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MICROSTRUCTURE OF WELD METAL IN CK45 CARBON STEEL
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In recent years the gas metal arc welding (GMAW) medes received much attention
and has been progressively applied in various imiésslike automobile manufacturing

and shipbuilding. The arc voltage, welding curremd svelding speed are three important
and independent variables for this process. On tier dvand, the microstructure of weld
metal is an important metallurgical characterizatioat can strongly influence its physical
and mechanical properties. Therefore, the presermty sfocuses on the microstructural
evolutions of weld metal in the CK45 carbon steeldsdlby robotic GMAW process.
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Welding is one of the most applicable connectiarcpsses in industry [1]. In the
early 1900 s gas metal arc weldingrocess (GMAW) (including two states: metal
inert gas (MIG) and metal active gas (MAG) [2]) wasoduced and in 1948 the pro-
cess was commercially accessible [2, 3]. This m®ds widely used in various
industries including gas pipelines, petrochemidahts, automotive and ship buildings.
High productivity rate due to the continuous feédvme electrode, low weld disconti-
nuity, no slag inclusion and low thermal hazardase metal are the main merits of this
process [4]. In the GMAW process the heat is geadrhy an electric arc and incur-
porates a continuously feed consumable electrogddsld by an externally supplied
gas [1]. The commonly used shielding gases in thEA® are carbon dioxide (C,
argon gas (Ar) and their combinations. The appbeat of such shielding gases can
provide good protection of the molten droplets add pool, however they also affect
the formation of welding arc, arc stability and atdgtansfer [5]. The microstructure of
the weld metal is one of the most important factiwast affect its mechanical and
physical properties, and so should be taken intsideration when welding. The arc
voltage, welding current, and welding speed areehmportant parameters for the
GMAW with the maximum influence on the welded joiptality [6] that can affect the
microstructure of the weld metal. As we know atreddy little information exists on
the microstructure of the weld metal in medium-caristeels. In this paper, an attempt
has been made to study the effect of robotic GMAMAmeters on the microstructure
of the weld metal in CK45 carbon steel.

Materials and methods. The CK45 medium-carbon steel (according to DIN
1.1191 standard) was used as a base material. WH@AGwelding operations were
performed by means of a SOS Model DR Series ARK RAEKB00 welding robot
having a working capacity of 0...600 A and 0...50 Vgas. The welding robot and its
apparatus are shown in Fig. 1. The nozzle openimy,free wire length and wire
feeding rate were 10 mm, 15 mm and 10 m/min, résdg. Arc distance was 3 mm
and the torch angle was selectéd Bhe multipass welds were used to join the bases
materials and weld pool was protected by 100% €l@elding gas.
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Fig. 1. The welding robot and its apparatus usedigstudy.

In addition, the ER70S-6 (AWS A5.18 classificatiom)e electrode with 1 mm
diameter was used as a filling metal. The chenuicaiposition of the wire electrode as
follows (Wt.%): P — 0.035, S — 0.025, Si—0.95, Mh.63, C — 0.11, Cu — 0.5. The chosen
welding variables for this study are: arc voltage]ding current and welding speed,
the most influential parameters on the weld metaftastructure, and all other variables
are fixed. Having finished the welding processhke,dylindrical samples of 5 mm dia-
meter and 10 mm height were extracted from the wedthls center for metallographic
tests. The surface of the extracted samples wamdrasing SiC-paper and polished
mechanically and then etched with 2% Nital. Therostructure observations in this
study were conducted using a optical microscopl miagnificatiorx1000.

Results and discussion. The microstructure observations obtained in thislyst
are shown in Figs. 2—-4. The influence of GMAW pasgers on the microstructural
evolutions of the weld metal can be discussed daugito Eq. (1) [7]. The changes in
the GMAW parameters results in changes in weldiegt input. On the other hand Eq.
(2) [7] shows the relationship between welding hieptit and cooling rate of the weld
metal. According to Eq. (2), the heat input is mpadrtant factor that affects inversely
the weld metal cooling rate. When heat input insesathe cooling rate decreases for
the given weld metal. The cooling rate is a primfactor that determines the final me-
tallurgical structure of the weld metal [7]. Whdretcooling rate increases: the resul-
ting martensite volume fraction in the weld metalreases, the retained austenite vo-
lume fraction in the weld metal decreases, themeldraction of tempered martensite
in the weld metal decreases somewhat due to loaagrihput (obviously in Figs.a2b;
3b, c and 4, b), and the probability of grain coarsening in theldvzone reduces.

