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Abstract

The mechanical testing and microstructers for austenititc stainless steel have been carried out to indicate the effect
of the localized heating on the spot welds. The results indicated that the increasing of the heating will increase the
tensile shear strength rapidly up to the expulsion point. Therefore, the hardness increases with the increasing of the
weld nugget area. Hence, the fracturing tendencies have been observed inside the nugget. Nevertheless, the outer
surface cracking is developed by adding a thin layer of pure metals between the two stainless steel 304L sheets. It
was shown that the addition of pure metals, 3-lap sheets decreases the joint strength as compared with the 2-lap
joints for the same parameters. The effect of micro cracking and the intensive brittleness decreases the joint
strength. The excessive cracking was observed in 3-lap as compared with the 2-lap joint.

Keywords: austenititc stainless steel, joint strength, lap joint, resistance spot welding, stainless steel, solidification
cracking

1. Introduction

Resistance welding (RW) is a fusion-welding process that uses a combination of heat and pressure to produce a
localized heating what called nugget weld area, see Figure 1. The heat being generated by electrical resistance to
current flow at the bulk workpieces and at the interfaces due to electrical resistance (Wei & Wu, 2012) (Groover,
2007). Resistance spot welding is effective way to join metal sheets in various manufacturing, automobile,
aerospace and packaging industries (M. Vural, 2004; Aslanlar, 2006; Cullen, Athi, Al-Jader, Shaw, &
Al-Shamma’A, 2007; Mukhopadhyay, Bhattacharya, & Ray, 2009; Ambroziak & Korzeniowski, 2010; Wei &
Wu, 2012). A typical car body contains thousands of spot welds for joining the mixture types of metal material and
thickness of sheet (Welding, Industry, & Practice, 2002; Vural, Akkus, & Eryiirek, 2006). Hence, the process is
used extensively for joining low carbon steel, stainless steels and galvanized steel components due to their wide
applications as combined with the required properties(Agashe & Zhang, 2003; Pouranvari, Abedi, Marashi, &
Goodarzi, 2008; Marashi, Pouranvari, Amirabdollahian, Abedi, & Goodarzi, 2008; A. M. Al-Mukhtar & Doos,
2013). In addition, aluminum alloys are more frequently used also in automotive industry especially as an
alternative material for car-bodies with high impact strength and the weight ratio (Ambroziak & Korzeniowski,
2010; Han, Thornton, Boomer, & Shergold, 2010). Nevertheless, dissimilar materials are also welded. The amount
of heat in the joint is determined by the material thickness and type, amount of the current and cross-sectional area
of the welding tips and contact surfaces.

Resistance spot welding, like any process, affected by several factor such as; electrode force, electrode geometry,
work piece and/or electrode misalignment, electrode surface roughness, electrode wear, temperature of electrodes
and work piece, micro-movement at any of the surfaces (Welding et al., 2002), current flow, resistance of the
circuit, and length of time the current is applied (Groover, 2007). Nevertheless, the main factors having an effect
represent by; current, time, and electrode force (Groover, 2007; Aslanlar, Ogur, Ozsarac, Ilhan, & Demir, 2007).
The welding current, electrode pressure and hold time affected the thermo mechanical interactions of the welding
process and changed the final nugget geometry volume, see Figure 1 (Tsai, Jammal, Papritan, & Dickinson, 1992).
The cracking and insufficient depth is the reason of the most toughness reduction (A. Al-Mukhtar & Doos, 2013).
The properties of most importance which influence weldability have been investigated. Therefore, the selection of
suitable welding conditions, the fusion zone characteristics, and heat affected zone, HAZ play a significant role in
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any spot weldability investigations. The current study provoked the heat generation and resistance effect by
inserting a high thermal sheet metal. Hence, the strength and fracturing were observed.

