
Schweißen und Schneiden 78 (2026) Heft 4 59

WELDING & CUTTING | NEWS

“AI is transforming the field of robotics 
at a rapid pace,” says Takayuki Ito, 
President of the International Federa-
tion of Robotics (IFR). “Integrating AI 
into robotics enhances capabilities, in-
creases efficiency and improves adapt-
ability. This development is transform-
ing AI from a supporting technology 
into a powerful enabler, opening the 
door to wider robot adoption across in-
dustries.”

Industries at the forefront

There are currently several key sectors 
leading the way in integrating AI and 
robotics: 
 ▪ Logistics and warehousing are fre-
quently cited as the leading domain. 
This is driven by high demand, availa-
ble investment and relatively con-
trolled environments. Fields of adop-
tion include logistics, warehousing and 
intralogistics as well as the broader 
supply chain. This sector attracts atten-
tion for its resilience and growth po-
tential. 
 ▪ The manufacturing and industrial au-
tomation sector is a focal point for in-
vestment: As companies seek to 
streamline operations and enhance 
output quality, AI and robotics are 

playing an increasingly central role in 
modern manufacturing strategies. The 
sector is spanning a broad array of in-
dustries. This includes automotive, 
electronics and the general industries 
like pharma. This category encompass-
es high-skill production processes, fac-
tory automation systems and precision 
assembly tasks.
 ▪ The service sector is among the leading 
customers adopting AI and robotics. 
AI is supporting human-robot interac-
tion, allowing for example a natural 
communication and increasing the us-
ability and personalization of the ro-
bots. This trend is driven by rising 
costs and a shortage of workers, par-
ticularly in post-pandemic markets, 
where recruitment has lagged demand. 
The future lies in hybrid models where 
robots handle repetitive tasks and hu-
mans deliver the personal touch.

New vision for AI in robotics

Robot and chip manufacturers recently 
are investing in dedicated hardware and 
software that simulate real-world envi-
ronments. This so-called Physical AI al-
lows robots to train themselves in virtual 
environments and operate by experience, 
rather than programming. The excite-

ment about embodied AI has drawn at-
tention from major tech players and 
governments around the world: 
 ▪ In the United States, companies like 
Amazon, Tesla and Nvidia have an-
nounced record-breaking investments. 
Venture capital is pouring into a grow-
ing ecosystem of startups focused on 
specialized robot applications.
 ▪ In Europe, ABB announced it had 
signed an agreement to divest its ro-
botics division to Japan’s SoftBank 
Group, combining ABB Robotics’ with 
SoftBank’s capabilities in AI.
 ▪ China’s Ministry of Industry and In-
formation Technology (MIIT) an-
nounced a dedicated action plan to ac-
celerate embodied AI, positioning it as 
“future industry” critical to China’s 
economic transformation.

Outlook

Over the next five to ten years, AI is ex-
pected to be widely adopted in various 
robotics applications. Because AI increas-
es efficiency, reduces errors and mainte-
nance costs, companies often see a 
quicker return on investment (ROI) com-
pared to non-AI systems.

IFR – International Federation of Robotics 

AI in Robotics: From Supporting Technology to 
Powerful Enabler
A new generation of AI-powered robots moving from research labs into the real world is fueled by AI tech companies and 
analysts forecasting a multitrillion-dollar market. The vision is to give artificial intelligence (AI) its own robot body. What 
are the trends, challenges and commercial applications of AI in robotics?
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I well remember a lesson during a semi-
nar at an SLV (Welding Institute in Ger-
meny) in which the lecturer asked us 
why we need welding machines at all 
and cannot just take the welding power 
directly from the mains network. Admit-
tedly, a somewhat provocative question 
put to future welding engineers, but it 
helps to clarify some basic facts about 
welding. There are several answers to 
this question:
 ▪ Everyone who works with electrical 
energy knows that voltages from a 
certain magnitude upwards can be 
dangerous or even lethal for humans. 
Ohm’s law tells us that the voltage U 
drives a current I through an electric 
resistance R, I = U/R. The human body 
also functions as a resistance: all mus-
cles are controlled by small electric 
currents. Now, if a current flows 
through the body, the muscles will 
cramp and the heart, which is also a 
muscle, may get out of step. For this, 
Voltages of more than about 50 V are 
therefore generally considered danger-
ous.
 ▪ But more important, when we just 
concentrate on welding technology, is 
the fact that in many welding process-
es based on the flow of currents, 
short-circuits occur as part of the pro-
cess. A short-circuit represents an ex-
tremely low resistance leading to cor-
respondingly high currents. Therefore, 
normal power supply circuits are 
equipped with fuses which reliably in-
terrupt the circuit in the event of exces-
sive currents. But this is something we 
cannot tolerate in welding. 
 ▪ In welding, we need an option to vary 
the current strength, which, together 
with the arc voltage, delivers the weld-
ing power. This means, we need a 
source of welding current which is able 

