozyon ortamina ve siddetine bagli
olarak birlikte de kullanilabilmektedir.

Corrosion is a pervasive and costly issue with significant
economic and environmental implications. Corrosion
protection coatings play a vital role in safeguarding various
industries against the detrimental effects of corrosion.
Coating material selection, method selection and application
principles are very critical for the performance and durability
of the coating. The standards used in applications are given
below. According to a report by MarketsandMarkets the
global corrosion protection coatings market was USD 10.4
billion in 2023 and predictable to grow to USD 12.4 billion by
2028. In applications, metallic and polymeric coatings can
be used together depending on the corrosion environment
and severity.

Metalleri korozyondan korumak icin koruyucu kaplamalarin
kullanimasi ve yuzeyin yeniden yapilandinimasi, maliyetli
onarm ve degistirme riskini azaltmanin etkili ve uygun maliyetli
bir yoludur. Bu yéntemlerin uygulanmasi ve bakimi da nispeten
kolaydir, bu da onlar birgok uygulama igin ideal kilmaktadir.

Standatlar | Standards

The use of protective coatings and surface rebuilding to
protect metals from corrosion is an effective and cost-efficient
way to reduce the risk of costly repairs and replacements.
These methods are also relatively easy to implement and
maintain, making them ideal for many applications.

® |ISO 2814:2006 - Paints and varnishes — Comparison of contrast ratio (hiding power) of paint of the same type and colour ® ISO 4624:2016 - Paints and varnishes
— Pull-off test for adhesion @ ISO 8501-1:2007 - Preparation of steel substrates before application of paints and related products — Visual assessment of surface clean-
liness — Part 1: Rust grades and preparation grades of uncoated steel substrates and of steel substrates after overall removal of previous coatings ® ISO 8501-3:2006
- Preparation of steel substrates before application of paints and related products - Visual assessment of surface cleanliness — Part 3: Preparation grades of welds, edges
and other areas with surface imperfections e ISO 8502-3:2017 - Preparation of steel substrates before application of paints and related products — Test for the assess-
ment of surface cleanliness — Part 3: Assessment of dust on steel surfaces prepared for painting (pressures sensitive tape method) e ISO 8502-6:2006 - Preparation
of steel substrates before application of paints and related products — Test for the assessment of surface cleanliness — Part 6: Extraction of soluble contaminants for
analysis — The Bressle method e ISO 8502-9:2020 - Preparation of steel substrates before application of paints and related products — Test for the assessment of surface
cleanliness — Part 9: Field method for the conductometric determination of water-soluble salts ® ISO 8503-1:2012 - Preparation of steel substrates before application of
paints and related products — Surface roughness characteristics of blast cleaned substrates — Part 1: Specifications and definitions for ISO surface profile comparators
for the assessment of abrasive blast-cleaned surfaces e ISO 8504-2:2019 - Preparation of steel substrates before application of paints and related products — Surface
preparation methods — Part 2: Abrasive blast cleaning @ ISO 12944-5:2019 — Paints and varnishes — Corrosion protection of steel structures by protective paint systems
— Part 5: Protective paint systems ¢ ISO 19840:2012 - Paints and varnishes — Corrosion protection of steel structures by protective paint systems — Measurement of,
and acceptance criteria for, the thickness of dry film on rough surfaces ® ISO 29601:2011 - Paints and varnishes — Corrosion protection by protective paint systems —
Assessment of porosity in a dry film ¢ NORSOK M-501:2012 — Surface preparation and protective coating

20 https://www.tuyider.org
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Havaclllk__Sektﬁriinde Geleneksel
leayan Uretim Teknolojilerinin
Onemi ve Uygulamalari

| mportance and Applications of
Non-Conventional Machining
Technologiesin Aerospace Industry

Armagan DEMIR | Selahaddin KINYAS | Selguk KILIGARSLAN
TUSAS Motor Sanayii A.S. (TEl) | TUSAS Engine Industries Inc. (TEI)

isleme mekanizmasi olarak aligiimis imalat yéntemlerinden (torna,
freze, vb...) tamamen farkli dzelliklere sahip, talas kaldirma ve
sekillendirmenin takim ile is pargasi arasinda herhangi bir temas
bulunmadan gergeklestirildigi; termal, elektrik ve kimyasal enerji
ya da bu enerjilerin kombinasyonlarini igceren cgesitli tekniklerle
parca Uzerinden talas kaldrma islemin gerceklestirildigi
prosesler geleneksel olmayan imalat yontemleridir. Torna ve
freze isleme gibi yillardir kullaniimakta olan geleneksel isleme
yontemlerine gore daha karmasik ve ileri bir teknolojiye sahip
geleneksel olmayan isleme ydntemleri ile geleneksel yollarla
elde edilemeyen hassasiyet ve karmasikliga ulasilarak erisimi zor
geometrilerde malzemenin sertlik ve kirlganlik seviyesine bagl
kalmadan isleme yapilabilmektedir. Havacilik ve savunma sanayii
gibi yUksek katma degerli sektorlerin ihtiyag duydugu karmasik
parca geometrilerindeki ¢ok hassas boyutsal dzelliklerin elde
edilmesinde genellikle Elektro Erozyon (EDM), Elektrokimyasal
Taglama (ECG), Elektrokimyasal isleme (ECM), Lazer ile delik
delme/igleme ve Elektrokimyasal Delik Delme (STEM Dirill)
prosesleri kullanimaktadir. Bu prosesler termal prosesler ve
kimyasal prosesler olarak iki ayri ana grupta ele alinabilir.

GELENEKSEL OLMAYAN iSLEME

? &

TERMAL PROSESLER KiIMYASAL PROSESLER

STEM DRILL

Sekil.1 TEI'deki Non-Conventional Machining Prosesleri

LAZER
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Non-Conventional Machining methods have completely different
features from conventional —manufacturing methods (lathe,
milling, etc.) as a processing mechanism, where machining and
shaping are carried out without any contact between the tool and
the work piece. Processes in which machining operations are
performed on the part using various techniques involving thermal,
electrical and chemical energy or combinations of these energies
are non-conventional manufacturing methods. Compared to
conventional machining methods that have been used for years,
such aslathe and milling machining, Non-Conventional Machining
methods with more complex and advanced technology can
achieve precision and complexity that cannot be achieved by
any other conventional methods, and machining can be done
in difficult-to-access geometries without depending on the
hardness and brittleness level of the material. In order to obtain
very precise dimensional features in  complex part geometries
required by high value-added sectors such as the aerospace
and defense industry, electro discharge machining (EDM),
Electrochemical Grinding (ECG), Electrochemical Miling (ECM),
Laser hole drilling/machining and Electrochemical Hole Drilling
(STEM Dirill) processes are generally used. These processes
can be considered in two main groups: thermal processes and

chemical processes.

NONCONVETIONAL MACHINING

? &
THERMAL PROCESSES CHEMICHAL PROCESSES

o
STEM DRILL

Figure.1 Non-Conventional Machining Processes at TEl

LASER
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Electro Chemical Grinding — ECG:

ECG is a combination of electrochemical (anodic) dissolution of
the material and abrasive action. The metal is decomposed to
a point by the DC current flow between the metal-containing,
conductive grinding wheel and the workpiece and the presence
of an electrolyte solution. The mechanical abrasive action
removes some base metal and oxidized material.

In the ECG process, the grinding wheel plays the role of the
cathode and the workpiece plays the role of the anode. A
number of salt mixtures can be used as electrolytes in the
process, including sodium nitrate, sodium chlorate, sodium
hydroxide, sodium carbonate, etc. A circular metal wheel acts
as a grinding wheel and consists of abrasive particles such
as diamond dust, aluminum oxide, boron carbide and silicon
carbide. When electrolytic liquid is pumped through a nozzle
between the grinding wheel and the workpiece, a series of
reactions take place between the workpiece and the grinding
wheel. This reaction between the workpiece and the electrolytic
liquid removes most of the metal.

Nozzle / Nozul

( +) Workpiece

Power Supply
Giig Kaynag 4
Table / Masa

Elektrolit

info@tuyider.org

Electro Chemical Grinding (ECG) - Elektro Kimyasal
Taslama:

ECG, malzemenin elektrokimyasal (anodik) c¢ozlnmesi ile
asindircr etkinin bir kombinasyonudur. Metal igeren, iletken
taslama tagi ile is parcasl arasindaki DC akisl ve bir elektrolit
cOzeltisinin varligyla metal bir noktaya kadar ayristirilir. Mekanik
asindirict etki bir miktar ana metali ve oksitlenmis malzemeyi
ortadan kaldinr. ECG prosesinde katot rolini taglama tasi,
anot roliinli ise is parcas oynamaktadir. islemde sodyum nitrat,
sodyum Kklorat, sodyum hidroksit, sodyum karbonat vb. dahil
olmak Uzere bir dizi tuz kansimi elektrolit olarak kullanilabilir.
Dairesel bir metal tas, taslama tasi gérevi gorur ve elmas tozu,
aliminyum oksit, bor karbdr ve silikon karbir gibi asindirici
parcaciklardan olusmaktadir. Taglama tasl ile is parcasi arasina
nozul yardmiyla elektrolitik sivi pompalandiginda parga ve
taslama tagi arasinda bir dizi reaksiyon meydana gelir. i§ parcasi
ve elektrolitik sivi arasindaki bu reaksiyon, metalin blyUk bir
kismini uzaklastirmayi saglar.

Elektrokimyasal Ogiitme

Electrochemical Grinding
Sekil.2

ECG Calisma Prensibi

Figure.2
ECG Working Principle
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TEl'de ECG (Electrochemical Grinding) prosesi cesitli ticari
ucak motoru pargalarinda bulunan honeycomb (bal petegdi)
formundaki yapllarin talep edilen ¢ap degerlerine islenmesi
amaclyla gerceklestirilen bir prosestir. Pargalar, spesifik
baglanti elemanlar yardimiyla tezgah tablasina baglandiktan
sonra, CNC programlar yardimiyla taglama tasinin islenecek
honeycomb bdlgesine ilerletimesi saglanir. Nozulun parca
ile taglama tasi arasini besleyecek sekilde ayarlanmasi
ile elektrolit akigi baglatilir. CNC program tarafindan guc
kaynaginin sagladigi elektrik enerjisi ile is pargasi artl,
taglama tasl eksi yUkle yuklenir. Bu sekilde devreden
elektrik akimi gegcirildiginde taslama tasina verilen ilerleme
miktarina gére honeycomb c¢apinin olusturulmasi saglanir.
Nozuldan gdnderilen elektrolit ise islem sonrasi bir santrifQj
veya filtreleme sisteminden gecerek temizlenir ve tekrar
kullaniimak Uzere elektrolit tankina génderilir.

At TEl, the ECG (Electrochemical Grinding) process is a
process used to machine the honeycomb shaped structures
found in various commercial aircraft engine parts to the
required diameter values. After the parts are connected to
the machine table with the help of specific fasteners, the
grinding wheel is advanced to the honeycomb area to be
processed with the help of CNC programs. The electrolyte
flow is started by adjusting the nozzle to feed between the
part and the grinding wheel. With the electrical energy
provided by the power supply by the CNC program, the
workpiece is charged with a positive charge and the grinding
wheel with a negative charge. In this way, when the electric
current is passed through the circuit, the honeycomb
diameter is formed according to the amount of feed given to
the grinding wheel. The electrolyte sent through the nozzle is
cleaned by passing through a centrifuge or filtration system
after the process and sent to the electrolyte tank for reuse.

ECG prosesinin avantajlar sunlardir;

e Bu yontemle sertligine bakimaksizin her tirlh iletken
malzemenin taglama islemi gerceklestirimekte ve 0.0005 inge
kadar dlct hassasiyeti saglanabilmektedir.

e Elektrokimyasal taglama ydnteminin mekanik gerilmeleri,
metalurjik  degisimleri, ¢apak olusumunu, bozulmay,
deformasyonu énlemesi gibi cesitli avantajlan vardr. ince
cidarl borularin, honeycomb ve lamine saclarin taglanmasina
imkan saglamaktadir. TElI'de genelde honeycomb (bal
petedi) geometrilerinin  taglama islemi ECG prosesi ile
gerceklestirimektedir.

e Elektrokimyasal taglama islemi neticesinde parcada isil
gerilmeler meydana gelmediginden, bu geriimelerden dolayi
catlama riski olusmamaktadir.

e ECG prosesinin geleneksel taslama prosesine gére daha
hizll olmasi ve takm asinmasinin ¢ok kuglk degerlerde
olmasl zamandan ve takim maliyetinden tasarruf ediimesini
saglamaktadir. Bir taglama tagi ile cok yUksek miktarda parca
islenebilmektedir.

ECG prosesinin dezavantajlar sunlardir;

¢ jletken olmayan malzemelerin taglama islemi yapilamamaktadir.
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The features of the ECG process are as follows;

e \With this method, all kinds of conductive materials can
be ground regardless of their hardness and measurement
accuracy up to 0.0005” can be achieved.

e Electrochemical grinding method has various advantages
such as preventing mechanical stresses, metallurgical
changes, burr formation, distortion and deformation. It allows
grinding of thin-walled pipes, honeycomb and laminated
sheets. At TEl, grinding of honeycomb geometries is
generally performed with the ECG process.

e Since thermal stresses do not occur in the part as a result
of the electrochemical grinding process, there is no risk of
cracking due to these stresses.

e The ECG process is faster than the conventional grinding
process and the tool wear is very small, which saves time
and tool cost. A very high volume of parts can be machined
with one grinding wheel.

https://www.tuyider.org



Electro Chemical Milling (ECM):

The ECM process (Electro Chemical Machining) is a
machining method to create the airfoil geometry of the
Stage-5 compressor parts of the GEnx, GE9X, Leap 1A/C
and Leap 1B commercial aircraft engines at TEI. The process
is based on the principle of electrolysis. An electrolysis cell
consists of an anode, cathode, conductive solution and a
power supply. When current is passed through a circuit, the
anode material begins to dissolve. According to Faraday’s
law, the positive metal ions dissolve and mix into the solution
in direct proportion to the amount of electric current. The
reactions occurring in the anode, cathode and electrolyte
during the ECM process are as follows.

| Takim hareketi / Tool Feed

Anot (Is Pargasi )
Anode ( Workpiece)

Figure.4 ECM Working Principle

The blisk part whose airfoils were previously machined by
rough milling process is mounted onto the anode fixture,
and the tools manufactured by TElI are mounted onto
the ECM machine with 6-axis simultaneous movement
capability at TEl. These tools consist of concave and convex
cathodes. Cathodes have the inverse copy shape of desired
geometry on the workpiece. Before the ECM process, the
airfoil of the Blisk is inserted between the concave and
convex cathodes. Then the electrolyte is sent into the
machine by the electrolyte-conditioning unit of density,
pressure, temperature and flow rate. There is high flow rate
between the cathode and the airfoil. At the same time, the
electrical energy provided by the power supply charges the
workpiece with a positive charge and the cathodes with
a negative charge. Thus, when electric current is passed
through the circuit, the cathodes reflect their inverse copy
onto the workpiece without contacting the workpiece.
Metal ions removed from the workpiece are transformed
into metalhydroxide compounds and removed from the
machine via the electrolyte and sent back to the electrolyte-
conditioning unit. During this process, the hydrogen gas
produced on the cathodes’ surfaces is discharged via
machine’s scrubber unit. The electrolyte returned to the
Brewery unit is clarified from the metalhydroxides and

info@tuyider.org

In the cathode side :
Elektrolit icinde
| In the electrolyte

e Kimi zaman is pargasinin ylizeyinin korozyona ugramasina
yol acgabilir.

