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ABSTRACT

In this study, the effect of electrode extension distance on metallurgical and
mechanical properties of low carbon steel joints welded with submerged arc
welding was investigated. OP 139 flux and OE S1 welding wire were used to weld
steel parts using three different electrode extension distances. It is found that
electrode extension distance effected the hardness and changed the microstructure
of weld metal. It was seen that increasing electrode extension distance reduced the
hardness of weld metal and HAZ. Tensile tests showed that rupture occurred in the
base metal of all samples. Impact tests revealed that the best toughness value was
obtained from the sample welded using 24 mm electrode extension distance.

Key Words: Electrode extension distance, Submerged arc welding, Mechanical
properties.

TOZALTI ARK KAYNAGI iLE KAYNAKLANAN DUSUK KARBONLU CELiKLERDE
SERBEST TEL UZUNLUGUNUN MiKROYAPI VE MEKANIK OZELLIiKLERE ETKIiSiNIN

ARASTIRILMASI
OZET

Bu ¢alismada tozalti ark kaynagi ile diisiik karbonlu ¢elik malzemeler OE S1
kaynak teli ve OP 139 kaynak tozu ile ii¢ degisik serbest tel uzunlugu kullanilarak
birlestirilmis ve birlestirmenin mekanik ve metalurjik 6zellikleri arastirilmistir.
Arastirmalar  sonucunda kaynak esnasinda kullanilan farkli serbest tel
uzunluklarinin  kaynak metali sertligi ve mikroyapisii degistirdigi tespit
edilmistir. Diisiik karbonlu ¢elik malzemelerin tozalt1 ark kaynaginda, serbest tel
uzunlugunun artmast ile kaynak metali ve ITAB’deki sertlik degerlerinin azaldig:
gOriilmiigtiir.  Yapilan ¢ekme testlerinde biitin numunelerde kopma ana
malzemeden ger¢eklesmistir. Centik darbe testi sonucunda en iyi toklugu 24 mm
serbest tel uzunlugunun kullanildig: birlestirmeler géstermistir.

Anahtar Kelimeler: Serbest tel uzunlugu, Tozalt1 ark kaynagi, Mekanik 6zellikler

1. GIiRiS 1. INTRODUCTION

Ergitmeli kaynak yontemleri iginde en yiiksek
verimlilige sahip olan tozalti ark kaynak yo6nteminin
otomatik olarak siirekli kaynak yapabilme imkani
saglamasi, derin niifuziyet, enerji ekonomisi, kaynak teli
tilketiminin az olmasi , diizgiin gériiniisli kaynak dikisi,

Submerged arc welding (SAW) method has some
advantages such as effective welding, capable of
continuous welding, deep diffusivity, energy saving, good
shaped welding line, and high welding speed (1,2).

In submerged arc welding, welding metal is formed by

yiiksek ergime giicii ve kaynak hizi gibi istiinliikleri
bilinmektedir (1,2).

Tozalt1 ark kaynaginda kaynak metali, dolgu metali,
ana malzeme ve kaynak tozunun kimyasal ve fiziksel
reaksiyonu sonucu meydana gelir. Kaynak metali ile ana

the chemical and physical reaction among filling metal,
base metal, and welding powder. Welding flux and
welding wire should be chosen precisely to get a good
matching between base and weld metal (3). In the
submerged welding, arc effectiveness can be improved by
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metalin uyumlu hale getirilebilmesi i¢in kaynak tel ve
tozunun uygun segilmesi gerekir (3). Bu yontemde ark
verimliligi, ¢ok telli kaynak, ¢ok elektrotlu kaynak, sicak
tel kaynagi ve kaynaga metal tozu ilave edilerek
arttirlabilir (4). Tozalti ark kaynaginda kaynak arki
tanesel ve eriyebilen bir toz kiitlesi tarafindan korunur
(5,6). Burada 1s1, is pargasi ile ergiyebilen bir tel elektrod
arasindaki ark tarafindan iretilir. Ark, ergiyik toz veya
curuf tarafindan atmosferin olumsuz etkilerinden korunur
(7,8). Kaynak metalinin c¢atlamaya karsi direnci ve
mekanik 6zellikleri karigimi olusturan alasim elementleri
tarafindan iyilestirilebilir (9-11).

