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ABSTRACT

Gas Metal Arc Welding (GMAW) process is widely used in industry due its
improved weld pool protection against to the atmosphere gases. However, the long
arc length reduces the protective effect of the shielding gas. Due to
electrochemical and thermochemical reactions between the weld pool and the arc
atmosphere, it is quite important to enhance the toughness of the weldment by an
inert atmosphere during GMAW process. Therefore, in this study a controlled
atmosphere cabinet was designed. Low carbon steels were welded with classical
GMAW process in argon atmosphere as well as in the controlled atmosphere
cabinet by using similar welding parameters. The mechanical and metallurgical
properties of both weldments were evaluated. Finally, it is concluded that the
toughness of the heat affected zone was superior for the weldment made in the
controlled atmosphere when compared to that of the classical GMAW process.

Key Words: GMAW process, Controlled atmosphere, Heat affected zone
toughness

KONTROLLU ATMOSFERIN GAZ ALTI ARK KAYNAK BAGLANTILARININ ISI
TESIiRi ALTINDAKI BOLGESININ OZELLIiKLERINE ETKIiSi

OZET

Gaz metal ark kaynagi (GMAK), atmosfer gazlarina karsi, kaynak banyosuna
iyi koruma saglamasindan dolay1 endiistride genis kullanim alani bulmugtur.
Ancak yiiksek ark boylarinda koruyucu gazin koruma etkisi azalmaktadir. Kaynak
banyosu ile ark atmosferi arasindaki -elektrokimyasal ve termokimyasal
reaksiyonlar sebebiyle, kaynakli baglantinin darbe dayaniminin iyilestirilmesi igin
kaynak islemi sirasinda tamamen kontrollii bir atmosferi olugturmak gerekir. Bu
amagla, bu calismada GMAK yontemi icin kontrollii bir atmosfer kabini
tasarlanarak gelistirilmistir. Diisiik karbonlu g¢elik g¢iftleri, klasik GMAK
yontemiyle argon koruyucu gazi kullanarak ve kontrollii atmosfer tinitesinde ayni
kaynak parametreleriyle birlestirilmistir. Her iki baglantinin mekanik ve metaliirjik
ozellikleri arastirtlmigtir. Sonuglar, kontrollii atmosfer iinitesinde elde edilen
baglantilarin 1s1 tesiri altindaki bdlgesinin (ITAB) toklugunun, klasik GMAK
yontemiyle birlestirilen baglantiya oranla daha yiiksek oldugunu ortaya
cikarmustir.

Anahtar Kelimeler: GMAK yontemi, Kontrollii atmosfer, ITAB, darbe dayanimi

1. GIiRiS

Ergitme kaynaklarinda kaynak banyosunun, gaz, ciiruf,
vakum veya kendinden korumali ydntemlerle korunmasi
saglanmakta olup her yontemin sagladigi koruma seviyesi
de farkli olmaktadi. GMAK yoénteminde, kaynak
bolgesine gelen siirekli ilave metal sebebiyle daha az
kararli ark olusumu veya yliksek ark boslugu nedenleriyle
koruyucu gaz, koruma etkisini tam olarak yerine
getirememektedir (1). Yiiksek 1s1 girdisi sebebiyle kaynak
banyosu ile ark arasinda elektro ve termo-kimyasal
reaksiyonlar meydana gelmekte ve reaksiyon sonucunda
meydana gelen oksijen, azot ve hidrojen gazlarinin kaynak
banyosunda hapsolmasi baglantinin mekanik 6zelliklerini
diisiirmektedir. Bu tiir olusumlar1 engelleyerek basarili bir

1. INTRODUCTION

Various techniques such as gas, slag, gas and slag,
vacuum and self protection can be used to protect the weld
pool during the fusion welding. Obviously, different
protection techniques provide different degrees of weld
pool protection. The greater arc length and less stable arc
due to consumable electrodes reduce the protective effect
of the shielding gas during the classical Gas Metal Arc
Welding (GMAW) process (1). The GMAW process
allows an evolution of the electrochemical and thermo-
chemical reactions between the arc plasma and the weld
pool due to existed high temperatures. Resulting oxygen,
nitrogen and hydrogen content which are trapped in the
weldment, reduces to the mechanical properties of the
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kaynakli baglanti elde edebilmek i¢in uygun kaynak
yontemi ve koruma gazi se¢mek, atmosfer gazlarinin
koruma gazlarinin igerisine girmesini engellemek,
hidrojen olusturan kaynaklar1 engellemek gibi bazi
tedbirlere miiracaat etmektedir. Ergitme kaynaklarinda
kaynak banyosunun tamamen korunmasi, ancak kontrollii
bir atmosfer ortami olusturarak saglanabilir.