Elektro Kimyasal Frezeleme:

TEI'de ECM prosesi (Electro Chemical Machining) GEnx,
GE9X, Leap 1A/C ve Leap 1B isimli ticari ugak motorlarinda
5. Kademe kompresor parcalarindaki pale (kanatcik)
geometrisinin  olusturulmasl i¢in uygulanan parca isleme
yontemidir. Prosesin temeli elektroliz mantigina dayanmaktadir.
Bir elektroliz hicresi anot, katot, iletken cozelti ve bir guc
kaynagindan meydana gelmektedir. Bu sekilde olusan bir
devreden akm gecirildiginde anot malzemesi ¢ozinmeye
baglar. Olusan pozitif metal iyonlan Faraday kanununa gdre
gecen elektrik akimi miktaryla dogru orantili olarak ¢ézunur
ve ¢ozeltiye karglr.

ECM prosesi esnasinda anotta, katotta ve elektrolit icinde meydana gelen
reaksiyonlar asagidaki gibidir.

Katot ( Takim ) / Cathode ( Tool ) lv

The reactions occurring in the anode, cathode and electrolyte during the

Boslu ECM process are as follows.

Gap Elektrolit akis

(+) Electrolyte Flow Anotta
- Fe— Fe' + 2e

In the anode side
Katotta

2H,0+2e — H,+20H

4Fe(OH),+2H,0+0, — 4Fe(OH),

Sekil.4 ECM Calisma Prensibi

TEPde bulunan 6 eksen simultane hareket kabiliyetine sahip
ECM tezgahinda anot kismina dncesinde kaba freze ile
paleleri olusturulmus is parcasi, katot kismina ise TEI'nin
kendi bunyesinde imalatini ger¢eklestirdigi takimlar baglanr.
Bu takimlar konkav ve konveks katottan meydana gelir.
Katotlar is parcasinda olusturulmak istenen geometrinin
ters kopya sekline sahiptir. ECM prosesi baslamadan énce
Blisk parcasinin pale kismi konkav ve konveks katotlarin
arasina girer. Sonrasinda elektrolit, elektrolitin sartlandinldig
yani istenen yogunluk, basing, sicaklik ve debiye getirildigi
elektrolit sartlandirma Unitesinden tezgah icine gonderilir.
Katotlar ile pale arasindan yUksek akista elektrolit geger.
Ayni zamanda gU¢ kaynaginin sagladidi elektrik enerjisi
ile is parcasi arti, takim ise eksi yikle yUklenir. Bu sekilde
devreden elektrik akimi gecirildiginde katot is parcasina
temas etmeden ylzey geometrisinin ters kopyasini is
parcasina yansitir. islenen parcadan ayrilan metal iyonlari
ECM prosesi esnasinda anotta, katotta ve elektrolit icinde
meydana gelen reaksiyonlar asagidaki gibidir.

Metalhidroksit bilesiklerine donuserek elektrolitle  birlikte
tezgahtan uzaklastirilir ve elektrolit sartlandirma Unitesine geri
gdnderilir. Bu esnada takim yUzeyinde olusan hidrojen gazi
ise tezgahin scrubber Unitesinden disari atilir. Sartlandirma

27



ETOYIDERGI

Unitesine geri donen elektrolit ise icinde bulunan metal
hidroksitlerin arindirlarak proseste tekrar kullanilabilir hale
getirilir. Proses, tezgah hareketlerini kontrol eden bir CNC
program kullanilarak pargadaki tim palelerin tek tek ECM
yaplimasiyla tamamlanir.

ECM yonteminin alisiimis imalat ydntemlerine gére avantajlari
asagidaki gibi 6zetlenebilir:

e Malzeme kaldirma hizinin is pargasinin mekanik
Ozelliklerinden bagimsiz olmasi,

e Kullanilan takimlarin zamanla asinmamasi,

e Yiksek ylzey kalitesi ve geometrik toleranslar saglayan
bir yéntem olmasi,

e Malzeme kaldirma hizinin konvansiyonel frezelemeye gdre
Ozellikle karmasik geometriler icin gok daha fazla olmasi.

ECM ydnteminin dezavantajlar asagidaki gibi 6zetlenebilir:

® Tezgah ve elektrolit sartlandirma Unitesinin ytksek
maliyetli oimasi,

* Malzeme cinsine gdre elektrolit sartlandirma tnitesinin
seciminin yapilmasi,

e Malzeme cinsine gére power supply (DC ya da AC)
seciminin yapiimasi,

* Malzeme cinsine gére katot malzemesi secgimi.

Sekil.5 Kaba bosaltma operasyonu sonrasi blisk paleleri
(solda) ve ECM sonrasi blisk paleleri (sagda)

Elektro Erozyon ile islem (EDM):
EDM prosesi kisaca, elektrik arkiyla metal malzemelerin
islenmesi yontemi olarak tanimlanabili. EDM  yapilirken,

takim (elektrot) is pargasina ¢ok kicik bir bosluk kalana
kadar yaklasir ve tezgah kapasitort elektrik yuka Uretmeye
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reused in the process. Each airfoil of blisk part is individually
machined using a CNC programme that controls the
movements of the ECM machine.

The advantages of the ECM method when compared to
conventional manufacturing methods can be summarized
as follows:

e Material removal rate is not affected by the mechanical
properties of the workpiece.

e The tools do not wear out over time.

e This is a method that ensures high surface quality and
geometric tolerances.

e The material removal rate is much higher than in
conventional milling, especially for complex geometries.

The disadvantages of the ECM method can be summarized
as follows:

e High cost of the machine and electrolyte conditioning unit,

e Selection of electrolyte conditioning unit according to
material type,

e Selecting the power supply (DC or AC) according to the
material type,

e Selection of cathode material according to material type.

Figure.5 Airfoils after rough milling operation (left) and airfoils
after ECM operation (right)

Electro Discharge Machining (EDM):
In short, the EDM process can be carried out as a method
of processing metal materials with an electric arc. During

EDM, the tool (electrode) approaches the workpiece until it
is left with a very small gap and machine capacitor begins

https://www.tuyider.org



to produce the electrical charge. It consists of an electric
field around each electrically charged particle, and this
field exerts a force on other electrically charged particles.
As the distance between the electrode and the workpiece
decreases, the intensity of the electric field in the volume
of dielectric fluid between them increases. In the resulting
electric field, a force greater than the dielectric fluid can
withstand is applied, and the dielectric fluid, which is usually
an insulator, becomes conductive (at certain points) and
conducts the current from the electrode to the part. The high
heat generated during this process melts and evaporates
the workpiece and electrode in very small sizes. When the
sparks melt the workpiece, the current is interrupted and the
dielectric fluid removes the molten
part and electrode residues. As
long as the processes continue, the
part is given the desired shape as a
result of this cycle, which is repeated
consistently.

Figure.6 Current sent to the
workpiece surface

During the process, some of the
melted particles freeze on the part
again and form a layer called “Recast”
on the part surface. This layer can be
examined metallographically and its
thickness and microcracks can be
measured. In anormal EDM process, a
recast layer with an average thickness
of 0.025 - 0.050 mm is expected to
form. This value may vary depending
on the process parameters.

Figure.7 Small metal particles
removed from the workpiece
surface with dielectric fluid flow

There are 3 types of EDM (Electrical
Discharge Machining) machines within
TEl. These are Sinker EDM, Wire
EDM and Fast Hole EDM machines.

is Pargasi

The method of machining the desired Wil

geometry with an electric arc on the
workpiece in an insulating liquid
with the help of a shaped electrode is called Sinker EDM.
The electrode approaching the  workpiece creates a
high temperature on the surface of the workpiece due to
electrical discharge. This high temperature causes the
material to melt. In this region, the process is completed by
transferring the electrode shape to the part. The insulating
liquid creates the necessary environment for the arc to form
and be confined to a narrow space, as well as removing
the broken particles from the environment and reducing
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is Pargasi / Workpiece

ELECTROT

baslar. Elektriksel olarak yUklU olan her pargacigin etrafinda
bir elektrik alani olusur ve bu alan diger elektrik yUklu
parcaciklara bir kuvvet uygular. Elektrot ve is parcasi
arasindaki mesafe azaldikca, aralarindaki dielektrik sivi
hacmindeki elektrik alan yodunlugu artar. Olusan elektrik
alani, dielektrik sivinin dayanabileceginden daha fazla bir
kuvvet uyguladigi anda, normalde yalitkan olan dielektrik sivi
(belirli noktalarda) iletken hale gelir ve elektrottan gelen akimi
pargaya iletir. Bu esnada olusan yUksek isi, is parcasini ve
elektrodu ¢ok kigUk miktarlarda eritir ve buharlastirir.

Kivilcimlar pargay! eritince akim kesilir ve dielektrik sivi erimis
parga ve elektrot kalintilarini uzaklastirr.

Proses devam ettigi sUrece,
durmadan tekrarlanan bu déngu
sonucunda parcaya istenilen sekil
veriimis olur.

Sekil.6 Is pargas yiizeyine
gonderilen akim

Proses esnasinda erimis parca-
ciklarin bir kismi parca Uzerinde
tekrar donarak parca ylUzeyinde
“Recast” adi verilen bir tabaka
olusturur. Bu tabaka metalografik
olarak incelenerek kalinhgr ve
icerisinde bulunan mikro ¢atlaklar
Olgtlebili. ~ Normal  bir  EDM
prosesinde ortalama 0.025 -
0.050 mm kalinliginda bir recast
tabakasi olusmasi beklenir. Proses
parametrelerine bagl olarak bu
deger degisebilir.

Sekil.7 Akim sonrasi is pargasl
yUzeyinden uzaklastirian kigik
metal tozlar

TEl binyesinde, 3 g¢esit EDM
(Electrical Discharge Machining)
tezgahi bulunmaktadir. Bunlar;
Sinker EDM (Dalma Erezyon), Wire
EDM (Tel Erezyon) ve Fast Hole
EDM (Hizli Delik Delme) tezgahlar
olarak adlandirimaktadir.

N Recast Tabakasi
Recast Metal

Sekilli elektrot yardmiyla yalitkan sivi icinde bulunan is
parcasina elektrik arkiyla istenilen geometrinin islenmesi
yéntemine Sinker EDM adi verilir. is parcasina yaklagsan
elektrot, elektriksel bosalmdan dolayr parca ylzeyinde
yUksek bir sicaklk meydana getirir. Bu ylksek sicaklik
malzemeyi ergimesini saglar. Bu bolgede elektrot seklinin
parcaya aktarimasi ile islem tamamlanmaktadir. Yalitkan
sivi arkin olugsmasl ve dar alana hapsediimesi icin gerekli
ortami olusturdugu gibi, koparilan taneciklerin ortamdan
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uzaklastinimasi ve acida c¢ikan ytksek isinin azaltimasini
saglamaktadir. Elektro erezyon tezgahlarinda elektrot,
islenecek malzemenin Ozelliklerine gore yapilacak isleme
uygun secilmektedir.

Dielektrik Sivi / Dielectric Fluid

— | — —

| 1

is Pargasi / Workpiece Fikstur / Fixture J

Wire EDM, Uzerinde ylksek yogunlukta akim gegirilen bir tel
yardimiyla kesme y&ntemidir. ki ucu farkli elektriksel kutuplara
bagl olan tel elektrot bobinden siirekli akitimaktadir. is
pargasina yaklasan tel, elektriksel bosalimdan dolay! parca
ylzeyinde yUksek bir sicaklk meydana getirir. Bu yUksek
sicaklik malzemeyi ergitir ve talas kaldirr. Kesme islemi
basladiginda tel kesme yolunu izleyerek kesme iglemi
tamamlanmaktadir. 0.05 - 0.4 mm capl tel elektrotlar
kullanilan proseste, telin parcaya ark atmasi ile ylzeyde
8000 -12000°C 1sI olusmaktadir.

Sekil.9 Wire EDM ile parca isleme 6rnegi

TEI bdnyesindeki Fast Hole EDM tezgahi delikleri 5 eksen
simultane hareket ederek delme kabiliyetine sahiptir. Tezgah,
Ozellikle kigUk capli delikleri cok kisa sUrelerde delebiimek
kabiliyetine sahiptir. 0.3 — 6 mm capinda delik delme
kabiliyeti bulunmaktadir. Proses, delme islemi esnasinda
takim ile is pargasi arasinda herhangi bir temas s6z konusu
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the high heat released. In electro-erosion machines, the
electrode is selected according to the characteristics of the
material to be processed.

Takim Tutucu / Tools Holder

/ Elektrot / Electrode

Spark Boslugu / Spark Gap

Wire EDM is a cutting method using a wire through which
high-intensity current is passed. The wire electrode, whose
two ends are connected to different electrical poles, is
constantly flowing through the coil. The wire approaching
the workpiece creates a high temperature on the surface of
the piece due to electrical discharge. This high temperature
melts the material and removes chips. When the cutting
process begins, the cutting process is completed by
following the wire cutting path. In the process where 0.05 -
0.4 mm diameter wire electrodes are used, 8000 -12000°C
heat is generated on the surface when the wire arcs to the
part.

Figure.9 Example of part machining with Wire EDM

TEI's Fast Hole EDM machine has the ability to drill holes in
5 axes simultaneously. The machine has the ability to drill
especially small diameter holes in a very short time. It has
the ability to drill holes with a diameter of 0.3 — 6 mm. The
process makes it possible to quickly drill hard materials that
are difficult to drill with conventional methods, with the right

https://www.tuyider.org



parameter selection, as there is no contact between the
tool and the workpiece during the drilling process.

