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Research and expectation on industrial welding robots
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Abstract. In the industrial producing field, the robots are gradually replacing the traditional
manual works and their development is attracting more and more concern due to their great
performance. The welding robot is a kind of typical industrial robot, which has been used in
various fields to gradually replace the manual fields because of the advantages like high accuracy,
persistent work, and fitness for complex environments. As China is transforming into the
industrial powerful country, the demand for industrial welding robots is increasing. It is
important to analyse the current development of welding robots. Through the analysis of the
current situation of China’s industrial welding robot industry, this article will introduce the
concept of industrial welding robots, analyze the market shares of existing welding robots,
summarize the key technologies and conclude the advantages and disadvantages of welding
robots, to forecast the future market development of welding robots. This article may provide a
reference for the development in future.

Keywords: welding robots, seam tracking, multi-robot cooperative control, path planning.

1. Introduction

For the traditional manual welding, it has low efficiency and poor accuracy. Moreover, the manual work
is not only time-consuming and laborious, but also high-intensity. Sometimes the workers even have to
face poisonous and dangerous environments. Recently, the industrial welding robots are gradually being
appreciated and widely used in the industrial producing to replace manual producing due to their
advantages like high accuracy, persistent work, and fitness for complex environments[1]. The welding
robots have already been widely used in industrial producing, especially in the fields that require high
welding accuracy like aerospace, and precise instruments, and are gradually replacing manual welding.
Although China’s industry scale has expanded to the largest one in the world through several years of
development, China is in the period of transferring from high-speed developing into high-quality
developing[2]. China still has gaps between western countries in some high-level manufacturing fields.
With the increasing scale of China’s industry, demands for industrial welding robots will also increase.
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The research of welding robots is linked with the development of advanced mechanical engineering,
fundamental materials, processing technology, electronic control and other fields, which mean
difficulties in research[3]. Therefore, it is of great importance for Chinese industry to analyze the current
developing situation and predict the develop tendency of welding robots.

The article will focus on the development of industrial welding robots. In this article, advantages
between manual and robot welding are compared in detail. The mature technologies are summarized.
And the current welding robots market scale is analyzed. The defects of welding robots are put forward.
This paper may offer a reference for the future development direction of welding robot.

2. Current development status of welding robots

2.1. Outline to welding robots

“Industrial robots” refer to multi-functional programmable manipulators used for transporting
mechanical components or workpieces, or special mechanical devices that can complete various tasks
by changing the program. Nowadays, the application of industrial robots is continuously expanding.
Robots can replace manual labor to complete complex tasks such as assembly, welding, and polishing.
The welding robot is one of the important driving forces for the development of modern industry. At
present, welding robots in China are mainly used in the manufacturing of automobiles and their
components, motorcycles, engineering machinery, and other fields[4].

There are various types of welding robots. From the technical level, they can be classified into the
following 3 generations: the 1st generation of "teaching and reproducing” welding robots, the 2nd
generation of offline programming welding robots based on sensing technology and the 3rd generation
of intelligent welding robot. From the perspective of process methods, welding robots can be classified
into spot welding robots, arc welding robots, friction stir welding robots, laser welding robots and
plasma welding robots; From the perspective of structural form, welding robots can be classified into 4
types: Cartesian coordinate system type, cylindrical coordinate type, spherical coordinate type, and full
joint type; From the perspective of controlled motion mode, welding robots can be classified into 2 types:
point control type and continuous trajectory control type; From the perspective of driving methods,
welding robots can be classified into 3 types: pneumatic drive, hydraulic drive, and electrical drive[5].

Welding robots have attracted worldwide attention for their low cost, high efficiency, high reliability,
and high flexibility in industrial production. Since the birth of the first welding robot, the welding robot
has expanded from the initial spot-welding robot to more than ten welding fields, such as gas metal arc
welding, gas tungsten arc welding, submerged arc welding, friction stir welding, laser welding, plasma
welding, and gas welding. The scope of work has extended from indoor to outdoor, underwater, space,
and polluted environment. Welding robots are gradually liberating welding workers from high fatigue
and high-risk working environments[5].