Endiistride kontrolli atmosfer ortaminda kaynak
uygulamalarma sadece elektron 151 kaynaginda rastlanir.
Bu yontemin kullanilmasiyla elde edilebilecek avantajlarin
en Onemlisi, kaynak sirasinda c¢alisma alanina vakum
uygulayarak kontrollii bir atmosfer olusturulmasindan
dolay1 soy bir ortamin elde edilmesi ve bdylece kaynak
bolgesindeki kirliligin dnlenmis olmasidir (2). Kaynakl
baglantilarin  kontrollii bir atmosfer elde edilerek
birlestirilmesinde elektron 151n kaynagindan baska TIG
(Tungsten inert gaz) kaynak yontemi de kullanilmakta
olup, bu yontem ile genellikle refrakter malzemeler
birlestirilmektedir. Her iki yontemde ama¢ kaynak
banyosundaki kirlilikten kaginilarak olusabilecek zararli
oksit, nitriir ve hidrojenin olumsuz etkisini minimuma
indirmektir (3,4,5).

Bu calismada GMAK uygulamalarinda daha iyi bir
koruma saglamak amaciyla; kontrollii atmosfer initesi
tasarlanarak imal edilmistir. Diisiik karbonlu celik cifti
ayni kaynak parametreleri kullanarak argon atmosferinde
klasik GMAK yontemiyle ve imal edilen kabin igerisinde
kontrollii atmosfer altinda gaz metal ark kaynak
(KAGMAK) yontemiyle ¢ok pasolu olarak
birlestirilmistir. Her iki ortamda birlestirilen malzemenin
kaynaklanabilme kabiliyeti ve baglantinin mekanik ve
metaliirjik dzellikleri, ¢entik darbe dayanimlari, sertlikleri
ve mikroyapilar1 incelenerek mukayese edilmistir.

2. MATERYAL VE METOD
2.1. Deney Unitesinin Hazirlanmasi

Calismada kullanilacak olan deney {initesi, GMAK
yontemiyle birlestirmenin  kontrolli bir atmosferde
gerceklestirilebilmesi  igin  Karabilk Teknik Egitim
Fakiiltesi biinyesinde tasarlanmig ve imal edilmistir. Sekil
1’de kontrollii atmosferli kaynak iinitesinin sematik bir
goriiniimii verilmektedir.

Kontrollii atmosfer deney iinitesi; govde, kaynak
malzemesinin birlestirilmesi i¢in gerekli kaynak hizin

saglayan hareketli mekanizma ve govde kisminin
icerisinde kontrollii atmosferin olusmasin1  saglayan
vakum initesinden olusmaktadir. Kabinin kapak

kisimlarinin sizdirmazligi O ring contalar kullanilarak, ek
yerlerinin  sizdirmazhigt ise kaynakli birlestirmeyle
saglanmistir. Sistemin c¢aligma mekanizmasi bagka bir
caligmada detaylica verilmistir (6).

weld metal. To successfully weld those metals very prone
to porosity the welder must take number of precautions
such as; ensuring adequate shielding of the arc by using
correct welding methods and shielding gases, preventing
air entering the shielding and removing all potential
sources of hydrogen.

Welding that was carried out under the controlled
atmosphere can be encountered only electron beam
welding applications in industry. The most important
advantage of this process is existing inert arc atmosphere
so contaminations prevent in the weld metal (2). Tungsten
arc welding process can be applicable under the controlled
atmosphere joining for ceramic materials. Main purpose of
both processes is preventing the contamination so, an
effect of oxide, nitride and hydrogen on the mechanical
and metallurgical properties of weldment minimized (3-5).