2. Experimental Work
2.1 Material

Welding was performed on a specimen prepared per the AWS standard, while changing the welding current and
welding force in cycles of welding time (A. M. Al-Mukhtar, 2002; Kim, Lee, Lee, & Rhee, 2004). In this study, we
choose AISI 304 L type of austenitic stainless steel with thickness 0.8 mm was welded. For several years ago,
austenitic stainless steel 304L have been employed in industrial applications such as pipes and pressure vessels for
structural purposes. The influences austenitic stainless steel 304L on the industry are mainly due to its mechanical
strength as well as excellent corrosion (Park et al., 2004; N R Anandl, 2013). The chemical composition and the
mechanical properties are given in Table 1and Table 2, respectively (MatWeb, n.d.).

Table 1. Chemical composition of stainless steel

Austenitic Stainless Steel C Cr Ni  Mn Vv Mo Si Ti Nb Cu S

304L 0.016 17.8 8.10 1.04 0.101 0.02 0.466 0.008 0.008 0.062 0.012

Table 2: Mechanical properties of stainless steel

oy (MPa) Tensile strength cu (MPa) Elongation EL% HV. Vickers
241 586 44 161

Austenitic Stainless Steel 304L

2.2 Geometry and Specimen Preparation

The geometry of specimen is rectangular with dimension based on American National Standards Institute (ANSI)
and American Welding Society (AWS) (Connor, 1987; Zhou, Hu, & Zhang, 1999; A. M. Al-Mukhtar, 2003). The
dimensions for each plate to be spot welded are 78 mm length, 19 mm width, and overlap is 19 mm, see Figure 1.
After cutting the specimens, it is necessary to their surfaces were chemically cleaned by acetone before resistance
spot welding to eliminate surface contamination (Kahraman, 2007). The lap tensil shear specimen widly used as
systematic testing for investigation joint strength, failure mode, microstructres and welding defects, see Refs
(Vural et al., 2006; Shamsul, Hisyam, & Muhibbah, 2007; Triyono, Purwaningrum, & Chamid, 2013). The
inserting a sheet in the middle of lap specimens was used in some case, but for the same metals, see Sin, Yang, Yu,
Kim, and Kang (2007). Therefore, this work aims to show the effect of thermal and physical properties of different
metals on the mechanical properties of the spot join. Thin layers of pure copper and pure aluminium with 0.09 mm
and 0.1 mm thickness, respectively, were used as a transition material between the two sheets of austenitic
stainless steel 304L, to investigate the joint strength, see Figure 1 (right). Three sets of samples were welded by
fixing electrode force, welding time and using three values of the welding current has been changed sequentially
for 4000, 6000 and 8000 Amp, by increasing 2000 Amp, respectively.
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Figure 1. Dimension of tensile shear test (mm), ANSI/AWS standard

35



www.ccsenet.org/jmsr Journal of Materials Science Research Vol. 4, No. 4; 2015

2.3 Materials Test

Static strength was measured using the conventional tensile shear lap specimens that shown in Figure 1 (left)
according to AWS practice (Zhou et al., 1999). All welds were tested in tensile shear using LARYEE computer
control electronic universal testing machine. It was equips with high precision servo motor control system. Control
system is full closed loop measuring and control system. Control software can automatically figure out routine data,
such as load-extension and stress-strain curves. The available function of the machine is to maintain both the peak
load and the weld strength. The lap shear specimen of two flat plates of 0.8 mm thickness with an overlapping
distance of 19 mm was welded, see Figurel (left). The geometry was approximated as closely as possible to pure

shear made on the joint (A. M. Q. D. Al-Mukhtar & Doos, 2013). The microhardness of cross section weld nugget
was tested. The hardness measurements were carried out using a Digital Hardness Vickers Tester TH714 machine.

Three hardness measurements were made and then take the average of them.

