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Abstract - This article describes the most important aspects of
the design, manufacture and operation of microcontroller-
controlled spot welding machines, with a particular focus on the
application and benefits of recyclable components. The study
presents the electrical and mechanical parameters of the
equipment, as well as the operation of the electrical control
electronics and regulators, as well as the process of regulation.
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l. INTRODUCTION

Welding is a bond that can be dissolved by destruction
where many factors influence quality, ¢ would like to mention
only a few of the most important ones: for example, the
composition of the material to be welded, its thickness, the
design of the electrode. On the electrical side, the voltage (U)
and current (A) of the welder. Knowledge of the listed
characteristics is essential for the formation of a high-quality
and durable welding joint.

Il.  BASICS IN RELATION TO A WELD

A. Spot welding

Spot welding is a type of resistance welding [1] and its
process may consist of the following steps. The workpiece is
held between two electrodes with a very high current, without
protective gas and other auxiliary substances, carried out only
with the help of clamping force. In this way, they ensure
adequate transition resistance and avoid unnecessary arcing.
The current flowing between the affected points causes the
metal to glow up and form some level of bonding. In terms of
size and design, there are many different types and types, from
DIY ones that are easy to use and no bigger than a shoebox to
serious industrial machines, which are already human-sized
equipment with serious cooling and control units. It is
important to know what and how you want to use the welder,
so the main parameters should always be taken into account
before buying or building a machine. How many pieces, how
thick, how large workpieces we want to weld with it, from
these data we can determine the approximate size and required
performance of the machine [2].

B. Specifications and steps to build

The planned equipment was produced in smaller series and
was designed to produce several different metal parts in size,
all parts were designed accordingly. A block diagram of the
equipment can be found in Fig. 1.
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Figure 1: System design

The main steps of construction:

-Dismantling the winding of the transformer to be reused
and making a new one

-Enclosure design
-Construction of electrode support and clamping device

-Preparation  and control and

measurement system

programming  of

I1l. HARDWARE AND SOFTWARE IMPLEMENTATION

In the following chapter, it can be find a more detailed
description of the preparation of certain parts of the equipment
and some of the defects that have occurred during production,
and how to repair them. The description has been divided into
two parts, the hardware solutions and the software
implementation, due to the order of construction, the control
electronics are also detailed here.



A. The hardware

The basic data of the transformer used DAY KIN TS4981
is the primary and secondary voltage is 400/230V and the
power is 1500VA. After the resistance measurements made, it
can be determined that the outer winding is 400V and the inner
winding is 230V. Then the outer winding had to be
dismantled, due to the strong varnishing and impregnation,
this had to be done with special care not to damage the
secondary winding, which was kept in its original state. After
idle and load measurements, the following data can be
measured on the completed transformer.

Idle voltages U1=236V, U2=4.7V
Load currents 11=17.8A, 12=889A,

where U1 and I1 are the primary electrical parameters of the
transformer, U2 and 12 are the secondary electrical parameters
of the transformer.

The gear ratio is calculated: a=U1/U2 =50.2 a=12/11=49.9
after the calculations the gear ratio of the transformer a~50
There is about 1% error in the calculations due to the
inaccuracy of the instruments used.

The next step is the preparation of the frame, for this a
20x20 mm ITEM aluminum profile was used from out-of-
plant production machines (Fig. 2.). The goal was to create a
protective cover and support structure that is able to withstand
mechanical stress and ensure safe use.

When making the electrode support structure and the
clamping mechanism, several aspects had to be taken into
account. The size of the workpiece determines the length of
the clampers. And welding technology gives the type and
design of electrodes. The finished clamping device is suitable
for welding a workpiece up to 25 cm long. And for the
clamping arm, a simple spring mechanism was made. For the
electrodes, the available 8 mm diameter piece of bronze was
used, with an M6 thread on the bottom 7 mm and M8 thread
on the rest to properly secure the terminals. For these, a
supporting structure had to be made, which was first solved
with rail bollards. During testing, after the seventh weld, the
holder melted and the electrode fell out. Alternatively, textile
bakelite was used, it insulates heat-resistant and tolerates
mechanical stresses well (Fig. 3.), after which the only limits
of long-term use were the heating of the equipment, to avoid
which a cooling fan was installed, which was later controlled.

Figure 2: The finished equipment
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3. Figure Thermal image of the electrodes after welding

B. Software & Control

A microcontroller has been selected to control the device
[3], this type has sufficient digital and analog inputs and
outputs to perform control tasks properly. For communication
with the user, a 16x2 line LCD display has been installed.

