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Abstract

HSLA steels are widely preferred in the automotive industry due to their advantages of high strength,
lightening of vehicle weight and formability. The fact that a lot of welding processes are carried out during
the creation of the vehicle body has made the welding operations of these steels an important topic. In this
study, zinc coated HX340LAD+Z steel sheet material was welded by RSW in factory conditions using
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different electrode types. The welding operation was carried out with different current intensities and for
300 spot welds using three different electrodes with constant weld duration. After the welding trials, the
shortening of the electrodes was examined and information about the electrode lifetime was obtained. The

weld core diameter was measured on the sheet metal; micro-structure and microhardness investigations
were also made in addition to the hardness of the weld nugget of dimensional stability. The splashing in
the HX340LAD+Z material was investigated by SEM imaging and EDX studies. It was shown that F type

Copper electrode was more efficient for RSW operation.
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1. Introduction

In the automotive industry, mild steels were predominantly
used in vehicle production before the 1970s. Maximum form-
ability and easy repairability of the chassis, which were design
criteria for steels in 70s, were important factors in the selection
of mild steels. The 1973 oil crisis experienced in the following
period made reducing fuel consumption an important target. Re-
ducing fuel consumption for automotive manufacturers has be-
come possible because of the production of thinner and lighter
parts and low weight vehicles. Vehicle production in this way
has created a contradictory situation in terms of safety standards
imposed on manufacturers [1]. Therefore, the demand for lighter
and higher strength steels has increased in the automotive indus-
try. High-strength steel (HSS) and advanced high-strength steel
(AHSS) offer low cost, high strength, good formability, and out-
standing crashworthiness compared to traditional steels [2]. The
rapidly developing material technology of high-strength steels
(HSS) over the time has also pro-vided a significant competition
against alternative materials (plastics, aluminum alloys, etc.)
used for weight reduction in the automobile industry [3]. In the

study carried out within the scope of the Ultra-Light Steel Auto
Body project (ULSAB) in 1994, 25% lightness, 14% cost saving
and approximately 50% strength improvement advantages were
achieved for 4-door sedan vehicles with the use of 90% HSS in
the vehicle body [4]. In line with the benefits achieved through
the utilization of HSS steels in vehicle body production and the
emission reduction commitments outlined in the European
Green Deal and the Paris Agreement in recent years, it is ex-

pected that the use of HSS in vehicle bodies will increase.
Another issue as important as the production of vehicle body
elements as desired is the assembly of the body by combining
pre-produced vehicle parts. The most preferred steel joining
method in the automotive industry is resistance spot welding
(RSW). The crash resistance of the vehicle is highly dependent
on the accuracy and mechanical performance of the resistance
spot welds [5]. Resistance spot welding (RSW) is based on join-
ing sheet metals between two electrodes by applying high cur-
rent and force. In the meantime, due to the resistance of the ma-
terial against the current, overheating occurs and a weld pool is
formed. With the formation of the weld pool, the current is cut
off and pressure is applied to the partially molten area with the
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electrode pressure force. When the weld pool of the materials
cools and solidifies, the joining process is completed [6]. The
size of the weld nugget diameter depends on the weld force,
weld time, material being spot welded and the thickness of sheet
material. While increasing the welding current, a successful
welding can be achieved with a reduced time, but high current
can cause spatters during the welding operation. The success of
the weld diameter obtained after spot welding affects the weld
quality and electrode life. Softening of electrode, electrode di-
ameter expansion, cavitation on the electrode surface and re-
crystallisation that occur in the electrode bulk and its effect on
its service life are among the main problems [7]. Besides as the
number of welds increases, the contact resistance between the
electrode and workpiece at high temperature increases the risk
of chemical contamination and pitting on the surface of elec-
trode due to repeated loading and releasing routine. This situa-
tion accelerates with further operations and results in an asym-
metrical contact surface and increased contact resistance in gen-
eral. Therefore, the current density is affected and the probabil-
ity of undesired arcing increases. A consequence of this is the
poor welding quality [8, 9]. Therefore, the quality, cost and
welding time of resistance spot welding is an important issue in
the automotive industry in many respects. The realization of the
welding process at the desired quality and speed in mass pro-
duction is directly related to the life of the electrode. Decreased
electrode lifetime and their performance may result in produc-
tion and vehicle safety risks such as poor welding quality, loss
of time, maintenance and replacement costs.

