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BuyUk Cinli egitimci ve filozof KonflgyUs sdyle demistir: “Ne
bildiginizi ve ne bilmedigini bilmek, gercek bilgi budur.” Farkl
kullanicilar tarafindan bilyeli dévme olarak siniflandirimaya
devam eden “bir fiilin” ne oldugunu ve tam olarak kumlama
ile ne farki oldugunu sdylemek istiyorum. Seneler dnce tren
vagonlarinin yaylarini daha dayanikli yapmak igin tarih boyu
kullanilan ¢ekicleme yontemini Amerikall Ureticiler denemisler.
Shotpeening bir soguk islem olup ve uygulamaya tabii
tutulan parcalarin genel seklini bozmadan pargcanin servis
OmrunU uzatir.

Bilyeli ddvme konusunda sizlere sektorel tecrlbelerimi
aktarmak amaciyla, temel bilgiler verecegim ve dlgme teknigi
hakkinda kisa bilgiler sunacagim.

Shot Peening veya bilyeli dévme nedir?
Kumlamadan Farki ?

Bilyeli dévme (Shot Peening): Bu islem, yUzeyi kiiglk metal
veya seramik bilyalarla doverek metal ylzeyinde kalici
plastik deformasyon ve basma gerilimi yaratmayi hedefler.
Bu basma gerilimi, catlaklarin ilerlemesini zorlastirarak
yorgunluk dayanimini artinr. Ozellikle yorulma dayanimini
iyilestirmek amaciyla ugak parcgalari, otomobil yaylari gibi
parcalarda kullanilir. Milyonlarca yuvarlak (kiresel sekle
benzer) parcacigin, dnceden belirlenen mesafe, hiz, guc

Confucius, the great Chinese educator and philosopher,
said: “Knowing what you know and what you do not know,
that is true knowledge.” | would like to tell you what “a verb”
is, which continues to be classified as shot peening by
different users, and how exactly it differs from sandblasting.
Years ago, American manufacturers tried the hammering
method, which has been used throughout history to make
the springs of train wagons more durable. Shotpeening is a
cold process and extends the service life of the part without
damaging the general shape of the applied parts.

In order to convey to you my sectoral experiences in shot
peening, | will give basic information and brief information
about the measurement technique.

What is shotpeening or shot peening?
How is it different from sandblasting?

Shot Peening: This process aims to create permanent plastic
deformation and compressive stress on the metal surface by
beating the surface with small metal or ceramic balls. This
compressive stress increases fatigue strength by making it
harder for cracks to propagate. It is especially used in parts
such as aircraft parts and automobile springs to improve
fatigue strength. It is to shoot millions of round (similar in
spherical shape) balls onto the surface of the desired pieces
at a predetermined distance, speed, power and size in a
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certain period of time.
What is Sand Blasting?

Sandblasting: Sandblasting aims to remove rust, dirt,
paint or surface roughness by cleaning the surface with
an abrasive substance (such as sand, aluminum oxide,
steel sand). It makes the part cleaner and prepares it for
subsequent processes (such as painting, coating).

Why is the shotpeening process necessary?

The working life of parts with ball treatment applied on their
surfaces is longer compared to parts without treatment.

What changes does the shotpeening process
cause in the parts?

Shot peening adds two useful things to the part component
subjected to treatment. The first is to harden by hammering
a thin layer of the surface of the part exposed to the
application. Secondly, it causes useful residual compressive
stresses in the surface layer. Both of these help stop cracks
forming on the surface.

Why is compressive residual stress useful?
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ve blyUklikte, istenilen parcanin ylzeyine belirli bir strede
puskurttlmesi islemidir.

Kumlama Nedir?

Kumlama (Sandblasting): Kumlama, yUzeyi asindinci bir
madde (kum, aliminyum oksit, ¢elik kum gibi) ile temizleyerek
pas, kir, boya veya ylzey pUrizIGlugind gidermeyi amaglar.
Parcaylr daha temiz bir hale getirir ve sonraki islemler
(boyama, kaplama gibi) icin hazirlar.

Shot Peening islemi neden gereklidir?

Yilzeyinde bilyall islem uygulanmis parcalarin ¢alisma dmrt
islem yapilmamis parcalarla kiyasta daha uzundur.

Bilyeli dévme, uygulamaya maruz birakilan parca bilesenine
iki faydall sey katiyor. Birincisi, uygulamaya maruz
birakilan parcanin ylzeyinin ince bir katmanini ddverek
sertlestirmesidir. ikinci olarak, yiizey katmaninda yararl artik
basing gerilmelerine neden olur. Bunlarin her ikisi de ylzeyde
olusan catlaklarin durdurulmasina yardimci oluyor.