to transform the mains current as 
needed.

From transformer to inverter

The simplest type of welding machine is 
a transformer. The mains voltage of, say, 
400 V (primary side) is transformed to 
less than 100 V (secondary side). The 
transformer is designed to be so “soft”, 
that the short-circuits on the secondary 
side have only a very weak effect on the 
primary side, and so the fuse on the 
mains power supply side is not triggered 
in normal operation. Tapping of the pow-
er supply provides the welder with dif-
ferent secondary voltages, which gener-
ate the corresponding currents.

Today, this type of welding equipment is 
no longer found in manufacturing or as-
sembly work. The lower the output volt-
age, the more difficult it becomes to ig-
nite an arc. Moreover, the arc goes out 
and must be re-ignited with every zero 
crossing of the current. This cannot be 
achieved with all types of electrodes; 
many can only be welded with DC volt-
age.

So, the next step in development was the 
use of rectifiers. Direct current can be 
generated either by a rotating converter 
or via rectifier cells. Rotating converters 
have excellent welding properties and 
can be set precisely, but they are large 
and expensive. They are also no longer 
being used in practice. Fixed rectifiers 
behind a transformer with taps, at first 
with selenium cells and later with silicon 
cells, have disappeared from the industry 
as well.

The introduction of power electronics 
during the 1980s triggered the trium-
phant advance of thyristor-controlled 
welding equipment. A thyristor is a 
semi-conductor switch, which can be 
“ignited”, i.e. made conductive, at any 
point in time during the flow of current.

As soon as the flow of current stops, it 
locks again automatically. It lets alternat-
ing current pass in only one direction 
(rectifier effect). That has made it into a 
popular actuating unit for controlling the 
welding current. Several thyristors work-
ing together cannot only form a three-
phase rectifier, but simultaneously 
change the average current by “phase 
gating”, i.e. ignition of the thyristor at a 
certain angle of the phase. At a 0° ignition 
angle, the full current will flow, and none 
at all at 180°. In Fig. 1, the output current 
ripple of 300 Hz can be clearly seen (op-
erating frequency for rectification of the 
three-phase current), which is low at 
maximum current, but becomes more 
and more pronounced with weaker cur-
rents. A choke to keep the current flow 
steady during the “breaks” is required to 

 Development over the Years

Stud Welding Technology: The Leading Edge in 
Efficiency and Sustainability
Inverter technology has led to fundamental improvements in stud welding: it enables fast, precise current regulation, is 
significantly more energy-efficient and the appliances are more compact and lighter than transformer devices with thyristor 
control. Lower material consumption, less cooling requirement and reduced power consumption contribute to sustainability. 
Inverter technology offers reliable results even at short welding times – ideal for flexible modern applications.

Fig. 1: Rectifier effect in thyristor-controlled welding 
equipment (© Trillmich)
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keep the arc reasonably stable. But the 
current pulsates clearly, especially when 
welding in the lower output range of 
such a welding machine model. 

High-performance transistors brought 
about a breakthrough in welding tech-
nology. A transistor is a switch which 
cannot only be turned on at any time but 
also be locked again whenever required 
– a classic switch. In mains-powered 
technology, a transistor would not be of 
any advantage – its advantages only 
come into play at higher frequencies.