Tozalt1 kaynaginda kullanilan tane seklindeki tozlar,
ortlili elektrodla yapilan kaynakta Ortiiniin sagladig:
gorevi yerine getirerek kaynak islemine, fiziksel ve
metalurjik bakimdan tesir ederler (12,13). Fiziksel olarak
meydana gelen curuf kaynak banyosunu havaya karsi
korur, dikise uygun bir form verir ve kaynak banyosunun
yavag sogumasini saglayarak zararli gazlarin kaynak
banyosunu terk etmesi i¢in zaman kazandirir. Metalurjik
olarak da kaynak banyosuna ilave ettigi yardimci katki
elemanlar1 ile yanma kayiplarin1 ortadan kaldirir ve
dengeler (8).

Kaynak dikisinin diizgiin ve etkin bir bigimde curufla
oOrtlilmesi sakin bir katilagma sagladigindan, kaynak
banyosundan gaz cikisi kolaylagsmakta ve birim boya
uygulanan akim siddetinin yiiksekligi de soguma hizini
yavaglattigindan gecis bolgesinde sertlesme ihtimali de
zayiflamaktadir (14,15).

Bu ¢aligmada amag, diisiik karbonlu ¢elik malzemelere
OE S1 kaynak teli ve OP 139 aglomere kaynak tozu
kullanilarak, tozalti ark kaynaginda, serbest tel
uzunlugunun kaynakli pargalarin mekanik ve metalurjik
ozelliklerine etkilerini incelemektir.

2. DENEYSEL CALISMALAR

Bu caligmada kimyasal bilesimi Cizelge 1’de verilen
500x80x6 mm ebatlarinda diisiik karbonlu ¢elik
malzemeler tozalt1 ark kaynak yontemi ile birlestirilmis ve
kaynakli malzemelere ¢ekme, egme, gentik darbe ve

incelenmistir.

using multiple welding wire, multiple electrodes, hot wire
welding and adding metal flux to the welding flux (4). In
submerged welding, welding arc is prevented by a mass
flux that is granular and can be melted (5, 6).

Submerged arc welding (SAW) is an arc welding
process in which the arc is concealed by a blanket of
granular and fusible flux. Heat for SAW is generated by
an arc between a bare solid metal (or cored) consumable
wire or strip electrode and the work piece. The arc is
maintained in a cavity of molten flux or slag, which
refines the weld metal and protects it from atmospheric
contamination (7,8). Alloy ingredients in flux the may be
present to enhance the mechanical properties and crack
resistance of the weld deposit (9-11).

Granular flux, which are used in submerged welding,
affect the welding process physically and metallurgically
(12-13). From the physical effect of view, slag prevents
the welding bath against air, gives a good shape to the
welding line, and lowers the cooling rate so that gives time
undesired gases to leave welding bath. Additionals from
flux equalizes the weld metal and balance the metal for the
burning losses (8).

Since the covering of welding line with slag causes a
stable solidification, gas release can be easier. High
current to the unique length of welding wire reduces the
cooling rate so that possibility of high hardness of
transition zone is got smaller (14, 15).

The aim of this study is to investigate the effect of
electrode extension distance on mechanical and
metallurgical properties of welding. OE S1 welding wire
and OP 139 agglomerated welding flux were used for the
work.