Artik basin¢ gerilimi neden faydalidir?

Artik gerilmeler, uygulanan mekanik yukler, termal yUkler veya
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faz degdisimleri tarafindan olusturulan plastik deformasyondan
sonra, malzemenin normal dengesi Uizerine Uretilir. Bir bilesene
sekillendirme sirasinda uygulanan mekanik ve termal iglemler
arik kalan gerilme durumunu degistirebilir. Kalan gerilimlerin
ters ydnunde doéverek basing gerilim uyguladigimiz zaman
baslanmis olan c¢atlaklan durdurma sansimiz olusmakta
veya diger kosullarda sekillendirme islemlerinden olusan
atom tanecik yapilarini drnegin dislokasyon bosluklarina etki
ederek parca dSmrunu kirimalara karsin uzatabiliyoruz.

Ozellikle Otomotiv ve havacilikta araclarin bircok hareketli
bileseni vardir. Degisken streslere maruz kalirlar. Alternatif
gerilimler ise yeterince yUksek oldugunda, “Yoruima” adi
verilen bir durumda bilesen arizasi meydana gelecektir. Bilyeli
dévme yorulma nedeniyle hasara karsi diren¢ gdsteren bir
ylizey katmani olusturur.

Shot Peening ile yiizey direncinde iyilesmeyi
nasil anlanz?

Bilyeli ddvme islem sonucunu Ug farkl asamada numuneleri
karsilastirarak gorebiliriz.

A. Her test sonucunda grafik cizimle raporlayarak gérebiliriz.
B. Parganin yorulmaya maruz birakmak, test etmek.
C. Mikroskobik analizlerle gorsel incelemek.

Shot Peening in temel 6zellikleri nelerdir?

Her ne Kkadar imalatgilar, bu soguk isleme surecinin
yararlarini uzun zaman 6nce fark etmis olsalar da modern
(bilya ile) dovme islemi 1930’lardan beri yaygin olarak
kullaniimaya baglamistir. 1945 yilinda John Almen, bilya
pUskirterek darbe vurmanin yogunlugunu 6lgmek icin bir
yontem yayinladi. Bay Almen, birgoklari tarafindan modern
(bilyeli dévme) isleminin babasi olarak taniniyor. Patenti
Almen Strip olarak adlandirilan ince bir metal seridi ve arti
bir Almen Gauge olarak adlandirilan 6lcim makinesi igin
tescil edilmistir. Bu makinede o6lgim yapilmasi igin almen
strip dedigimiz metal sag, bir blogun Uzerine 4 adet vida ile
sabitlenip ve shot peening olacak pargcaya monte edilerek
bilya puUskurtiimesine maruz birakilir. Bir graf cizgisi ile
Stripin egriligini gdstere biliriz. Olusan egrinin  ylUksekligi
vurus siddetini gostermektedir. Bu islemi otomatik olarak
bilgisayar araciligiyla da cizebilir, ve farkli zaman, farkli vurus
degeri, vurus hizi ve kum debisi agisindan degerlendirilir. Bu
egriye doygunluk egrisi de denilir. Altta mevcut 6rnek egride,
her noktada etken faktorleri aciklayabiliriz.

Bilya capi ve sertligi: Shot Peening isleminde parganin
malzemesi, kalinligi ve ylzey pUrizIGlugine goére bilya capi ve
sertligi belirlenir. Bilyanin tUru (celik, paslanmaz vb) dnceden
parcaya gore secilir. Bir shot peening makinesinde otomatik
bir elek sistemde olmasi gerekmektedir. Elek sisteminin
olmadigi takdirde dogru bir bilyeli dévme islemi yapiimamis
olabilir veya islem sonucu gerekli ylzey purtzltligtne ve
Ozelliklerine ulasmak zordur.
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Residual stresses are produced upon normal equilibrium of
the material, after plastic deformation created by applied
mechanical loads, thermal loads, or phase changes.
Mechanical and thermal treatments applied to a component
during forming can now change the residual stress state.
When we apply pressure stress by hammering in the opposite
direction of the remaining stresses, we have the chance to
stop the cracks that have started, or in other cases, we can
extend the life of the part against breakages by affecting the
atomic particle structures formed by shaping processes, for
example, dislocation gaps.

Particularly in Automotive and aviation, vehicles have many
moving components. They are exposed to variable stresses.
When alternating stresses are high enough, component
failure will occur in a condition called “Fatigue”. Shot peening
creates a surface layer that resists damage due to fatigue

How do we understand surface resistance improvement
with shotpeening?