Elektrot ici Su Basinci

Elekrot Inner Flush

Electrode

is Parcasi
Workpiece

NI\

Figure.10 Example of part machining with Fast Hole EDM

The advantages of the EDM method over conventional
manufacturing methods can be summarized as follows:

e Any material with electrical conductivity can be processed
regardless of its hardness value.

e |t is possible to process thick materials and complex
profiles that cannot be processed with  conventional
methods very precisely.

e |t is possible to perform EDM operations in areas unable
to access easily.

e Holes with small diameter, angular holes and multiple
holes can be drilled.

e There is no cutting force.
Disadvantages of the EDM method:

e Depending on the part to be machined and the chip to be
removed, the machining time may be high.

¢ Depending on the precision of the geometry to be created,
there may be more than one cutting pass. This will lead to
an increase in the process time.

LASER:

The term “laser (short for Light Amplification by Stimulated
Emission of Radiation)” is a shorthand name for light
amplification by stimulated emission of radiation. The term
was first used by Theodore H. Maiman, an American
physicist and engineer who developed the first working laser
in 1958.

Unlike conventional light sources, which emit light at a wide

range of wavelengths, a laser emits light as a narrow beam
of radiation with a specific wavelength and phase.

info@tuyider.org

olmadigi icin, konvansiyonel ydntemlerle delinmesi zor sert
malzemelerin, dogru parametre secimiyle hizli bir sekilde
delinmesini mUimkan kilmaktadir.

X S
NN\ W1

Sekil.10 Fast Hole EDM ile parga isleme 6rnegi

EDM ydnteminin alisiimis imalat yontemlerine gére avantajlari
asagidaki gibi 6zetlenebilir:

e Elektrik iletkenligi 6zelligine sahip her tirld malzeme sertlik
degeri ne olursa olsun islenebilmektedir.

e Kalin malzemeler ve konvansiyonel yontemlerle
islenemeyen karmasik profillerin gok hassas islenebilmesi
mUmkundur.

e Erisim kisiti olan bdlgelerde islem yapilabilmektedir.

e Acili kiicUk ¢apli delikler ve ¢oklu delikler
delinebilmektedir.

e Kesme kuvveti bulunmamaktadir.
EDM ydnteminin dezavantajlar::

e islenecek parcaya ve kaldirlacak talasa gére isleme
zamani yUksek olabilir.

e Olusturulacak geometrinin hassasligina gore birden
fazla kesim gegcisleri olabilir. Bu da proses zamaninin
yUkselmesine yol acacaktir.

LAZER:

“Laser (Light Amplification by Stimulated Emission of
Radiation’in kisaltmasi)” terimi uyarilimis radyasyon emisyonu
yoluyla 1sik amplifikasyonun kisaltimis ismidir. Bu terim ilk
kez 1958 vyilinda ilk galisan lazeri gelistiren Amerikall fizikgi
ve muhendis Theodore H. Maiman tarafindan kullanimistir.

Cok cesitli dalga boylarinda 1sik yayan geleneksel isik

kaynaklarinin aksine, bir lazer 191g1 belirli bir dalga boyu ve
faza sahip dar bir radyasyon demeti seklinde yayar.
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Lazer Ureticisinde Uretilen 1sin, tezgah icerisinde kapali
konumdaki aynalar vasitaslyla tasinarak mercekten gecer
ve parga Uzerinde odaklanan Isin parganin ergimesine
yol agarak kesim islemi gercgeklestirilir. Bu esnada erimis
parcaciklarin bir kismi parca Uzerinde tekrar donarak parca
yUzeyinde “Recast” adi verilen yeniden katilagsma tabakasl
olusturur.

The beam produced in the laser generator is transported
through mirrors in a closed path inside of the machine and
passes through the lens. After the lens, the beam focused
on the part that causes the part to melt and the cutting
process is carried out in this way. Meanwhile, some of the
melted particles at the cutting surface re-solidifies and
creates a re-solidification layer that called “Recast” layer.

AYNALAR / MIRRORS

LAZER KAYNAGI [

LASER SOURCE

Sekil.11 Lazer isininin parga ylzeyine iletimesi

Yaygin lazer tirlerinden bazilan:

Kati Hal Lazerleri: Bu lazerler aktif ortam olarak kristal veya
cam gibi bir kati kullanir ve flag lambasi veya lazer diyot gibi
bir optik pompa tarafindan uyarilir. Kati hal lazerlerine 6rnek
olarak Nd:YAG lazer, yakut lazer ve Ti:safir lazer verilebilir.

Gaz lazerleri: Burada aktif ortam olarak karbondioksit (CO2)
veya argon gibi bir gaz kullanilir. Optik pompa elektrikli veya
baska bir lazer olabilir. Gaz lazerler genellikle malzeme isleme
ve tipta kullanilir. Gaz lazerlerine drnek olarak CO2 lazeri ve
argon iyon lazeri verilebilir.

Fiber lazerler: Optik bir pompa ile uyarilan aktif ortam olarak
bir fiber kullanilir. Fiber lazerler cok saglamdir ve yUksek
isin kalitesiyle yUksek gugc Uretebilir daha az enerji kullanir.
Malzeme isleme, telekominikasyon, havacilk ve tipta
kullanilirlar. Ayrica dustk bakim maliyeti olustururlar. Lazer
isint ile gergeklestirilen bazi yaygin islemler; lazer ile kaynak,
lazer ile kesim, lazerle sertlestirme, lazerle ylzey islemleri
olarak siralanabilir.

LAZER ydnteminin alisiimis imalat ydntemlerine gore
avantajlar asagidaki gibi 6zetlenebilir:

e Fiziksel bir takim ile isleme yapiimadigindan dolayi, takim
masrafi bulunmamaktadir.

e Kompleks geometrilerin kesim islemleri kolayca
yapllabilmektedir.

e Cok sert malzemelerin kesimi yapilabilmektedir.
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Figure.11 Travel path of the laser beam to the part surface

Some of the common types of lasers:

Solid State Lasers: These lasers use a solid such as a crystal
or glass as the active medium and are excited by an optical
pump such as a flash lamp or laser diode. Examples of
solid-state lasers include the Nd:YAG laser, ruby laser and
Ti:sapphire laser.

Gas lasers: Here, a gas such as carbon dioxide (CO2) or
argon is used as the active medium. The optical pump can
be electric or another laser. Gas lasers are often used in
materials processing and medicine. Examples of gas lasers
are the CO2 laser and the argon ion laser.

Fiber lasers: A fiber is used as the active medium excited
by an optical pump. Fiber lasers are very robust and
can produce high power with high beam quality and use
less energy. They are used in  materials processing,
telecommunications, aerospace and medicine. They also
generate low maintenance costs.

Some common processes performed with laser are laser
welding, laser cutting, laser hardening and laser surface
treatment.

The advantages of the LASER method over conventional
manufacturing methods can be summarized as follows:

e Since there is no machining with a physical tool, there is
no tooling cost.

e Cutting of complex geometries can be done easily.

¢ \lery hard materials can be cut.

https://www.tuyider.org



e |t is faster than methods such as turning and milling.
Disadvantages of the LASER method:

¢ Blind holes cannot be created.

e \ery thick materials cannot be cut.

e |t is much more costly to cut parts in large quantities
compared to punch machine.

STEM DRILL - Shaped Tube Electrochemical Machining:

STEM DRILL is a different type
of electrochemical machining. In
the process, material is removed
by applying voltage to the part

izole Kaplama

e Torna ve freze gibi yontemlere gére daha hizlidr.
LAZER ydnteminin dezavantajlar:
e K&r delikler olusturulamamaktadir.
e Cok kalin malzemelerin kesimi yapilamamaktadir.

e Adeti cok olan pargalarin kesimi punch tezgahina oranla
cok daha maliyetlidir.

STEM DRILL - Shaped Tube Electrochemical Machining:

STEM  DRILL elektrokimyasal
islemenin farkli bir tradur. Pro-
seste, elektrot adi verilen Ozel

Elektrolit / Elektrolite

Titanyum Katot (-)

. S : Insulating Coati
with the acidic electrolyte flowing faei il

through special cathodes called
electrodes.

Figure.12

-—— e =

katotlarin icinden akan asidik elek-
trolit yardimiyla, parcaya voltaj
uygulanarak malzeme kaldirilir.

Titanium Tube (-)

Sekil.12

Stem Drill Working Principle

Stem Drill Calisma Prensibi

The Stem Dirill process is used
in aviation to drill deep and small
diameter holes that cannot be drilled with non-traditional
methods. The ratio of the diameter of the drilled hole to its
depth can reach up to 1/70. Not forming a “Recast” layer
during the process also provides an advantage over the
EDM process. In addition, it is possible to drill all holes of
the same diameter and depth, designed in a certain pattern
on the part, at the same time. The machine head connected
to more than one electrode can drill all holes by moving at
a constant speed along the drilling axis, thus shortening the
process time considerably.

is Pargasi Anot (+) / Workpiece (+)

Stem Drill prosesi havacilikta
geleneksel olmayan yoéntemlerle
delinemeyecek kadar derin ve kUcUk capl deliklerin
delinmesinde kullanilir. Delinen deligin ¢apinin derinligine
orani 1/70’lere kadar varabilmektedir. Proses esnasinda
“Recast” tabakasl olusmamasi da EDM prosesine gore
bir avantaj saglamaktadir. Ayrica parca Uzerinde belli bir
dizende tasarlanmis ¢api ve derinligi ayni olan deliklerin
hepsinin ayni anda delinebilme olanag! vardir. Birden fazla
elektrot baglanmis tezgah kafasi delme ekseninde sabit hizla
ilerleyerek buttin delikleri delebilir, bu sayede proses suresi
oldukca kisalmaktadrr.
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DORKEN

LIQUID
HIGHTECH

Fonksiyonel yilizeyler

ister otomotiv sektériindeki metaller igin korozyon korumasi, ister riizgar enerjisi endistrisi, elektromobilite
veya demiryolu araclar. Mumkin oldugunca strdurtlebilir Grinlerle, her zaman uzun émurli bir etkiyle.
Dorken'de bizi harekete gegiren sey budur. Biz buna uzmanlik diyoruz.

Bilesen islevselligini koruyor ve teknik katma deger yaratiyoruz. Bunu su sekilde basariyoruz

Kuguk, buytk ve/veya karmasik bilesenler icin ince katmanlar, surdirilebilir ve kaynaklan koruyacak
sekilde. Peki biz tam olarak ne yapiyoruz? Zorluklari analiz eder, anlar ve gozeriz.

Cinko lamel sistemleri

2 Baz katlar ve son katlardan olusur.

#) DINENISO 10683 ve DIN EN 13858‘e gore ¢inko/aliiminyum lamelli baz katlar

# 8umve dahaince tabakalar ile yiiksek katodik korozyon korumasi

#) Diisiik pisirme sicakliklarinda capraz baglanma veya oda sicakhiginda kiirlenme I?:Z}.ilj\
7 Uygulama siireci nedeniyle hidrojen gevreklegsmesi yok BiLGI?
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Katodi_k Koruma ile Guvenli ve
Uzun Omurlu Yapilar

Safe Long-Lasting Sructures
with Cathodic Protection

Okan ISDAS

TMMOB - Metalurji ve Malzeme Muhendisleri Odasi - METEM
TMMOB - Chamber of Metallurgical and Materials Engineers - METEM

TMMOB - Metalurji ve Malzeme Muhendisleri Odasi
- METEM ve Is Saglg ve Guvenligi Genel Mudurliga -
ISGUM isbirliginde organize edilen Korozyon ve Katodik
Koruma basglikll seminer, 12 Eyltl 2024 TOSB - Otomotiv
Tedarik Sanayi ihtisas Organize Sanayi Bolgesi Konferans
Salonu’nda dizenlenmigtir.

Organizasyon Kurulunda Oda Yonetiminden Sn. Murat
OCAKTAN ve Sn. irfan AKYOL sunum agilis konusmalari
sonrasinda Sn. Yusuf Ziya BOLAT ( Calisma Uzmani -
is Saglgr ve Guvenligi Genel Mudurligt / 1ISGUM )
moderatdrliginde 4 oturumda davetli konusmacilara sdzu
vermistir. Asagida sunum basliklari ve davetli konusmacilarin
listesi yer almaktadir.

e is Ekipmanlan Mevzuatinda Yeni Dénem Uygulamalari
konusu Sn. Ali Kaan COKTU - Caligma Uzmani - is Saglig
ve Glvenligi Genel MUdurligi — ISGUM

e Korozyon Hakkinda Temel Bilgilendirme Sn. H. Klbra
AKBEN - Yeditepe Universitesi

e Korozyon ve Katodik Koruma Saha Uygulamalari Sn.
Okan ISDAS - TMMOB Metalurji ve Malzeme Muhendisleri
Odasl

e Korozyon ve Katodik Koruma Saha Uygulamalari Sn.
Mehmet DEMIRAY - HM Miihendislik

Katodik koruma teknigi, metal ylzeyindeki aktif alanlarin pasif

hale dénustirtlimesine, yani bir elektrokimyasal hucrenin
katodu haline getiriimesine dayaniyor. Elektrokimyasal
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The seminar titled Corrosion and Cathodic Protection,
organized in cooperation with  TMMOB - Chamber of
Metallurgical and Materials Engineers - METEM and General
Directorate of Occupational Health and Safety - ISGUM,
was held in TOSB - Automotive Supply Industry Specialized
Organized Industrial Zone Conference Hall on 12 September
2024.

Following the opening speeches, Mr. Murat OCAKTAN and
Mr. irfan AKYOL from the Chamber Management in the
Organization Board gave the floor to the invited speakers
in 4 sessions moderated by Mr. Yusuf Ziya BOLAT ( Labour
Expert - General Directorate of Occupational Health and
Safety / ISGUM ). Below are the presentation titles and the
list of invited speakers.

* New Era Practices in Work Equipment Legislation topic
Mr. Ali Kaan COKTU - Labor Expert - General Directorate
of Occupational Health and Safety — ISGUM

e Basic Information About Corrosion Mrs. H. Kibra AKBEN
- Yeditepe University

e Corrosion and Cathodic Protection Field Applications
Mr. Okan iISDAS - TMMOB Chamber of Metallurgical and
Materials Engineers ,

e Corrosion and Cathodic Protection Field Applications Mr.
Mehmet DEMIRAY - HM Engineering

The cathodic protection technique is based on convertering
active areas on a metal surface to passive, in other words

https://www.tuyider.org
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making them the cathode of an electrochemical cell. You
should read more about electrochemical cells and corrosion
mecahism.By supply of current, the potential of the metal is
reduced, the corrosion attack will be mitigated and cathodic
protection is achieved. Cathodic protection can be achieved
by either: Sacrificial anode cathodic protection, Impressed
current cathodic protection, often referred to as ICCP.