2. EXPERIMENTAL PROCEDURE

The chemical composition of welding parts is given in
Table 1. Dimensions of the low carbon steel are 500 x 80
x 6 mm. Tensile, bending, impact and hardness tests are
applied the welding pieces to check the mechanical

sertlik testleri uygulanmig ayrica mikroyapt ozellikleri properties.  Microstructural ~ properties are  also
investigated.
Table 1. Chemical composition of base metal (weight %)
Cizelge 1. Ana malzemenin kimyasal bilesimi (Agirlikca %)
Element/Element C Mn Si P S Ni Cr Fe
Weight (%) / % Oran 0,07 0,51 0,10 0,015 0,09 0,021 0,043 99,14

Kaynak uygulamalarinda LINCOLN IDEAL ARC DC-
1500 tipi tozalt1 kaynak makinasi, 3,2 mm ¢apinda OE S1
kaynak teli ve OP 139 kaynak tozu kullanilmistir. Kaynak
esnasinda kullanilan tel ve tozlarin kimyasal bilesimleri
Cizelge 2’de verilmistir.Kaynak islemleri Cizelge 3’de
verilen kaynak parametreleri ile ii¢ degisik serbest tel
uzunlugu kullanilarak gergeklestirilmistir.

LINCOLN IDEAL ARC DC-1500 type submerged arc
welding machine, OE S1 welding wire with 3.2 mm
diameter and OP 139 welding flux were employed for the
welding process. Chemical compositions of the welding
wire and flux were given in Table 2. Parameters, which
are given in table 3, were used with three different
electrode extension distances.



Investigation Of The Effect Of Electrode Extension .../ Tozalti Ark Kaynag Ile Kaynaklanan Diisiik Karbonlu ...

Table 2. Chemical compositions of welding wire and welding flux (16)
Cizelge 2. Kaynak tel ve tozlarinin kimyasal 6zellikleri (16)

Material/
Malzeme

Chemical composition/
Kimyasal Bilesimi

Properties/ Ozellikleri

% 20 SiO,+Ti0,, %25
CaO0+MgO, %35 Al,O03+MnO;,
%15 CaF,

OP 139 (flux/ toz)

OP 139 is an agglomerated submerged arc welding flux with the basic
characteristics. It is manufactured for welding carried out with single and
multiple passes and single and multiple wires for the joining of corner and
butt welding.

OP 139 aliimina-bazik karakterli, aglomere tozaltt kaynak tozudur. Tek
pasolu ve ¢ok pasolu, alin ve kose kaynaklar1 yapilan tek ve ¢ok telli tozalti
kaynak sistemlerinde kullanim amagli gelistirilmistir.

Max. %0,12 C,
% 0,5 Mn,
Max.% 0,10 Si

OE S1 (wire/tel)

This wire is used for the general structural steel which has tensile strength of
510 N/mm® and is used for pressure vessels, pipes and construction.
Electrical conductivity and corrosion resistance are high because of copper
coating.

Basingli kap, boru, gemi, ¢elik konstriiksiyon imalatinda 510 N/mm? ¢ekme
dayanimina sahip genel yap1 celiklerinin kaynaginda kullanilan masif tozalti
kaynak telidir. Bakir kapli olmasi elektrik iletkenligini ve paslanmaya kars1

direncini arttirir.

Table 3. Welding parameters
Cizelge 3. Kullanilan kaynak parametreleri

Current/Akim Voltage/Volt

Welding speed/ Kaynak Hiz1

Heat input/ Is1 girdisi

400 30

450 mm/min. 1,6 kT

Kaynatilacak malzemeler, aralarinda 3 mm bosluk
birakilarak 50 mm araliklarla puntalanmis ve numunelerin
altina 5 mm kalinhiginda bakir bir altlik yerlestirilmistir.
Kaynak esnasinda serbest tel uzunlugu haric diger
parametrelerin sabit olmasma ozen gosterilmistir. Agik
havada sogutulup curufu temizlenen numuneler serit
testere makinasi ile her bir numuneden 3 adet ¢ekme, 3
adet egme, ana malzeme, ITAB ve Kaynak metalinden
3’er adet olmak iizere toplam 9 adet centik darbe (Sekil 1)
ve 2 adet sertlik ve mikroyapt numunesi hazirlanacak
sekilde kesilmigtir.

Samples, to be welded, are placed on a copper
substrate with a thickness of 5 mm. 3 mm space is kept
between parts. During the welding, all parameters are kept
constant except electrode extension distance. Welded parts
are cooled in the air and cleaned for the slag. As illustrated
in the Figure 1, three identical parts are cut for the tensile
and bending tests. From base metal, weld metal and heat
affected zone (HAZ), three identical parts were also cut
using a plate saw. Two parts for hardness and two parts
for the microstructural investigation were also.

