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Abstract In this study, the joint ability of two different joining techniques, namely
resistance spot welding and laser welding of nickel weld interfaces and joint micro-
structure were addressed. Similar materials of nickel joint were used to investigate
the parallel connection of tab cells for electric vehicle (EV) battery development. It
was found that using the parameters discussed, the joining of two similar nickel
were successfully achieved via these welding methods. The results show that the
material joints fabricated using laser welding had the highest average stress value
of 155.86 MPa, whereas the average for nickel joints of resistance spot welding was
122.25 MPa. In addition, the results of FESEM analysis on the cross-section of the
weld material also found that the length of the surface for the material being con-
nected and affects the stress value. For resistance spot welding process, 0.09 s of
welding time promoted the formation of sound weld beads with better control of
penetration depth and excellent joint interface. Compared to the resistance spot
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welding process, laser welding produced a better weld interface, which contributes
to a higher strength value.

Keywords Electric vehicle, Joining techniques, Resistance spot welding, Laser
welding

1 Introduction

EV batteries consist of battery cells arranged in large numbers in series or parallel.
It is important to ensure that optimal power and energy capacity can be supplied to
electric vehicles [1]. In addition, vehicle batteries also need to travel through harsh
environments. A variety of severe driving conditions such as vibration, bad weather,
and humidity, the connections in the battery pack will experience possible mechan-
ical fatigue, high-temperature condition and corrosion [2][3]. The selection of a
good joining method is important from the perspective of mechanical strength and
microstructure of the welded joint [4].

Connecting battery cells in large quantities is difficult to be implemented due to
multi-layers of thin iron which need to be welded together with high conductivity
[5]. A very crucial point in an EV is the design and the performance of battery sys-
tem (traction battery) as part of the electric powertrain [6], [7]. The battery system
needs to have both high energy density and power with optimal range and sufficient
driving dynamics.

The lithium-ion batteries (Li-ion) were preferred for energy storage due to its
characteristic of high-power density. The voltage and current density of a single
battery cell will be inadequate for operation in a battery pack. As a result, a battery
pack requires the assembly and connection of numerous battery cells, either in series
or parallel. The most common way to connect battery cells will be either in series
or parallel form, but this is also the main cause of the degradation of consistency
between cells [8], [9].

In general, spot welding technique was employed extensively compared with laser
welding due to its lower operating cost. However, the quality of the spot welding
technique was poorer than the laser welding technique, which it requires some con-
trol in several parameter such as the welding force from the electrode welder, elec-
tric voltage, electric current, welding time, and electrode geometry as well as the
electrode material [10]-[12]. In addition, many battery packs will be manufactured
each year for production due to increase in demand. Therefore, batteries must be
assembled by using a robust joining process and the development of effective join-
ing technology for battery manufacturing as an important requirement for car man-
ufacturers.

The current research work was focused on the analysis of welded Ni and Ni joints
similar materials by using the spot welding process. Three main parameters in spot
welding will be used: electrode force, welding current and welding duration. Based
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on the findings from literature review, the welding duration parameters will be mod-
ified, meanwhile the electrode force and welding current will be maintained
throughout the experiment. The effects of different welding parameters such as weld
pressure and weld time on the mechanical testing and microstructure of joint area
will be studied. In comparison to the laser welding which has very much shorter
weld cycle and able to create stronger joints on the basis of the same weld region
will be observed.

2 Methodology

This study focuses on laser welding and resistance spot welding against two similar
materials, which was the Ni. Resistance and laser welding were employed, as well
as assessing the surface of the welding material. The methodology commenced with
specimen preparation, continued with the welding procedure, mechanical and mi-
crostructural observation, and concluded with the interpretation of the obtained re-
sults. Figure 1 exhibits the flow chart of the overall procedure for this experiment.
The experimental plan was developed based on the joining requirements for various
time of welding parameters.