Cathodic protection is one of the most effective methods
for preventing corrosion on a metal surface. Cathodic
protection is commonly used to protect numerous structures
against corrosion, such as ships, offshore platforms,
subsea equipment, harbours, pipelines, tanks; basically
all submerged or buried metal structures. In the usual
agueous environments, a cathodic protection is efficient if
the real potential of steel (except ohmic fall) is lower than
-850 mV with regard to a copper/saturated copper sulphate
electrode or =800 mV with regard to a silver/silverchloride/
seawater electrode.

Depending on the technology used, it is possible to
implement passive cathodic protection with coatings and
inhibitors, or active cathodic protection using sacrificial
anodes or impressed current to counteract faults and gaps
in the coating caused during installation or by deterioration.

The global cost of corrosion is estimated to be US$2.5
trilion, which is equivalent to 3.4% of the global GDP
(2013). By using available corrosion control practices, it
is estimated that savings of between 15 and 35% of the
cost of corrosion could be realized; i.e., between US$375
and $875 billion annually on a global basis. These costs

info@tuyider.org

hlcreler ve korozyon mekanizmalart hakkinda daha fazla
bilgi ediniimelidir. DC Akim veriimesiyle metalin potansiyeli
azaltiir, korozyon atag yavaslatiir ve katodik koruma
saglanir. Katodik koruma iki yolla saglanabilir: Galvanik
anotlu katodik koruma, ICCP olarak ta anilan dis akim
kaynakli katodik koruma.

Katodik koruma, metal ylizeylerde korozyonu énlemenin en
etkili yontemlerinden biridir. Katodik koruma, gemiler, acik
deniz platformlari, deniz alti ekipmanlari, limanlar, boru hatlari,
tanklar gibi ¢cok sayida yaplyl korozyona karsi korumak igin
yaygin olarak kullanilir; temel olarak tUm su ici veya toprak
altina gémull metal yapilarda kullaniimaktadir. Olagan
ortamlarda, celigin gercek potansiyeli ( Polarize potansiyel
veya IRFree potansiyel) bakir/ bakirsilfat (doymus) elektroda
gore -850 mV’den veya gumus/gimdisklorlr/deniz suyu
elektroduna gdére —800 mV’den daha negatif ise katodik
koruma etkilidir.

Kullanilan teknolojiye bagll olarak, kaplamalar ve inhibitdrler
ile pasif katodik koruma veya montaj sirasinda olusan ve
bozunma nedeniyle kaplamada meydana gelen hatalardaki
(Ciplak metalin elektrolitle temas ettigi bolgelerde) korozyon
oranini azaltmak icin kurban anotlarla veya dis akm kaynakl
sistemlerle aktif katodik koruma uygulamak mudmkdnddr.

Korozyonun kuresel maliyetinin 2,5 trilyon ABD dolari
oldugu tahmin edilmektedir; bu da kiresel GSYiH’nin (2013)
%3,4’Une esdegerdir. Mevcut korozyon kontrol uygulamalari
kullanilarak korozyon maliyetinde %15 ila %35 oraninda
tasarruf saglanabilecedi tahmin edilmektedir; yani kiresel
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Atiksu Geri Kazanim Tesisleri,
Proses Su Hazirlama Tesisleri,
Sifir Sivi Atik Projeleri,

Baca Gazi Aritma Tesisleri.

Alaaddinbey Mahallesi 647. Sokak

Mesut Koyuncu Is Mrk. No:5 D:11 Niltfer /BURSA
Tel. : 224 999 21 25 Fax : 224 999 22 26
e-mail : info@akenaritma.com
www.akenaritma.com




typically do not include individual safety or environmental
consequences. Through near misses, incidents, forced
shutdowns (outages), accidents, etc., several industries
have come to realize that lack of corrosion management
can be very costly and that, through proper corrosion
management, significant cost savings can be achieved over
the lifetime of an asset. To achieve the full extent of these
savings, corrosion management and its integration into an
organization’s management system must be accomplished
by implementing a Corrosion Management System (CMS).
Ref: http://impact.nace.org/economic-impact.aspx

Applications requiring cathodic protection

bazda yillik 375 ila 875 milyar ABD Dolari arasinda bir deger
s6z konusudur. Bu mali kayiplar genellikle yalnizca bireysel
guvenlik veya cevresel kayiplari icermez. BuyUk facialara,
arizalara, zorunlu bakim duruslarina, kazalara vb. nedeniyle
birgok endUstri, korozyon yénetimi eksikliginin cok maliyetli
olabilecegini ve uygun korozyon yonetimi yoluyla, bir varligin
omrt boyunca énemli maliyet tasarruflar elde edilebilecegi
fark edilmistir. Bu tasarruflardan tam anlamiyla yararlanmak
icin, korozyon yonetimi ve bunun bir kurulusun yonetim
sistemine entegrasyonu, bir Korozyon Yénetim Sisteminin
(CMS) uygulanmasiyla gerceklestirilmelidir.

Katodik koruma uygulama gerektiren uygulamalar

Referanslar | References

https://aion-pro.com/complex-structures/
https://www.icorr.org/how-does-cathodic-protection-work/
https://www.matcor.com/resources/cathodic-protection-systems/
https://inspectioneering.com/tag/cathodic+protection

info@tuyider.org

https://cathwell.com/cathodic-protection-explained/
https://corrosion-group.com/general-cathodic-protection-and-the-difference-
between-system/

https://www.elsyca.com/learn/cathodic-protection-and-corrosion engineering-basics
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GELECEGIN ANAHTARI

SURDURULEBILIR iNOVATIF URETIM TEKNIKLERI ILE

ELIMIZDE!

THE KEY TO THE FUTURE LIES IN SUSTAINABLE INNOVATIVE
PRODUCTION TECHNIQUES!

EKSAS olarak, YESIL MUTABAKAT kapsaminda gevre duyarlilifini misyonumuzun merkezine koyuyor,
sektordeki SURDURULEBILIRLIK standartlarini yiikseltmek icin DIJITAL DONUSUM ve en son teknolojileri
kullaniyoruz. iS SAGLIGI VE GUVENLIGI calismalarimizda, riskleri azaltmak, calisan gtvenligini saglamak ve
yasal diizenlemelere uyumu desteklemek igin kapsamli cézimler gelistiriyoruz.

As EKSAS, we place environmental sensitivity at the core of our mission under the GREEN DEAL, aiming to elevate
SUSTAINABILITY standards in the industry through DIGITAL TRANSFORMATION and the utilization of cutting-
edge technologies. In our OCCUPATIONAL HEALTH AND SAFETY endeavors, we develop comprehensive
solutions to mitigate risks, ensure employee safety, and support compliance with legal regulations.

ECSAS

EKSAS SURFACE TECHNOLOGIES

www.eksas.com info@eksas.com




HILLEBRAND |CHEMICALS

A WHW COMPANY

KOROZYON KORUMADA
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Ust diizey korozyon korumasi icin islem kimyasallari ve uygulamalari
Baglanti elemanlari islevsellestiriimesi
Uygulama teknolojileri

@ Hillebrand Chemicals Kimyasal Pazarlama Ltd. $ti. izzet AYDIN / Genel Midiir
Ziya Gokalp Mah. Ikitelli 0SB @ +90(541) 715 48 33
Metal-Is San. Sit. 9.Blok No: 23 = izzet.aydin@hillebrand-chemicals.de

34490 Basaksehir / istanbul

O +90(212) 549 69 17
& +90 (212) 549 69 27
23 bilgi@hillebrand-chemicals.com.tr

www.hillebrand-chemicals.com.tr
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Onursal Uyemiz

Prof. Dr. Ali Fuat Gakir

ile Nikel’e Dair

About Nickel With
Our Honorary Member

Prof. Dr. Ali Fuat Cakir

iTU Metalurji ve Malzeme Mihendisligi Bolumi Ogretim
Uyesi ve Dernegimiz Onursal Uyesi Prof. Dr. Ali Fuat Gakir ile
bir araya geldik. Ylzey islem sektértinde uzun yillara dayanan
tecribesi ve korozyondan koruma amagcl arastirmalar ile
sayisiz bilimsel ¢alismayi ve endUstriyel uygulamay basarlyla
gerceklestirmis bir bilim insanidr.

Genel sekreterimiz Ali Selen ile birlikte bundan 1,5 yil
odncesinde ziyaret ettigimizde Nikel kaplamalar konusunda
bir kitap hazirigimizdan bahsetmistik. Bu durumun onu ¢ok
memnun ettigini ve sektorin ihtiyaglarina cevap verecek
bir el kitabinin ¢ok yararl olacagini ifade ederek bizi motive
etmistir.

2024 yiinda basimi tamamlanan “ Elektro Nikel kaplamalar
ve Proses verimliligini etki eden faktorler” kitabimizi kendisine
takdim ettik ve keyifli bir sohbet ortaminda degerli goérislerini
aldik.

Nikel modern bir metaldir. 1751 tarihinde isvecli kimyager
Baron Axel Fredrik Cronstedt tarafindan kesfedilmistir. il nikel
metali ise 1848 yilinda Norvec¢'te Uretilmistir. GUnimUzde
nikel baglica ve blUyUk oranda paslanmaz celik ve alasimli
metal Uretiminde, nikeli pillerde ve metal kaplamaciliginda
kullanilir. TUrkiye’de paslanmaz celik ve nikelli pil Gretimi
olmadidi i¢in yillik nikel sarfiyati icinde kaplamada kullanilan
nikel payl yuksektir. Yurdumuzda nikel metali Meta Nikel
Kobalt A.S. tarafindan Gérdes / Manisa’da Uretimektedir.
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June/ Haziran 2023

We met with Prof. Dr. Ali Fuat Cakir, Faculty Member of
[TU Metallurgical and Materials Engineering Department
and Honorary Member of our Association (TUyider). He is
a scientist and engineer who has successfully carried out
numerous scientific studies and industrial applications with
his many years of experience in the surface treatment sector
and research on corrosion protection.

When we visited 1.5 years ago with our general secretary Ali
Selen, we talked about preparing a book on nickel plating.
He motivated us by stating that this situation pleased him
very much and that a handbook that would meet the needs
of the sector would be very useful.

We presented her with our book “Electro Nickel Platings and
Factors Affecting Process Efficiency”, which was published
in 2024, and received her valuable opinions in a pleasant
conversation environment.

October/ Ekim 2024-istanbul

Today R. Boettper is considered the father of electrolytic
nickel plating (1843). The solution he developed containing
nickel and ammonium sulfate was used for 70 years. We
owe the widespread use of nickel plating to Professor Oliver
P. Watts (USA) (1916). The solution he patented is one of the
most used solutions even today. Its composition consists
of nickel chloride and sulfate and boric acid. Today, the
plating industry uses different compositions, especially in

https://www.tuyider.org



engineering applications. Apart from electrolytic coatings,
nickel plating is also done without electrolyte. Although the
first discoverers of electroless plating were Wutz (1844),
those who found the composition and conditions that were
successfully applied industrially were Brenler and Riddles
(1946).

Electroless platings have gained much importance today.
The application of nickel plating for decorative purposes
must have started in our country after the first quarter of
the twentieth century. With the development of industry
during the Republic period, nickel plating also became
widespread. However, it cannot be said that the practices
carried out were very conscious. According to what | heard
from a former employee; He explained that when the nickel
baths became dirty in the Adapazar wagon factory, which
was established in 1961, the solution was poured instead
of cleaned. Currently, electrolytic nickel and alloy coatings
on steel and plastic for both decorative and engineering
purposes are widely applied in our modern facilities. While
nickel platings for decorative purposes were more common
all over the world until the 1970s, applications for engineering
and corrosion protection purposes came to the fore later. A
similar development has been observed in our country.

There are very few printed publications on metal plating in
Turkey. As far as | know, the first book on plating was published
by Saip Develi in 1946, under the name Galvanoteknik -
Mineral Coating, at the National Education Printing House,
among the Men’s Technical Education supplementary

info@tuyider.org

Bugin R. Boettper elektrolitik nikel kaplamanin babasi
olarak kabul edilir (1843). Gelistirdigi nikel ve amonyum stilfat
iceren ¢ozelti 70 yil kullaniimistir. Nikel kaplamanin yaygin
kullanimini ise Profesér Oliver P. Watts’a (ABD) borcluyuz
(1916). Patentini aldigi ¢dzelti bugln dahi en ¢ok kullanilan
¢Ozeltilerin baginda gelir. Bilesim olarak nikel klortr ve stlfat
ile borik asitten olusur. GUinumUzde kaplama endUstrisi,
Ozellikle muhendislik uygulamalarinda daha farkll bilesimler
de kullanir.Nikel kaplamaciligi elektrolitik kaplamalar diginda
akimsiz olarak da yapilir. Akimsiz kaplamanin kasifleri ilk Wutz
(1844) olmakla birlikte endustriyel olarak basari ile uygulanan
bilesim ve kosullan bulanlar ise Brenler ve Riddles’dir (1946) .

Akimsiz kaplamalar ginimtzde ¢ok 6nem kazanmistr.
Dekoratif amach nikel kaplama uygulamasi Ulkemizde
yirminci asrin ik ¢eyreginden sonra baglamis olmalidr.
Cumhuriyet déneminde sanayinin gelismesi ile nikel kaplama
da yayginlagsmistir. Fakat yapilan uygulamalarin pek bilingli
oldugu soylenemez. Eski bir ¢alisanindan dinledigime gore;
1961 de kurulan Adapazari vagon fabrikasinda nikel banyolari
kirlendiginde ¢dzeltinin temizlenmesi yerine dokuldigunu
anlatmistl. Halen hem dekoratif hem de muhendislik amaglh
celik ve plastik Uzerine elektrolitik nikel ve alasim kaplamalar
modern tesislerimizde yaygin olarak yapilimaktadir. TUm
dinyada dekoratif amacl nikel kaplamalar 1970’li yillara
kadar daha yaygin iken daha sonra muhendislik ve
korozyondan koruma amagl uygulamalar daha 6n plana
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cikmistir. Ulkemizde de benzer
gelisim gdzlenmistir.

