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Abstract
Nowadays, spot-welding technologies are being used on a very wide range of applications. Spot-welded joints
can be found in many pieces of equipment, such as toasters, computers, telephone batteries, or even in various pre-manufactured car elements. Given the prevalence of the technology, there may be a legitimate need
for a machine that can be used at home for simple spot-welding operations. Such a device could be produced
more cost-effectively than those currently available on the market, while using household electronic waste.
These could be produced for hobby purposes, thus creating an opportunity to recycle certain types of household electronic waste, thereby improving sustainability in an engineering approach.
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1. Introduction

2. Design and manufacture

Continuously increasing consumer demand is a
major challenge for industry. The limited resources available encourage engineers to create new,
sustainable technologies and to upgrade existing
ones. Welding has undergone continuous development since the 20th century [1–3]. Nowadays,
arc welding machines can be found not only in
industrial sectors, but also in many household
workshops. However, this cannot be said about
resistance welding machines due to the price of
these devices [4]. The inspiration of this paper
was the idea of creating a hobby spot welding machine, which could be brought to life to solve a
practical problem. The repair of a damaged battery of a household drill is typically made by a
spot-welding operation. The basic idea was given
by a blog post [5] in which the transformer of a
microwave oven was used for similar purposes.
We wanted to further develop this concept by
creating a spot-welding machine mostly made of
recycled parts, and which could later become a
marketable product for hobby purposes.

At first, the establishment of a detailed list of requirements was assembled, considering the characteristics of existing equipment [6–8]. Examples
of such requirements include (but are not limited
to) 230 V for mains operation, IP 33 protection,
simple design, mobility and environmental considerations. Welding time and current should be
controllable. Henceforth, the structure was required to be able to form overlapping joints between 0.1-0.15 mm plates. In the following, the
design and manufacture of the most important
parts of our machine will be described.

2.1. Transformer
The most expensive component of a welding
machine is the transformer, which provides the
low voltage and high amperage required for
the operation. That was obtained from a defective microwave oven. These transformers have
a higher power density than their conventional
plate-mounted counterparts due to their better
magnetic properties, thus providing the current
required for welding in a weight- and space-sav-
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ing manner. After removing the original secondary coil of the disassembled transformer, a new,
secondary coil with two rolls was formed with the
largest possible wire cross-section. The modified
transformer is shown in Figure 1.

2.2. Control unit
Although the equipment was primarily designed
to meet hobby needs, especially spot welding of
battery cells to one another, it is still very important to control the welding process properly. To
ensure the adjustability of the welding current
and the welding time, a control circuit was designed [9, 10]. The current applied during welding works on the principle of phase splitting [11,
12], and the change of the welding time is realized by means of an integrated timing circuit [13].
The control panel shown in Figure 2 was made
by laminating the electric circuits onto a board
that was later chemical etched. At the end of the
manufacturing process, the electric components
were installed by soldering.

Figure 1. Modified transformer with the new secondary coil.

Figure 2. The control unit.
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2.3. Cladding elements and peripherals

In order to use the equipment safely, an ergonomic machine housing and safety accessories
had to be designed. The plates used for the cover were also recycled from an old refrigerator.
The machine includes a footswitch which turns
on and off the machine without using hands.
The electrode holders were given an additional
rubber cover to protect against electric shock.
The electrode pressure required for welding was
manually provided by pressing the electrodes on
the surface of the overlapping plate parts. The
completed spot welder is shown in Figure 3.

3. Testing and quality control
Testing is a very important aspect of product
development. The requirements always had to
be checked to see that they were fulfilled. To test
a spot-welding machine the welded joints it produces must be examined. There are several methods for testing spot welded joints [14], of which
shear-tensile testing has been performed to qualify spot welds.
The specimens were formed by overlapping
S235JR steel plates of 0.1 mm, 0.2 mm, and
0.3 mm thickness. The welding times were set to
0.5 s, 1 s and 3 s, while the maximum current of
the equipment was used. From the plate thickness - welding time pairs thus determined, 10 - 10
test welds were performed as shown in Figure 4.
When placing the spot welds, care must be taken to minimize unwanted torsional stresses and
their effects [9].
Qualification was performed qualitatively by
macroscopic examination of the rupture site of
the specimens. The tensile test was performed
at a rate of 2 mm/min. Based on these, the equip-

Figure 3. The finished spot-welding machine with
work, electrodes, and foot switch.
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Figure 5. Aroken 0.2 mm thick specimen after testing.

Figure 4. Spot welding of test specimens for shear-tensile testing.

ment successfully welded the 0.1 mm plates in
88 %, the 0.2 mm plates in 77 %, and the 0.3 mm
plates in 0 %, excluding specimens, where the entire cross-section of the plates could not melt. The
condition for the suitability of the welding was
that the spot welds were torn from the base material under the effect of the load (Figure 5).
The next stage of testing was to create joints capable of connecting battery parts. Most batteries
in machines and laptops are made from battery
cells, they are installed in the form of battery
packs, which in 99.97 % of the cases are connected to one another with pure nickel tapes.
Using the created spot-welding machine, I battery packs consisting of Ni-Cd and Li-ion cells
were successfully created without cell failure
[15]. Thus, the problem that gave rise to the basic
idea was successfully solved (Figure 6).

4. Conclusions
There are many opportunities to recycle often
hazardous electronic waste generated by households in cases where it has been properly collected and disposed of. The spot welder presented
here is a possible solution for this. It should be
emphasized, however, that without proper professional knowledge and tools, construction can
be cumbersome or even dangerous. The created
device is suitable for connecting battery cells with
spot-welded joints between overlapping steel
plates up to 0.2 mm. Although the cost of manufacturing this machine was minimal compared to
a similar piece of equipment available commercially, due to the recycled parts, other costs may
be incurred at industrial production levels. During the design process we tried to ensure maintainability in a modern way.

Figure 6. Ni-Cd battery pack bonded with the presented
spot-welding machine.
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