ITAB Centik Centik
HAZ Notch Notch
t t 4
11/ T1l jsmm
Weld metal +

Kaynak Metali

Figure 1. Illustration of cutting order for the samples of impact test
Sekil 1. Centik darbe deney test numunesinin hazirlanig bigimi

Cekme numuneleri EN 895, egme numuneleri 180°
olmak tizere pr EN 910°da belirtilen sartlara gore ve ¢entik
darbe numuneleri ise TS 269’a gore hazirlanmislardir.
Centik darbe numuneleri zimparalanma, parlatma ve
daglama islemlerinden sonra centik agma islemine tabi
tutulmuslardir. Centik agma islemleri Sekil 1°de goriilen
bolgelere olmak tizere her bir numuneye tek bir centik
acilmis ve centigin numunenin orta kismina gelmesine
dikkat edilmistir. Cekme ve egme i¢in hazirlanan
numuneler INSTRON MFL SYSTEM tipi ¢ekme cihazi ile
Imm/dk ilerleme hizinda ve g¢entik darbe numuneleri ise
INSTRON WOLPERT PW 30 marka makine ile oda
sicakliginda teste tabi tutulmuslardir.

Mikroyapt numuneleri, standartlara uygun olarak
hazirlanmiglar ve % 3 Nital ile daglanmislardir. Numuneler
1000 biiytitme kapasiteli PRIOR marka optik mikroskop
ile goriintilenmislerdir. Sertlik dlglimleri INSTRON
WOLPERT sertlik cihazi ile 1 kg yiik altinda yapilmustir.
Olgiimler, esit araliklarla olmak {izere her bir numuneden

Tensile test, bending test and notched impact test
samples are prepared in accordance with EN 895, pr EN
910 and TS 269 respectively. Notches are machined after
grinding, polishing and etching of the samples. One single
notch was open for each sample on the places as
illustrated in Figure 1. Tensile strength and bending tests
were carried out by using an INSTRON MFL SYSTEM
type machine with a pulling speed of 1 mm/min. Notch
impact test was carried out with an INSTRON WOLPERT
PW 30 type machine at room temperature.

Standard metallographic preparation method was
followed for the preparation of samples for microstructural
investigation. 3% nitric acid in methanol was used as
etching agent. Micropictures were taken with a PRIOR
type optical microscope. Hardness measurement was done
under a load of 1 kg using a INSTRON WOLPERT
machine. An average value of 5 measurements was given
as the hardness value.
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5’er adet yapilmis olup, ortalamalar1 alinmustir.
3. DENEYSEL SONUCLAR VE TARTISMA

Tozalti kaynagi ile li¢ degisik serbest tel uzunlugu
kullanilarak birlestirilmis numunelerden elde edilen ¢ekme
deney sonuglari Cizelge 4’de verilmistir.

Table 4. Tensile test results
Cizelge 4. Cekme deney sonuglari

3. RESULTS AND DISCUSSION

Tensile test results of samples, which are welded using
three different electrode extension distances, were given in
Table 4.

Material / Malzeme Yield strength/ Tensile strength/ Extension/ Fracture zone/
Akma Mukavemeti Cekme Mukavemeti Uzama Kopma Yeri
(kg/mm?) (kg/mm?) (%) P
Base metal / Ana Malzeme 37 55 28 Middle of tensile length /
Cekme boyu ortasi