Turkiye'de metal kaplama konu-
sunda basill yayin ¢ok azd.
Bildigim kadan ile kaplamacilikla
ilgili ik kitap Galvanoteknik —
Maden Kaplamaciigi adi ile Milli
Egitim Basimevinde, Erkek
Teknik Ogretim yardimei kitaplarn
arasinda 1946 yilinda Saip Develi
tarafindan  yayinlanmistir.  Kitap
1947 ve 1969 da tekrar basimistir.
Daha sonra 2004 yilinda Vedat
Berk Yizey islemler Teknolojileri
olarak benzer alanda brosuUr tipi
bir yayin yapmistir. Kaplamacilik
alaninda SHERING AG Turkiye
Temsilcisi Vedat Erdener 1969
-1990 yilan arasinda kesikli olarak
583 sayisini gikardigi GALVANOTEK
DERGISI'ni ve ayrica kitap olarak Galvanokimya Yaynlari
Serisi :1 olarak Bakir Kaplama Teknigi (1974), serinin 2 no’lu
kitabr Aliminyum Eloksal — Etiket (1977) ve 3. cli olarak Nikel
Kaplama Teknigini (1977) yayinlamigtir. Ayrica ¢ok sayida
Seminer Notlari da vardir. Ben de 1987 tarihinde Elektrolitik
Bakir Kaplama (SEGEM 1983), Elektrolitik Nikel Kaplama
(SEGEM 1983) ve Elektrolitik Cinko ve Kadmiyum Kaplama
(SEGEM 1987) olarak U¢ adet seminer notu yazmistim.

Elinizde tuttugunuz Dogent Dr. Ekrem Altuncu’nun yazdigi
bu kitap Nikel Kaplama konusunda

Ulkemizde yazimis ik kapsaml ve |
6nemli bir kitaptr. Yazar Sakarya
Uygulamali Bilim UniversitesiMalzeme
ve Uretim Teknolojileri Arastirma
ve Uygulama Merkezi Mudiri ve
TUYIDER (Tum  Yizey Islemler
Dernegi) Yoénetim Kurulu Uyesidir.
Docent Dr. Altuncu Yuzey islemler
alaninin gok 6nemli bolimlerimde
teorik ve uygulamall arastirma
yapan,yoneten bir akademisyendir.
Bu kitap Turk akademik ve
uygulama alaninda elektrolitik nikel
kaplamalar konusunda onemli bir
boslugun doldurulmasina katkida
bulunacak ilk yayindrr. 15 Bo6lUm
alinda dUzenlenmis kitapta nikel
kaplamaciligi her yonu ile incelenmis
ve ik kez nikel kaplamanin sanatta
kullanimina da yer verilmistir.

Sayin Altuncu’yu tebrik eder kitabini hararetle tavsiye ederim.
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ENDUSTRIYEL ELEKTRO-NIKEL KAPLAMALAR VE
PROSES VERIMLILIGIN ETKILEVEN FAKTORLER

books. The book was
reprinted in 1947 and
1969. Later, in 2004, he
published a brochure - type
publication in a similar field
as \Vedat Berk Surface
Treatment Technologies |.
Vedat Erdener, SHERING
AG Turkey Representative in
the field of plating, publish-
ed the GALVANOTEK
MAGAZINE, 53 issues of
which he published intermit-
tently between 1969 and
1990, and also the book
Galvanokimya  Publications
Series: Copper Plating Tech-
nique (1974), book no. 2
of the series, Aluminum
Anodizing — Label ( 1977)
and thirdly, Nickel Plating
Technique (1977). There are also numerous Seminar Notes.
| wrote three seminar notes in 1987: Electrolytic Copper
Plating (SEGEM 1983), Electrolytic Nickel Plating (SEGEM
1983) and Electrolytic Zinc and Cadmium Plating (SEGEM
1987).

This book that you are holding in your hands, written
by Associate Professor Dr. Ekrem Altuncu, is the first
comprehensive and important book written in our country
on the subject of Nickel Plating. The author is the Director
of Sakarya Applied Science
University Materials and
Production Technologies Rese-
arch and Application Center
and a member of the Board
of Directors of TUYIDER (Al
Surface Treatments Association).
Associate Professor Altuncu is
an academician who conducts
and manages theoretical
and applied research in very
important departments of the
field of surface treatments. This
book is the first publication
that will contribute to filing an
important gap in electrolytic
nickel coatings in the Turkish
academic and practical field. In
the book organized under 15
chapters, every aspect of nickel
plating is examined and the use
of nickel plating in art is included
for the first time.

[ T0vioER [ vUZEY AKADEMISI

| congratulate Mr. Altuncu and highly recommend his book.

https://www.tuyider.org



Dog. Dr. Ekrem ALTUNCU

SUBU-Sakarya Uygulamal Bilimler Universitesi Metalurji
ve Malzeme Mihendisligi Ogretim Uyesi

SUMAR - Malzeme ve Uretim Teknolojileri Uygulama
ve Arastirma Merkez Muduri

TUYIDER - Tiim Yiizey islemler Dernegi YK ve Yiizey
Akademisi, Bilim ve Danisma Kurulu Uyesi

[l TUYIDER

TUM YUZEY iSLEMLER DERNEGH

I YUZEY AKADEMiISIi

TUM YUZEY ISLEMLER DERNEGI (TUYIDER) 4. Yasina girerken faaliyetlerini hizla artirmaktadir. YUZEY AKADEMISI catisi altinda
mesleki egitimler, sektdrel bulusmalar, Uyelerinin ihtiyaglari dogrultusunda ileri teknoloji yiizey islemler konularinda seminer programlari
yuritmektedir. Bunun yaninda Bilim Danisma Kurulu talepler karsisinda teknik raporlara ve endustride yaygin yizey islem ve kaplama
teknolojileri konularinda kitap calismalarina hiz vermistir. Bunlardan bir ilkini ise Yénetim Kurulu ve Bilim Danisma Kurulu Uyemiz Dog.
Dr. Ekrem ALTUNCU “ ENDUSTRIYEL ELEKTRO NIKEL KAPLAMALAR VE PROSES KALITESINi ETKILEYEN FAKTORLER” baslikli ilk
kitap sektériin basucu kitabi olarak tyelerimizin faydalanmasi igin hazirlamistir. 2024 yilinin Mart ayinda basilan bu bitap kapsaminda Nikel
kaplamalarin 6zellikleri, akimli nikel kaplama prosesi, kaplama proseslerinin siniflandiriimasi ve proses parametreleri, kaplamalarin test ve
analizleri ile kalite standartlari, kaplama proseslerinde verimlilik, strdirilebilirlik konular yaninda kaplama proseslerinde gevresel etkiler
ve isci sagligi ve guvenligi konulari ile endistriyel olmayan uygulama alanlar ( mimarlik, sanat, dekorasyon ve antika vb.)’ndan érnekler ve
teknik bilgiler sunulmaktadir.

Bu kitabin hazirlanmasinda ve basiminda destegi olan sponsor firmalarimiza, tim Uyelerimize, yonetim kurulumuza tesekkdrlerimizi sunariz.

SURFACE TREATMENTS ASSOCIATION OF TURKEY (TUYIDER) is rapidly increasing its activities as it enters its 4th year. Under the roof
of SURFACE ACADEMY, it conducts vocational trainings, sectoral meetings, and seminar programs on advanced technology surface
treatments in line with the needs of its members. In addition, the Scientific Advisory Board has accelerated the preparation of technical
reports and book studies on surface treatment and coating technologies common in the industry in response to demands. The first of
these, our Board of Directors and Scientific Advisory Board Member Assoc. Prof. Dr. Ekrem ALTUNCU, has prepared the first book titled
“INDUSTRIAL ELECTRO NICKEL COATINGS AND FACTORS AFFECTING PROCESS QUALITY” for the benefit of our members as a
reference book of the sector. Within the scope of this book, which was published in March 2024, the properties of nickel coatings, flow
nickel plating process, classification of plating processes and process parameters, testing and analysis of coatings and quality standards,
efficiency in plating processes, and sustainability issues are discussed. In addition, environmental impacts and worker health and safety
issues in plating processes, as well as examples from non-industrial application areas (architecture, art, decoration and antiques, etc.) and
necessary technical information are presented.

We would like to thank our sponsor companies, all our members, and our board of directors for their support in the preparation and
publication of this book.
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22. Uluslararasi Metalurji ve Malzeme Kongresi - Istanbul

22nd International Metallurgy and Materials Congress - Istanbul

IMMC 2024- 22. Uluslararasl Metalurji ve Malzeme Kongresi
19 - 21 Eylil 2024 tarihleri arasinda istanbul - Tirkiye'de
gerceklestiriimistir. Kongre mekani istanbul Fuar merkezi
olup, TMMOB Metalurji ve Malzeme Muhendisleri Odasi
ve EQitm Merkezi (METEM) ile ulusal ve uluslararasi
akademisyenin arastirmacinin ve sektor uzmanlarinin destegi
ile dUzenlenmistir.

Bukongrede arastirmacilar, profesyoneller (sektérden, politika
yapicllar, girisimciler, sivil toplum Uyeleri ve kamu yénetimi),
6grenciler ve dinyaca UnlU bilim insanlar meslektaglari ve
farkll yas gruplarindan insanlarla ag olusturmak ve bilimsel
bilgi aligverisini yapmak igin bir araya gelerek malzeme ve
metalurji mthendisligi topluluguna buyuk katki ve yenilikler
yapmak igin tek bir platformda bir yolculuga gikiyorlar.

Dernegimiz Yonetim kurulu Uyesi Dog. Dr. Ekrem Altuncu
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IMMC 2024 - 22nd International Metallurgy and Materials
Congress was held in Istanbul - Turkey between 19 - 21
September 2024. The congress venue is Istanbul Fair Center
and it was organized with the support of TMMOB Chamber
of Metallurgical and Materials Engineers and Training Center
(METEM) and national and international academicians,
researchers and industry experts.

In this congress, researchers, professionals (from industry,
policy makers, entrepreneurs, civil society members and public
administration), students and world-renowned scientists come
together to network and exchange scientific knowledge with
colleagues and people from different age groups, providing a
great opportunity to the materials and metallurgical engineering
community. They embark on a journey on a single platform to
make contributions and innovations.

Our association’s board member Assoc. Dr. Ekrem Altuncu

https://www.tuyider.org



represented the surface treatment industry within the scope of
the congress and served as session chairman and organizing
committee member. The fair organization concurrent with the
congress hosted thousands of domestic and international
visitors. Chairman of our Board of Directors Melda Baycan,
Members T.Ali Selen and Emin Kalip visited within the scope
of the fair and congress.

19 SEPTEMBER 2024 THURSDAY

PERSEMI

PERSEMBE

FUAYE: RED HALL / KIRMIZ) SALON

19 SEFTEMBER 2024 THURSDAY

FUAYE: RED HA KIRMIZI SALON

kongre kapsaminda yUzey islem sektérind temsil etmis,
oturum baskanligi ve dizenleme kurulu Uyeligi gorevlerinde
bulunmustur. Kongre ile es zamanl fuar organizasyonu
binlerce yurtici ve yurtdigl ziyaretciyi agirlamistir.  Yonetim
Kurulumuz Bagkani Melda Baycan, Uyeleri T.Ali Selen, Emin
Kalip fuar ve kongre kapsaminda ziyaretlerde bulunmustur.

19 SEFTEMBER 2024 THURSDAY
19 EYLOL 2024 PERSEMBE

ez

FUAYE: RED HALL / KIRMEZ) SALON

STCS
SESSION 1
& 12.30-14.00

Driving Performance: Innovative Passivation Technology
for Cast Aluminum Alloys
Can AKYIL

* MACDERMIC ENTHONE
Tarkiye

& 14.00-74.20
Investigation of the Corrosion Behavior of Anodically Oxidized

AZ31 Magnesium Alloys in Sodium Pentaborate-Enriched
Electrolyte

Taha Cagn SENOCAK, Kadri Vela EZiRMIK
* ATATURK UNIVERSITY
Turkiye

® 14.20-14.40

Investigation of Corrosion Behavior on Lacquered Surface in
Finstock Materials
Duygu MOLLA, Sdmbile SAGDIC, Ahmet AXARSU,
OIDEMIR, Onur BIRBASAR. Canan INEL, A ULUS
* ASAS ALUMINYUM
Tiekiye

® 14.40-15.00 — -
Elec of Grade-2 in Acid -
Ethylene Glycol Mixed Electrolyte

STCS
SESSION 2

Ekrem ALTUNCU - "ax

& 15.10-15.40 - D
Creating Energy Efficient Glass Surfaces & Challenges

Ozan OZER
* SISECAM SCIENCE, TECHNOLOGY & DESIGN CENTER
Turkiye

o 15.40-16.00 -

Investigation of the Effect of Li 07K 0 Molar Ratio on Boiling
Water Resistance ol Inorganic Glass-Ceramic Coatings
Seyithan AKBULUT', Berhan CAN', Talha Dogan OZERDEM',
Sinan DALOGLU', KARAAHMET *, Bugra CICEX"

« 'YILDNZ TECHNICAL UNIVERSITY, *AKCOAT RAD CENTER

Tirkiye

® 16.00-16.20

d Hydrophobic Properties of Fi Ikyl-Modified
Epoxy-Based Coatings: Characterization and Analysis

Elif KESKIN'#, Nesrin KOKEN®, Alper YESILGUBUK®, Simge TARKUG'
* TARCELIK, #STANBUL TECHNICAL UNWERSITY

Turkiye

® 16.20-16.40
Vapor Dep: of P on Fabric for
Enhanced Capacitive Pressure Sensing

Ayca AYDURMUS, Iyl DEMIRKAN, Ece Naz ERULKER, Faruk CAN, GOIG
KIZILTAS SENDUR, Gérde OZAYDIN INCE

STCS
SESSION 3

S wwsion Chasrman / Otury
Metwhan ERDOGAN - 41 M BEYAZIT UNIVERSITY
& 16.50-17.90
PVD CrSi Coatings to Protect Thermoelectric Materials
from Degradation

Thennue THANG. Mikdat GURTARAN, Hanshan DONG

* THE UNIVERSITY OF BIRMINGHAM

United Kingdom

& 17.1017.30

of Tungsten Oxide-Based Nanoc
Thin Films by Sol-Gel Dip Coating Method
y Ugur Can O20G60T,

TAVSANOGLY
= MUGLA SITKI KDCMAN UNIVERSITY
Tiekiye

& 17.30-17.50

of Multilayer Coating Systems
for Cold Stamping Process

Canan HACIOGLU", Sena ALTIN', Enes KURTULLS', Mert SENTORK?,
Kadir SAGIRY, Cagatay ELIBOL?