The specimens to be used were precisely cut into 50 mm x 8§ mm dimensions, with
the thickness of 0.1 mm, as shown in Figure 1. A 50 mm of nickel was superimposed
with a nickel sample of equal size at 10 mm, which portraits in Figure 2. The size
of the nickel sample which had been joined was 90 mm after two nickel samples
were welded. The sample were analyzed by using Scanning Electron Microscope
(SEM) and energy dispersive X-ray (EDX) analysis approach to identify the purity
of the specimen used. The resistance spot welding will then be performed using
three parameters: welding time, welding current, and electrode force. This experi-
ment will be carried out in three sets, with the only difference being the welding
time, which will range between 0.03 s to 0.09 s with a step size of 0.03 s, as given
in Table 1.
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Fig. 1 Ni-Ni welded sample.
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Fig. 2 Schematic of resistance spot welding.

Table 1. Resistance spot welding parameters were used in the study.

Sample Set 1 Set 2 Set 3
Time 0.03 s 0.06 s 0.09 s
Current SkA

Electrode force 0.3 MPa

Electrode material Copper

Spot welding 1 spot
arrangement

For laser welding, only one parameter was used in this study to compare between
the two welding techniques. The parameters used are shown in Table 2. Laser weld-
ing is carried out using Ytterbium Fiber Laser Marking Machine.

Table 2. Laser welding parameters were used in the study

Parameter Value
Pulse width 2 ms
Frequency 250 Hz
Power 200 W

Mechanical testing will be performed on the specimen which was completed the
spot welding and laser welding processes. Tensile shear tests were carried out on a
universal testing equipment in accordance with the ASTM D1002 standard. The
tensile shear test was conducted at 0.5 and 1 mm/min. The mechanical performance
of the joint results was described by the failure mode. The welded sample will be
cut with an EDM wire cutting machine to examine the microstructure, where this
sample will then go through with mounting process. The previously analyzed
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samples will be ground with a grinding machine. Following that, an optical micro-
scope and field emission scanning electron microscopy (FESEM) will be used to
examine the microstructure.

3 Result and Discussions

3.1 Joining samples and optical microscopy of welded surface

Resistance spot welding was used because it is the most suitable method for small
scale and limited production. This is because spot welding requires low initial costs
and low maintenance costs. It is easy to use and produce good welding quality. Spot
welding requires simple setup and can be done semi-automatically or fully automat-
ically. Figure 3 shows spot welding samples with various of timing and laser welded
sample. It can be seen that spot welding performed at 0.09 s produces (Figure 3 (¢))
highly noticeable weld on the surface of the joint material compared to spot welding
at 0.03 s and 0.06 s (Figure 3 (a) and (b), respectively). In addition, the welding
results became more significant in parallel with the increase in time. Besides, the
sample that was welded using laser welding was observed to result in three layers
of circles, as shown in Figure 3 (d). Appearances of laser weld specimen is almost
similar with the results obtained by Jian Long et al. [13]. The behavior of laser
welded sample will be discussed in detail.
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(a) Spot weld 0.03 s (b) Spot weld 0.06 s (c) Spot weld 0.09 s (d) Laser weld 2 ms

Fig. 3 Ni-Ni welded samples at various weld times of (a) 0.03, (b) 0.06 s, (c) 0.09 s,
and (d) laser welded sample.

Microscope images of welded specimens are shown in Figure 4. The figures 4 (a)-
(c) shows microscope images of resistance spot welding samples with welded time
0f 0.03 s, 0.06 s and 0.09 s, respectively. It was found that the size of the resulting
weld on the nickel surface was the same as the size of the copper electrode used (2
mm). In addition, the welding results shows it became more significant in parallel
with the increase in time. This is because spot welding performed at 0.09 s produces
amore noticeable weld on the surface of the joint material compared to spot welding
at 0.03 s and 0.06 s.



Laser welding was used to join nickel sheets because it is a non-contact process,
which can produce high precision welds and has shorter cycle time. The orientation
of the nickel sheet during laser welding was the same as in resistance spot welding.
It was found that the sample welded using laser welding has three layers of circles
as resulted in Figure 3 (d). Spot 1 is the part of the joint which was exposed to the
laser light directly, while spot 2 is the part of the heat affected zone (HAZ). Next,
spot 3 is the part resulting from oxidation on the outside of the connection. This
may occur due to the reaction that occurs between the laser and oxygen as it was
performed in normal atmosphere conditions [11]. In contrast, laser welding pro-
duces three spots on the surface of the joint, with spot 1 having the same size as the
groove's radius (beam radius) created during welding

(a) Spot weld (0.03 s) (b) Spot weld (0.06 s) (c) Spot weld (0.09 s) (d) Laser weld (2 ms)

Fig. 4 Surface microstructure of the joining parts.

