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Introduction
The process of automation in the industry began 60 years ago, 

with the use of first-generation industrial robots. Robots replaced 
people in performing jobs that are difficult and dangerous to their 
health. At first it was rigid and non-flexible automation, because 
if we needed the production of another product in the same 
production process it was necessary to reprogram every robot with 
its acceptors, change tools, etc., which required a production delay 
that lasted for a long time, causing additional costs in production. 
The presence of industrial robots is still the largest in the welding 
process of the automotive industry, but other branches of the 
industry are not lagging behind in increasing the use of industrial 
robots. Industrial robots are ideal for jobs that are considered 
difficult and unsuitable for people and jobs that are dangerous 
to their health, and these are precisely the tasks of the welding 
process. We constantly experience technological improvements in 
the flexibility, accuracy, security and simplification of the use of 
industrial robots [1-23]. The welding process itself is mostly used 
in the automotive industry for welding the vehicle body, where 
high precision is required. Industrial robots are used for Arc 
welding, Spot welding, Laser welding, Soldering and other types 
of welding. The paper analyzes the application of industrial robots 
in welding processes, both in the world and in the technologically 
developed countries where the automotive industry is developed.

 
Application of Industrial Robots in the World and in 
Countries of China, Japan, USA and Germany 

In order to get the actual insight in the application of industrial 
robots in welding processes in the world and countries of China, 
Japan, USA and Germany, it is necessary to conduct an analysis of 
the application of industrial robots in all production processes of 
all industrial branches. For this analysis, we used the statistical 
data downloaded from The International Federation of Robotics 
(IFR), the UN Economic Commission for Europe (UNECE) and 
the Organization for Economic Co-operation and Development 
(OECD), as shown in the following figures [24-31,18].

Figure 1ab depicts the application of industrial robots in 
all production processes in the world on annual level. Based 
on Figure 1a we can conclude that the application is increasing 
every year and that with 60.011 units of robots in 2009, the 
application increased to 259.000 robot units in only seven years, 
which represents a four time increase in seven years. Similarly, 
the overall trend of industrial robot application is growing, as 
shown in Figure 1b, so that with around 1,020,731 robot units in 
2009, in just seven years it increased to 1,828,024 industrial robot 
units. The conclusion is that the application of industrial robots 
in the world is increasing, and the expectation is that this trend 
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will continue in the future, due to the fact that we are currently 
in the fourth industrial revolution whose implementation would 
be impossible without the use of industrial robots. In order to 
get the actual overview of the application of industrial robots 
in welding processes, we have conducted an analysis of the use 
of industrial robots in countries with the developed automotive 

industry, and the reason is that most industrial robots are applied 
in the automotive manufacturing processes. An analysis of the use 
of industrial robots in the following four countries was conducted: 
China, Japan, USA and Germany. The application is shown in Figure 
2 [24-31]. 

Figure 1ab: Application of industrial robots in the world for the period 2009-2016.

Figure 2: Application of industrial robots in countries of China, Japan, USA and Germany in the period 2010-2016.

The analysis of the application of industrial robots in countries 
such as China, Japan, USA and Germany, as shown in Figure 2, 
has shown that by 2012, the sequence of robot application was 
as follows: Japan in the first place, followed by China, USA and 
Germany. Since 2013 there has been a change in the first place. 
China has been increasing the use of industrial robots every year, 
so that in 2016 it reached the application of 87,000 robot units. 

The second place is held Japan, followed by USA and Germany. 
In the last four years there has been a slight increase in the use 
of industrial robots in Japan, USA and Germany. The reason 
for the enormous increase of use of industrial robots lies in the 
implementation of the strategy entitled “Made in China 2025” 
by the Chinese Government, which aims to make China the most 
technologically developed country in the world. 
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Application of industrial robots in the welding pro-
duction processes 

The welding process itself creates gases that are dangerous to 
the health of workers who carry them out, so robots are installed in 
welding processes, thus protecting workers from tasks dangerous 
to their health (e.g. painting process). In the automotive industry, 
there are two welding methods, spot welding and arc welding, 
where industrial robots are mostly used. In order to obtain the 
real illustration of the automation of these jobs in the world, we 
need to conduct an analysis of the application of industrial robots 
in the welding processes. The application of industrial robots in 
welding processes is shown in Figure 3 and statistical data for the 
tendency of representation of industrial robots were taken from 
the literature [1,4,6,25-32].

