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DUCTILITY OF WELDING JOINTSIN CK45 CARBON STEEL
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Gas Metal Arc Welding (GMAW) has received a lot déation in recent years due to its
many benefits, and is now applied in different irtdats such car industry and ship buil-
ding. It is expected that the GMAW parameters suchvaltage, welding current and
welding speed severely affect mechanical propeati¢se welding joints. One of the most
important mechanical properties that should bentak& consideration when designing is
ductility of welding joint that can be determined liynding test. The purpose of this paper
is an experimental investigation to determine ffeceof robotic GMAW parameters on the
ductility of welding joints in the CK45 carbon ste&he results clearly illustrate that the
ductility of welding joints has a monotonic relatiiip to welding parameters.
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Introduction Welding is one of the most applicable connectioocpsses in in-
dustry [1]. Among many types of welding processgss Metal Arc Welding (GMAW)
is the preferred method for a wide range of ferrand nonferrous metal parts [2, 3],
due to high deposition efficiency and better weddquality [4, 5], low cost and high
efficiency in joining process [6], high speed [Tidahigh productivity rate [8]. In this
process, the heat for melting metals is generatethtelectric arc between a continuous
wire electrode and a weld pool. Such gases as rcalibzide (CQ), argon (Ar), helium
(He) and their combinations, are used to proteztthld pool. In general, the GMAW
process with C@gas offers a cost-effective performance comparita @ether gases
[9]. The automatic GMAW systems have multiple irgututputs, variables and per-
formance [10]. The arc voltage, welding current] arelding speed are three important
parameters for this process that can affect styotigg mechanical properties of the
welding joint. The welding joint ductility is ond the most important factors that should
be taken into consideration when designing strastufrom what we know, a relatively
little information is available on the mechanicabjperties of welding joints in medi-
um-carbon steels. In this research work, an attésnpiade to study the effect of robo-
tic GMAW parameters on the ductility of weldingns in the CK45 carbon steel.

Materials and methods. A SOS Model DR Series ARK ROBO 1500 welding ro-
bot was applied for the automatic multi-pass GMAYgess. Its key variables for this
study were arc voltage, welding current and weldipged and the weld pool was pro-
perly protected against atmosphere by carbon doiil}) gas. The CK45 medium
carbon steel (DIN 1.1191 standard) in the formlatgs with thickness of 10 mm and
30° beveled was used as a base material. To mimithezwelding distortion, the plates
were located in the jig fixtures before welding gtions. The filler metal in the welding
process was ER70S-6 (AWS A5.18 standard) wire releetwith 1 mm diameter and
composition of 0.11C-1.63Mn-0.95Si-0.5Cu. After dirh, the bending test speci-
mens of 2081510 mm were prepared from the welding joints. Soinghe bending
test specimens and the base of this test are showig. 1. The three-point bending
tests (type of face-bend and root-bend tests) wesméed out at room temperature using
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a DARTEC testing machine under 15 kN force and \itiesting rate of 0.1 mm/s in
order to determine the elongation of the face aod of the weld in obtained joints.

Fig. 1. Some of the bending test specimens antdke of this test.

Results and discussion. The effect of robotic GMAW parameters on the micro-
structure and strength of the weld metal in the EkKdrbon steel was studied in pre-
vious literature [11, 12]. The bending test resintthis study are shown in Fig. 2.
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Fig. 2: The effect of welding paramet&fsandl on elongation of the weld face (F-B)
and weld root (R-B) fos: N—42 cm/min; B - 62; B — 82 cm/min.

As shown in the Figure, an increase of arc volfdgeom 23 to 27 V led to an
increase in elongation in the weld face and rowod, he average increase in elongation
of the face and root wddl.4% and1l.5%, respectively. The effect of welding current
on welding joints elongation was similar to the aodtage but this effect was a few
stronger in comparison with the arc voltage. Arréase in the welding currehfrom
100 to 120 A led to an increase in elongation efitkeld face and root, and the average
increase in elongation in the face and root 2% and11.8%, respectively. Whereas,
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the effect of welding speed on the elongation ofdimg joints was reverse to two
previous ones. The elongation of welding jointsrdased with increase of the welding
speedSfrom 42 to 82 cm/min, and the average reductioelamgation of the face and
root was[b.7% and(b.4%, respectively. According to the results ofthktudy, the
effect of welding speed on of the welding jointerglation was stronger than the arc
voltage and welding current. The effect of weldipgrameters on the ductility of
welding joints can be associated with microstruatahanges in the weld metal. The
changes in the welding parameters result in thagdan the welding heat input. Heat
input increases with increasing arc voltage, wegdourrent or decreasing welding
speed. The heat input is an important parametéaffects the cooling rate of the weld
metal. When heat input increases, the cooling datgeases for a given weld metal.
The cooling rate is a primary factor that deterrsitiee metallurgical structure and
mechanical properties of the weld metal [13]. Whike cooling rate increases the
resulting martensite volume fraction in the weldtahalso increases, whereas the
volume fraction of retained austenite and temperettensite in the weld metal
decreases due to the lower heat input. Also thbatitity of grain coarsening in the
weld zone is lower.