We can see the shot peening process result by comparing
the samples in three different stages.

A. We can see each test result by reporting it graphically.
B. To subject the part to fatigue and test it.
C. To examine visually with microscopic analysis.

What are the basic properties of shotpeening?

Although manufacturers recognized the benefits of this
process long ago, the modern shot peening process has
been widely used since the 1930s. In 1945, John Almen
published a method to measure the intensity of shot peening.
Mr. Almen is known to many as the father of the modern
shot peening process. He was patented for a thin strip of
metal called the Almen Strip, plus a measuring machine
called the Almen Gauge. In order to make measurements
in this machine, the metal sheet, which we call Aimen strip,
is fixed on a block with 4 screws and mounted on the part
that will be shot peening and exposed to shot spraying. We
can show the curvature of the Strip with a graph line. The
height of the resulting curve indicates the impact intensity.
This process can also be drawn automatically through the
computer, and it is evaluated in terms of different time,
different stroke value, stroke speed and sand flow rate. This
curve is also called the saturation curve. In the example
curve below, we can explain the factors at each point.

+ Ball diameter and hardness: In the shotpeening process,
ball diameter and hardness are determined according to the
material and thickness of the part and surface roughness.
The type of ball (steel, stainless, etc.) is selected in advance
according to the part. A shotpeening machine must have
an automatic sieve system. If there is no screen system, a
correct shot peening process may not have been performed
or it may be difficult to achieve the required surface
roughness and properties as a result of the process.
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*Impact angle: By definition, the impact angle should be
90°. If there is an angle of less than ninety degrees between
the surface of the workpiece and the shot source, the impact
intensity decreases and the impact depth decreases.

Ball flow rate: It is controlled by a special sand flow meter
valve. Special valves are produced in different models
and with different control systems, depending on the
manufacturer and machine. The valves are normally closed,
an electrical actuator is needed to control the media flow
rate. In automated machines, these valves are mostly driven
by PLC systems.

sImpact distance: Considering that the shotpeening
process is carried out on a turbine or pneumatic machine,
the shot peened part may be exposed to different amounts
of impact. This distance should be determined during the
setup phase before an operation.

Almen Strip

Dévme 6ncesi Dovme sonrasi

Dévme Sonrasi Yikseklik
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» Carpma agisi: Tanim olarak carpma agisi 90° olmalidir, eger
islem gdéren parganin yUzeyi ile atis kaynaginin arasinda 90°
daha az bir agi olursa vurus yogunlugu azalrr, etki derinligi
duger.

90° 45°

*Bilya debisi: Ozel kum debisi dlcer valf ile kontrol
edilmektedir. Ozel valfler Uireticisine ve makinesine bagli farkl
modellerde ve farkli kontrol sistemler ile Uretiimektedirler.
Valfler normalde kapall durumdalar, medya akis hizini kontrol
etmek icin bir elektriksel tahrike ihtiyac duyulur. Otomasyonlu
makinelerde bu valfler agirlikla PLC sistemler ile tahrik edilir.

*Carpma mesafesi: Shot Peening isleminin tUrbinli veya
havall bir makinede vyapilmasini duslUnerek, ddvmeye
maruz birakilan parca farkll miktarlarda darbeye maruz
kalabilmektedir. Bir islem 6ncesi set up asamasinda bu
mesafe tespit edilmelidir.
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«intensity veya Almen siddeti: Parcanin (izerine uygulanan
siddetin  miktarina intensity veya almen siddeti denilir.
En basit halde bir saniyede bir nozuldan veya turbinden
puskurtllen tanecik (asindirict) miktarina da intensity
denilebilir. Bir parcanin lzerine puskurtilen bilya miktar ile
uygulanan darbe ve enerjini dlcmek icin almen seridi veya
almen strip kullaniliyor. Almen stipleri set up asamasinda
parcanin dévme yapilacak yerine almen holder (almen
tutucu) vasitasiyla sabitlenir ve bilyeli dévme islemine maruz
birakilir. Bilyeli dévme islem sonucu bir egri (Arc) olusur. Bu
egri yuksekligi almen test cihazinda Slculur ve elde edilen
miktar carpma siddetini ve neticede pargaya uygulanacak
siddetin miktarini gosterir.