= "COSKUNOZ METAL FORM, [TURKISH-GERMAN UNNVERSITY

Tirkiye

o = SABANCI UNIVERSITY
3 Turk:

* VANKARA YILDIRIM BEYAZIT UNIVERSITY, 'MIDDLE EAST o

TECHNICAL UNIVERSITY

Torkive

IMMC 2024 Symposiums & Organization
Committee Members

SURFACE TREATMENT AND COATING SYMPOSIUM

Dog. Dr. Ekrem ALTUNCU Sakarya Univ. of Applied Sciences
Dog. Dr. Metehan ERDOGAN Ankara Yildinm Beyazit University
Prof. Dr. Kirsat KAZMANLI Istanbul Technical University

In organizing the congress, the head of the organization
board, Prof. Dr. Ozgll Keles (iTU) and co-chairs Prof. Dr.
Caner Durucan (METU) Prof. Dr. We would like to thank
Ender Suvaci (Eskisehir Technical University), all scientific
board, organizing and executive board members, and
industry representatives.

In addition, the President of TMMOB Chamber of Metallurgical
and Materials Engineers, who provided the most important
support in the success of this event. We congratulate irfan
Turkkolu, Istanbul Branch President Mr. Erman Car and all
Chamber management, METEM Management, Mr. HUseyin
Savas, Asli Sahin, Tugba Sezer and all members of the
executive board and wish them continued success.

info@tuyider.org

Ref. Link: https://www.immc-mtm.com

IMMC 2024 Sempozyumlar ve
Yiiriitme Komitesi Uyeleri

YUZEY iSLEMLER VE KAPLAMA SEMPOZYUMU

Dog. Dr. Ekrem ALTUNCU Sakarya Uygulamali Bilimler Univ.
Dog. Dr. Metehan ERDOGAN Ankara Yildinm Beyazit Univ.
Prof. Dr. Kiirsat KAZMANLI istanbul Teknik Universitesi

Kongrenin duizenlenmesinde basta Organizasyon kurulu
baskani Prof. Dr. Ozgul Keles (ITU) ve es baskanlar Prof. Dr.
Caner Durucan (ODTU) Prof. Dr.  Ender Suvaci (Eskisehir
Teknik Universitesi)’ ye tim bilim kurulu, diizenleme ve yiritme
kurulu Uyelerine, endUstri  temsilcilerine tesekkirlerimizi
sunariz.

Ayrica bu etkinligin basarisinda en 6nemli destedi veren
TMMOB Metalurji ve Malzeme Muhendisleri Odasi Bagkani
Sn. rfan Turkkolu, Istanbul Suberis baskani Sn Erman Car
ve tim Oda yonetimine, METEM Yo6netimine Sn Huseyin
Savas’a, Asli Sahin’e, Tugba Sezer’e ve tim yUritme kurulu
Uyelerini tebrik eder basarilarinin devamini dileriz.
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TUYIDER, Borusan Boru - Gemlik Fabrika Ziyareti
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TUYIDER Borusan Boru - Gemlik Factory Visit

Sayin Batikan Haktan Ozbek’in (Borusan Boru-Gemlik Otomotiv Fabrikasi Uretim ve Bakim
MUdUrt) daveti tzerine Yonetim Kurulu Bagkanimiz Melda Baycan ve Bilim Danisma Kurulu
Uyemiz Doc.Dr. Ekrem Altuncu isletmeye ziyarette bulunmuslar, dernek faaliyetlerimiz ve
potansiyel is birliklerimiz konusunda goérds bildirmislerdir.

Batikan Bey Almanya ST fuarinda dernegimiz standini ziyaret etmis, fuar sonrasi iletisime
gecerek dernegimizin faaliyetlerinin cesitliligi ve kapsamindan olan memnuniyetini belirtmis
ziyaret kapsaminda Uretim hatlan gozlemlenmis, sektérel degerlendirmeler, Urlin ve proses
Ozellikleri incelenmistir. Dernegimiz sektorel taleplere ¢ézUm Uretmek, Uye ve paydaslari ile
iliskilerini artirmak amaci kapsaminda hizmetler sunmaya devam edecektir.

Upon the invitation of Mr. Batikan Ozbek (Borusan Boru-Gemlik Automotive Factory
Production and Maintenance Manager), our Chairman of the Board Melda Baycan and our
Scientific Advisory Board Member Assoc. Prof. Dr. Ekrem Altuncu visited the facility and
expressed his opinion about our association activities and potential collaborations.

Mr. Batikan visited our association’s stand at the Germany ST fair, contacted us after the fair
and expressed his satisfaction with the diversity and scope of our association’s activities.
Within the scope of the visit, production lines were observed, sectoral evaluations, product
and process features were examined. Our association will continue to provide services
within the scope of providing solutions to sectoral demands and increasing its relations with
its members and stakeholders.

https://www.tuyider.org



Kisitlamalari Firsat Olarak Gormek

Emre KOCAK

Product and Application Engineering
Doérken Coatings GmbH & Co. KG

Kimyasal kisitlamalar, ECHA’nin PFAS yasagi 6nerisinden
6énce bile ylizey kaplama gelistirmede rol oynamistir.
Ancak DORKEN gibi sirketler, baglangigta bir engel gibi
gbriinen bu durumu inovasyon igin bir itici gli¢ olarak
kullanmaktadir.

Ginko lamel kaplamanin tarihi degisimlerle ile ortaya gikmistir.
Baglangicta odak noktasi sadece standart kosullar altinda
korozyona karsi korumaydi, ancak vyillar gectikce bir¢cok
gereksinim eklenmistir. Bunlar arasinda sicaklik veya mekanik
hasar nedeniyle 6n gerilme veya son katlar alaninda 6rnegin sabit
sUrtlnme katsayilari, kimyasal diren¢ ve temas korozyonunun
onlenmesi yer almaktadir.

Ancak, gelistirme laboratuvarlarinin yenilikgi gtictind zorlayan
sadece artan gereksinimler degildir. Kimyasal yasaklardan
kaynaklanan kisitlamalar da arastirmacilar igin zorluk teskil
ediyor. insanlara, hayvanlara veya cevreye zararll olduklari igin
kesinlikle kullanilmamasi gereken maddeler vardir. Kaplama
endustrisinden dnemli bir rnek, krom(VI) kanserojen oldugu icin
2000’lerin basindan itibaren krom(VI)’nin yasaklanmasidir.

Daha 6nce glvenli kabul edilen maddeler veya madde gruplari
endise kaynagi olarak siniflandiridiginda, boya gelistirme igin
Ozellikle zorlayici hale gelir. Benzer maliyetlerle ayni veya daha iyi
islevsellige sahip, endustride belirtilen islevsel formulasyonlara
uyarlamalar gereklidir. Kisitlamalar bir yandan gelistirme
kapsamini daraltirken, diger yandan da maksimum yaraticiiga
davetiye clkarmaktadir. Ayrica, gelecekteki duzenlemeleri
dikkate alan kilit teknolojiler gelistirildigi takdirde, sirketler
teknolojik bir avantaj elde edebilirler.

ECHAnIn (Avrupa Kimya Ajansi) PFAS yasagdi onerisi su anda
herkesin dilinde. Bu, bazilan DORKEN icin de gegerli olan
10.000’den fazla maddeyi kapsamaktadir. Surdurdlebilirlik
konusundaki kararliigi ve Ustln temel arastirmalar sayesinde
DORKEN halihazirda PFAS icermeyen Urlnlere sahiptir.
Sirketimiz kisitlamalar bir engel olarak degil, inovasyon icin
bir motivasyon olarak goérmektedir. Sirketimiz uzmanligini ve
yaraticiigini yeni ve daha iyi gézimler sunmak igin kullanirken, bir
yandan da yarindan sonraki ginun trendlerini takip etmektedir.

The molecular structure of a PFAS compound

Hydrogen Fluorine @ Carbon

. Oxygen

info@tuyider.org

Seeing Restrictions as Opportunities

Chemical restrictions have played a role in surface
coating development even before ECHA’s proposal to
ban PFAS. However, companies like DORKEN are using
what initially seemed like an obstacle as a driving force
for innovation.

The history of zinc flake coatings has been shaped by changes
over time. Initially, the focus was solely on corrosion protection
under standard conditions, but over the years, many additional
requirements have emerged. These include factors like
pretensioning or topcoats in the field of consistent coefficients
of friction, chemical resistance, and the prevention of contact
corrosion due to temperature or mechanical damage.

However, it's not just the increasing requirements that
challenge the innovative power of development laboratories.
Restrictions arising from chemical bans also pose challenges
for researchers. There are substances that must not be used
under any circumstances because they are harmful to humans,
animals, or the environment. A significant example from the
coating industry is the ban on chromium(VIl) since the early
2000s due to its carcinogenic nature.

It becomes particularly challenging for paint development when
substances or substance groups previously considered safe are
reclassified as causes for concern. Adaptations to functional
formulations specified by the industry are required, maintaining
the same or better functionality at similar costs. While restrictions
narrow the scope of development on one hand, they also invite
maximum creativity on the other. Moreover, if key technologies
are developed with future regulations in mind, companies can
gain a technological advantage.

ECHA's (European Chemicals Agency) proposed ban on PFAS
is currently a hot topic. This ban encompasses over 10,000
substances, some of which also apply to DORKEN. Thanks
to its commitment to sustainability and superior fundamental
research, DORKEN already has PFAS-free products. Our
company views restrictions not as a hurdle but as a motivation
for innovation. While utilizing our expertise and creativity to offer
new and better solutions, we also keep an eye on the trends of
the day after tomorrow.
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Acik Deniz

Open Water

Assoc. Prof. Dr. | Dog. Dr. Ekrem ALTUNCU

Tlyider Bilim ve Danisma Kurulu Uyesi | Subu-Sumar Ogretim Uyesi
Surface Treatment Assoc. Of Turkey | Sakarya University Of Applied Sciences

Tatil icin tropik bir adaya gitmeye karar veren bir ¢ift, gunlerini
bir dalis gezisi ile gecirmek isterler. Adaya vardiklarinda
ilk isleri bir tUplt dalis gezisine katilarak, su altinin essiz
guzelliklerini kesfetmek olur. Her sey yolundayken, ikiliyi
denizin ortasinda unutulurlar. YUzeye ciktklarinda acik
denizin ortasinda yapayalniz kaldiklarini fark eden c¢ift blyUk
bir panik yasamaya baglar. Tekne uzaklasall ¢ok olmustur.
Tek umutlari, teknedekilerin durumu farkina varp, onlari
kurtarmak CUzere geri dénmesidir. Ellerinden geldigince
hayatta kalma mucadelesi verirler. Hele ki kdpek baliklar ve
zehirli deniz analari ortaya ¢ikmaya baslayinca sartlar giderek
daha da dayanilmasi zor bir hal almaktadir...

Yoénetmen Chris Kentis’in 2004 yapimi Agik Deniz filmi,
izleyenleri her yonuyle etkilemekte ve icine cekmektedir.
Filmin gercek bir hikayeden esinlenmesinin yani sira, acik bir
ifadeyle acikta kalmak, yersiz, yurtsuz ve savunmasiz kalma
olgusu bakimindan dikkat ¢ekicidir. Film, karsilasabileceginiz
tehlikelerden habersizce yasam muUcadelesi vermek,
zamandan bagmsiz bir bekleyis, caresizlik hissi, insanin
dogayla olan amansiz micadelesini gozler dniine sererken,
ayni zamanda insan psikolojisinin sinirlarina dair derin bir
bakis sunmaktadir. Konunun distinsel anlamda bu yénUyle
ele alinmasi benim agcimdan daha dnemlidir.

Bilinmeyen veya aniden olusan zorlu kosullar ile karsi
karslya kalmak, bekleyen tehlikelere, risklere ve bu kosullara
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A couple who decides to go to a tropical island for vacation
wants to spend their days on a diving trip. The first thing they
do when they arrive on the island is to join a scuba diving trip
and discover the unique beauties of the underwater world.
While everything is fine, the two are forgotten in the middle
of the sea. When they surface, the couple realizes that they
are all alone in the middle of the open sea and begins to
experience great panic. The boat has been away for a long
time. Their only hope is that those on the boat realize the
situation and return to save them. They struggle to survive
as best they can. Especially when sharks and poisonous
jellyfish start to appear, the conditions become more and
more unbearable...

Director Chris Kentis’s 2004 film Open Sea impresses and
draws the audience in every aspect. In addition to the fact
that the film is inspired by a true story, it is remarkable in
terms of the phenomenon of being left out in the open, out
of place, homeless and defenseless. While the film reveals
the struggle for survival without being aware of the dangers
you may encounter, a timeless waiting, the feeling of
helplessness, and the relentless struggle of man with nature,
it also offers a deep look at the limits of human psychology.
It is more important for me to address the issue from this
intellectual aspect.

Facing unknown or suddenly challenging conditions,
resisting the pending dangers, risks and these conditions,

https://www.tuyider.org



seeking salvation from these conditions, or accepting the
sad end. Isn’'t the open sea exactly life itself? Sudden
changing conditions that deeply affect each of us and our
ever-increasing fears, risks, lost hopes and our efforts to
survive against this situation... While looking for answers to
the question of how we will overcome these difficulties, the
question of what we did correctly and in a timely manner
and what experiences we gained comes to the fore...

What would you do if you were left alone in
the open sea?

Lying on your back and waiting to be rescued, or swimming
until your arms run out? The struggle for survival requires
being strong and resilient both physically and mentally. The
prerequisites for this are sufficient experience, knowledge,
determination and a little luck. How will we manage this
process under very variable conditions? How will we combat
these challenges? How should we think to find solutions in
the face of exponentially growing challenges and increasing
threats?

Isn’t being open an intellectual and emotional
resistance to life?

How much does being open-minded, trying to understand
differences, increasing experiences, and learning from

info@tuyider.org

direnmek, bu kosullardan kurtulus yolunu aramak veya hazin
sonu kabullenmek. Agik deniz tam da hayatin kendisi degil
midir? Her birimizi derinden etkileyen ani degisen kosullar
ve giderek artan korkularimiz, riskler, kaybolan umutlar ve
bu duruma karsl hayatta kalma ¢abamiz... Bu zorluklari
nasil asacagimiz sorusuna cevap ararken, neleri dogru ve
zamaninda yaptigimiz ve hangi deneyimleri kazandigimiz
sorusu 6n plana ¢ikmaktadir...

Siz acik bir denizde yapayalniz kalsaydiniz
ne yapardiniz?