In this study, zinc coated HX340 LAD+Z HSLA steel sheet
was joined by spot welding process using three different current
levels and three different electrode types at service conditions.
Optical and SEM imaging were used to define the characteristics
of spot welds.

2. Material and Method

The HX340 LAD+Z coded HSLA (High Strength Low Alloy)
hot dip galvanized micro alloyed steel sheets were provided from
ERDEMIR Inc. Co. in rolls, with the dimensions of 1500 x 640 x
6 mm. The rolls are sliced into desired sizes at Yildiz Kalip Com-
pany. The chemical composition of the steel is given in Table 1 by
weight percentage. The effect of zinc coating present on the steel
sheet on spot weld was also investigated.Sample cutting was car-
ried out by a laser cutting device to prepare the sample cutting and
spot welding from the sheet material of 1500 x 900 x 1.5 mm size.
The areas of the spot welding on the plates were divided 50 x 50
mm sections thus the plates made ready for the welding process.
In Figure 1, the image of the sample divided into sections is pre-
sented. Spot welding was carried out by using three types of elec-
trodes with different tip forms with a fixed inner diameter of 16
mm, which are the most widely used in the automotive industry.
The images of 3 different types of electrodes used in this study are
presented in Figure 2.

Table 1. Material HX340LAD+Z (HSLA) Chemical composition
(wt. %) and mechanical properties of the material

Chemical Composition
%C  %Mn %P %S %Si %Al %V
0.074 0623 0.018 0.006 0.010 0.043 0.035

%Nb
0.040

Mechanical Properties Tensile Test
Yield Strength (MPa)  Tensile Strength (Mpa)
396.2 471.7

Elongation %
27.0

50mm

Fig. 2. Different types of electrodes selected for the study; a) G, b)
Fandc)B

The parameters used during spot welding of HX340 LAD+Z
sheet samples are; current (A), welding current time (ms) and
electrode type. In practice, the welding current time is kept con-
stant as 300 ms and therefore experiments were carried out for
each electrode type with variable current levels. Before proceed-
ing to the experiments, resistance spot welding for all electrode
types was tested on the sheet material and the parameters where
spatter did not occur were determined for better performance
hence the interaction regarding the parameters are restricted. Ex-
perimental parameters were grouped and the joining was carried
out using Mactera brand 120 kV RSW machine at predeter-
mined current values for each of the electrode types. In this
study, three different geometrical types of electrodes with Cu-
CrZr chemical composition were used, e.g. G, B and F as in
Fig.2. Selected parameters for the spot welding are given in Ta-
ble 2.
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Table 2. Selected electrode types and spot-welding parameters.

Table 3. Dimensional measurement (mm) results of spot welds and
electrodes according to the electrode type, A) the outer diameter of the
weld core formed on the sheet plate (including HAZ) and the outermost
diameter measurement results of the electrode used in welding, B) the core
diameter of the weld core formed on the sheet metal and the effective elec-
trode weld surface diameter measurement results.

Electrode Type | Specimen Code Duration (ms) Current (kA)
G65 6,5
G G70 300 7,0
G75 7,5
B72 7.2
B B77 300 1,7
B82 8,2
F60 6,0
F F65 300 6,5
F70 7,0

Electrode tips that performed 300 spot welding processes and
sheet metal samples containing the 300th spot weld were pre-
pared for microstructural examination. The spot-welded area
was sliced in half with an abrasive cut-off disc, mounted in Ba-
kelite and polished. For the polishing process, 220G sandpaper
was initially used and the surfaces were sanded up to 1200G and
then brought to a mirror shine by using 1 um Alumina powder.
After polishing, the surface was etched with 1% Nital to reveal
the microstructure. Optical images were obtained from the spot
weld sections using an Olympus optical microscope, electron
microstructure imaging was performed using SEM-LEO 1430
VP electron microscope device, and then elemental analysis
with the RONTEC QX2 EDX device attached to the SEM de-
vice.

