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EFFECT OF THE ROBOTIC GMAW PARAMETERSON HAZ WIDTH
IN HQ130 STEEL JOINTS
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Gas metal arc welding (GMAW) has received much dtiantver the last several years
and has many wide and beneficial applications ifediht industries. Heat affected zone
(HAZ) is the region between the base and weld metalavhas the lowest toughness in a
welding joint and hence has always been a mattieterest for many researchers. This study
is focused on GMAW parameters effects including, tedele to work angled), filler
metal diameterd) and shielding gas type (SGT) on average HAZ widti\{/) in HQ130
steel. For this aim, different welding samples wemedpced by employing electrode to
work angles 6% 75° and 88; filler metal diameters 0.8 mm, 1 mm, and 1.2 namd
shielding gases of argon, helium and carbon dioxitiving finished the welding process,
the average HAZ width was experimentally measureddasclissed in all samples. The
results of this study indicated that variationsdbotic GMAW parameters have significant
effectson average HAZ width.

Keywords. gas metal arc welding, welding parameters, HQ130 stesd} affected zone,
average heat affected zone width.

OcTaHHIM YacoM eJeKTPOIyroBOMy 3BapioBaHHIO MeTanmiB y ra3i (GMAW) mpumiisors
0cO0IMBY yBary depes Horo eeKTHBHE 3aCTOCYBAHHS y PI3HHX Ialy3sX IPOMHUCIOBOCTI.
3ona Tepmiunoro BBy (HAZ) Bim3HauaeThCs HAMHIDKYOO B’ A3KICTIO y 3BAPHOMY 3’ €]1-
HaHHI 1 TOMy BUKJIUKAa€ OCOONUBY 3alliKaBICHICTb 0ararbox AOCHITHMKIB. Po3risHyTO
BB napamerpiB GMAW, 30kpema, kyra pobodoro enekrpoza (¢), riamerpa meraneso-
ro HanoBHioBaya (d) i Tumy 3axucHoro raszy (SGT)Ha cepenuto mmpuny HAZ (AHW) B
crani HQ130. /It iboro BHKOPHUCTAHO Pi3HI 3BaploBaNbHI 3pasku 3 Kyramu 65°, 75° Ta
85°; miamerpamu 0,8 mm, 1 mmra 1,2 mm,a Takox aproH, Teiii i JIOKCUI BYTJICLIO SK
SGT. Busnaueno ta npoananizoBano mupuny HAZ. TlokaszaHo, 1110 BiJMIHHOCTI Yy mapa-
MeTpax podoruzoBanoro GMAW cyrreBo BrutiBatrote Ha AHW.

Knro4oBi ciioBa: erexmpooyzose 36apiosants memanie y 2asi, poboyi napamempu, cmanb
HQ130,301a mepmiunozo 6niugy, cepeons WupuHa 30Hu MepMIitHO20 6NIUBY.

Introduction. Welding is an important process commonly used o glifferent
materials together [1]. The process of gas metalelding (GMAW) (including two
states: “metal—inert gas” (MIG) and “metal-activesyj (MAG) [2]) was introduced in
the early 1900 s. In 1948, the process became corraitg accessible [2, 3]. This
process is widely used in various branches of imguscluding gas pipelines, petro-
chemical plants, and automotive and ship build&gthe main merits of this process,
we can mention its high productivity rate (causgdte continuous feed of the wire
electrode), low discontinuity of the weld, no siaglusions, and low thermal hazard on
the base metal [4]. The robotic welding processrhasge advantages than the conven-
tional manual process, since the quality of thedwsl more consistent, the process
speed is higher compared with manual, there isvieste and a reduced cost [5]. The
HAZ refers to a non-melted area adjacent to welthhie the fusion welding processes
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which undergoes a lot of microstructural changesgared to base metal. Several stu-
dies [6-11] have indicated that HAZ can have thveekt toughness in a welded joint
and hence emphasize the importance of the HAZ. Wifreasing use of welded steel
constructions, it becomes apparent that the HAZvsheusceptibility to various types
of cracking, especially cold cracking which hasrbeéributed to the formation of a
very susceptible HAZ microstructure [12]. So witbnsidering all these problems, it
makes sense that the minimizing of HAZ width witily help. Steel HQ130 is one of
the high-strength steels and its tensile strergthdre than 1300 MPa [13] and is newly
developed low carbon quenched-and-tempered steel 10 engineering machinery
[14]. From what we know, there is relatively littleformation regarding the HAZ
width in steels. Therefore, an attempt has beererrathe present work to investigate
the effects of robotic GMAW parameters on HAZ widttHQ130 steel.

Materials and methods. Due to high industrial importance, HQ130 steelgsatf
5 mm thickness were chosen as base material istidly, with the following chemical
composition of the base material (wt.%): C — 0.18%;— 0.275; Mn — 1.221;
Mo — 0.284; Cr — 0.55; Ni — 0.03; B — 0.0013; S.6088; P — 0.027.