Sirt Ustl yatarak kurtarimayl beklemek mi, kollarinizda
derman kalmayana dek ylzmek mi? Hayatta kalma
mucadelesi, gerek fiziksel gerekse zihinsel agidan guclu ve
direngen olmayi gerektirmektedir. Bunun &n kosullar arasinda
da yeterli deneyim, bilgi, kararlilik, biraz da sans vardir. Cok
degisken kosullar altinda bu streci nasil ydnetecegiz? Bu
zorluklar ile nasil micadele edecegiz? Katlanarak bUytyen
zorluklar ve artan tehditler karsisinda ¢6zime ulasmak icin
nasil distnmemiz gerekir?

Acik olmak, disunsel ve duygusal anlamda yasama
karsi bir direnis degil midir?

Acik fikirli olmak, farkliliklar anlamaya ¢alismak, deneyimleri
artirmak, yasanan olumsuzluklardan ders ¢ikarmak kendimizi
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sevmemize ne denli yardimci olmaktadir? Her okudugunuz
kitap veya bir edebi metin baskasinin yasamindaki bir kesite
dair izleri, farkli bir bakis agisini ve yeni deneyimleri bir arada
tasir.  Bunlan bUtincll olarak ele alabiliyor muyuz? Vahsi
doganin ttm guzelligini hissederken, izlerken gercekten bu
degisime eslik edebiliyor muyuz? Surdurulebilir, saglkli ve
temiz bir yasam ortamina kavusmak veya bu ortami korumak
icin neler yapmallyiz veya yapmaktayiz? Etrafimizda olup
biten seylerin farkinda olmak, sorumluluk almak kuskusuz
kisa yasam surecimizde c¢ok boyutlu farkl fikirlere acik
olmak, guclu bir anlayisin en degerli kazanimi degil midir?
Kisaca hayati deneyimlemek, farkl gorusleri sorgulamak
baska deneyimleri kazanmamiza, sinirlarimizi daha cesurca
zorlamamiza yol agmaz mi? Belki de bunlar bir arada ¢ok
daha anlamliidir ve daha biylk bir degere sahiptir. insan
yasami boyunca aldigi egitimden edindigi kazanimlarin
yaninda, ¢oklu yagsamsal deneyimler ile birlikte yasama karsi
daha gucli degil midir? Bir ylzicu en zorlu yansi bedensel
glcu ile mi yoksa zihinsel motivasyonunu koruyarak mi,
yoksa her ikisinin birlikteligiyle mi kazanir?

Kapall ve karamsar dustnceler icinde olmak vyerine dis
dinyaya aclk olmak ve bu bilin¢gle yasamak oldukga
rahatlaticidir. Glveninizi korumanizi saglar, risklerinizi kontrol
altina almaniza yardimci olur, karar verme duygunuzu
gelistirir, etkili dnlem almaniza ve gelisiminize kapilar agar ve
daha niceleri... insanlar, igsel olarak tim kaygilardan, biitin
problemlerden uzak, butintyle tehlike hissinden kurtulmus
olarak, bu olumsuz duygularla bunalmadan Kisiliklerinin ve
zihinlerinin olumlu yénde gelisecegini unutmamalidirlar. Acik
fikirli olabilmek toleranslarinizi artinrken, daha etkili ve saglikli
iletisim kurmanizi ve karar alma gucunuzt gelistirirken, dar
gorusliltk bir hosgorisizllk duvarini drmektir. Bu ylukselen
duvarlar daha az 6zelestiri ve sorgulama yapmanin yaninda,
fikirlerini degistirme egilimi daha az olan, daha fazla dnyargili
ve savunma direnci gdsteren bir sonuca variimasina neden
olur. Bu durum daha saldirgan ve kisitlayici bir tutuma yol
acmaktadir.

Degisken kosullar karsisinda toleransiniz var mi?

Degisime acik olmak, her bireyin elestirel ve rasyonel
dUstinebilmek igin sahip olmasi gereken bir beceridir. Yasam
bu kisisel elestiri ile olgunlasir ve anlamini bulur. Aksi halde
dogmatik dtistinceler korkular besler, hayalleri kisitlar, sinirlar
koyar. Yasaminizin her yerinde bir tehdit hissetmenize neden
olarak kimi zaman derin kaygl duyumsamay! artirirken strekli
icinizi kemiren bir diisman yaratmaniza neden olur. insan
zihni, kaygl ve endise altnda gelisemez, saldirganlagsir,
sinirlarini korumaya calisir ve gerceklikten uzaklagir. Tum
bu kavramlan diustinmeye basladiginizda, gercekle gergek
olmayan, cesaretle korku Kkarsitliklar iginde direngen
olmayi zorlastinr. Acik denizde strtklenen bir Kisi igin
enerjisini korumasi, korkularinin Ustesinden gelmesi, zihinsel
motivasyonunu koruyarak akilci kararlar vermesi hayatiyet
tagimaktadir. Bu ancak ¢ok yonlt deneyimlerle glclenmis
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negativities help us love ourselves? Every book or literary
text you read carries traces of a section in someone else’s
life, a different perspective and new experiences. Can we
address these hoalistically? Can we really accompany this
change while feeling and watching all the beauty of wild
nature? What should we do or are we doing to achieve or
maintain a sustainable, healthy and clean living environment?
Isn't being aware of what’s going on around us, taking
responsibility, being open to multi-dimensional different
ideas in our short life span the most valuable achievement
of a strong understanding ? In short, wouldn’t experiencing
life and questioning different views lead us to gain other
experiences and push our limits more boldly? Perhaps
together they are much more meaningful and have greater
value. Isn’t a person stronger against living together with
multiple vital experiences, in addition to the gains he has
gained from the education he has received throughout his
life? Does a swimmer win the toughest race with his physical
strength, his mental motivation, or a combination of both?

It is very comforting to be open to the outside world and live
with this awareness, instead of beingin closed and pessimistic
thoughts. It helps you maintain your confidence, helps you
control your risks, improves your sense of decision-making,
opens doors to your development and taking effective
precautions, and many more... People should not forget
that their personalities and minds will develop in a positive
way by being free from all internal concerns, all problems,
and being completely free from the feeling of danger, without
being overwhelmed by these negative emotions. While
being open-minded increases your tolerance, enables you
to communicate more effectively and healthily, and improves
your decision-making power, narrow-mindedness means
building a wall of intolerance. These rising walls lead to less
self-criticism and questioning, less tendency to change their
minds, and more prejudice and defensive resistance. This
situation leads to a more aggressive and restrictive attitude.

Do you have tolerance for changing conditions?

Being open to change is a skill that every individual must
have in order to think critically and rationally. Life matures
and finds its meaning with this personal criticism. Otherwise,
dogmatic thoughts feed fears, restrict dreams, and set
limits. It causes you to feel a threat everywhere in your
life, sometimes increasing the feeling of deep anxiety and
creating an enemy that constantly gnaws at you. The
human mind cannot develop under anxiety and anxiety, it
becomes aggressive, tries to protect its boundaries and
moves away from reality. When you start thinking about all
these concepts, it makes it difficult to be persistent in the
oppositions of reality and unreality, courage and fear.lt is
vital for a person drifting in the open sea to preserve his
energy, overcome his fears, maintain his mental motivation
and make rational decisions. This can only be gained
with a perspective strengthened by versatile experiences.

https://www.tuyider.org



Understanding the interactions between conditions and
making a more detailed, rational inquiry is the biggest help
in finding the right way out. Are failures a key to success?
Do your courage and experiences guide you on the path to
solution or success? Don’t common shares and emotions
make you stronger? Wouldn't it save your life if you knew
who would come to your aid in your hardest hour or who
you should stay away from? While navigating through so
many questions, you need to make a rational and correct
choice and think in many ways in order to live and succeed.

For those who live on a seashore, in nature or on an
island, change is inevitable day by day. While following the
movements of the sun every day, sailing according to the
wind, and the course of the waves affect your perspective on
life, it also develops clear thinking in your mental structure,
allowing you to live and develop your reality in a rich dream
world.A captain has to think about many things, plan, take
precautions and be ready before and during the sailing.
What are his chances when the weather turns bad and the
waves rise? While this may be a manageable situation for an
experienced and courageous captain, for an inexperienced
captain the consequences could be disastrous.

Chris Haughton’s picture book “Don’t Worry Little Cancer”
opens up a different discussion. Will the little crab be able to
sail from the small and safe puddle to the big and unknown
sea? Should he be unable to cope with anxiety, fear and
uneasiness and take a step back? Does never trying
make you regret it? Regrets arise as a result of decisions
made. How many times have we asked ourselves all these
questions in our short life journey? How would you feel if
you were stuck in the open sea”? Leaving your comfort zone,
moving away from the port, cruising the open seas, new
beginnings... do you have the courage?

—

Life narrows or expands in proportion
to our courage....

Fighting for your life for days dreaming of reaching a land in
the open sea, stepping into a new life in seas far away from

info@tuyider.org

bir bakis acisi ile kazanilabili. Kosullar arasi etkilesimleri
anlamak daha detayll akilci bir sorgulama yapmak dogru
¢ikis yolu bulmanin en blyUk yardmcisidir. Basansizliklar
basarinin bir anahtari midir? C6zUme veya basariya giden
yolda cesaretiniz ve deneyimleriniz yol gdsterici midir?
Ortak paylagimlar ve duygular sizi daha gucld kimaz mi?
En zor aninizda yardiminiza kimin kosacagl veya kimden
uzak kalmaniz gerektigini bilmeniz hayatinizi kurtarmaz
mi? Bu kadar ¢ok soru arasinda yol alirken yasamak ve
basarmak igin akilci ve dogru bir secim yapmaniz, ¢ok yonli
dUstinmeniz gerekmektedir.

Bir deniz kiyisinda, doJada veya bir adada yasayanlar
icin gunbegln degisim kaginimazdir. Her guin guinesin
hareketlerini takip etmek, rizgéara gdre yelken a¢cmak,
dalgalarin  seyri yasama bakisinizi etkilerken dustnsel
yapinizda da aglk dusunceyi gelistirir, zengin bir hayal
dinyasinda gercekliginizi yasamaniza ve gelistirmenize
olanak tanir. Bir kaptan seyre clikmadan ve seyir esnasinda
bircok seyi disiinmek, planlamak, dnlemini almak ve hazir
olmak zorundadir. Hava bozdugunda, dalgalar yUkseldiginde
sansi ne kadardir? Deneyimli ve cesur bir kaptan igin
bu yonetilebilir bir durumken, deneyimsiz bir kaptan icin
sonuglan bir felakete yol agabilir.

Chris Haughton’'in  “Merak Etme Kiglk Yengec¢” adl
resimli kitabr farkli bir tartismay1 agmaktadir. KicUk yengeg,
kicUk ve guvenli su birikintisinden buyUk ve bilinmez
denize acllabilecek midir? Kaygi, korku ve tedirginlikler ile
basa cikamayip geri adm atmall midir? Hic denememis
olmasi pismanlik yaratir mi? Pismanliklar verilmis kararlar
sonucunda ortaya ¢ikar. Kisa hayat yolculugumuzda tim bu
sorular kag kez sorduk kendimize. Agik bir denizde kalsaniz
ne hissedersiniz? Konfor alaninizi terk etmek, limandan
uzaklasmak, acik denizlerde seyretmek, yeni baslangiclar...
Cesaretiniz var mi?

Yasam, cesaretimizle orantili olarak
daralir yada genigler....

Aclk denizde bir karaya ulagsmayl hayal ederek gunlerce
yasam savasl vermek, topraklarinizdan ¢ok uzak denizlerde,

55



ETOYIDERGI

1inil [ arts

farkll kitalarda yeni bir yasama adim atmak, bu iki yasam
alani arasinda hangisi daha UrkuttcU sizin igin? Bilinmez bir
yolculuga bir bot Uzerinde yan c¢iplak, a¢ ve susuz olarak
umutlannizi ne kadar koruyabilirsiniz?  Ozglrligindizin
sinilandidi bir karada ne kadar yasayabilirsiniz? ~ Yasam
yolculugunuz boyunca tim bu kosullara karsi bir ¢ézUminuz
var mi?

Dlnya Uzerinde 300 milyona yakin insan farkli neden ve
kosullar ylzinden go¢ etmek ve bilinmez bir yolculuga
umut baglamaktadir. Sosyolojik agidan bir¢cok tartismayi
beraberinde tasiyan gd¢ olgusu olduk¢a endise verici
ve travmatiktir. Savagslar, kitlk, afetler, din veya kultlrel
ayrismalar, politik catismalar nedeniyle gdé¢ esnasinda yiz
binlerce yasam sona ermektedir. Bunun yani sira on binlercesi
de daha iyi bir yasam hakki i¢in nitelikli goce bagvurmaktadir.
Adalet, ekonomik denge, sosyo kultlrel olgular, glvenlik ve
gerceklik duygusu bu gogtin temel gerekceleri arasindadir.
Kita Ulkeleri arasindaki bu strekli devinim engellenmedigi
strece demografik degisimler, sosyal felaketler, kavga,
kargasa ve dahasl acl sonla sonuglanmaktadir. Toplumlar
bununla nasil mucadele edebilir? Azalan 6zgurlikler,
kaybolan kulttrler ve yasamlar... Kiresel ekonomi dengeli
dagitimadigi, sosyal politikalar ytrttilmedigi takdirde, nasil
bir ¢ozUm yasami yasanir kilacaktir?

your homeland, on different continents. Which of these two
habitats is scarier for you? How long can you keep your
hopes up, half-naked, hungry and thirsty, on a boat on an
unknown journey? How long can you live on land where
your freedom is limited? Do you have a solution to all these
conditions throughout your life journey?

Nearly 300 million people around the world are migrating for
different reasons and circumstances and pinning their hopes
on an unknown journey. The phenomenon of migration,
which brings with it many sociological debates, is quite
worrying and traumatic. Hundreds of thousands of lives end
during migration due to wars, famine, disasters, religious or
cultural divisions, and political conflicts. In addition, tens of
thousands of people apply for skilled migration for the right to
a better life. Justice, economic balance, sociocultural facts,
security and sense of reality are among the main reasons
for this migration. Unless this constant movement between
continental countries is prevented, demographic changes,
social disasters, fights, turmoil and more will result in bitter
endings. How can societies combat this? Decreasing
freedoms, disappearing cultures and lives... If the global
economy is not distributed evenly and social policies are not
implemented, what kind of solution will make life livable?

