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MECHANICAL STRENGTH OF THE WELD METAL IN CK45
CARBON STEEL

H. R. GHAZVINLOO, A. HONARBAKHSH-RAOUF

Department of Materials Engineering, Semnan University, Iran

Gas Metal Arc Welding (GMAW) has received much atmmiver the recent years and
has many beneficial applications in industry. Ardtage, welding current and welding
speed are three independent variables for thisepsothat can affect the mechanical
properties of the weld metal. One of the most imguadrtnechanical properties of the weld
metal is its yield strength and ultimate tensilesgith. Therefore, this study is focused
on the strength of the weld metal in CK45 carboelsielded by robotic GMAW process
in different conditions. The results clearly illcege that the strength of the weld metal has
a monotonic relationship to welding variables.
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Welding process plays an important role in manufd@ag industries. There are
more than 100 processes within welding technolddy The gas metal arc welding
(GMAW) is a fusion-welding process having wide apgtions in industry [2] in which
a continuous wire electrode and a shielding gasearéhrough the nozzle of a welding
gun [3]. An electric arc is generated between & wlectrode and a weld pool. Gases
are used to shield the weld pool, and flow throtighh nozzle of the welding torch.
These gases are argon (Ar), helium (He), @ad their mixtures [4]. The GMAW has
got wide applications in industries due to the atlages such as high reliability, all po-
sition capability, low cost, high productivity, gleposition rate, ease of use, absence
of fluxes, cleanliness and ease of mechanizati@nTl2e robotic welding process has
more advantages than the conventional manual mpsege the quality of the weld is
more consistent, the process speed is higher ceahpéth manual, there is less waste
and a reduced cost [5]. The strength of the welthiie one of the most important
factors that should be taken into considerationnvttesigning. The high strength of
the weld metal ensures its acceptable resistantaglioe during various loading. The
arc voltage, welding current, and welding speedimportant parameters for GMAW
that affect the weld metal strength. From what wevk, the relatively little informa-
tion is available on the mechanical propertiesha weld metal in medium-carbon
steels. In this research work, an attempt has bese to study the effect of robotic
GMAW parameters on the weld metal strength in tkd®carbon steel.

Materials and methods. The CK45 medium-carbon steel (according to DIN
1.1191 standard) in the form of a plate with 20 thiokness was used as a base mate-
rial, and the ER70S-6 (AWS A5.18 Classificationjyevelectrode with 1 mm diameter
was used as a filling metal. At first, each platesvbeveled 30to provide single-V-
groove butt joint configuration with 8@roove angle. To minimize welding distortion
and deformation, the plates were located in thdijimres before welding operations.
The GMAW welding operations in this work were penfied by means of a SOS
Model DR Series ARK ROBO 1500 welding robot andwedd pool was protected by
CO; shielding gas. The chosen welding variables figrdtudy were arc voltage, welding
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current and welding speed, and the multipass wekle used to join the base mate-
rials. After welding process, the cylindrical tdasiest specimens of 5.64 mm in dia-
meter and 28 mm gauge length were extracted fremwviid metals. Some of welding
coupons and tensile test specimens extracted fierwéld metals are shown in Fig. 1.
The tensile tests were carried out at room temperatsing a 20 KN capacity DARTEC
testing machine and a testing rate of 0.25 mm/srdter to evaluate the mechanical
strength of the weld metals obtained in the diffiéenditions.

Fig. 1: Some of the welding coupons and tensilesjgstimens extracted from the weld metals.

Results and discussion. The effect of robotic GMAW parameters on the micro-
structure of the weld metal in the CK45 carbonlstess studied in previous literature
[6]. The tensile test results obtained in this gtace shown in Fig. 2. As shown in the
Figure, an increase of arc voltage from 23 to 2[ed/to a decrease of yield strength
(YS) andultimate tensile strengtfuTS) of the weld metal, and the average reduction
in YS and UTS wa§1l2.5 and 14 MPa, respectively. The effect of welding current
the weld metal strength was similar to arc voltagethis effect was stronger compared
to arc voltage. An increase of welding current frb@® to 120 A led to decrease of the
YS and UTS of the weld metal, and the average temumn the YS and UTS wdsl8
and [24 MPa, respectively. Whereas, the effect of wegjdipeed on the weld metal
strength was reversed to two previous ones. Thand3JTS of the weld metal increased
with increasing of welding speed from 42 to 82 cin/rand the average increase in the
YS and UTS wagbl andlr9 MPa, respectively. According to the resultshi$ study,
the effect of welding speed on the weld metal gfitemvas about 5 times more than the
arc voltage effect and 3 times more than the weldinrent effect. The effect of welding
parameters on the weld metal strength can be assdavith microstructural changes in
the weld metal. Welding heat input increases wittréase in arc voltage or welding
current, and decrease in welding speed. On the bdrel, the heat input is an important
parameter that affects the cooling rate of the weddal. When heat input increases, the
cooling rate decreases for the given weld metad. ddoling rate is a primary factor that
determines the metallurgical structure and meclapioperties of the weld metal [7].
When the cooling rate is increased, the resultiagensite volume fraction in the weld
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metal increases, whereas the retained austenibeneofraction decreases, the volume
fraction of tempered martensite in the weld met&drdases due to the lower heat input,
and the probability of grain coarsening in the wadde is lower. Therefore, the change
in the heat input will typically affect the mecheali properties and metallurgical
structures of the weld metal [7]. Finally, the iésullustrate that mechanical strength
of the weld metal has a monotonic relationshipghtowelding parameters. That means:
the mechanical strength of the weld metal eitheresses or decreases thoroughly with
increasing the welding parameters.
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Fig. 2: The effect of welding parameters on the weddal strength:
— 42 cm/minf — 62;8 — 82 cm/min.
CONCLUSION

