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Abstract:This paper deals with the study of steel sheet welds using the resistance spot welding technique with
similar and dissimilar electrode diameters. Microstructural and mechanical properties of the performed welds
were investigated using respectively optical microscope, shear and cross tensile tests, as well as micro-hardness
measurements. The results revealed that the strength of welds increased with the increase of dissimilarity of
electrodes’ diameters. the size and the form of the obtained nuggets vary strongly with the electrode diameter.
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INTRODUCTION

Resistance spot welding RSW process was primarily developed and known as a potential welding
process used in the automotive industry owing to nowadays several thousand spot-welded joints are present in
cars. Consequently, numerous studies have been conducted to allow a better understanding of the possible
parameters that can affect the performance of the realized spot welds[1]–[3].Generally, the weldability of steels
using the RSW process depends strongly on the steels' chemical composition [4]. Thus, higher amounts of
carbon and other alloying elements results in a higher hardenability and thus lower weldability. While,with
lower additions of alloying elements, the resultant microstructure is mostly bainitic. While in the case of steels
characterized by high alloying elements RSW welding gives rise to the martensitic phase in the nugget[5].
Earlier works have divided the welding parameters into intrinsic that depend on the materials to join
such sheet thickness and chemical composition, while the extrinsic parameters are related to the applied electric
current, pressure, time electrode properties such dimension, shape, and material. Particularly, the shape of used
electrode in RSW process has been found to play a major role in affecting the weldability. Although, it is well
reported that steels can be welded with all electrodes shape [6]. There are six standard faces designs of
electrodes, the pointed nose electrodes are found to be a good general-purpose weld face suitable for most spot
welding applications, while dome-shaped electrode tips (Type E, G & F) have been found capable to provide
more consistent welds than truncated cone-shaped tips (Type A & B) [7].
On the other hand, the increased contact area leads to reduced current density. As a result, electrodes
increase the current required to produce a large weld. Indeed, the flat-shaped electrode type “C” is frequently
used as a back up electrode for projection welding. As well, it also is used for heat balancing. The use of the “C”
face on one side of the weld reduces the indentation by spreading the force and current on that side over a larger
area. In the case of heat balancing the “C” flat face is used to spread the current out over a large surface area[7–
9].
After mechanical testing, three types of weld failure mode are commonly defined to classify weld
failure of RSW joints, then to give a qualitative assessment of the material weldability: (i) full plug failure, (ii)
partial plug failure, and (iii) interfacial failure. Indeed, Mahmoud et al reported that large spot welds submitted
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to shear loads were shown to fail by strain localization in the base metal (BM) close to the weld, and
smaller ones would fail at the faying surface with sheared fracture surfaces [1].
The present paper aims to highlight the microstructural and mechanical properties and failure mode analysis
of the welds obtained using flat type electrodes with both similar and dissimilar electrodes diameter, through an
optical microscope, micro-hardness measurements, as well as a cross, and shear tensile tests.
II. EXPERIMENTAL PROCEDURE
The material selected in the study is the 1000 Serie steel grade with the following chemical composition
determined using an X-ray fluorescence spectrometer 0.01C-0.24Mn-Cu-0.02Cu-0.06V-99.67Fe (wt.%). the
used steel was chosen for its good weldability. First, all samples were ultrasonically degreased using ultrasonic
cleaner before the welding step to maintain consistent and clean surface conditions. Cross-sectional profiles of
electrodes' similar and dissimilar diameters used for welding tests in this study are schematically illustrated in
Fig.1, which presents the RSW process and dimensions of the electrodes used. Therefore, only the electrodes'
diameters were varied, while the other welding conditions were fixed for all samples. Consequently, depending
the electrode’s diameter three tests were conducted (d8/d8) , (d8/d6) and (d8/d4).