Therefore, a controlled atmosphere cabinet for Gas
Metal Arc Welding process (CAGMAW) was designed
and developed in this study. Low carbon steels
combinations were welded with classical GMAW process
in argon atmosphere as well as developed cabinet by using
similar welding parameters. Hence, the weldability,
mechanical and metallurgical properties, toughness,
hardness and microstructure of both weldments were
evaluated and compared with each other.

2. EXPERIMENTAL MATERIALS AND METHOD
2.1. Preparation of Experimental CAGMAW Processes

It is quite important to entirely create inert atmosphere for
GMAW process as well as other fusion welding methods.
Hence, controlled atmosphere cabinet was designed and
developed for GMAW in the Karabiik Technical
Education Faculty. As seen from Fig.l, the cabinet
consists of three parts which are body, vacuum system and
work piece moving mechanism. The parts of controlled
atmosphere cabinet and working mechanism were
described in detail elsewhere (6).
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Figure 1.(a) Schematic representation of CAGMAW process (b) Manufactured controlled atmosphere cabinet
Sekil 1. (a) Kontrollii Atmosferli GMAK {initesi semasi ve (b) imal fotografi

2.2. Deneyde Kullamlan Malzemeler ve Kaynak islemi

Deneysel ¢alismalar  sirasinda  endiistride  ¢ok
kullanilmas1 sebebiyle 1018 kalite 12x60x300 mm
boyutlarinda diisiik karbon ¢elik levha kullanilmistir.
Deney pargalarinin puntalama ve kaynak islemlerinde 0.8
mm c¢apinda ticari (TS 5618) SG2 kaynak teli
kullanilmigtir.

Kaynak agiz agis1 600 olan ve 5 0 ters egim verilerek
puntalanan 1018 kalite ¢elikten hazirlanan deney
malzemelerine klasik GMAK yonteminde kok paso
kaynak igleminin yapilabilmesi igin kaynak {initesi
hazirlandiktan sonra deney pargasi sabit hizla hareket
edebilen arabanin {stiine yerlestirilmistir. Kaynak
tabancasi uygun kaynak agisinda tutucu mekanizmasina
yerlestirildikten sonra araba harekete gecirilerek es
zamanli olarak kaynak tabancasinin tetigi de kumanda
initesinden caligtirilarak  kaynak iglemi baglatilmis,
kaynak tabancasi sabit, i3 parcasi hareketli oldugu igin
herhangi bir salimim hareketi vermeden sabit hizda
kesintisiz bir sekilde kaynak islemi gergeklestirilmistir.
Kok pasosu gekilip, gerekli temizlik iglemleri yapildiktan
sonra kendi haline sogumaya birakilan par¢adan baglamak
suretiyle ikinci ve kapak pasolar sirasiyla tamamlanmustir.

KAGMAK yénteminde ise, deney malzemesi iinitenin
icerisindeki arabaya kaynak tabancasinin altina gelecek
bicimde yerlestirilip tinitenin kapagi sikica kapatilmistir.
Vakum pompast ile {initenin igerisindeki hava
vakumlanarak alinmis, daha sonra iiniteye igerisinde 500
OC’ye kadar sitilmig bakir talagi bulunan filtreden
gegirilen argon gazi verilmistir. Unitenin igerisindeki gaz
tekrar vakumlama islemiyle ortamda bulunan atmosfer
gazlari minimize edilmistir. Bu islemden sonra kabin
icerisine tekrar filtreden gecirilen argon gazi verilmistir.
Kabin igerisindeki gaz basmci dengelendikten sonra,
hareketi motor ile saglanan araba disaridaki kumanda
diigmesinden ¢alistirilarak kaynak tabancasina herhangi
bir salinim hareketi verilmeden sabit kaynak hizi segilerek
kok paso kaynak igslemi tamamlanmigtir. Daha sonra deney
pargasi, linitenin On kapagindan disariya almarak gerekli
temizlik islemlerinden sonra sogumaya birakilmistir.
Diger pargalar i¢in ayni islemler sirasiyla tekrarlanmstir.
GMAK ve KAGMAK ortamlarinda kullanilan kaynak
parametreleri Cizelge 1’ de verilmistir.