24 mm electrode extension 40 58 25 Base metal / Ana malzeme

distances/ 24 mm serbest tel

uzunlugu

16 mm electrode extension 42 58 25 Base metal / Ana malzeme

distances/ 16 mm serbest tel

uzunlugu

8 mm electrode extension 41 58 24 Base metal / Ana malzeme

distances/ 8 mm serbest tel

uzunlugu

Cizelge 4 incelendiginde kopma isleminin ana When Table 4 is closely examined, yield, fracture and

malzemeden  gergeklesmesinden  dolayr  kaynakli extension amounts are almost same due to fracturing from
numunelerin timiinde elde edilen akma, ¢ekme ve % base metal area. It is understood from Table 4 that, tensile
uzama miktarlarinin - hemen hemen aynmi oldugu strength of welded sample is a little high than that of base
goriilmektedir. Burada kaynakli numunelerin ¢ekme metal. This high tensile strength of weld sample can be

dayaniminin ana malzemenin ¢ekme dayanimindan ¢ok az
yiiksek oldugu goriilmektedir. Bunun sebebi, cekme testi
sirasinda kaynakli bdlgenin deformasyonu engellemesi
olarak diistiniilebilir. Bilindigi {izere ayn1 bilesim ve farkli
¢ekme boylarinda yapilan ¢ekme testleri sonucu, eger
¢ekme hizi sabit ise gekme boyu kisa olan malzeme hizli
peklesmeden dolayr daha yiiksek dayanim gdsterir.
Calismamizda, ¢ekme numuneleri standartlara uygun
olarak hazirlandigindan, kaynakli numunelerdeki kaynak
bolgesinin sert olmasi sebebiyle deformasyon bu bélgenin
disinda meydana gelmektedir. Deformasyonun dar bir
bolgede meydana gelmesi de dayanimin yiiksek degerler
gostermesine neden olmustur. Kopma ana malzemeden
olmasma ragmen, kaynaklt numunelerin % uzama
degerlerinin diisiik ¢ikmasinin sebebi kaynakli bolgenin
cekme testi sirasinda deformasyona ugramamasindan
kaynaklanmaktadir. Yapilan bir arastirmada da (17),
kaynakli numunelerin % uzama degerlerinin kaynaksiz
numunelerden daha az oldugu belirtilmektedir.

Tozalti kaynag: ile {i¢ degisik serbest tel uzunlugu
kullanilarak birlestirilmis numunelerden elde edilen egme
deneyi numuneleri 180° biikiildiigiinde kaynakl bolgede
goz ile yapilan incelemelerinde egilme bolgesinde
herhangi bir kaynak hatasina rastlanmamustir.

Kaynakli numunelerin kaynak metali, ITAB ve ana
malzemelerinden hazirlanmig 5x10x55 mm ebatlarindaki
centik darbe deney sonuglar1 Cizelge 5’de verilmistir.

attributed to that weld zone shorten the tensile length of
test sample. As it is known, when one is shorter and
another one longer two identical sample are tested for
tensile strength under same pulling speed, the shorter
sample shows higher strength because of higher
deformation hardening. Since our tensile test samples
were prepared in accordance with related standard,
deformation was occurred in the out of welding zone
because of high hardness of welding zone. A relatively
high strength was measured from the welded sample
because of a shorter deformation length. Extension is
relatively low because weld zone was never elongated so
that a shorter length was elongated. It was reported in
another research (17) that, weld samples were less
elongated than unwelded samples.

When submerged arc welded samples visually
examined after bending 180°, it was seen that weld zone
does not show any weld defect on the area of bending.

Notch impact test results of weld metal, HAZ and base
metal are given in Table 5. Dimensions of the samples are
5x10x55 mm.
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Table 5. Notch impact test results (in joule)
Cizelge 5. Centik darbe deney sonuglar1 (Joule)

Electrode extension distance/ Weld metal/ HAZ/ Base metal /
Serbest tel uzunlugu Kaynak Metali ITAB Ana Malzeme
24 mm 55 58 67
16 mm 53 56 67
8 mm 48 51 66

Burada en yiiksek ¢entik darbe mukavemetini ana
malzeme gosterirken bunu sirasiyla ITAB ve kaynak
metali takip etmektedir. Sekil 2°deki sertlik degerleri ile
kaynakli numunelerden elde edilen tokluk degerleri
kiyaslanacak olursa sertligin artmasiyla toklugun diistiigii
goriilmektedir.