+Almen Strip: Olctim islemi igin Almen strip dedigimiz metal
plakalari kullaniyoruz. Almen plakalar Uygulanan vurus
siddetine gére farkli kalinliklara sahiplerdir. Ozelliklerine gére
taninmig plakalar N, A ve C tipleridir. Kalinlik dnemli bir faktor
oldugundan musterilerin beklentilerini direk etkilemektedir.
Almen test kurall olarak siddet arttikga almen kalin plaka
tercih edilir. Almen plakalar normalde dikdértgendir ve hem
standart boyutta hem de “mini plaka” olarak bulunur. Ayrica
dairesel almen plakalari da mevcuttur. SAE J442 standartti,
N, A ve C olarak adlandirilan Gg¢ tip Almen plaka kalinligini
belirtir. Karsilik gelen kalinlik araliklar sirasiyla 0.76 / 0.81,
1.27 / 1.32 ve 2.36 / 2.41 mm’dir. UQU de 75,6 / 76,6 mm
uzunlugunda ve 18,85 / 19,05 mm genigliginde yaklasik ayni
boyut araliklarina sahiptirler. Sekilde, dévme yogunlugunun
kesit kalinlig ile iligkisini gosteren verileri sunmaktadir.

Intensity or Almen intensity: The amount of violence
applied to the part is called intensity or almen intensity. In
its simplest form, the amount of particles (abrasive) sprayed
from a nozzle or turbine in one second can be called
intensity. Almen tape or Almen strip is used to measure the
impact and energy applied by the amount of ball sprayed
on a part. During the set-up phase, the Almen strips are
fixed to the part to be forged by means of an Almen holder
and subjected to the shot peening process. A curve (Arc) is
formed as a result of the shot peening process. This curve
height is measured in the Almen test device and the amount
obtained indicates the impact intensity and ultimately the
amount of violence to be applied to the part.

<Almen Strip: We use metal plates called Almen strips for
the measurement process. Almen plates have different
thicknesses depending on the intensity of the shot applied.
Well-known plates according to their features are N, A and
C types. Since thickness is an important factor, it directly
affects customers’ expectations. As a rule of Almen test,
as the intensity increases, thicker Aimen plate is preferred.
Almen plates are normally rectangular and are available in
both standard size and “mini plates”. Circular almen plates
are also available. SAE J442 was the standard, it specifies
three types of Almen plate thickness called N, A and C.
The corresponding thickness ranges are 0.76 / 0.81, 1.27
/ 1.832 and 2.36 / 2.41 mm, respectively. All three have
approximately the same size ranges of 75.6 / 76.6 mm in
length and 18.85 / 19.05 mm in width. The Figure presents
data showing the relationship of shot peening density to
section thickness.

Shotpeen olan parganin kalinhd 0.001 in.
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Shotpeen olan parganin kalinigi 0.001 in.

Coverage degeri: Bilyeli dévmeye maruz kalma etkisi
bu terimin en basit aciklamasidir. Bu terimi yuzde ile ifade
ederler. Bu etki alani pUskirme hizina, tane boyutuna ve
puskurtme debisi ile degismektedir. Belirlenen kriterlere gdre
yapilan islemler 100% coverage olarak tanimlanir. iki kez ayni
Alana uygulama yapildiginda %200 gibi rakamlarla tanimlanir.
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Coverage value: Shot peening exposure effect is the
simplest explanation of this term. They express this term
as a percentage. This area of influence varies with the flow
rate, shot ball size and spray rate. Transactions performed
according to the specified criteria are defined as 100%
coverage. When applied to the same area twice, it is defined
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as 200%. When subcontracted shotpeening services are
requested, customers normally specify the type of peening,
shot size, percent coverage and the “Petting Intensity” that
should be applied to the components. These are determined
based on previous experience. The percent coverage for
coverage is controlled by the time period over which a
particular shotpee occurs.

How to measure coverage: The simplest way to measure
coverage is to use comparative comparators. These
comparators are  pre-prepared
surfaces according to different SAE
J2277-2009 standard.

The results are compared by eye and
the closest value is selected. The
second method and the most used
method is practically based on the
knowledge of the person performing
the transaction. It is related to how
many balls are sprayed per unit time,
with what intensity and onto which
material. Coverage or covering value
is completely independent of the
severity of the Almen. The covering value is actually the sum
of many indentations.

The third method is measurement with special electronic-
based machines. Measuring with sound or light waves with
a special machine can be more sensitive and faster, and the
cost of this sensitivity is expected to be higher in monetary
terms. One may think that exposure to more processes may
yield a better result, which does not mean a better result.