2.2. Materials and Welding Procedure

Due to high application in industry, welding assemblies
were prepared from 1018 type low carbon steel which is
dimension of 12x60x300 mm. These plates were cut into
60 x 350 mm coupons with a 35-deg level of each plate to
provide 60-deg groove angle for a single-V-groove butt
joint configuration. 0.8 mm diameter SG2 welding
consumable (TS 5618) was selected to joint these metals.
Low carbon steel weld assemblies were set up on the
moving mechanism of CAGMAW processes. Meanwhile,
torch of GMAW process was secured with suitable angle
to the work piece. The weld assembly inlet of controlled
atmosphere cabined was tightened, then vacuum pump
was started to evacuate the air. After evacuation, cabinet
was flashed by pure argon gas in order to remove all air
compounds. Before the arc ignition, argon gas was passed
through in a filter where, temperature was approximately
500 °C. The copper scraps were encapsulated inside the
filter to combine with oxide in argon gas at a given
temperature. So, pure argon was released to the cabinet in
order to ionization during to the arc ignition. After then,
the control button of the work piece moving mechanism
and arc starting button of torch was pressed
simultaneously so root pass of weldment was carried out
constant welding speed automatically. After cleaning
process, the second and cover pass of weldment was
completed respectively. In order to compare effect of
controlled atmosphere on the mechanical properties of
weldment, similar welding assembly was joined by
ordinary GMAW welding process using similar welding
parameters. All weld beads were performed using the
welding parameters that are given in Table 1.
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Table 1. Welding parameters were used during to the welding

Cizelge 1. Birlestirme i¢in kullanilan kaynak parametreleri

Cylinder pressure (bar) /Gaz silindir basinci (bar) 145
Cylinder outlet pressure (1/min) / Gaz silindir ¢ikis basinci (I/dak) 13
Shielding gas / Koruma gazi Argon
Current intensity (A) / Akim siddeti (A) 182
Voltage (V) / Gerilim (V) 26
Weld speed (mm/s) / Kaynak hizi (mm/s) 0,5
Heat input (KJ/mm) / Is1 girdisi (KJ/mm) 0,8

2.3. Deney Numunelerinin Hazirlanmasi

Birlestirilen deney parcalarindan TS EN 10045-1
standardina gore ¢entik-darbe numuneleri hazirlanmistir.
Numunelere frezede 2 mm derinliginde agiz agis1 45° olan,
kaynak metali merkezinden ve ITAB’den ¢entik agilmustir.
Ancak bu caligmada sadece ITAB’nin darbe dayanimlari
degerlendirilmigtir.  Deney  islemi  Ankara  Gazi
Universitesi ~ Teknik ~ Egitim  Fakiiltesi ~Malzeme
laboratuarinda bulunan Avery 426 120 FTLBS tipi darbe
cihazinda ~100 °C, -50 °C, 0 °C, 25 °C, 50 °C ve 100 °C
sicakliklarda gergeklestirilmistir. Diisiik sicakliklardaki
deneylere deney numuneleri sivi azot icersinde dnceden
belirlenen sicakliga indirilip bu sicaklikta 5 dakika
tutulduktan sonra baglanmistir. Her bir kosul igin 3 adet
numune kullanilmistir. Numunelerin kirilma yiizeyleri
JSM-633F JEOL marka taramali elektron mikroskobunda
incelenmistir.

Kaynak bolgesindeki sertlik profilini  belirlemek
amaciyla GMAK ve KAGMAK yontemiyle birlestirilen
parcalardan birer adet numune hazirlanmigtir. Sertlik
Ol¢limil i¢in, kaynak yoniine dik olan yiizey segilerek,
standart metalografik yontemlerle diizgiin ve parlak bir
konuma getirilmistir. Deney isleminde, Future-Tech
vickers mikrosertlik cihazindan yararlanilmis, 100g’ lik
bir yiik kullanilarak kaynak bolgesinde sertlik taramasi
yapilmustir.

Her iki yoOntemle elde edilen numuneler klasik
metalografi teknikleri kullanilarak parlatilmis ve %3 nital
cozeltisi ile daglanmistir. Daglanan yiizey methanol ile
temizlenip kurutulduktan sonra Nikon marka Epiphot 200
model optik mikroskopta incelenmistir.

3. SONUCLAR
3.1 Darbe Deney Sonuglar:

GMAK ve KAGMAK yontemleriyle birlestirilen 1018
kalite ¢eliklerin kaynak bolgesinden ve ITAB’den
cikarilan ve centik agilan deney numunelerine darbe
deneyi uygulanmistir. Sonuglar grafik olarak Sekil 2’de
gosterilmisgtir.