Cetinkaya (18) yaptig1 bir arastirmada sertligin
artmastyla toklugun azaldigini rapor etmektedir. Burada
kaynak metalinden elde edilen ¢entik darbe mukavemetleri
ITAB’den elde edilen degerlerden daha diisiik
bulunmustur. Diisiik karbonlu c¢eliklerin kaynaginda
ITAB’nin kirtlma davraniglar1 iizerine yapilan bir
aragtirmada (17) ITAB’daki iri taneli bolgenin toklugunun
kaynak metalinden daha yiiksek oldugu belirtilmistir.
Ayrica ITAB’in sertliginin kaynak metali sertliginden
diisiik olmasi bu sonucu dogrulamaktadir.

While the base metal shows the highest notch impact
resistance, HAZ and weld metal shows the second and
third highest notch impact resistance respectively. A
comparison of hardness and toughness values of welded
samples is given in Figure 2. As it is seen from the Figure
2, toughness of welded metal reduces with increasing
hardness.

It was also reported in another work (18) that
toughness of welded metal reduces with increasing
hardness. Notch impact test showed that the notch impact
resistance of weld metal is lower than that of HAZ.
Another research (17), done for fracture behavior of HAZ
of low carbon steel, showed that toughness of large
grained areas of HAZ was higher than that of weld metal.
It is also pointed out that hardness of HAZ is lower than
that of weld metal.

‘ —— 8 mm

—— 16 mm

—— 24 mm ‘

200 ~
175
150 ~
125
100 ~

Hardness / Sertlik(HV,)

5 0 T T
6 3

Distance from weld metal center (mm)

0 3 6

Kaynak metali merkezinden uzaklik (mm)

Figure 2. Hardness values of samples welded with different electrode extension distance
Sekil 2. Farkli serbest tel uzunlugunda yapilan birlestirmelerin sertlik degerleri

Sekil 2 incelendiginde li¢ degisik serbest tel uzunlugu
ile gergeklestirilmis kaynakli numunelerin ana malzeme,
ITAB ve kaynak metalinden elde edilmis sertlik degerleri
verilmistir.

Serbest tel uzunlugunun § mm’den 24 mm’ye artmast
ile beraber sertlikte bir azalmanin oldugu goriilmektedir.
Burada 8 mm serbest tel uzunlugunda elde edilen kaynak
metallerinin kaynak metali merkezinden oOlgiilen sertlik
degeri 196 HV iken 16 mm serbest tel uzunlugundaki
sertlik degeri 174 HV ve 24 mm serbest tel uzunlugundaki
ise 160 HV olarak 6l¢iilmiistiir. Bunun sebebi de kaynak
esnasinda kaynak bdlgesine gonderilen toz miktarinin
artmast gosterilebilir. Bilindigi gibi, kaynak bdlgesine

The hardness values of base metal, HAZ and weld
metal, welded with three different electrode extension
distance, are given in Figure 2. It was examined that
hardness reduced with the increasing of electrode
extension distance to 24 mm from 8 mm. Hardness values
of weld metal center were measured to be 196 HV, 174
HV and 160 HV for samples welded with electrode
extension distances of 8 mm, 16 mm and 24 mm. This
can be attributed to the increasing flux amount with
increasing electrode extension distance. Increasing powder
amount reduces the cooling rate so that the hardness
reduces. The reason for higher hardness of weld metal
than that of base metal is the carbon and alloying elements
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gonderilen toz miktarinin artmasiyla kaynak metalini 6rten
curuf ve lzerindeki ergimemis kaynak tozu da
artmaktadir. Kaynak tozunun artmasi, kaynak sonrasi
kaynakli bolgenin yavas sogumasini saglayacak ve
sertlifin azalmasma sebep olacaktir. Ayrica kaynak
metalinin sertliginin ana malzemeden daha sert olmasi,
kaynak esnasinda kullanilan ilave metaldeki karbon ve
diger alasim elementlerinin oraniyla iligkilidir. ITAB’dan
olgiilen sertlik degerlerinin yiiksek olmasinin sebebi ise bu
bolgede meydana gelen tane irilesmesidir. Qiu ve
Kawaguchi (19), disiik karbonlu c¢elik malzemelerin
kaynak bolgesinde yaptiklar1 bir arastirmada, kaynak
metali sertliginin, ITAB’m sertliginden daha yiiksek
sertlik degerine sahip oldugunu belirtmislerdir.