Shot peening and sandblasting are two methods that
are both used in surface treatments but serve different
purposes. In summary, shot peening is a process aimed at
strengthening a surface and increasing fatigue resistance,
while sandblasting is a process aimed at cleaning and
preparing the surface. Shot Peening: It is used in industries
where high fatigue resistance is required, such as aviation,
automotive and energy. Sandblasting: Used in stainless
steel, casting, construction and general surface cleaning
processes. Shot Peening: Generally steel, ceramic or glass
balls are used. These balls hit the surface with a certain
speed and force. Sandblasting: Finer abrasive materials such
as sand, aluminum oxide, steel grit are used. Sandblasting,
unlike shot peening, is done with smaller particles. Shot
Peening: A controlled force is applied to the surface and a
hammering effect is created at the microscopic level. This
creates compressive stresses on the surface, hardening the
surface and increasing fatigue strength. It provides a positive
change on the microstructure without any material loss on
the surface. Sandblasting: Abrasive material is sprayed
on the surface to remove foreign matter and increase the
roughness of the surface. Since sandblasting erodes a very
thin layer from the surface, there is a physical loss on the
surface and the surface becomes rougher.
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Fason olarak shot peening hizmeti talep edildigi zaman
musteriler normal olarak dévme turtnd, bilya boyutunu,
ortinme yUzdesini ve bilesenler Gzerine uygulanmasi gereken
“Dovme Yogunlugu “nu belirlerler. Bunlar énceki deneyimlere
dayanarak belirlenir. Coverage igin ylzde kapsami, belirli bir
bilya puskirmesinin gergeklestigi streye gore kontrol edilir.

Coverage nasil dl¢llir: Coverage ya Ortlinme degerinin en
basit 6lgme sekli karsilastinimall komparatdrleri kullanmaktir.
Bu komparatérler farkh SAE J2277-2009 standardina gore
; T onceden hazirlanmig ylzeylerdir.

Sonuglar gdézle karsilastiriir ve en
yakin deger secilir. ikinci yontem ve
en ¢ok kullanilan uygulamali olarak
islem yapanin bilgisine dayalidir.
1 Birim zamanda ne kadar bilyenin
: hangi siddetle ve hangi malzemeye
puskurttlmesi ile iligkilidir. Coverage
veya  Ortinme  de@eri  almen
¢ siddetinden tamamen bagimsizdir.
¢ Ortinme degeri aslinda olusan bir
suru girintinin toplamidir.

Uglincl yéntem ézel elektronik temelli makineler ile Slgmektir.
Ozel makine ile ses veya isin dalgalari ile dlglim yapmak daha
hassas ve daha hizli olabilir ve bu hassasiyetin bedelinin
parasal olarak daha fazla olmasi beklenir. Daha fazla isleme
maruz kalmak daha iyi bir sonug verebilir distincesine kapilir
bu daha iyi bir islem sonucu demek degildir.

Bilyeli ddvme (shot peening) ve kumlama (sandblasting), her
ikisi de yUzey islemlerinde kullanilan ancak farkl amaglara
hizmet eden iki yontemdir. Ozetle, bilyeli dévme bir yiizeyi
glclendirme ve yorgunluk dayanimini artirma amagl,
kumlama ise ylUzey temizleme ve hazirlama amaclh bir
islemndir.

Bilyeli ddvme: Havacilk, otomotiv, enerji gibi yUksek
yorulma dayanimina ihtiyac duyulan endustrilerde kullanilir.
Kumlama: Paslanmaz c¢elik, dokim, insaat ve genel ylzey
temizleme islemlerinde kullanilir. Bilyeli dévme: Genellikle
celik, seramik veya cam bilyeler kullanilir. Bu bilyalar belirli bir
hiz ve kuwvetle ylzeye carptirilir. Kumlama: Kum, aliminyum
oksit, ¢elik grit gibi daha ince asindirci malzemeler kullanilir.
Kumlama, bilyeli dévmeden farkll olarak daha kUgUk
partikdllerle yapilir. Bilyeli dévme: YUlzeye kontrolli bir
kuvvet uygulanir ve mikroskobik seviyede gekicleme etkisi
yaratilir. Bu, ylUzeyde basma geriimeleri olusturarak yuzeyi
sertlestirir ve yorgunluk dayanimini artinr. Ylzeyde herhangi
bir malzeme kaybi olmadan, mikroyapi Uzerinde pozitif
bir degisim saglar. Kumlama: Asindirci malzeme ylzeye
puskurtilerek yUzeydeki yabanci maddeler uzaklastirlir ve
yUzeyin pUrtzIGliga artinlir. Kumlama, ylzeyden ¢ok ince bir
katman asindirdigi icin ylzey Uzerinde fiziksel bir kayip olur
ve ylUzey daha pUrtzlU hale gelir.
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