2.3. Preparation of Experimental Samples

Charpy V- notch (CVN) specimens were also
machined from the both welded coupons. Samples were
prepared in the L-T orientation as TS EN 10045-1. The L-
T orientation represents a sample transverse to the welding
direction with the notch located such that testing occurs
through the thickness of the weld from root to the cover
passes. All notches were located centre of the weld deposit
and heat affected zone (HAZ). The test was performed at
temperature from —100, —50, 0, 25, 50 and 100 °C in order
to determine toughness of HAZ by using Avery 426 120
FTLBS type Charpy impact test machine in the Gazi
University Technical Education Faculty Laboratory. A set
of three samples were analyzed each of temperature.
Samples which were tested cryogenic temperatures were
holded for 5 minutes in the liquid nitrogen before the
tested. JSM-633F JEOL model scanning electron
microscopy was also utilized to examine the fracture
surfaces of the CVN samples.

In addition, HAZ hardness of weldment was measured
by future Tech model Vickers micro hardness test
machine. A 100g load was used for intender in the test
machine.

Samples that were prepared with classical
metallographic methods were etched in 3 % Nital solution
in methanol. In the present work, optical examination of
samples was carried out using a Nikon DIC Epiphot 200
type microscope.

3. RESULTS
3.1. Charpy Impact Test Results

The toughness of the HAZ of weldments which were
produced with GMAW and CAGMAW methods were
determined. The mean test results are shown graphically in
Fig.2.
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Figure2. Heat affected zone impact energies of test samples

Sekil 2. Numunelerin ITAB ¢entik-darbe sonuglarinin grafiksel gosterimi

Sekil 2°de agikca goriildiigii gibi artan sicaklik her iki
grup numunenin darbe direnci artmaktadir. Ancak her
sicaklikta KAGMAK yontemiyle birlestirilen numune
GMAK yontemiyle birlestirilenlerden daha yiiksek darbe
dayanimu sergilemektedir. Birlestirmenin ITAB bolgesinin
30 J darbe dayanimina denk gelen siineklikten-gevreklige
gecis sicakligit KAGMAK yonteminde (Tq) = -70 °C
olarak bulunurken GMAK yonteminde ise Tq = -40 °C
olarak tespit edilmistir.

Sekil 3°deki, kirik yiizey incelemeleri 100 °C* den oda
sicakligina kadar ITAB’ 1n stinek bir kirilma davranist
gosterdigini ortaya ¢ikarmustir. -50 °C ve —100 °C’ de
kirillan numunelerde ise tamamen gevrek bir kirilma
davranisi sergilemektedir.

As seen in Fig. 2, Charpy impact toughness of both of
weldment was increased with increasing test temperature.
However, samples which were joined with CAGMAW
methods showed higher impact toughness for each
temperature compared with that of GMAW. The HAZ
ductile-brittle transformation temperature for 30 J impact
energies were determined (Tq) = -70 °C, and -40 °C in
CAGMAW and GMAW respectively. The fracture surface
of test sample produced with GMAW that were tested at 0
°C showed more brittle fracture characteristics that of
CAGMAW.
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Figure3. Fracture surface of HAZ
Sekil 3. ITAB’dan ¢entik agilmis numunelerin kirik yiizeylerinin SEM gériintiileri
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0 °C’ de GMAK yontemi KAGMAK yontemine
nazaran daha gevrek karakterde kirilma yiizeyi
olusturmustur

3.2 Metalografik inceleme Sonuclar

Sekil 4’de kaynak bélgelerinin mikroyap: fotograflar
verilmigtir.

3.2 Metallographic evaluation results

Fig. 4 shows resulting HAZ microstructure profile of
both weldments respectively.