In recent years, intelligent welding robots have also been widely used in industry. Intelligent welding
robots have sensing systems, such as laser sensors and control devices. Overall, the application of
welding robots is becoming increasingly widespread, and at the same time, the emergence of new
technologies has also driven welding robots to have greater application space.

2.2. Current market size
In the field of welding robots, the proportion of resistance welding robots in the international market is
7.29% in 2020, ranking fifth in the world. Arc welding robots occupy 13.01% of the international market,
ranking third in the world. Laser welding robots have a market share of 21.65% in the international
market and rank second in the world in 2020. In the 10 years from 2010 to 2020, the international market
share of arc welding robots and laser welding robots has increased by more than 10%, while the
international market share of resistance welding robots has hardly changed[6].

From a global perspective, the industrial robot industry belongs to a monopolistic competitive market,
and the price differences of similar products reflect the technological content of the products. In 2018,
the average unit prices of Laser welding robot, arc welding robot and resistance welding robot of
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welding robots exported by China were $630, $190, and $80, respectively. The average unit price of
exports from the United States is $7610, $2360, and $17620, respectively[6]. Compared to the United
States, there is a price difference of more than 10 times in China's exports, especially for laser welding
robots, which is as high as 100 times.

Another issue reflected by the price gap is the characteristic of China's industrial robot industry
crowding out the low-end international market of industrial robots at low prices. Although China is
already at the forefront of the world in terms of international market share, this competitiveness is
achieved by occupying the low-end international market at a low price. There is a significant gap
between the technological content and value of products and industrial robot giants. Therefore,
improving the technological content and value of products, innovating and creating, and upgrading
industries are the future development direction of Chinese robots.

3. Research status of the welding robots

In the automobile industry, welding robot is mainly used in body welding, seat assembly and other
processes. In the electronics manufacturing industry, welding robots are used in spot welding, wire
welding, surface welding and other processes of electronic components. In the whole manufacturing
industry, the welding robot is widely used in welding, cutting torch, coating and other processes.

Welding robots are now becoming more and more intelligent and can realize autonomous control,
learning and collaboration through a variety of sensors such as vision, sound and vibration, and remote
control. In addition, the welding robot is simple to operate. Compared with the previous large welding
robot, there are more and more small lightweight robots with relatively simple operation. These small
robots can quickly replace different welding gun and fixture, improve the efficiency of welding work.
At the same time, technological innovation continues, such as weld tracking technology, remote welding
technology, special arc welding power supply technology.

3.1. Welding seam tracking technology

Welding seam tracking technology is a kind of sensor, vision system and control algorithm technology
to enable the welding robot to automatically identify the position of the weld, shape, length and other
information, combined with a variety of technologies to control the blow torch in real time, among which
the sensor technology is quite a measuring tool, using the sensor real-time perception of various data
which is including welding current, voltage, arc length, welding gun position and other information in
the welding process , and then detect and measure the weld[7].

The visual system is equivalent to human eyes. It obtains weld shape, position and other information
by using cameras, lasers and other equipment, and realizes weld identification, position confirmation
and tracking through image processing algorithm. The control algorithm technology is equivalent to the
human brain. According to the information obtained by the sensor and vision system, the movement,
attitude and speed of welding robot welding gun can be controlled, so as to accurately track the welding
seam and realize automatic control.

Welding seam tracking technology improves the quality of the welding position, greatly reduces the
rate of unqualified products, improve the work efficiency, at the same time in some poor working
environment, can replace the human welding, protect the health and safety of workers, reduce the
production cost of enterprises. Weld tracking technology is widely used in automotive industry,
aerospace, large ship welding and other occasions.