The main steps of control:
e current measurement
e temperature measurement
e welding current control
e welding duration control

Among several options for current measurement, a hall
sensor current measuring module [4] was selected and
installed on the primary side of the transformer (see on Fig.
4.), the reason for this was to detect current changes with as
little delay as possible. For temperature measurement, a
DS18B20 type component was selected, which facilitates the
programming part and the result is obtained in degrees Celsius

(5]

The data in Table I. shows welding temperature results of
3 seconds in every 30 seconds.
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4. Figure Temperature change of coils and



TABLE I TRANSFORMER TEMPERATURE CHANGE

1. Welding 15°C
2. Welding 19°C
3. Welding 24°C
4. Welding 26°C
5. Welding 35°C
6. Welding 41°C
7. Welding 49°C
8. Welding 53°C
9. Welding 55°C
10. Welding 56°C

In the userinterface, a simple potentiometer is used to
select welding options. Welding times are assigned to
resistance values in the program to ensure that the material
does not burn through, but still creates a durable bond.

Frequent use of equipment containing transformers creates
a lot of disturbance and noise in the network (Fig. 5.), in order
to reduce this, a mains filter has been installed and so that the
disturbance at startup is not too great (Fig. 6.), so the
transformer is continuously pre-excited through a resistor after
switching on, when welding starts and the current increases,
then with the SSR2 solid-state relay, the resistance will be
discharged and the current will flow through the relay.
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Figure 6: Noise spectrum after filtering

Description of the operation of the program can be follow
at Fig. 7. At start-up, it is checked under one condition whether
this is the first start, and with it current measurement is also
performed, excluding the device from starting with burnt
electrodes, if current does occur, it turns off the SSR1 relay
and writes "Shor circuit” on the display.
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Y
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Figure 7: Flowchart of the program

In the next step, temperature measurement is performed to
avoid overheating. if the set value is exceeded, it turns off the
equipment and informs the user "Overheated".

In the third step, the number of welding cycles is checked.
This step was installed because the condition of the electrodes
can deteriorate quickly during high-current welds. After ten
cycles, the operator receives a notification "Controll
electrodes" and then shuts off the device for 30 seconds.

In the final step, the actual welding process is already
started. After turning on the SSR1 relay, a current
measurement is made, and if its value exceeds 2A, the SSR2
relay is turned on for the period that it was scanned from the
potentiometer. See the system architecture in Fig. 8.



uC output 2

-

uCinput uC output 1 SSR2
Tr
e
SSR1 R1

Amp meter
230V AC

Figure 8: Primary side control elements

Similar control solutions can be seen in [6-10]. The
microcontroller-based solutions presented here are also
effective in cutting-edge technological areas [11-15]. These
methodologies are well connecting for higher educational
frameworks [16] and focusing on cutting-edge cybersecurity
education logic [17].

IVV. REUSE OF ELECTRICAL COMPONENTS

The reuse of dismantled, used electrical components can
have a significant positive impact on both economic and
sustainable industrial practices [18]. The following are some
important positive effects.

The possibility of reusing components can reduce costs for
new parts for manufacturers and companies. This can improve
the profitability and competitiveness of companies in the
market. Reuse can reduce the use of raw materials and energy
required to manufacture new parts [19]. In doing so, it can
contribute to the conservation of natural resources and reduce
pressures on the environment.

Businesses dealing with dismantled, reused components
can create jobs in local communities. They can also support
the local economy by providing opportunities for local trade
and services to develop. The use of reused components can
reduce the amount of electronic waste going to landfill, which
can contribute to environmental protection and reduce the
burden on landfills. The need for reuse encourages the
development of new methods and technologies for more
efficient recovery and recycling of components [20]. In doing
S0, it can promote innovation and development in the industry.

Together, these positive effects can contribute to a more
economically sustainable and environmentally friendly
industrial practice, benefiting both companies and society in
the long term. Of course, while the reuse of dismantled, used
electrical components can bring many benefits, it is also
important to mention some potential drawbacks.

The quality and reliability of reused components may
vary. Although some of the parts used still meet the technical
requirements, others may already be outdated or damaged,
which may reduce their performance and reliability [21]. The
use of outdated or damaged components can pose safety risks,
especially in critical applications such as medical devices or
aviation systems. Failure or improper operation of these
components can lead to serious consequences.

Reused components can cause compatibility issues with
new systems or applications. This may be particularly true in
cases where recycled components are not fully compatible
with the technical requirements or interfaces of new systems.

Although reuse can reduce the use of raw materials and
energy to manufacture new parts, recycling processes
themselves can have environmental impacts. For example, the
use of energy and chemicals for reuse processes can increase
environmental pressure.

Reuse may often be limited for certain types of
components, such as components used in complex or
specialised systems for which there is no widespread market
for reuse.

Inaddition, it is important to note that the effects of reusing
dismantled, used electrical components depend on the specific
industry, technologies used, and local regulations. Therefore,
it is important to carefully weigh the pros and cons in each
individual case and take appropriate measures to reduce any
potential risks.

CONCLUSION

Microcontroller-controlled spot welding machines are an
important component of today's industrial processes that
perform precision welding tasks on various materials. In this
study, the design and operational aspects of the equipment
were reviewed, highlighting the possibilities of using
recyclable components.

The equipment operates in accordance with its intended
purpose. The user does not experience any operating
difficulties on it, and the software also works reliably.
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