But how can we generate a much higher 
frequency from the mains voltage of 50 
Hz and the DC current we need for weld-
ing as well? Fig. 2 shows the principle. 
First, the mains voltage is changed into 
DC current by a reversed rectifier, which 
converts 400 V input voltage into a DC 
voltage of about 560 V. But that voltage 
cannot be used for welding; here we 
need substantially lower values. Yet it is 
not possible to transform DC voltage 
with an iron/copper transformer. So, we 
turn the DC voltage back into alternating 
voltage, but thanks to the fast transistors 

(known as IGBTs – Insulated-Gate Bipo-
lar Transistors) with a much higher fre-
quency. In drawn-arc welding technolo-
gy, frequencies in the double-digit kHz 
range are normal.

Fig. 3 shows the transistors as switches, 
the direction of the current changes from 
the left to the right of the diagram and 
vice versa. We then transform this alter-
nating current of, say, 20 kHz frequency 
to the required low welding voltage. It is 
well known that the size of a transformer 
sinks drastically with the frequency, so 
inverter welding machines are much 
smaller and lighter than the old thyristor 
machines.

To alter the amperage of the welding cur-
rent, the principle of phase angle control 
is applied here once more. Now, the rip-
ples and gaps are virtually no longer no-
ticeable at low currents, but in drawn arc 
welding technology and in resistance 
welding, too, inverter technology is clear-
ly dominant due to its advantageous 
properties – with negligible limitations.

The leading edge in stud welding 

Let’s now turn to stud welding technolo-
gy. Here, inverters came onto the market 
considerably later than in MIG/MAG-, 
TIG- or manual arc stud welding. Why 
was this so? For stud welding, signifi-
cantly higher currents are required than 
for the processes just mentioned; at the 
beginning, suitable fast transistors were 
not available. But this has definitely 
changed over the last few years. Right up 
to the highest performance class, welding 
of size 25 shear connectors, users now 
have inverter stud welding equipment at 
their disposal.

Why does the inverter clearly have the 
leading edge particularly in stud weld-
ing? There are many reasons, some of 
which become clear in a process se-
quence, such as is shown by comparing a 
thyristor machine (Fig. 4) with an invert-
er model (Fig. 5). With the short-pre-set 
welding time of 100 ms, the thyristor 
power source takes about half the weld-
ing time to reach the target value of the 
current. The shorter the set welding time, 
the more the effective current deviates 
from the preset current.

Fig. 3: This diagram shows how, with the fast switches (depicted schematically), an alternating voltage is 
generated from the DC voltage. On the left picture, the current flows from left to right through the primary 
coil and on the right picture in the opposite direction. By this alteration of the current flow, a secondary 
voltage determined by the winding ratio is generated, which can then be rectified by the two diodes and 
subsequently used for welding. (© Trillmich)

Fig. 2: Basic circuit diagram of an inverter power source with three-phase input, rectifier-DC link and 
MOSFET semiconductors as fast switches, which send the current in changing directions and with higher 
frequency through the primary winding of the output transformer; renewed rectification and smoothing 
behind the secondary winding. (© Trillmich)
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By contrast, the inverter already reaches 
the target value after about 10 ms. This is 
why especially short cycle welding of 
small-diameter studs on thin metal sheets 
can be accomplished without much trial 
and error. A large inverter stud welding 
appliance is ideally suited for all process 
variants of draw-arc stud welding and all 
diameters from 3 to 25 mm. As is shown 
in Figs. 6 and 7, both current and voltage 
come with significantly lower ripples. 