After imaging and elemental analysis, microhardness meas-
urement was carried out using the SHIMADZU HMV-2 device
with a 50 g load for the duration of 10 s. Microhardness meas-
urement was made on three different locations and the evalua-
tion of overall hardness was made over the average value. With
the dimensional measurements on the spot weld, sheet metal and
the electrode tip were obtained for further analysis. Dimensional
measurement of spot weld is presented in Figure 3.

‘ —

Fig. 3. Weld outer diameter including HAZ (left) and weld core
center diameter (right).
3. Results and Discussion

This section contains the results and discussion of resistance
spot welding performance of HX340 LAD+Z steel sheet and elec-
trodes. Welding current was selected as the resistance spot welding
parameter, and its range was determined according to the spatter-
free welding performance prior to this study. Dimensional meas-
urements and microscopic imaging were per-formed under the
same conditions for all samples. Dimension-al measurement re-
sults are presented in Tables 3 and 4.

Electrode Weld Electrode
Type
Width | Length | Average | Width | Length | Average
A (Outer Diameter)
G65 | 900 | 9,00 9,00 10,30 | 11,20 10,75
G70 | 940 | 9,10 9,25 11,00 | 11,10 11,00
G75 | 910 | 9,20 9,15 10,20 | 10,30 10,25
G B (Core Diameter)
G65 | 680 | 7,20 7,00 8,10 8,20 8,15
G70 | 670 | 7,10 6,90 9,00 8,20 8,60
G75 | 700 | 7,10 7,05 10,20 | 8,20 8,15
A (Outer Diameter)
B72 | 900 | 7,30 8,15 9,10 9,10 9,10
B77 | 870 | 8,20 8,45 10,90 | 10,90 10,90
Bg82 | 810 | 9,00 8,55 9,70 9,30 9,50
B B (Core Diameter)
B72 | 710 | 5,60 6,35 8,00 8,00 8,00
B77 | 680 | 5,80 6,30 7,80 7,30 7,55
B82 | 590 | 6,90 6,40 7,90 6,40 7,15
A (Outer Diameter)
F60 6,70 | 7,10 6,90 8,20 7,30 7,75
F65 7,00 | 7,00 7,00 9,10 7,80 8,45
F70 720 | 7,00 7,10 7,90 8,20 8,05
F B (Core Diameter)
F60 550 | 5,50 5,50 6,10 6,00 6,05
F65 6,00 | 5,80 5,90 6,90 5,70 6,30
F70 540 | 5,10 5,25 5,90 6,10 6,00