Figure 1: Schematic illustration of the welds perfomed in this study

For metallographic preparation, the welds obtained from each condition were sectioned through the weld
center perpendicular to the plane of weld surface and then mounted, polished, and etched with Nital 4%. The
observation of the cross-section of spot welds resulted from both mechanical tests were conducted using
Olympus optical microscope (OM). Vickers-type microhardness measurements were performed under
conditions of 100gf as load and a dwell time of 10s using a digital micro-hardness tester, the minimum distance
between the centers of adjacent indentations should be at least 2.5times the diagonal of the expected minimum
hardness (the lowest hardness indent will have the largest indent size), to avoid interactions between their
regions of influence as specified in the ASTM E384-11 standard. On the other hand, to highlight the welds’
mechanical properties, the welded samples were then submitted to complete cross tension and tensile shear tests
at a speed of 2mm/min. and three aspects are compared (i) cross tensile force, (ii) shear tensile force, and
(iii)failure mode after each mechanical test type.
III. RESULTS AND DISCUSSIONS
3.1 Microstructural properties
It is commonly accepted tha the microstructural and mechanical properties of welds resulted form the
process of resistance spot welding depend strongly on the chemical composition of the base metal, Thus, three
regions can be identified: the weld nugget, the heat-affected zone (HAZ), and the unaffected base material. Fig.
2 shows the micrographs of the cross section of welds resulted from electrodes with similar and dissimilar
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diameters d8/d8, d8/d6, and d8/d4. These optical micrographs of the performed welds depict a difference in
nugget shape, size as well as in grain size as we move from the base metal (BM) to the heat-affected zone
(HAZ) to the fusion zone (FZ).
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Figure 2: Optical micrographs showing the fusion zone (FZ), heat-affected zone (HAZ), and base metal (BM) of (a) (d8/d8) ;
(b) : (d8/d6) and (c) : (d8/d4)

Depending on the flat-type electrodes diameters, different heat transfer may be generated. Thus, the
nugget’s size and shape vary from sample to another. While, in our case, due low carbon and other alloying
elements percentage of the used steel, the nugget microstructure of all samples shows the presence of bainitic
phase characterized by coarse grains elongated vertically along the cooling occured after separating electrodes at
the end of welding step, and horizontally along the centre line where cooling is directed to the surrounding
material, such result was reported by Chan et al [7].
Moreover different HAZ (Heat Affected Zone) are observed. In the case of samples welded with similar
diameters of electrodes (d8/d8), a narrow HAZ (due to the low thermal conductivity induced by large
contact surface and high heat dissipation during RSW process) and softening (due to grain growth) are
observed. However, large HAZ is seen in the case of samples welded with dissimilar diameter of electrodes,
especially the larger one is that obtained using electrodes with significant dissimilarity of diameters d=8mm and
d=4mm.
3.2 Microhardness measurment
In this section macrographs and microhardness distribution across the welded structure of all performed
welds are compared.
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Figure 3: Longitudinal-sectional view of the performed weld and Microhardness distribution mapping of the weld obtained
using electrodes with dissimilar diameters d8/d8