Table 1. The different combinations of parametersfor present study

Test No. | ¢, degree| d, mm SGT
a 65 1.6 CQ
a 75 1.6 CQ
a 85 1.6 CQ
b, 80 1.2 CQ
b, 80 1 CQ
bs 80 0.8 CQ
C 80 1.6 Argon
C 80 1.6 Helium
Cs 80 1.6 CQ

Table 2. Thefixed parameters during welding operations

Parameter Limit / Type
Cylinder pressure 135 bar
Cylinder outlet pressure 14 I/min
Nozzle opening 10 mm
Electrode stick out 15 mm
Arc length 3 mm
Nozzle-to-work distance 18 mm
Contact tip-to-work distance 18 mm
Arc voltage 23V
Welding current 140 A
Welding speed 60 cm/min
Wire feeding rate 8 m/min
Polarity DCEP
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Similar to our previous studies [15-17], the GMAWbgess was performed by
means of a SOS Model DR Series ARK ROBO 1500 wgldabot with a capacity of
0...600 A and 0...50 V ranges. The single-pass Weltls were used to join the base
materials and the ER70S-6 (AWS A5.18 classificatiwire electrode with composi-
tion of 0.11C-1.63Mn-0.95Si—0.5Cu (wt.%) was usedfiker metal. To prevent
welding distortion, test plates were located inftheire jig before welding operations.

The chosen parameters for this study were: eleetrodvork angled), filler me-
tal diameterd), and shielding gas type (SGT). The different cmations of parameters
for present study are tabulated in Table 1 andthksdixed parameters during welding
operations are given in Table 2. Having finisheel welding process, the welding spe-
cimens were cut perpendicular to the direction efdimg by using a power hacksaw.
Then the cross-sections were machined, removed drontombination, polished, and
etched with 2.5% nital solution in order to meagheeaverage HAZ width (AHW).

Results and discuttion. The effects of the robotic GMAWrocesgparametersn
weld geometry in HQ130 steel joints were studiegrigvious literature [18]. So in this
study, we focus specifically on HAZ width. Totallgine experiments with different
electrode to work angles, filler metal diametersd ahielding gases were performed
and the AHW value was measured for all experimefte experimental results

AHW =2.93 mm AHW =2.87 mm AHW =2.50 mm

Fig. 1. The measured value for AHW in experiments.

For the investigation of the effect of the electad work angle on AHW value, a
diameter of 1.6 mm was chosen for filler metal, thebon dioxide was chosen as the
shielding gas, and the electrode to work angleim@gased from 65to 85. As shown
in Figs. 1 and 2, the AHW value increased from 188 to 2.93 mm with increase in
the electrode to work angle from°6® 85, and the average increase in the AHW value
was 0.081 mm per°lincrease in the electrode to the work angle. ThdA\Avalue
increased by 0.53 mm and 1.08 mm when the electma@rk angle was increased
from 65 to 75 and from 75 to 85, respectively. This means that increasing thetelec
rode to work angle in range of the 75.°.8%creases twice the AHW value compared to
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range of the 65...75In order to study the effect of filler metal dieter on AHW value,
the electrode to work angle was fixed orf,8arbon dioxide was chosen as the shiel-
ding gas, and diameter of filler metal was incrdasem 0.8 mm to 1.2 mm. The AHW
value decreased from 2.87 mm to 1.48 mm with irseraa the filler metal diameter
from 0.8 mm to 1.2 mm, and the average decreatfeiAHW value was 0.35 mm per
0.1 mm increase in the filler metal diameter (Figs2). The AHW value decreased by
0.04 mm and 1.35 mm when the filler metal diametas increased from 0.8 mm to
1 mm and from 1 mm to 1.2 mm, respectively. Thiansethat the decrease in AHW
value due to the filler metal diameter increaseimge of 1...1.2 mm is much more than
that in the range of 0.8...1 mm. These observattamsbe based on the focus of the
electric arc and its efficiency. The focu$ the electric arc and its heat on the base
materials and joint area increases with an incrazaiee electrode to work angle and/or
decrease in the filler metal diameter, and theciefficy of the electric arc increases in
this condition. Thus, the heat resulting from efecarc which is received by the base
materials and joint area increases and this leads increase in AHW value. In order
to understand the effect of the shielding gas typ&HW value, the electrode to work
angle was set 80a diameter of 1.6 mm was selected for the fithetal, and welding
processes were performed using argon, helium, arlibo dioxide as shielding gas,
separately. Carbon dioxide as an active shieldiex and argon and helium as inert
shielding gases are commonly used in GMAW prockssording to Figs. 1 and 2, the
greatest AHW value of 2.5 mm was obtained whengusarbon dioxide as shielding
gas while the AHW value obtained when using ardoalding gas (1.39 mm) was the
lowest in this condition. The carbon dioxide-shézldarc produces a weld bead of
excellent penetration with a rougher surface peofilelium possesses a higher thermal
conductivity than argon and also produces arc maisnwhich the arc energy is more
uniformly dispersed. The argon arc plasma is chearaed by a very high-energy inner
core and an outer mantle of lower heat energy.hgtiem arc produces a deep, broad,
parabolic weld bead [19]. These phenomena and cesistics of shielding gases can
strongly affect the AHW value.
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Fig. 2. The effect of welding parameters on AHW.

CONCLUSIONS

According to the obtained results from robotic GMAMcess applied to HQ130
steel with 5 mm thickness: the AHW value increagech 1.32 mm to 2.93 mm with
increase in the electrode to work angle frorfi 8685, and the average increase in the
AHW value was 0.081 mm per Increase in the electrode to work angle; the AHW
value decreased from 2.87 mm to 1.48 mm with irserda the filler metal diameter
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from 0.8 mm to 1.2 mm, and the average decreafeiAHW value was 0.35 mm per
0.1 mm increase in the filler metal diameter; tioéva shielding gas led to a greater
AHW value than the inert shielding gas; The graafgsW value of 2.5 mm was
obtained when using carbon dioxide as a shieldagwhile the AHW value obtained
when using argon as a shielding gas (1.39 mm) heakotwest in this condition.
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