The G-type electrode tip is designed to create a uniform pressure
and allows homogeneous distribution of the compression force.
With the increasing current intensity at the tip, the heat input also
increases, and it is seen in Table 3 that the increase in the heat input
partially raises the weld core diameter. With increasing current, the
weld core depth and the outer diameter of the resistance spot weld
core also increased. While the difference between average outer
diameter and the average weld core diameter in the highest heat
input and the lowest heat inputs in type G and B electrodes was
2.15 and 2.20 mm, respectively, in series of F type electrode, the
nugget size difference in samples with the average highest and the
average lowest heat input was 2.40 mm. As is known, the heat in-
put causes a decrease in the modulus of elasticity and yield point
in metallic materials and increases its plasticity at temperatures
above 600 °C giving a peak at 730 °C [10, 11]. Therefore, with
increasing current, an increase in core depth and an increase in the
outer diameter of the RSW core were observed. When the results
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were compared with the literature, the highest current value of 7.6
kA for H34LOAD+Z were observed for successful welding and
similar values for all types of electrodes were attempted in our ex-
periments [12]. It was determined that there was no significant
change in the electrode contact surface dimensions. In RSWs, the
wear in any part of the components are primarily affected by the
temperature due to the resistance between the electrode and sheets
and hence the oxidation is the result of this high temperature. The
second effect is the deformation of sheets that usually occurs due
to the repeated applied force in the weld zone during the RSW op-
eration. The deformation acts in many ways such that it accelerates
oxidation as the surface area is increased due to thinning of sheets
and the surface oxide layer is deformed and broken open for fresh
reaction with air. The wear mechanism occurring on the electrode
is the mixture of high temperature oxidation, the deformation and
also the formation of Cuzn intermetallics. Cyclic fatigue is gener-
ated during the spot-welding operation resulting in a pitting and
subsequent material loss, which ends with large cavity [13]. The
compression force with the assistance of heat will eventually de-
form the electrode tip and change its shape in long run. In Table 3,
itis evident that the width-to-width ratio values in B-type electrode
tip forms are very close to 1 and show a homogeneous deformation
and wear. It is clearly seen that F-type electrode tip tests give better
results compared to the G-type electrode tips which also produce
good results. The HAZ area of the welds made with electrode type
F is narrower, which is an advantage when the weld strength is
considered as it applies more force per unit area, assuring a very

Signal A = SE1 Mag= 50X 200um
| —

EHT=2000kV

7
P wo= 2¢mm

close contact between the sheets of metals at high temperatures.
With increasing heat input, this difference has widened more.

Table 4. Measuring the variations in electrode heights (mm)

E'i‘;;‘;de UBE | UTE | BEAW | TEAW | DCBE | DCTE
G65 | 2186 | 2202 | 2171 | 22038 | 015 | 0,01
G | G70 | 2196 | 2208 | 21,88 | 2209 | 008 | -001
G75 | 21,88 | 2286 | 21,77 | 2185 | 011 | 0,01
B72 | 2202 | 21,95 | 21.96 | 21,93 | 006 | 002
B | B77 | 2192 | 21.95 | 2188 | 21,95 | 004 | 000
B82 | 2195 | 21.92 | 2194 | 2196 | 001 | 0,04
F60 | 2232 | 2220 | 2213 | 2216 | 019 | 004
F | Fe5 | 2229 | 2226 | 2196 | 2212 | 033 | 014
F70 | 2296 | 2219 | 2222 | 2212 | 004 | 007

The parameters in Table 4 are respectively; electrode type,
unused bottom electrode (UBE), unused top electrode (UTE),
bottom electrode after welds (BEAW), top electrode after welds
(TEAW), dimensional change in bottom electrode (DCBE) and
dimensional changes in top electrode (DCTE). Table 4 shows
the height of the electrodes before and after RSW welding oper-
ations. Although there are no substantial changes in the welding
electrode dimensions before and after welding (Table 4), the F-
type electrode produced the most shape changes according to
Table 4 when the changes in dimensions are concerned. Due to
the shape of the G-type electrode, it can play an important role
in the deformation since it has more flat projection surface and
narrower area which facilitates deformation and reduces the core
thickness, instead of forming a more stable contact surface as in
the B-type electrode. An increased wear of the lower electrodes
or reduced electrode length is believed to be associated with in-
creased heat input. Figure 4 shows the spot welds made by G, B
and F type of electrodes, respectively. Figure 4aand c, i.e. G and
F type of electrodes, are believed to be less affected by the pres-
sure from the electrode however showed the most deformed
weld core, however, the weld core made by B type electrode
produced flat surface with a sharp change in contrast along the
edge to the right.