Therefore, variation of the heat input will typilyahffect the mechanical proper-
ties and metallurgical structures of the weld mgt8l. Finally, the results illustrate
that the welding joints ductility has a monotoniationship to the welding parame-
ters. It means that the ductility of welding joingsther increases or decreases
thoroughly with increasing the welding parameters.

CONCLUSION

A change in arc voltage, welding current and wejdapeed value affects the
welding joints ductility. However, the severity thiese effects is not equal, and welding
speed has the most severe effect among the wepdirgmeters. The effect of the
welding parameters on the welding joints ductitign be associated with the microstruc-
tural changes of the weld zone. The heat input isrgportant parameter that affects the
cooling rate of the weld metal. When heat inpuréases, the cooling rate decreases
for a given weld metal. The cooling rate is a pryngactor that determines the final
metallurgical structure and mechanical propertieth® weld metal. The results of this
study illustrate that ductility of the welding jésnhas a monotonic relationship to the
welding parameters. It means that the ductilityw@liding joints either increases or
decreases thoroughly with increasing the weldirrgpaters.

PE3FOME. Enextponyrose 3BaproBanus meTaniB y razi (GMAW) ocranximM gacoMm mpu-
BepTae O0COONIMBY yBary 4epes3 HU3KY MepeBar i 3aCTOCOBYEThCS B PI3HUX Taly3sX MPOMHCIO-
BOCTI, 30KpeMa, B aBTOMOO1JIe- Ta KopabneOymyBanHi. OuikyeTbes, 1o napamerpu GMAW raki,
SIK Hampyra i CTpyM 3BapIOBaHHs, a TAKOX HOTO HIBHIKICTh, CHJIBHO BIUTHBAIOTh HA MEXaHI4HI
BJIACTHBOCTI 3BapHUX 3’ €1HaHb. OHIEI0 13 HAWBAXKIMBIIINX XapaKTEPUCTHK, SKY CJIiJl BpaXOBY-
BaTH Ha CTaJii MPOSKTYBAaHH:I, € IJIACTHYHICTD 3BAPHOTO 3 €IHAHHS, SIKY MOXXHAa BCTAHOBHTH
BUNPOOaMH Ha 3rMH. ExcnepuMeHTanbHUMM JOCHIKEHHSMH BHSIBICHO BIUIMB IapaMeTpiB
GMAW Ha miacTHYHICTh 3BapHOTO 3’ €1HaHHs y Byrienesiil ctami CK45. Orpumani pesynbra-
TH YITKO UIIOCTPYIOTh MOHOTOHHY 3aJIEXKHICTh MiXK MapaMeTpaMH 3BaprOBaHHS 1 MIACTHYHICTIO
3BapHOTO 3’ €JHAHHS.

KuiouoBi ciioBa: 2azose enexkmpoodyzose 36apioganis Memanis, 3MiHHI napamempu 36apioean—
HA, MIYHICMb, 36aPIOGAHHS MEMA) .

PE3FOME. DnextpomyroBas cBapka MetauioB B raze (GMAW) B mocieqnee BpeMsi mpu-
BJIeKaeT 0co00e BHUMAHUE IO PsIy MPEHUMYIIECTB M MPUMEHSIETCS] B Pa3INYHBIX OTPACISIX TPO-
MBIIUIEHHOCTH, B YacCTHOCTH, B aBTOMOOWIIe- U cyaocTpoeHnH. OXKUIaercs, 4To HmapaMeTphbl
GMAW takue, Kak HalpsHKEHHE U TOK CBAPKH, a TAKXKE €¢ CKOPOCTbh, CHJIBHO BIUSIOT HA MeXa-
HUYECKHE CBOMCTBA CBApHBIX COEIMHEHHUM. BaXHON XapaKTepHUCTUKOHM, KOTOPYIO CIEIyeT y4du-
THIBATh Ha CTAJUM MPOCKTHPOBAHUS, SBISETCS IUTACTUYHOCTh CBAPHOTO COCIUHEHHS, KOTOPYIO
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OTPENCISAI0T HCIBITAHUSIMH Ha HW3THO. DKCIICPHMEHTAIBHBIMH HCCIICIOBAHHSME BBISIBICHO
BiusiHue napameTpoB GMAW Ha miIacTHYHOCTH CBAPHOTO COSTHHEHHUS B YIICPOAUCTON CTaIU
CK45. TlonyyeHHbIe pe3ysbTaThl YETKO WILIFOCTPUPYIOT MOHOTOHHYIO 3aBUCHMOCTH MEXIY
napamMeTpaMy CBapKH M IIACTHYHOCTBIO CBAPHOTO COSTUHCHHSI.

KiroueBsble ciioBa: eazosasn 3ﬂei<mp00yeoeaﬂ ceapka memaillos, CMEHHble napamempbsbl C6ApPKU,

npoYHOCMb, ceapKa memaiid.
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