Base metal
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Figure 4. Heat affected zone microstructure profile of weldment

Sekil.4. ITAB mikroyap: profili (a) GMAK (b)KAGMAK

Kaynak sirasinda kaynak metaline komsu ana
malzemenin bir bolimii de termal g¢evrime maruz
kalmaktadir. Is1 tesiri altindaki bolge (ITAB) olarak
adlandirilan bu bolgede kimyasal bilesime ve termal
cevrime bagli olarak mikroyapi ve 6zelliklerde bir degisim
olmast beklenir. Sekil 4 a ve b’ den goriildiigi gibi ITAB
dort bolgeden olusmaktadir. Bu bolgelerden birincisi, kaba
taneli bolge olarak adlandirilan kaynak islemi sirasinda
takriben 1100-1500 °C sicakliga ulagmis ve bu sicakligin
etkisiyle ostenit tanelerinin delta ferrit tanelerine, soguma
sirasinda ise hizla tekrar ostenit tanelerine doniistiigii
bolgedir. Sekil 4’de goriilen ince taneli ITAB bolgesi
kaynak islemi sirasinda yaklagik olarak 900-1100 °C
sicakliga maruz kalan bolgedir. Bu bolge ITAB’nin
ozelliklerinin en iyi oldugu bélgedir. Bu bolge ince ferrit
tanelerinden olugmustur. 723-900 °C sicakliga maruz
kalan bu bolge kismi doniisime ugramis bolge olarak
adlandirilir. Bu bdlgede karbonca zengin perlit taneleri
ostenite doniislirken ferrit taneleri doniisim sicakliga
bagimli olarak doéniisiime ugramadan aynen kalabilir. Bu
zengin karbon igeren ostenitin bir kismi doniisiim
sirasinda martenzite doniiserek yapida kalinti ostenit ve
martenzit adaciklar1 seklinde bulunurken disiik karbonlu
celiklerde ince perlit adaciklari seklinde goriilir.
ITAB’nin 723 °C sicakligiin altindaki sicakliklara maruz
kalan bolgesi doniisiime ugramamis bolge olarak

During the welding, some parts of base metals which
are called HAZ were also under the thermal gradient. The
microstructure of HAZ depends on the base metal
chemical composition, and peak temperature reached
during the thermal gradient. As seen Fig. 4 aand b, HAZ
consist of four regions that are coarse and fine grain,
intercritically transformed and untransformed regions. In
the coarse grain region, temperature reaches to 1100-1500
°C, austenite grains transforms to delta ferrite during the
heating than comeback to austenite grains during the
cooling. A temperature reaches to 900-1100 °C in fine
grain region of HAZ during the welding. The
microstructure of this region existed fine ferrite grains. In
the intercritically transformed region temperature of HAZ
reaches to 723-900 °C in which pearlite transforms to the
austenite while ferrite grain remains unchanged during
heating. During the cooling processes, the some of
austenite grains transforms the martensite; remaining
austenite can be observed in this region. In the low carbon
steels, fine pearlite grains present in the microstructure in
this part of HAZ. During the welding, base metal which
has lowers than 723 °C thermal gradients is called
untransformed region of HAZ. The microstructure of this
region is similar the base metals in which ferrit and
pearlite grains present. Some deformation bands were also
observed in the base metals (Fig.4).
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adlandirilir. Ana malzemenin mikroyapisini sergiler. Sekil
4’de goriildiigl gibi ferrit ve perlit tanelerinin yani sira ana
malzemede bir bantlasma goze ¢arpmaktadir.

3.3. Mikrosertlik Deneyi Sonuclari

Numunelerin kaynak bolgesindeki sertlik dagilimi
Sekil 5°de gosterilmistir. Sertlik 6l¢iimii, baglantilarin ¢ok
pasolu olarak elde edilmesinden dolay1 takriben kok, II. ve
kapak pasolara gelen bolgelerden ayni hatta olacak sekilde
gerceklestirilmistir.

3.3. Microhardness Results

The microhardness profile of weldment was
determined. Results are shown in Fig.5. As seen Fig.5,
hardness measurements were carried out on the root,
second and cover pass of weldment.
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Figure 5. Hardness profile of weldment

Sekil 5. (a) Kok paso igin mikrosertlik deneyi sonuglari (b) II paso igin mikrosertlik deneyi sonuglari