W wo= 2¢mm EHT = 20,00 KV

Fig. 4. SEM images of the welds made with the three forms of electrode tip; a) G65, b) B77 and c) F65.
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Contrary to the F and G type electrodes, the high amount of
wear may be due to the fact that the electrode is completely Zinc
coated, allowing the formation of CuZn compound on the elec-
trode surface and being more easily exposed to mass wear. Alt-
hough no investigation has been made on this subject, the ab-
sence of Copper on the B-type electrode surfaces and the fact
that only Zinc is seen in very high amounts points in this direc-
tion. For the G Type electrode, it is concluded that there is no
significant copper transfer from the electrode sur-face to the
steel sheet because Copper is encountered on the surface, but
this amount is very small. Considering the other two electrode
profiles, low copper transfer in this electrode type is a very im-
portant factor in reducing electrode wear. Although the ele-
mental distribution is generally homogeneous, it is gathered that
a condensation and accumulation of Zinc vapor on the surface
of Cu electrode occurs as a result cooling of electrode and [14]
and its being trapped in the pores on the surface by evaporation.

Microhardness measurements taken from the weld section of
sheet materials are given in Table 5. The effect of the F-type
electrode on the microhardness is quite evident. Hardness values
increase on average. The main parameter of the systematically
increasing microhardness values is the variable grain size, and
the intragranular morphology that emerges with the latter. In ad-
dition, it was determined that the result of microhardness meas-
urements was very low due to the softening of the spot resistance
welding electrodes.

Table 5. Average Microhardness (HV0.05) results of resistance spot
welded samples.

Electrode type Spicolg:fn (?;3?;?(;?1 Avera(gsvr;i?)jness
G65 31,47 258,71
G G70 3,63 245,70
G75 8,14 261,14
B72 45,16 311,07
B B77 23,04 321,34
B82 9,49 299,77
F60 5,88 360,03
F F65 29,35 378,39
F70 21,64 376,76

3.1. Electron microscope analyzes of electrode and weld sur-
face

SEM images of the weld core and electrode of the F60, F65 and
F70 specimens, as well as the EDX results taken from the surface
are given in Figure 5- Figure 7 a-d in which the resistance spot
weld core depth can be easily seen together with elemental map-
ping. The HAZ region, on the other hand, is approximately 1.2 mm
out of the core edge. According to the elemental change observed
on the spot weld cores, it is seen that Zinc and Copper transfer
takes place. Particularly at high temperatures, the mass transfer
takes place mainly by evaporation (applies to Zinc) and adhesively

deposited to the surface. Wear on the electrode surfaces, which oc-
curs due to mass transfer by adhesion to the surface, can be seen in
Figure 5.

In this study, between Figure 5 and 7, there is Zinc accumulation
on all surfaces, and there is little or no mass transfer of Copper. It
is thought that this transfer, adhesion to very hot surfaces with cy-
clic weld process, occurs via insulated Copper fragments. Copper
is an element that is difficult to heat be-cause of its high heat ca-
pacity and high coefficient of thermal conduction; due to this fea-
ture, when used as an electrode, it is cooled very easily, but, it al-
lows deformation even under low forces since it is very soft metal.
Since they do not show a well-defined fatigue limit, rupture be-
comes easier and regions that show local deformation in each ther-
mal cycle break with high current density and thermal density.
These two transfer differences appear as an effective mechanism
in this electrode type and other types of electrodes.

As a result of the examination of the EDX analysis values given
in Figures 5 and 6, it is seen that Zinc and Copper are randomly
distributed and Aluminum is also present. In some coatings, Alu-
minum can be found together with Zinc. Aluminum is possibly
transferred from the coating on steel surface and evaporated to-
gether with the Zinc and accumulated to the surface of the weld
zone.