Comparison of transistor and 
thyristor technologies

Table 1 compares the attributes of tran-
sistor and thyristor technologies. Let us 
take a look at the details:

 ▪ An inverter appliance is easy to trans-
port, in most cases inside a station 
wagon, and it can often be loaded and 
unloaded by hand. For a thyristor 
model, at least a delivery van is re-
quired. Loading and unloading it can 
only be done with a forklift or crane. 
 ▪ A thyristor appliance contains many 
valuable raw materials such as cop-
per and transformer sheets, which 
make up most of its mass. Its ecolog-
ical footprint is considerably larger 
than that of an inverter. The Eco De-
sign Regulation of the EU (2019/1784) 
requires from welding systems a 
high degree of efficiency, which can-
not be achieved with transformers. 
Currently, stud welding appliances 
are still excluded from this rule, but 

for how much longer will that be the 
case? 
 ▪ For welding size 25 shear connectors, 
an inverter can also be operated with a 
small welding sequence from a 63 A 
power connection. A thyristor machine 
cannot: it requires at least 80 A, which 
means a 125 A socket. Large companies 
do have 63 A sockets, but 125 A sockets 
are rare and expensive. Therefore, a 
thyristor appliance can hardly be used 
at changing workplaces.
 ▪ Inverter appliances convert considera-
bly more of the input energy into 
welding output than thyristor ma-
chines. The losses are caused by the 
large, heavy transformer.
 ▪ Since thyristor appliances can only ad-
just the current step by step in line 
with the mains frequency, they either 
fail to reach the target value during 
short welding times (current regula-
tion “from below”), or they “over-
shoot” it (current regulation “from 
above”). Welding of small studs in re-
lation to the maximum performance is 
very difficult, and welding of relatively 
thick studs on thin metal sheets as 
well. But these are tasks which an in-
verter can handle without any trouble.
 ▪ Today, especially the operating ex-
penses for an appliance are an impor-
tant factor. The transformer of a large 
stud welding appliance already has a 
power loss of more than 1 kVA just in 
idling, the equally strong inverter only 
about 0.2 kVA.
 ▪ Inverters are able to run an electric 
program parallel to the welding pro-
cess, such as making a low current 
flow for a selectable time to clean 
slightly contaminated surfaces. A re-
duction of current at the end of the 
welding process is also possible, or 
other variations according to the user’s 
requirements.
 ▪ An inverter does not cause any noise 
apart from the ventilator, which is 
mostly thermostat-controlled. By con-
trast, a large mains power transformer 
significantly contributes to noise pollu-
tion. Its sheet metal housing may am-
plify its 50-Hz humming noise rather 
unpleasantly.
 ▪ Every welding machine needs a cool-
ing system. A transformer needs more 
than an inverter, the air from the venti-
lator flows directly round the trans-
former coils, dirt accumulates and may 

Fig. 4: Stud welding with a thyristor power source: during a welding time of 100 ms, the power source takes 
about half of that welding time to reach the target current value of 1,920 A. (© Trillmich)

Fig. 5: Stud welding with an inverter power source: The inverter already reaches the target current of 1,950 A 
after about 10 ms. (© Trillmich)
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Fig. 7: Stud welding with an inverter power source: at 100 A target value, the oscillation amplitude is about  
8 A. (© Trillmich)

lead to destruction of the insulation. In 
inverters, the switching components 
are mounted on cooling elements, only 
those are exposed to the air flow.
 ▪ Inverters manufactured by Bolte are 
equipped with a wide-range power 
supply unit with input voltages rang-
ing from 320 to 495 V. With thyristor 
appliances, only specific voltage levels 
via transformer tapping are possible.
 ▪ Several small Bolte inverters can be 
combined with each other into a large 
power source (a power package).
 ▪ The inverter burdens the source of en-
ergy considerably less than a thyristor 
machine. With generator operation (on 
building sites), a smaller size is often 
sufficient for the inverter.

All in all, there is no reason for consider-
ing obsolete thyristor technology when 
purchasing a new stud welding appli-
ance. You can see this for yourself in a 
live demonstration or, alternatively, by 
an extended test series with a Bolte in-
verter on the premises of your own com-
pany.  

Table 1: At a glance: comparison between transistor and thyristor technology (© Trillmich)

Fig. 6: Stud welding with a thyristor power source: with a target value of 300 A, the oscillation amplitude is 
about 230 A. (© Trillmich)
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