(c) Kapak paso i¢in mikrosertlik deneyi sonuglari

Sekil 5’de goriildiigii gibi, ana malzemenin ortalama
sertlik degeri 170 HV olup ITAB’deki ince taneli
bolgelerde 185 HV’ ye kadar artmis kaba taneli bolgede
160 HV’ ye kadar diismiistiir. Kaynak metalinde sertlik
tekrar 180 HV degerine ulasirken baglantinin diger
tarafinda ki ITAB’de de yaklagik olarak benzer sertlik
degerleri elde edilmistir. II pasoda mikrosertlik ITAB’dan
kaynak metaline gecerken belirgin ve keskin olmayan bir
artts gostermistir. Kapak pasosu sertlik dagilimlart ana
metalde ITAB’da her iki sartta da ince taneli bolgede
ortalama 180 HV bulunurken, kaba taneli bolgelerde
ortalama 155 HV’ ye diismiis, kaynak metalinde ortalama
185 HV’ lik bir sertlige ulasmustir.

Kaynak metalinin sertligi GMAK yontemiyle elde
edilen numunelerde kok pasoda 186 HV, KAGMAK
yonteminde ise 182 HV bulunmustur. II pasoda sirasiyla
GMAK yonteminde sertlik 200 HV degerine ulasirken
KAGMAK yonteminde ise bir miktar diigme gostererek
178 HV bulunmustur. Kapak pasosunda ise GMAK
yontemiyle elde edilende 187THV KAGMAK yontemiyle
elde edilende ise 182 HV bulunmustur (Sekil 5(a),(b),(c)).

4. SONUCLARIN iRDELENMESI

KAGMAK yontemiyle elde edilen birlestirmenin
GMAK ile elde edilen birlestirmeye oranla ITAB’nin daha
tok bir yapiya sahip oldugu goriilmektedir (Sekil 2). Her
iki sart icin, baglantilarin ITAB ¢entik-darbe dayanimlar

The hardness of base metals was found approximately
170 Hyv, it was increased to 185 Hv in the fine grain region
of HAZ. Hardness was decreased 160 Hv in the coarse
grain region. In the weld metal hardness was reached to
180 Hv. In the second pass, hardness was slightly
increased from HAZ through weld metal. In the cover
pass, hardness was measured 180 Hv in fine grain region
of both samples while it was decreased to the 155 Hv in
the coarse grain region. Weld metal hardness was found
185 Hv.

The root pass of weld metal hardness of test sample
that was produced by GMAW processes was determined
approximately 186 Hv while it was found 182 Hv that of
CAGMAW. In the second pass, hardness was slightly
decreased to 178 Hv in the CAGMAW but it was
increased to 200 Hv weld metal of test sample that was
obtained in the GMAW. In the cover pass of weld metal
that was produced by CAGMAW and GMAW processes
respectively, it was measured 182 Hv and 187 Hv (Sekil 5

(@), (b), (¢)).

4. DISCUSSION

Toughness of the HAZ which were obtained with
CAGMAW was found better than that of GMAW (Fig.2).
Samples which were joined with CAGMAW methods
showed higher impact toughness for each temperature
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tespit edilip kendi aralarinda mukayese edildiklerinde oda
sicakligi ve diisiik sicakliklarda KAGMAK yontemiyle
elde edilen numunelerin darbe dayanimlari, GMAK
yontemiyle elde edilenlere oranla daha yiiksek
bulunmustur. Ancak 100 °C’ de GMAK ve KAGMAK
arasinda kayda deger bir fark mevcut degildir. Ayrica,
KAGMAK yoénteminde GMAK yontemine nazaran ITAB
icin daha digiik siinek-gevrek gecis sicakligi elde
edilmistir. KAGMAK yontemiyle elde edilen baglantinin
ITAB centik darbe dayaniminin, GMAK yontemine oranla
yiiksek, siinek-gevrek sicakliginin ise diisiik ¢ikmasinin
ITAB’deki mikroyapidan kaynaklandigi diisiiniilmektedir.

GMAK yontemiyle elde edilenin numunenin atmosfer
ortamindaki birlestirilmesi sirasinda soguma hizinin kapali
ve kaynak 1sis1 etkisi ile 1sinmisg bir ortamda yapilan
KAGMAK yo6ntemine oranla daha hizli olabilecegi
diistiniildiigiinde, kaynak metaline yakin bolgelerde daha
yiksek sertlik elde edilmesi normaldir (Sekil 5).
Birlestirmelerin kaynak metalinin sertligi ITAB oranla
daha yiiksek bulunmustur. Kimyasal bilesimlerinde bu
calismada oldugu gibi diisiik karbon bulunan geliklerin
kaynak metalinin sertligi ITAB bolgesinin sertligine
oranla daha yiiksek bulunabilir. GMAK ydnteminde
soguma hizinin daha yiiksek olmasi sebebiyle kaynak
metalinin tim pasolarinin sertligi KAGMAK yontemine
oranla daha yiliksek bulunmasi da beklenen normal
sonugtur.