d=6mm

Hv
164,0
223,6
283,1
342,7
402,3
438,0

d=8mm

Figure 4: Longitudinal-sectional view of the performed weld and Microhardness distribution mapping of the
weld obtained using electrodes with dissimilar diameters d8/d6
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Figure 5: Longitudinal-sectional view of the performed weld and Microhardness distribution mapping of the
weld obtained using electrodes with dissimilar diameters d8/d4
Fig. 3, Fig.4 and Fig.5 show respectively the macrographs and vickers microhardness distribution mapping
of all performed welds using electrodes with similar (d8/d8) and dissimilar ((d8/d6), (d8/d4)) diameters. Indeed,
a clear dependance of the microhardness distribution with the electrode’s diameter used for the welding
operations is observed. First, for the specimen welded using flat electrodes with similar diameters (d8/d8)
microhardness mapping shows homogeneous distribution, as well as the microhardness of the nugget region
varies between 350 Hv and 450Hv, while the higher value 528Hv is measured outside the HAZ near to the
unwelded region. Moreover, the lower hardness value were measured in the base metal and are about 175Hv.
For the specimen welded using the same electrodes type with diameters egal respectively to 8mm and 6mm the
higher hardness value ( 430Hv) is found at the nugget region, and outside the HAZ in the side of electrode with
4mm diametre, while its opposite side shows low values 180-230 Hv comparable to that obtained in the base
metal. finally, the third sample welded using electrodes’ diameters 8mm and 4mm the Hv mapping distribution
shows heterogeneous distribution with high Hv of roughly 545 Hv at the middle of the nugget, outside the HAZ
and homogeneous distribution is seen and the average hardness varies between 280 and 370 Hv, the metal base
hardness in this case exhibtited a value of 180Hv. Therefore the higher microhardness values measured are
mainly due to the grain refinement.
3.3 Cross tensile behavior
Mechanical properties are determined through different tests to reveal important welds characteristics such
as the maximum force measured during testing and weld failure mode. First, the so-called cross tensile tests of
all welds obtained using electrodes with both similar and dissimilar diameters are presented in Fig.6.
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Figure 6: Cross-tensile curves of all performed welds: d8/d8, d8/d6, d8/d4
From Fig.6, it can be seen that the peak strength increased with the decrease of the diameter of the electrode
used for welding. Indeed, the high strength was found in the samples welded using electrodes with dissimilar
diameters especially diameters 8mm and 4mm, this is because during the welding process, lower diameter
increased the heat transfer due to high current density compared to that generated by the electrodes with higher
diameter, such a result was confirmed by the microstructural results that revealed uniform and bigger nuggets
than those obtained under the other conditions.On the other hand, the qualitative analysis of weld’s failure mode
quality provides an extra information concerning whether fracture is brittle or ductile.Thus it can be seen that
the electrodes with dissimilar diameters lead to full plug failure which is failure occurring in the surrounding
material while the welds remain intact under the applied mechanical loading, which explainsthat this modeof
welds have been able to transmit a high level of force, thus leading to severe plastic deformation in adjacent
components. While in the case of weld obtained with similar diameters of used eletrodes it is clear that the
interfacial failure occurred at the nugget of the weld, and according accordingPouranvari et al[10], such failure
mode can be considered as brittle and less energy absorbing than plug failures in addition the Load carrying
capacity and energy absorption capability for those welds that fail under interfacial mode are much less than
those which fail under plug failure mode.
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Figure 7: Images of test specimen with different failure modes resulted from the cross-tensile tests of the
performed welds
3.4 Shear tensile behavior
Overlap shear tensile testing provides data on the ultimate strength of the resistance spot welded joint and
the failure mode. Compared to cross tensile tests the results are less dependent on the exact location of the weld.
Indeed, shear tensile properties resulted from the shear tensile tests of all samples are shown in Fig.8.
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Figure 8: Shear-tensile curves of welds obtained with: d8/d8, d8/d6 and d8/d4

It can be seen from Fig.8 that the higher shear tensile strength is found in the case of the sample
welded using electrodes with dissimilar diameters d8/d4, while the lower shear strength is observed in the
specimen welded using elctrodes with similar diameters d8/d8. On the other hand, the analysis of failure mode
after the shear loading is presented in Fig.9. It can be seen that the common failure mode of all samples is the
so-called interfacial fracture, the nugget is divided into two sections due to the applied shear loading. Moreover,
from these fractured welds, one may remark that there is a clear correlation between the diameter of electrodes
used for welding and the resulted nugget size. Consequently, the sample welded using electrodes with similar
diameters (d8/d8) exhibited a smaller nugget size while the higher is found in the case of dissimilar diameters
(d8/d4). Therefore the nugget size is behind the mechanical properties difference.
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Figure 9: Images of test specimen with different failure modes resulted from the shear-tensile tests of the
performed welds
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IV. CONCLUSION
Resistance spot welding (RSW) of the investigated steel using electrodes with similar and dissimilar
diameters was carried out in this study, based on the microstructural and mechanical results, the following
conclusions can be drawn:
 Using electrodeswith dissimilar diameters, leads to a decrease in the contact area from side between
the electrodes and the sheet metal. As the area decreases, the current density increases. An increase in
current density leads to an increase in heat generation. Thus the nugget size increases and while its
shape becomes non uniform;
 welds load bearing capacities depends strongly on the electrodes diameter, an increase of welds was
found when using dissimilar electrodes for welding;
s
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