3.2. Multi-robot cooperative control technology

At present, many scholars have put forward a lot of practical and concrete solutions for the treatment
and research of the coordination work of dual-robot, such as using Matlab to build a model for collision
experiment, simulation of 2 coordinated motion modes of dual-robot, collision test of dual-robot system,
reduce the accident rate in practical operations, and plan the motion trajectory during coordinated motion,
make it complete the required coordination action. In terms of coordination control, there are double
robot coordination control system through touch screen and PLC control to complete the coordination
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handling task, as well as multi-robot master-slave coordination motion control system. In the actual
control, multiple coordinated motion robots are divided into active robot and slave robot. The active
robot plans displacement, speed and acceleration according to the actual work needs. The slave robot
determines the corresponding value through the master-slave relation. Mentioned through the use of
PLC technology, realize master and slave control movement, also effectively reduces the error[8]. In the
field of robot welding, a teaching method for the coordination of double robot welding operation and a
method to determine the motion path of the slave robot according to the trajectory of the end of the
active robot are proposed[9].

The key technologies and difficulties of multi-robot cooperation mainly include the following points:

(1) The multi-robot cooperation system should avoid interference, collision and other specific
problems while completing the task planning, and ensure the simultaneous work of multiple robots.

(2) For complex tasks to be completed, due to the low degree of freedom and poor flexibility of some
robots, the selection of some initial positions may not guarantee the correct and effective completion of
tasks among multiple robots.

(3) When multiple welding robots work together, at this time, the robot combine with the workpiece
and the contact between each other produces a force. At this time, how to effectively solve the force and
protect the workpiece without damage has become an important problem.

3.3. Path planning technology

Path planning technology is not only to design a shortest path, but also to plan out an optimal route
according to the specific operation scenario and processing technology requirements[10]. In daily life,
the most common example of this is the robot sweeper. The general steps of path planning are building
the environment, searching, and smoothing. The path planning helps welding robot reduce welding path,
complete welding work efficiently, shorten working time and save working cost. The path planning of
welding robot has 3 key points[11]:

(1) The path planning should consider the practical feasibility, the welding accuracy and the degree
of freedom of the robot;

(2) Optimized welding path planning;

(3) Path planning should avoid collision.

The classification of path planning algorithm is shown in figure 1. At present, the commonly used
path optimization algorithms mainly include grid method and artificial potential field method, but these
traditional algorithms have the defect of low efficiency. Nowadays, more intelligent optimization
algorithms appear, such as ant colony algorithm, genetic algorithm, and neural network algorithm[10].

,~ Dijkstra Algorithm
I, - A* Algorithm
= D* Algorithm

- Artifical Potential Field Method

Path planning algorithm ;x Neural Network Algorithm

+— Ant Colony Optimization

- Genetic Algorithm

~ PRM Algorithm

~ RRT Algorithm

Figure 1. Classification of Path Planning Algorithm.
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4. Conclusion

With the gradual increase of labor costs, many jobs are no longer suitable for manual operation for a
long time, such as welding, grinding, spraying, handling and so on. Industrial welding robot has always
been a hot focus in the field of industrial robot, the scope and depth of robot application is also
considered to be an important reflection of the automation level of the production line. This paper
analyzes the market development of welding robots, compares the advantages of machine welding and
manual welding, and studies the key technologies related to welding robots. The analysis shows that the
welding robot has obvious advantages compared with manual welding, and many high-end technologies
such as weld tracking technology and multi-robot cooperation technology have been mature and widely
applied. In the future, the use of welding robots will be greatly increased. The current welding robot still
has some shortcomings, including the limitation of welding robot in narrow working space, difficult to
complete the work requiring high degree of freedom, collision and interference caused by multi-robot
work. However, the development of industrial welding robot is inevitable, the development of welding
robot still needs to explore. It is expected that the scale of the welding robot market will gradually
expand. With the development of welding robot technology, its application continues to expand. In order
to enhance the production efficiency, precision requirements and operability, the following technologies
are necessary for welding robots:

1. Intelligence: In the future, welding robots will be combined with artificial intelligence to
automatically optimize the path algorithm when encountering complex routes in industrial welding. The
intelligence of welding robots is mainly reflected in the sensing technology of welding robots on welding
dynamics, intelligent control of welding robots in welding dynamics and welding quality.

2. Multi-agent regulation technology: perception and learning methods, modelling and planning,
group behaviour control.
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