Soguma hizinin nispeten yiiksek oldugu GMAK
yonteminde ITAB’n kaba ve ince taneli kisimlart (ostenit
sahasina 1sinan bolgeler) bir miktar daralmig ve bantlagsmis
ana malzeme yapisi ince taneli bélgeden sonra 6nemli bir
degisime ugramamistir. KAGMAK yonteminde ise ana
malzemedeki bantlasma ince taneli ITAB’dan sonra bile
cok belirgin degildir.

Sekil 4’deki ITAB metalografik incelemelerde goze

carpan  hususlardan en Onemlisi olan GMAK
numunelerindeki mekanik bantlagma, diisik soguma
hizlarinda ferrit ve perlit olusturucu elementlerin

segregasyonu sonucu olugmaktadir. Bunlar yiiksek enerji
bolgelerinde alasim elementlerinin diflizyonu sonucunda
olusan perlit toparlanmalari seklindedirler (7). Bu
olusumlar da metalin darbe dayammini olumsuz ydnde
etkileyebilir.

5.SONUCLAR VE ONERILER

1. ITAB’nin c¢entik darbe dayanimlart KAGMAK
yonteminde, GMAK yo6ntemindekine oranla daha
iyidir.

2. KAGMAK yontemiyle elde edilen numunelerin
sertlikleri GMAK yontemiyle elde edilen degerlere
oranla biraz daha diisiiktir.

3. Malzemenin yapisinda {lretiminden kaynaklanan
mekanik  bantlasmanin  GMAK  yOntemiyle
birlestirilmesi sonucunda mikroyapida ITAB’de ince
taneli bolgeden sonra mevcudiyetini korurken,
KAGMAK yontemiyle birlestirilen numunelerde
belirgin olmadig1 goriilmiistiir.

compared with that of GMAW. However, there wasn’t big
difference between the both of results which was
measured 100 °C. In addition, the HAZ ductile-brittle
transformation temperature for 30 J impact energies was
found in the CAGMAW higher than GMAW due to finer
HAZ microstructure of test sample.

It is expected that HAZ hardness of the test sample that
is obtained with CAGMAW is lower than that of the
GMAW due to higher cooling rate (Fig.5). Results
confirmed that HAZ hardness was measured GMAW test
sample. Weld metal hardness of low carbon steels could
found higher than HAZ as in this study. Due to higher
cooling rate of GMAW, the hardness of the weldment in
all pass was found higher than that of CAGMAW as
expected.

The coarse and fine grain region of HAZ in the
GMAW sample was narrow than that of CAGMAW due
do higher cooling rate. The microstructure of base metal in
which has band structure was not transformed after the
fine grain region of HAZ in the GMAW sample; it could
be also attributed to the higher cooling rate. However, this
bands structure in the fine grain region of CAGMAW
sample wasn’t observed.

As seen Fig 4, deformation bands structure of base
metal and HAZ of test samples occur under the slow
cooling condition due to segregation of alloying elements
which are tent to form ferrite and pearlite grains. These are
form of pearlite phase gathering which are formed in high
energy region of base metal due to diffusion of alloying
elements (7). These can be caused anisotropic behavior of
mechanical properties of base metal. For instance, strength
of metals increases on the parallel direction of bands while
elongations decrease. These formations may also effect to
the toughness of base metals.

5. CONCLUSIONS

1. Heat affected zone of samples which were joined
with CAGMAW methods showed higher impact
toughness for each temperature compared with that of
GMAW.

2. Hardness of weldment which were joined with
CAGMAW methods were determined slightly lower
than that of GMAW.

3. The microstructure of base metal in which has band
structure wasn’t transformed after the fine grain
region of HAZ in the GMAW sample; while this
bands structure in the fine grain region of CAGMAW
sample wasn’t observed, it could be attributed to the
different cooling rate of welding processes.
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