3. Results and Discussion
3.1 Effect of Current on Joint Strength and Weld Nugget Area

Welding current is the most parameter among all the parameters affecting the amount of heat obtained. According
to Joule law, Q = I?Rt; where Q is generated heat, I is current, R is electrical resistance of the circuit, and t is time
that the current is allowed to flow through the circuit (Zhang & Senkara, 2006; Nodeh, Serajzadeh, & Kokabi,

2008; Mirsalehi & Kokabi, 2010). So when the weld current increases the joint strength (maximum load) increases

due to the weld nugget area increasing until the maximum current value that achieved by the welding machine. The
nugget size increasing until expulsion occurs. The results agree with different studies, see Ref (Aslanlar et al., 2007;
Pereira, Ferreira, Loureiro, Costa, & Bartolo, 2010; Moshayedi & Sattari-Far, 2012). The increasing current, i.e.

increasing the heat input will increase the melting area, see Figure 2. This usually leads to increase the strength of
the joint. However, the increasing beyond the maximum ranges causing the splashing and expulsion of metal due

to the complicated mechanism between the electrode force and nugget growing pressure between the sheets, see A.

Al-Mukhtar and Doos (2013). Moreover, the continuing increased welding currents will cause the nugget diameter

to become shorter as the result of the splashing in the interlayer (Shamsul et al., 2007).
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Figure 2. Effect of welding current on the tensile shear strength and weld nugget area
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That is agrees with almost works (Shamsul et al., 2007; A. M. Al-Mukhtar & Doos, 2013). The weld area increase
rapidly with weld current, from low current levels until expulsion occurs at the higher levels. A similar behaviour
occurs with the weld strength, due to the direct relation between the weld area and its strength. Effect of welding
current on the tensile shear strength and weld nugget area was shown in Figure 2.

The maximum load was obtained before the failure. The expulsion occurs at that maximum current. Hence, the
cracking is initiated around the weld nugget. Subsequently, a pull out fracture will be developed.

3.2 Effect of Weld Time on Joint Strength and Weld Area

In the light of results obtained from the experimental work indicated that increasing weld time causes to enhance
high heat input to weld zone, hence, increase weld nugget area (Nodeh et al., 2008). So the tensile-shear strength of
joints will be increased. The effect of weld time less than the effect of weld current. The relations of weld time with
joint strength and weld nugget area show in the Figure 3.
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Figure 3. Effect of welding time on the tensile shear strength and weld nugget area

3.3 Effect of Electrode Force on Joint Strength and Weld Area

The effect of electrode force on joint strength and weld nugget area is investigated. Results showed that the
increasing electrode force decreases fusion zone size and therefore leads to reduce weld nugget area and joint
strength. The reason for the adverse effect of electrode force due to decreases the electric resistance and thus

reduces the generated heat at the sheet-sheet interface. Effect of electrode force on the joint strength and weld
nugget area were shown in Figure 4.

3.4 Hardness Profile

Microhardness for 2-lap and 3-lapspecimens has been measured. Generally the values of hardness distribution
include the maximum values in HAZ. The less values were observed in fusion zone (weld nugget). HAZ and the
weld zone hardness are mainly higher that the base metal hardness (Mukhopadhyay et al., 2009). The observed
hardness profiles are similar to the ones reported by (Park et al., 2004; Aslanlar, 2006). The microhardness of
as-welded specimen has values a little higher than the microhardness of transition pure copper specimen. The
microhardness of specimen using pure aluminum as transition material has the highest values due to formation of
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intermetallic components under the same welding conditions. The reason of increase the microhardness of the

specimen AL-ASS returns to formation solid compounds such as oxide aluminum. The microhardness distribution
is shown in Figure 5.
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3.5 Mechanical and Metallurgical Properties Due to Transition Material