Koépek balklari ne zaman saldirya gececek ve nasll
savunacagiz kendimizi? Tipki aglk denizde yapayalniz ve
caresiz kalan ¢iftin hissettigi gibi. insanlik her dénem olumsuz
kosullara bir ¢ézUm Uretme becerisine sahip olma ¢abasini
gosterirken cogunlukla akildan, agik fikirlerden ve c¢oklu
anlayistan beslenmistir. Bilimsel gercekligin pesine dusen
toplumlar ¢6zUm Uretip ¢agdas yasamin i¢inde varhgini
surdUrUrken, aksi yonde hareket edenler yok olup gitmeye
mahkum olmustur. Kiyisina gikabileceginiz bir kara parc¢asi,
bir ada bulabilecek miyiz?

Andreas Achenbach’in “Firtinall Havada Balik¢r Gemisi”
(1895) resminde oldugu gibi bu firtinadan sagd cikabilecek
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When will sharks attack and how will we defend ourselves?
Just like the couple who were alone and helpless in the
open sea felt. While humanity has always strived to have
the ability to produce a solution to adverse conditions, it has
mostly been nourished by reason, open ideas and multiple
understandings. While societies that pursue scientific
reality produce solutions and continue their existence in
contemporary life, those who act in the opposite direction
are doomed to disappear. Will we be able to find a piece of
land or an island that you can land on?

Will you survive this storm, as in Andreas Achenbach’s

painting “Fishing Ship in Stormy Weather” (1895)? His
painting is quite impressive as the artist managed to capture

https://www.tuyider.org



the tension and emotions of the moment when the fishing
boat was caught in the storm. The way the boat tilts and
the waves move against it creates a sense of imminent
danger and increases the feeling of struggle with nature.
Does this picture and many others like it cause you to
feel the same/similar anxious feelings? Perhaps the most
important success of art is its ability to express common
and different emotions together. The richness and impact of
these differences are an important building block of cultural
sustainability.

How long can different lives and different
thoughts continue to coexist?

Fishing Boat in Stormy Weather 1895 Andreas Achenbach

The sculptor named Bruno Catalano is a talented artist
who uses the possibilities of the wide and versatile world
of sculpture in his sculpture series called “Fragmented
Travelers” and has a unique style that can be instantly
recognized by everyone. Bruno Catalano is a unique artist
who attracts a lot of attention with his works. Characterized
by their distinctly segmented open forms, his bronze-cast
sculptures have become a beacon of contemporary art,
illuminating the themes of travel, migration and journey
woven into the essence of human experience. Moving from
Morocco to Sicily and then to France, Catalano’s personal
adventure is defined by movement and change. As a young

info@tuyider.org

misiniz? Sanatgl, balikgl teknesinin firtinaya yakalandigi anin
gerginligini ve duygularini yakalamayl basardigi i¢in resmi
oldukga etkileyici. Teknenin yana egiime sekli ve dalgalarin
ona karsl hareketi, yakin bir tehlike hissi yaratmakta ve
doga ile mUcadele hissini artirmaktadir. Bu resim ve benzer
niceleri ayni/yakin tedirgin duygularn hissetmenize neden
olmakta midir? Sanatin belki de en énemli basarisi ortak ve
farkll duygular bir arada ifade edebilmesidir. Bu farkliliklarin
zenginligi ve etkisi, kulttrel strdurulebilirigin dnemli bir yapi
tasidrr.

Farkli yasamlar, farkli diistinceler bir arada
ne kadar beraberligini stirdiirebilecek?

Firtinall Havada Balik¢i Gemisi 1895 Andreas Achenbach

Bruno Catalano isimli heykeltras “Fragmented Travelers”
adll heykel serisinde ise heykel sanatinin genis ve ¢ok
yonll dinyasinin olanaklarini kullanan yetenekli bir sanatci
olup, herkes tarafindan aninda taninabilecek kadar
benzersiz bir Usluba sahiptir. Bruno Catalano eserleri ile
oldukca ilgi ceken benzersiz bir sanatcidir. Farkli parcal
acik formlariyla karakterize edilen bronz dékim heykelleri,
insan deneyiminin 6zinde 6rdlmuUs olan seyahat, go¢ ve
yolculuk temalarini aydinlatarak ¢agdas sanatin bir isaretgisi
haline gelmistir. Fas’tan Sicilya’ya ve daha sonra Fransa’ya
tasinan Catalano’nun kisisel sertiveni, hareket ve degisimle
tanmlanmaktadir. Geng bir adam olarak yillarini denizlerde
yelken acarak gecirmis; yolculuklari onu dinyanin en uzak
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man he spent years sailing the seas; His travels have taken
him to the farthest corners of the world. These experiences
have seeped into his art, creating a unique perspective
that is both personal and universal. French artist Bruno
Catalano started the “missing sculpture” movement with
his surrealist collection called “Les Voyageurs” (Travellers),
aiming to make passers-by question the “deficiencies” in his
sculptures, even if only for a moment.

Is it because the spaces inside the sculptures allow travelers
to leave a piece of themselves wherever they go and become
the road itself? Is it the impossible to fill the void inside the
people who left the place they lived? Or is it said that they
set out on the path to find the reason for the indescribable,
never-filling emptiness within themselves and to complete
themselves?

“Les Voyageurs” Bruno Catalano

The unique impact of art on societies expands the
polyphonic world of meaning of life, from painting to cinema,
from sculpture to literature. The works that best express
the distinction between the real and abstract world in the
development of societies are presented for interpretation by
different artists. The scientific world, on the other hand, offers
solutions to social problems with skeptical approaches in
pursuit of facts, continues to support its hypotheses with
various experimental methods, and contributes to the
benefit and enlightenment of societies by providing them
with accurate and real knowledge. Both groups must be
nourished by a critical perspective and multifaceted thinking.
It should feel this responsibility and ensure the dissemination
of knowledge and experience to a wider base. Open ideas,
critical perspective and open speech should be everyone’s
right and their freedom should not be restricted. Everyone
should have an open radio, a pen, an island they can reach...
Protect your island, your freedom and your dreams...
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koselerine goturmustdr. Bu deneyimler sanatina sizarak hem
kisisel hem de evrensel benzersiz bir bakis agisi yaratmasinda
etkili olmustur. Fransiz sanat¢i Bruno Catalano’nun “Les
Voyageurs” (Gezginler) ismini verdigi surrealist koleksiyonu
ile “eksik heykel” akimini baglatarak yoldan gelip gecen
insanlarin, onun heykellerindeki “eksiklikleri” bir an icin de
olsa sorgulamalarini amaglamistir.

Heykellerin iglerindeki bosluklar ile gezginlerin gittikleri her
yerde kendilerinden bir parca biraka biraka ilerlemeleri
ve gittikge yolun kendisi olmalan mi; yasadiklar yeri terk
eden insanlarin i¢lerindeki doldurulmasi imkéansiz bosluklari
mi; yoksa iclerindeki tarifi imkansiz, bir tdrli dolmayan
bosluklarin sebebini aramak ve kendilerini tamamlamak igin
yollara dusttkleri mi anlatiliyor?

“Les Voyageurs” Bruno Catalano

Sanatin toplumlar Uzerinde benzersiz etkisi resimden,
sinemaya heykelden edebiyata yasamin cok sesli anlam
dunyasini genisletmektedir. Toplumlarin gelisiminde gergek
ve soyut dinya ayrmini en guzel ifade eden eserler, farkl
sanatgilar tarafindan yoruma sunulmaktadir. Bilimsel dinya
ise gerceklerin pesinde sUpheci yaklasimlar ile toplumsal
problemlere karsl ¢ozUm énerilerini sunmakta, gesitlideneysel
metotlar ile hipotezlerini desteklemeye devam etmekte ve
toplumlarin faydalanmasina, aydinlanmasina dogru ve gercek
bilgiyle yogurulmasina katki saglamaktadir. Her iki grup da
elestirel bakig, ¢ok yonlt distnce anlayisindan kararlilikla
beslenmek zorundadir. Bu sorumlulugu hissederek daha
genis bir tabana bilginin ve tecriibenin yayllmasini saglamak
zorunda olmalidir. Agik fikirler, elestirel bakis ve agik s6z
herkesin hakki olmall ve 6zgurligd kisitlanmamalidir.
Herkesin bir acik radyosu, bir kalemi, erisebilecegi bir adasi
olmaldrr... Adaniza, dzgurliginize ve hayallerinize sahip
clkiniz...
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BAGLAYICI ILE PUSKURTME:

Toz malzemeleri birlestirmek icin sivi bir baglayici/
recine maddesinin kullanilarak tozlarn bir araya
getirildigi eklemeli tretim sureci.

BINDER JETTING:

Additive manufacturing process in which a liquid
bonding agent is selectively deposited to join
powder materials.

DMD:
Dogrudan metal biriktirme.
DMD:

Direct metal deposition.

NET SEKLE YAKIN:

Pargalarin boyut toleransini karsilamak icin gok az
son islem gerektirmesi durumu.

NEAR NET SHAPE:

Condition where the parts require little post-
processing to meet dimensional tolerance.

SERT DOLGU

Sert dolgu, daha az dayanikli bir metalin ylzeyine
daha fazla korozyona ve asinmaya dayanikli bir
malzemenin kaynaklanmasini iceren bir kaplama
teknigini ifade eder. islem, alt tabaka metalinin
kullanimindan 6nce veya periyodik olarak mekanik
bakim olarak gerceklestirilebilir.

HARDFACING

Hardfacing refers to a coating technique that involves
welding a more corrosion and wear resistant material
onto the surface of a less durable metal. The process
may be performed prior to the use of the substrate
metal or periodically as mechanical maintenance.
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LAZER SINTERLEME:

Kapall bir bélmede yutzeydeki parcaciklari katman
katman segici olarak kaynastrmak veya eritmek
icin bir veya daha fazla lazer kullanarak toz haline
getirilmis malzemelerden nesneler Uretmek icin
kullanilan toz yatakli flizyon iglemi.

LASER SINTERING:

Powder bed fusion process used to produce
objects from powdered materials using one or more
lasers to selectively fuse or melt the particles at the
surface, layer upon layer, in an enclosed chamber.

3D BASKI:

Bir yazici kafasi, plskiirtme ucu veya baska bir yazici
teknolojisi kullanilarak bir malzemenin biriktirilmesi
yoluyla nesnelerin imalati. Terim genellikle teknik
olmayan bir baglamda katmanli imalatla esanlamli
olarak kullanilir.

3D PRINTING:

Fabrication of objects through the deposition of a
material using a print head, nozzle, or another printer
technology. Term often used in a non-technical
context synonymously with additive manufacturing.

KURLEME:

Bir malzemenin fiziksel 6zelliklerini kimyasal
reaksiyon yoluyla degistirmek.

CURING:

Changing the physical properties of a material by
means of a chemical reaction.

HIDROJEN KIRILGANLIGI

Hidrojen kirilganhgi (HE), atomik hidrojenin varlig
nedeniyle bir metalin toklugunun veya stinekliginin
azalmasilyla sonuglanan bir sirectir.

HYDROGEN EMBRITTLEMENT
Hydrogen embrittlement (HE) is a process resulting

in a decrease of the toughness or ductility of a
metal due to the presence of atomic hydrogen.
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Mak. San. ve Tic. Ltd. Sti. | Saf Teknik Toz Emme Sis. San. ve Tic. Ltd. Sti. | Sayron Elektronik Enerji Savunma San. ve Tic. A.S.
| Selzey Kimya Turizm insaat Med. San. ve Tic. Ltd. Sti. | Sistempark Artima ve Cevre Tek. Miih. ve Dan. Hiz. ith. ihr. Ins. San. ve
Tic. Ltd. Sti. | SPC Sinai Kimyasallari San. ve Tic. Ltd. Sti. | Sahin Metal Kaplama San. i¢ ve Dis Tic. Ltd. Sti. | Taranto Plast.
ve Galvano Cihazlari San. ve Tic. Ltd. Sti. | Teknobak Tekn. Mak. Bak. ve Muh. Hiz. Ltd. Sti. | Tinkap Yizey islemler San. ve Tic.
A.S. | Ulukan Boya San. ve Tic. Ltd. Sti. | Unique Tech Miihendislik San. ve Tic. Ltd. Sti. | Uzay Yiizey islem Kimyasallari
Otomasyon Makine San. Tic. Ltd. Sti. | Ugler Galvano San. Tic. Ltd. Sti. | Unverler Mak. Otomotiv Kimya Metal Kap. San. ve
Tic. Ltd. Sti. | Vig Makina San. ve Tic. A.S. | Vilmeks ic ve Dis Ticaret Ve Metal San. A.S. | Vista Metal Plastik Mobilya Aks.
Ltd. Sti. | Yasin Haylu | Yildinm Elektrik ve Kimya San. Tic. - ibrahim Yildinm | Yildizlar Kimya Yiizey islem Tek. A.S. | Yilmer
Test ve Olcii Sis. San. ve Tic. Ltd. Sti. | Yongrad End. Proses Sis. San. ve Tic. Ltd. Sti.

63




TUYIKART

TUYIDER UYE KARTI
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TUYIDER ve MEDICANA is birligi ile
TUYIKART sahipleri, saglik harcamalarinda

%10 avantajl.. “
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Tarkiye genelinde Tum MEDICANA Hastenelerinde Gecerlidir.
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TUM YUZEY iSLEMLER DERNEGi
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PC Strand’'in
DNA'sI

73 yildir demir gelik sektériinde, Tlrkiye ve diinyanin
onci firmalarindan olan Diler Holding, 6n gerilmeli
beton demeti ve 6n gerilmeli beton teli Giretiminde
giicd, kalitesi ve uzmanhginin yani sira DNA PC Strand
catisi altinda faliyetlerini stirdiirmektedir:

e Filmasin Fosfat Kaplama

e Cekilmis Fosfatl Tel Uretimi

e Asit Geri Kazanim Tesisi ve Demir Siilfat Uretimi

e Recep Sami Yazici Uriin Gelistirme Merkezi, Hitachi SU 7000 Taramal Elektron
Mikroskobu ile misterilerine ve sektordeki diger firmalara analiz hizmeti

Ayrica tesiste bulunan gilines enerjisi santrali (GES) ve asit geri kazanim tesisleri sayesinde
cevre duyarliigi anlaminda sektore onctiliik edilmektedir.

MERKEZ FABRIKA e
E :E Adres Adres
Eski Biyiikdere Cad. Maslak No:1 Kockaya As Plaza  Makine Ihtisas OSB 6. Cad. 8. Sokak
34485 Maslak / ISTANBUL / TURKIYE No:10 Dilovasi Kocaeli Tirkiye
E = | www.dnawire.com | satis@dnawire.ccom | T.+90212 2536630 |
= PC STRAND

DNA PC Strand bir Diler Holding Markasidir.



Gumus Kaplama
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