As we can see in Figure 3, the tendency of industrial robot 
representation in welding processes in the world is growing in 
the period 2010-2016, disregarding slight deviations in 2012. In 
2016 about 65.000 industrial robot units were used in the welding 
processes. Compared to the total use of industrial robots in the 
world in the same year, it can be seen that the representation 
in welding processes is 25 %, representing one quarter of used 
industrial robots in all processes worldwide. The first place by 
the presence of industrial robots in welding processes is held 

by Asia/Australia with growing tendency each year. In 2016 
about 41.400 industrial robot units were used in Asia/Australia, 
representing 2/3 of the total industrial robot representation in 
welding processes in the world. In the period from 2010 to 2016 
the continent of Asia/Australia has increased the representation 
of robots in welding processes with total 23.000 robotic units, 
i.e. almost 100 %. Representation of industrial robots in welding 
processes is far behind on the continents of America and Europe, 
while the continent of Africa was eliminated in this analysis due 
to the fact that the representation is negligible in relation to other 
three continents. The representation of industrial robots in welding 
processes in the North America can be considered as constant 
each year, and in 2016 it was about 13.154 industrial robot units. 
On the continent of Europe, the illustration of industrial robot 
representation in welding processes is somewhat different, as the 
industrial robots’ representation in 2010 and 2011 was higher 
than in the last five years. It can be said that the representation 
is constant from year to year (period 2012-2016), and in 2016 
there were about 8.186 robot units. Therefore, we can conclude 
that the increasing tendency of industrial robot application 
in welding processes is to be expected, when compared to the 
overall tendency of industrial robot application on the continents, 
as shown in Figure 2, and the application of industrial robots by 
countries, as illustrated in Figure 3.

Figure 3: Application of industrial robots in the welding process worldwide and on the continents of Asia/Australia, Europe and North 
America and the application of robots in the automotive industry for the period 2010-2016.

The reason for this conclusion lies in the fact that China, 
which is located on the continent of Asia/Australia, is the country 
with the largest representation of industrial robots in the world, 
with a tendency of increasing application in the following years. 
Higher number of industrial robots is installed in the automotive 
industry where welding processes are represented [24,32,33,17-

23]. In order to obtain the actual illustration of the tendency of 
the representation of industrial robots in automotive industry 
and number of industrial robots installed in welding production 
processes, we have conducted an analysis of welding, Spot welding 
and Arc welding in the period 2010-2016, as shown in Figure 4 
[7,24-31].
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Based on the tendency of application of industrial robots in 
welding and two welding processes, Arc welding process and 
Spot-welding process, in the period 2010-2016, as shown in 
Figure 4, we can conclude that Spot welding is in the first place 
in the world by the use of robots, in relation to the Arc welding 
process. In the last three years, the application of robots in Spot 
welding process is far greater than the application in Arc welding 
process. The reason for this difference lies in the fact that the 
production of vehicles in the world is increasing each year, where 
the process of Spot-welding process is mostly used in bodywork 
production. This is especially noticeable in China, which holds 
the first place in the vehicle production in the world, and in 
the application of industrial robots installed in the automotive 
industry. Approximately 34,056 robot units were applied in Spot 
welding in 2016, and about 24,415 units of robots in the Arc 
welding process. In order to obtain a ratio of representation of 

industrial robots in all welding processes in the world, we have 
analyzed the percentage of the use of industrial robots in 2016, as 
shown in Figure 5 [24].

As Figure 4 shows in 2016, around 65,000 units of industrial 
robots are used in all welding processes around the world. Based 
on the Figure 5 we see that the first place in the application of 
industrial robots is held by the Spot-welding process with about 
52%, which represents more than half of the industrial robots 
applied in all welding processes. Arc welding process is in the 
second place with about 39% and the last is the Laser welding 
process with about 1% of the applied robots. We conclude that 
the most industrial robots are installed in the Spot welding and 
Arc welding processes. An analysis of the representation of 
industrial robots in these two welding processes in the continents 
of America, Asia and Europe and Germany is shown in Figure 6 
[5,24-31].

Figure 4: Application of industrial robots in two welding processes: Arc welding and Spot welding for the period 2010-2016 [7,16-23].