The use of pure copper as a transition metal between two sheets of austenitic stainless steel 304L reduce the joint
strength. The maximum load of joint strength under the conditions (welding current of 8000 Amp, welding time of 30
cycles and electrode force of 9.5N) was 6.775 KN. The maximum load of joint strength of using transition pure
copper was 5.149 KN. However, welding under the same condition with the pure aluminum the expulsion occurs in
the weld nugget due to the high thermal conductivity. The maximum load of joint strength under the conditions
(welding current of 6000Amp, welding time of 30 cycles and electrode force of 9.5N) was 5.743KN, and the
maximum load of joint strength of using transition pure copper was 4.5 KN; while the maximum load of joint
strength of using transition pure AL was 4.13 KN. In other words, the percentage of maximum load decreasing was
approximately 24%, and 26%, see Figure 6. This reduction in maximum load value is due to many reasons; one of the
most important of these reasons is the difference in the metals solidification rate and melting temperature change,
which leads to shrinkage and cracking. These cracks are in different directions, locations and lengths. However, the
intical crack length was determined using fracture mechanic tools, see (A. M. Al-Mukhtar, Biermann, Hiibner, &
Henkel, 2010). If the cracks perpendicular to the direction of applied load in the tensile shear test, the maximum load
will be low. In the austenitic stainless steel, the austenitic matrix shows relatively low alloying element diffusion rates,
a high thermal expansion coefficient and high electric resistance (Hasanbasoglu & Kagar, 2007).

The fracture stress of spot welding of 2 and 3-lap sheet was investigated by Sin et al. (2007). It was shown that the
fracture stress was decreased by inserting a middle sheet due to the decrease in weld ability according to the
increase in welding thickness. However, the effect of the multiple interfaced nugget, and the microstructural
cracking effect play a significant role in the current work.
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Figure 6. Weld joint strength of 2-lap and 3-lap specimens. Electrode pressure=0.483 MPa, Time=30 Cycle

High conductivity materials require more current than mild steels to give an equivalent heat input for two reasons,
first, due to the high electrical conductivity and secondly, due to the high conduction of heat away from the weld
area. Therefore, the investigation of intermediate metals such copper and aluminum has been introduced. In
practice, high conductivity materials such as aluminum are welded for short times with exceptionally high currents
(Brandes & Brook, 1992). The aim of adding the intermediate sheet or the presence of the intermediate layers of
different alloys with different electrical and thermal conductivities, is to investigate the substantially heat inputs.
Therefore, and however the using of lower current values, a plug fracture was obtained for the 3-lap, see Figure 7.
The pressure has to be considered during the welding and precautions to prevent the cracking and cavitations have
to be taken. Hence, a lower strength was obtained from the tensile test.
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a) b)
Figure 7. Fracture plug of 3-lap sheets spot welded metal, a) almuimin- stainless steel fracture, b) cupper stainless
steel fracture

4. Conclusions

In this study the microstructural and mechanical behavior of resistance spot welds done on stainless steel 2-lap and
3-lap sheets, welded at different welding parameters, is carried out. The properties are the most importance which
influence weldability is examined. Therefore the suitable welding conditions have been investigated. In this study,
two plates of stainless steel were placed as a lap joint (2-lap), and spot welded using varied welding current. In
addition, 3-lap specimens were welded. The results show that the increasing welding current increased the nugget
size for the 2-lap specimens up to expulsion limit. The nugget has a maximum area before the expulsion. Thus, the
strength increases when the nugget diameter is increased. The electrode force decreasing the interface resistance
and decreasing the heating and the nugget area. Hence, the maximum carrying load was decreased. In case of 3-lap,
the microstructural investigation revealed that the excessive cracking and the intensive melting occurs before the
expulsion limit in case of 2-lap. Hence a lower strength was observed. The high thermal conductivity of inserting
metals increases the burning and the melting. Thus, the electrode indentation increases. Therefore, a plug fracture
was obtained. Using transition pure copper and aluminum reduces the maximum load and microhardness values
under the same conditions compare with as- welded specimen.

Microhardness of weld zones increase when insert thin pure aluminum sheet between two austenitic stainless steel
sheets due to formation solid compounds such as oxide aluminium.
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