Mag= 50X
EHT =20.00 k¥

Wag= 300X
EHT = 20.00 k¥

Fig. 5. SEM macro (a) and micro (b and c) images and (d) ele-
mental mapping images of the weld core of sample G65.
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MAG:300 x HV:20.0kV  WD:24.2 mm
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10841 1000 pm
MAG: 300 x HV:20.0 kV.WD:24.6 mm e

Fig. 6. SEM macro (a) and micro (b and ¢) images and (d) elemental mapping images of the weld core and (c) electrode of sample G70.
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EAFRN Signal A = SE1
PV WD = 24 mm

hag= 50X
EHT = 20.00 kV

10842 1000 pym
MAG: 300 x HV:20.0kV WD:24.3 mm

Fig. 7. SEM macro (a) and micro (b and c) images and (d) elemental mapping images of the weld core and (c) electrode of sample G75.

In order to support the above-mentioned Copper transfer, it is
given in Figure 8 d that the Copper ratio is transferred at a higher
rate with the increasing current. Since the Oxygen elemental spots
are in low amounts and corresponding approximately 14 — 25 % of
total composition, it is readily assumed that oxides of Zinc and
Aluminum are more likely to form in place of Copper, according
to Ellingham diagram of oxide [15]. When the reaction atmosphere
contains oxygen during welding exposure at room temperature,
ZnO starts to form first then Cu,0 is transformed into CuO directly
[16]. The decomposition of CuO, which has two decomposition
temperatures e.g. 982 °C for Cuz0 and 1070 °C for Cu+%0y, is
thermodynamically unstable with increasing temperature, pure
Copper is obtained when 1070 °C is reached and facilitates the ad-
hesion to the hot steel surface [17]. It is likely that the transfer of
Copper to the weld surface is through oxide path and decomposi-
tion of oxides of Copper is less likely to occur since there is a re-
peated heating on the surface. The detection of Copper may also
be due to the presence of oxides of Copper as it is not distinguished
by the detector but rather together with oxygen peaks.

Spot weld zone images and EDX elemental mapping analyzes

made with B type electrodes are given in Figure 8-10 a-d. The anal-
yses indicate that a very serious accumulation of Zinc on the sur-
face of electrode or its transfer via a contact on the surfaces oc-
curred. The absence of Copper transfer is probably related to the
thickness of the oxide layer formed on the electrode surface or the
difficulty in creating a clean surface. As a result of the evaporation
of the Zinc element, more Zinc can adhere to the Copper surface
and can be beneficial in forming a barrier against the spot weld
core and preventing the transfer of Copper to the weld surface.
Therefore, in this series, copper transfer did not occur at significant
level and the amount of Zinc was observed at very high levels. The
problem with this series is that both the weld core and the electrode
surfaces are subjected to more wear due possibly to high tempera-
ture de-formation process. As it can be seen in Figure 10, unlike
the F and G type electrodes, the high amount of wear may be due
to the fact that the electrode is completely coated with Zinc, al-
lowing the formation of CuZn compound and is more easily ex-
posed to mass wear; the absence of Copper presence on the sur-
faces and Zinc is in very high amounts points in this direction.
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Py Signal A=NTSBSD  Mag= 50X Prre Signal A=NTSBSD  Mag= 300X
PSEUR WD = 24 mm EHT =20.00 kY - — PEEUR WD = 24 mm EHT =20.00 kY

10817 1000 pm
MAG: 300 X HV:20.0 kV. WD: 24.1 mm e T

PR Signal A=NTSBSD  Hag= 300X

paatey Signal A=NTSBSD  Wag= 350X
P wo= 24mm EHT = 20.00 k¥ = — R R Mag= so0X

Fig. 9. SEM macro (a) and micro (b and ¢) images and (d) elemental mapping images of the weld core and (c) electrode of sample B77.
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1000 pm
MAG: 300 x HV:20.0 kV. WD:24.2 mm

Mag= 50X - - R Signal A= NTSBSD  Mag= 300X 15
EHT =20.00 kv =2 — P wo= 24mm EHT = 20.00 KV =