Figure 5: Application of industrial robots in all welding processes in the world for 2016, expressed in percentage [16].

The analysis of the representation of industrial robots in the 
Arc welding by continents (Figure 6a) indicates that the continent 
of Asia/Australia is the first place in the world with increasing 
tendency of representation. In 2016 there were about 16.805 
industrial robot units applied in Asia/Australia, which is about 
four times more robot used than in Europe or North America in 
the same year. The second place is held by Europe with much 

smaller representation than Asia/Australia and a slight annual 
increasing tendency, which in 2016 amounted to 4.349 industrial 
robot units. The third place is held by North America with similar 
mild annual growth, which in 2016 reached 4.074 industrial robot 
units. The illustration of the representation of industrial robots 
in the process of Spot welding is different in comparison to Arc 
welding, as shown in Figure 6b).
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Figure 6: Application of industrial robots in Arc welding and Spot welding in countries: China, USA, Japan and Germany for the period 
2010-2016.

Figure 7: Application of industrial robots in Arc welding and Spot welding in countries of China, USA, Japan and Germany for the period 
2010-2016.
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We can see that the sudden tendency of annual increase of 
application of industrial robots in Asia/Australia in 2016 reached 
about 20.621 robot units, which is extremely high in relation to 
other countries when it comes to industrial robots and vehicle 
production. This is a consequence of Chinese technological 
development strategy named “Made in China 2025”. The second 
place is held by North America with increasing representation 
of industrial robots in the Spot-welding process, that in 2016 
amounted to about 8.932 industrial robot units, which is two 
times more than in Arc welding process. Europe is in the third 
place with the declining tendency of representation of industrial 
robots in the Spot-welding process, which in 2016 reached 1.564 
industrial robot units. The reason for this reduced representation 
of industrial robots in Spot welding process are manifold, one of 
which being that the automotive companies are transferring their 
production processes outside of Europe. The representation of 
industrial robots in Arc welding and Spot-welding processes in the 
countries of China, USA, Japan and Germany is shown in Figure 7. 
[4,9,12-14,25-31]. 

Figure 7ab gives an overview of the application of industrial 
robots in Arc welding process and Spot-welding process in four 
countries with the developed automotive industry: China, USA, 
Japan and Germany. Based on Figure 7a, we can conclude that the 
first place in the use of robots in the Arc welding process is China, 
which in 2016 used about 8.088 robot units in this process. The 
second place is held by the USA, followed by Japan and Germany. 
This tendency is expected because China holds the first place in the 
world in the application of industrial robots. Unlike the Arc welding 
process, more robots are applied in the Spot-welding process as 
shown in Figure7b. Since 2014 China has been the world’s first in 
the use of industrial robots in welding processes; Arc welding and 
Spot welding, which is logical since it is the world’s first vehicle 
manufacturer (in 2016 it produced around 28 million vehicles 
[31]). The second place is held by the USA, followed by Japan and 
Germany, which in 2016 applied only about 673 robot units in the 
Spot-welding process. In 2016, Japan produced about 13 million 
vehicles, and Germany produced about 6 million vehicles in the 
same year. Such a trend in the application of industrial robots in 
the Spot-welding process in Japan and Germany is due to the fact 
that the two countries have shifted the production of vehicles to 
other countries in the world, so that industrial robots are applied 
in these countries (e.g. Czechoslovakia).

Conclusion
After the analysis of the application of industrial robots in 

the welding processes in the world, we can conclude that robots 
are most commonly used in two welding processes: Spot welding 
process and Arc welding process. These two processes are most 
used in the production of bodywork in the automotive industry, 
so that the leading countries in the application of industrial robots 
in welding processes are the ones where vehicles are mostly 
produced. The first place in the application of industrial robots in 
the welding process is held by Asia, and the reason is that Asia 
produces the most vehicles in the world. In regard to countries, 

the first place in the application of industrial robots in welding 
processes is held by China. The first reason is that China is the 
world’s first vehicle producer, and the second being that China 
is pursuing a government strategy called “Made in China 2025”, 
which aims to position China as the first technologically developed 
country in the world by 2025. In relation to the welding process, 
the first place in the application of industrial robots in the world 
is held by the Spot-welding process, because this process is mostly 
used in the production of vehicle bodywork. It is expected that the 
use of industrial robots will increase in welding processes in the 
coming years.
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