3.2 Joint Strength

Figure 5 exhibits the shear test of the joint strength for spot welding and laser weld-
ing. From the shear test result, the highest stress strength resulted in spot welding at
the 0.09 s parameter which was 132.83 MPa while the minimum stress resulted in
spot welding using the 0.03 s parameter at 125.48 MPa. Whereas the joint strength
of spot welding sample welded at 0.06 s was 127.37 MPa. The results show that
increasing of welding time will eventually rises the heat generated in the welding
zone and causes the weld area to expand, resulting in an increase in joint strength.
As such, more in-depth testing can be done using different parameters.

Shear tests were also performed on welded joints using laser welding. The average
stress value resulting from laser welding was 155.86 MPa. It was found that laser
welding can produce a stronger Ni - Ni connection than resistance spot welding at
parameters as due to the optimal welding geometry that can be achieved and has a
high-power density. The heat source produced by the laser beam was highly
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concentrated. This is in line with the study by Das et al. [14] which states that vari-
ous types of metals and conductors with thickness of several millimeters can be
welded due to the high-power density of the laser beam. Hence, it may be assumed
that a smaller spot makes it possible to weld with less power, minimizing the amount
of heat produced by the process. Additionally, faster welding speeds can be used,
which makes production more efficient and enhanced the joint reliability.
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Fig. 5§ Shear strength of weld sample.

3.3 Fracture surface morphology

The morphology of fracture surface conditions were seen in Figure 6. According
to the shear test findings, all of the samples for spot welding, Figure 6 (a)-(c) had
tearing failure on the base material, which is on the Ni section, but no failure on the
welding joint part. This occurs because the strength of the resulting weld joint is
greater than the strength of the material. It may be presumed that all of the samples
welded using both techniques were completely joined at the spot weld area. There
are several possibilities for failure. An adhesive failure happens when the bond be-
tween the adhesive layer and one of the adhesives fails. Joint failure frequently com-
prises many failure mechanisms and was measured as a proportion of adhesive fail-
ure. From this study, it can be assumed that the tearing that occurs in the base
material for resistance spot welding may be caused by the orientation of the sample
during the tension test, as depicted in Figure 7, which permits tearing to occur de-
spite the lower stress value produced on the resistance spot welding joint sample.
In laser welding, however, the connection is not severed at base material, but ra-
ther at spots 1, 2 and 3, as shown in Figure 6 (d). This could be the result of the Ni
undergoing metallurgical fusion. It was also discovered that the laser weld has a
heat-affected zone (HAZ), which increases the joint area and thus influences the
joint ability. It was revealed that fracture occurred in the fused zone on the laser
weld region when welding occurred in a larger spot. This result is comparable to
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that of a previous study by Dimatteo et al. [15].This demonstrates that the link be-
tween the size of the welded surface and the measured stress value was directly

proportional.

(b) Spot weld (0.06 s)
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(c) Spot weld (0.09 s) (d) Laser weld (2 ms)

Fig. 6 Morphology of fractured surfaces of Ni-Ni samples (a) spot weld at 0.03 s, (b) spot weld
at 0.06 s, (c) spot weld at 0.09 s, and (d) laser weld 2 ms.
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4 Conclusion

Based on the results obtained, it was found that the joining of Ni materials using
laser welding has the highest average stress value of 155.86 MPa while the average
for connection of materials using resistance spot welding was 122.25 MPa. In addi-
tion, for the joining of materials using resistance spot welding, three parameters
have been used which were at 0.03 s, 0.06 s, and 0.09 s, and based on the data
obtained the joining of materials using resistance spot welding at 0.09 s was able to
produce higher stress values compared to the other parameter at 132.83 MPa. From
the observation through optical microscope, it was found that tearing has occurred
on all resistance spot welding material samples. The laser weld joining occurs in the
heat-affected zone (HAZ), where Ni undergoes metallurgical fusion, contributing
to the greatest joint strength value of 155.86 MPa. Based on observations, it was
found that both types of welding were successful in joining two similar Ni materials
using the parameters that have been discussed.
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