‘Base _iﬁet'éil./
‘Ana‘malzeme

" L)

G Ky e o .
ode eXtension distance/- gl “fr
o 1
eluzmilugu

of electrode. The reason of the higher hardness value of
HAZ is the larger grains. Qui and Kawaguchi studied on
weld metal of low carbon steel and reported (19) that
hardness of weld metal is higher than that of HAZ.

f

8 mm electrode extension distance/. "

(b)

|
¢h 24.mm electrode extension distancél i) =
24 mm Serbest tel uzunlugu \

o i

Figure 3. Optical pictures of weld metal of a) base metal, b) welded with 8 mm electrode extension distance, ¢) welded with 16 mm
electrode extension distance and d) welded with 24 mm electrode extension distance
Sekil 3. Kaynakli numunelerin kaynak metalinden elde edilen a) ana malzeme, b) 8§ mm, c¢) 16 mm ve d) 24 mm serbest tel

uzunlugundaki kaynaklarin optik mikroskop goriintiileri

Sekil 3’de (a) ana malzeme, (b) 8 mm serbest tel
uzunlugu, (c¢) 16 mm serbest tel uzunlugu ve (d) 24 mm
serbest tel uzunlugu ile kaynaklanmig numunelerin kaynak
metallerinin optik mikroskop goriintiileri verilmistir.
Burada esas metalin (a) diizenli bir sekilde ince ferrit ve
perlit tanelerinden olustugu diger ¢ farkli kaynak
metlinde ise ferrit ve perlit tanelerinin yaninda
martenzitik bir yapinin oldugu dikkat cekmektedir. Sekil 3

In Figure 3, optical pictures of (a) base metal, (b) weld
metal welded with 8 mm electrode extension distance, (c)
weld metal welded with 16 mm electrode extension
distance and (d) weld metal welded with 24 mm electrode
extension distance are given. It is seen from pictures that
base metal has ferrite and pearlite phases while weld metal
zones are consisting some amount of martensite. In Figure
3-b, martensite phase can be seen clearly while it is seen
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(b)’de martenzitik yapinin daha belirgin oldugu (c) ve (d)
de ise bu yapinin ignemsi sekilden ayrilip normal tane
seklini aldig1 goriilmektedir. Sekil 2 ile Sekil 3 beraber
degerlendirildiginde kaynak metalinden elde edilen sertlik
degerlerinin de bu swalama ile aym oldugu
anlagilabilmektedir.

4. SONUCLAR

Diisiik karbonlu ¢elik malzemelerin tozalti ark kaynak
yontemi ile ii¢ farkli serbest tel uzunlugunda birlestirildigi
bu ¢aligmada sonug olarak;

1-  Tozalt1 ark kaynaginda, serbest tel uzunlugunun
artmasina bagl olarak, yigilan toz miktarinin artmasi
sebebiyle yavas soguma oldugundan, kaynak metali
ve ITAB’deki sertlik degerlerinin azaldigi tespit
edilmigtir.

2- Kaynak metali ve ITAB’de en yiiksek tokluk
degerleri sertligin diisiik olmasi nedeniyle 24 mm
serbest tel uzunlugu kullanilarak elde edilen
birlestirmelerde tespit edilmistir.

3-  Cekme testleri sonucunda kopma birlestirmelerin
timiinde, ana malzemeden gergeklesmis ve kaynak
dikisinin deformasyonu engellemesinden dolay1

kaynakli numunelerin ¢ekme degerleri, ana
malzemenin ¢gekme degerlerinden daha yiiksek
4-  Calismadan elde edilen kaynak metali

mikroyapilarinda, artan serbest tel uzunlugu ile
beraber martenzit olusumunda bir azalma goriilmiis
ve bunu sertlik degerleri de desteklemistir.
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