Therefore, varying the heat input typically wilfedt the metallurgical structures
of weld metal [7]:

H =600 OV/ 10005, Q)
R=K/(To[H), 2
whereH is heat input, kd/mnV is arc voltage, Vi is welding current, ASis welding
speed, mm/minRR is cooling rate;C/s;K is constantT, is preheat temperatur¥;.
According to the findings of Dhua et al. [8] theldiag heat input can play a

significant role in the microstructure of the welglijoints, therefore the results of this
study agree well with previous investigations.
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Fig. 4. Microstructure of weld metal in 24 V, 140 AdaB0D @), 40 p), and 50 cm/mind);
x1000.

The parameters which affect solidification behawidr fusion zone in fusion
welding process are similar to casting procesfadh a molten weld pool acts just like
cast product but in a smaller scale. Hence, reBeesdn welding field at all times have
greatly benefited from theoretical and experimergghciples of solidification in
casting.

It should be also noted that the microstructureettsmment in the fusion zone
depends on the solidification behavior of the waddl. The principles of solidification
control the size and shape of the grains, segmgadind the distribution of inclusions
and porosity. During the past 15 years, significanbgress has been made in
understanding the solidification behavior of theldvg@ool and the evolution of
microstructure in the fusion zone [9] and thereaidot of literature in welding
metallurgy (such as [10-13]) in which microstrueluaspects of fusion zone have been
treated adequately and lack of information abodtweetal microstructure in medium
carbon steel is compensated by present investigatio
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CONCLUSION
A change in the GMAWarameters affects the microstructure of the wedthin

The effect of welding parameters on the weld metairostrcuture can be described
based on the changes in welding heat input andngpodte of the weld metal. Heat

input increases (and subsequently cooling ratdhefweld metal inversely decreases)
with increasing of arc voltage, welding currentdecrease of welding speed. This trend
results in decrease in volume fraction of the nemisite, increasing in retained austeni-

te phase, and also greater fraction of martensitdetempered in the microstructure.

PE3IOME. OctaHHIM 4acoM 3Ha4HYy yBary HaJlalOTh €JIEKTPOIAYTOBOMY 3BapIOBAHHIO Me-
taniB y cepenopuii rasy (EI3T), sike akTHBHO 3aCTOCOBYETHCSI Y PI3HHX raiy3siX IPOMHUCIIO-
BOCTI: BUPOOHHIITBO aBTOMOOLUIIB 1 KopabneOynyBanHs. Hanpyra, cTpyM Ta IIBUAKICTH 3Bapro-
BaHHS € TPhOMa HE3ICKHUMHU MapaMeTpaMu Mporecy. 3 iHIIOro OOKY, BAXIIHBOIO METaTypriii-
HOIO XapaKTEPHCTHKOIO € MIKPOCTPYKTYpa METaJy I1IBa, siKa BIJIMBAE HA HOTro (hi3UKO-MeXaHIuHI
BIacTUBOCTI. TOMy JaHe MOCHI/DKEHHS CIIPSMOBAHE HA aHali3 MIKPOCTPYKTYpPH 3BapHOTO IIIBa
ByrieneBoi craini CK45, Bukonanoro po6orom metonom EJI3T.

PE3IOME. B nocneasee BpeMs 3HAUUTEIIbHOE BHUMaHUE YACIAIOT 3J1€KTPOIyroBoil ceap-
ke MeTasuioB B cpeze rasa (DJICIN), koTopoe aKTHBHO MPUMEHSIETCS B PA3IHYHBIX OTPACIIAX MPO-
MBIIUICHHOCTH: TPOM3BOACTBO aBTOMOOMIEH M KopaOnectpoenue. HampspkeHue, TOK U CKO-
POCTb CBapKu SIBJIAIOTCA TpeMsl HE3aBUCHMBIMU Mapamerpamu mpouecca. C Apyroi cTOpOHSI,
Ba)KHOM METaTypru4ecKoi XapakTepUCTUKON SIBJIAETCSI MUKPOCTPYKTYpa MeTalula 111Ba, KOTO-
pas BIUseT Ha ero (GpU3NKo-MexaHHdecKue cBoiicTBa. IloaToMy naHHOE HMCCleOBaHUE HAIPaB-
JICHO Ha aHAJIM3 MHUKPOCTPYKTYpBI CBapHOro miBa yriepoauctoir cranu CK45, BbIOTHEHHOTO
po6orom meromom SJCT .
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