A change in arc voltage, welding current and wejdapeed value affects the
strength of the weld metal. However, the severityhese effects is not equal, and
welding speed has the most severe effect on the mvetal strength among the welding
parameters. The effect of welding parameters onitld metal strength can be asso-
ciated with the microstructural changes of thisezdrhe heat input is an important pa-
rameter that affects the cooling rate of the wettain When heat input increases, the
cooling rate decreases for the given weld metak @toling rate is a primary factor
that determines the final metallurgical structune anechanical properties of the weld
metal. The results of this study illustrate thathamnical strength of the weld metal has
a monotonic relationship to the welding parametérgat means that the mechanical

69



strength of the weld metal either increases oredesas thoroughly with increasing in
the welding parameters.

PE3IOME. OctanHiM yacoM OCOONMBY yBary NpUAUIAIOTH €IEKTPOJYTOBOMY 3BapPIOBAHHIO
Gas Metal Arc Welding (GMAW), sike ycminmHO 3acTOCOBYIOTh Y HpoMHcioBocTi. Hampyra i
CTPYM, a TaKOX IIBUIKICTh 3BAPIOBAHHS € HE3aJICKHUMHU MapamMeTpamy, sKi BIUIMBAIOTh Ha Me-
XaHIYHI BIIACTHUBOCTI MeTaly 3BapHOro 3’ eHaHHS. OJHUMH 3 HAHBAXIIMBIIIMX MEXaHIYHMX Xa-
PaKTEpUCTUK € HOro TpaHulll MIIHOCTI Ta miuHHOCTI. [IpoaHasnizoBaHo MIIHICTH MeTally 3Bap-
Horo mBa ByrieueBoi crani CK45, pukonanoro po6orusoano merogqoM GMAW 3a pi3zHux
yMOB. Pe3ynbTaTé JOCHIiIKEeHb 1eMOHCTPYIOTh, 10 MIIHICT METally IIBAa MOHOTOHHO 3aJISKUTh
BiJl 3MiHHUX NapaMeTpiB 3BapIOBaHHS.

KuiouoBi ciioBa: caszose memanese 0y206e 36apio8amHs, 3MiHHI napamempu 36apioGaHH,
MIYHICMb, 36aPIOBAHHA MEMATL .

PE3IOME. B nocnenHee BpeMsi 0co00e BHUMaHHUE YIENSIOT JIEKTPOAYroBoi cBapke Gas
Metal Arc Welding (GMAW), koTopyto yCrenHo OpUMEHSIOT B IpoMbliuieHHoCTH. Hanpsike-
HHE U TOK, a TAKXKe CKOPOCTb CBapKH SIBIIOTCS HE3aBUCHMBIMHU ITapaMeTpaMH, KOTOPbIE BIHSIOT
Ha MEXaHHYECKHe CBOICTBA MeTaJlIa CBapHOro coenuHeHns. OTHIMHU U3 Hanboiee BaKHBIX Me-
XaHMYECKUX XapaKTEPHCTHK SIBISIIOTCS €r0 TPaHMIBI MPOYHOCTH M TeKydecTH. IIpoanammusnpo-
BaHO IIPOYHOCTH MeTaJlIa CBapHOTO IIBa yraepoauctoi cramu CK45, BemonneHHOr0 poboTusu-
poBanHo MetogoM GMAW rmpu pasHbIX yCIIOBHSX. Pe3ynbTaThl MCCIEIOBaHUIN MOKAa3bIBAIOT,
YTO IPOYHOCT METaJIIa IIIBa MOHOTOHHO 3aBHCHUT OT HEPEMEHHBIX I1apaMeTPOB CBAPKH.

KiroueBble cJI0Ba: 2a308as memaiiudeckas 0yeoeaﬂ ceapka, nepemeHrHvle napamempbsl
C6APKU, NPOYHOCMb, ceapKa memallld.
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