10821
MAG:300 x HV:20.0kV WD:24.4 mm

Fig. 10. SEM macro (a) and micro (b and ¢) images and (d) elemental mapping images of the weld core and (c) electrode of sample B82.
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Electron microscope images and EDX analysis of the test sam-
ples made with G type electrodes are given in Figures 11 — 13 a-d.
In EDX analysis, it is observed that the amount of Copper and Zinc
elements decrease on the surface. Although the elemental distribu-
tion is generally homogeneous, it is thought that it condenses and
accumulates as a result of the presence of Zinc in the wear pores
on the surface, the formation of Zinc vapor on the surface and its
trapping in the pores by evaporation. It is possible that the reason
for the less wear on the surface of this electrode type is that the
electrode composition or shape leads to less exposure to damage
by fatigue and oxidation, or that these pores are covered with more
Zinc compounds or oxides and prevent copper transfer. Another
important mechanism is the co-existence of Copper and Zinc on
the electrode surface, which appeared in the last specimen (Figure
11 and elemental mapping image in Figure 13 d), which can be
presented as evidence for the formation of CuzZn compound. As
the weld current increases the amount of Zinc and Aluminium
spots appear to have increased due to high volatilization of respec-
tive elements and concentrated near and in the voids on the surface.

Pratny Signal A=NTSBSD MWag= 50X
LI WD = 24mm EHT = 20.00 kv

As seen in Figure 13 d, Copper was also detected, however,
there was no high amount of copper transfer to the weld surface.
Considering the other two electrode profiles, low copper transfer
in this type of electrode e.g. F type, is a very important property in
reducing electrode wear but it is more associated with the amount
of low evaporation of Zinc which leads to a reduced formation of
Zinc rich layer on electrode surface that may eventually cause mi-
cro fatigue ruptures on the surface due to repeated compression
force along with high temperature.

It may be also due to the shape of the electrode, too, which al-
lows the vapor of Zinc escape from the surface of the electrode,
leaving less amount of Zinc accumulating on the surface. As it can
be seen in the images given in Figures 6, 7 and 8, the F type elec-
trode is considered to be a more feasible electrode because it gives
a clean surface appearance with less Copper transfer. It is a pre-
ferred feature that the shape of the electrode reduces the contact
with the evaporating Zinc and reduces its transfer to the RSW sur-
face and the electrode sur-face. The surface of electrode would
eventually lead to the formation of brittle phases and cause the
electrode crack be-fore its typical service life.

10824 1000 pm

MAG: 300 x HV:20.0kV. WD:24.3 mm s T

Fig. 11. SEM macro (a) and micro (b and c) images and (d) elemental mapping images of the weld core and (c) electrode of sample F60.
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Fig. 13. SEM macro (a) and micro (b and ¢) images and (d) elemental mapping images of the weld core and (c) electrode of sample F70.
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Fig. 13. SEM macro (a) and micro (b and c) images and (d) elemental mapping images of the weld core and (c) electrode of sample F70.

4. Conclusions

In this study, HX340LAD+Z material with high mechanical
properties was successfully welded by RSW techniques. As a re-
sult of the physical and microstructural examinations of the weld
area and the electrode surface, the following conclusions were
reached:

« In the experiments with the electrode tips, better results were ob-
tained from the G-type electrode, which was found to have a good
performance in terms of least amount of Zinc accumulation on the
surface of electrode.

* Resistance spot welding electrodes are resistant to high tempera-
ture applications and show deformation over the time depending on
the pressure created during welding and the frequency of welding.

» Weight loss can be observed in the electrode material as a result
of alloying with Zinc, which helps the formation of Zinc rich com-
pound which breaks away under the compression force.

* G-type electrode has a significant effect on micro hardness and
the hardness value increases on average with the order of G, B and F,
respectively.
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Nomenclature

BEAW : Bottom electrode after welds (mm)

EDX : Energy Dispersive X-Ray analysis

DCTE : Dimensional changes in top electrode (mm)
HSLA . High strength low alloy steel

HSS . High-strength steels

SEM : Scanning electron microscope

TEAW : Top electrode after welds (mm)

UBE : Unused bottom electrode (mm)

UTE : Unused top electrode (mm)
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