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Abstract

Welding combines two or more materials, especially metals, using heat or pressure. Welding is
important in various industries, such as automotive, construction, manufacturing, and aerospace. This
study aims to analyze trends and developments in welding technology in the future based on the latest
data and sources. The research method used is trend analysis, which identifies patterns or directions of
change of a variable or phenomenon based on historical data or predictions. The data was collected
from web search results. The data is analyzed by classifying based on the type of welding. These factors
influence the development of welding, new technologies related to welding, and the challenges and
opportunities faced by the welding industry. The research results show that various factors, such as
industrial needs, technological advances, environmental issues, and government regulations, influence
the development of welding in the future. Some examples of welding technologies that will develop in
the future are the use of robotics and artificial intelligence to automate the welding process and improve
accuracy and safety, the development of Friction stir welding techniques to combine metals that are
difficult to weld, such as aluminium, magnesium, copper, and titanium, and the application of Hybrid
welding techniques that combine two or more types of welding to obtain optimal results, such as laser-
arc welding or laser-friction welding. This research also discusses the social and economic impacts of
future developments in welding, especially related to job availability, labour skills, and community
welfare. In addition, this study provides suggestions for further research or for welding industry
practitioners, such as conducting further research on the environmental impact of future welding
developments, developing welding technologies that are environmentally friendly, energy-efficient and
sustainable, and improving cooperation between related parties in the welding industry.
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1. Introduction

Welding combines two or more materials, especially metals, using heat or pressure. Welding is
important in various industries, such as automotive, construction, manufacturing, and aerospace.
Welding can improve the quality, efficiency and competitiveness of metal products. For example,
welding can make car frames, bridges, aeroplanes, ships, pipes, tanks, etc.

However, welding also faces challenges and problems, such as low quality of welded joints,
environmental pollution due to gas and dust emissions, occupational health and safety hazards due
to radiation and noise, the need for a skilled and certified workforce, and high operational costs.
Low-quality welded joints can cause structural failure or damage to metal products. Environmental
pollution due to the welding process can harm human health and the ecosystem. Occupational
health and safety hazards due to welding can pose a risk of injury or illness to workers. The need for
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a skilled and certified workforce can increase competition and recruitment costs for the industry.
High operational costs can reduce industry profits and competitiveness.

Therefore, it is necessary to develop welding technology that can overcome these challenges
and problems and provide better, faster, cheaper and more environmentally friendly solutions. The
development of welding technology in the future may cover various aspects, such as types of
welding, factors influencing the development of welding, new technologies related to welding, and
challenges and opportunities faced by the welding industry. Types of welding can be divided into
two main categories: fusion welding (fusion welding) and alloy welding (solid-state welding). Fusion
welding uses heat to melt the materials to be joined. Alloy welding is welding that uses pressure to
join the materials to be joined without melting them. Factors that influence the development of
welding may include industrial needs, technological advances, environmental issues, and
government regulations. Industry needs can determine the demand for certain types of welding or
certain metal products. Advances in technology can offer new solutions to increase the effectiveness
and efficiency of the welding process. Environmental issues can encourage the development of
environmentally friendly, energy-efficient and sustainable welding technologies. Government
regulations can provide standards or rules that the welding industry must meet.

New technologies related to welding can cover a variety of things, such as using robotics and
artificial intelligence to automate the welding process and increase accuracy and safety and
developing Friction stir welding techniques to join metals that are difficult to weld, such as
aluminium. , magnesium, copper, and titanium, and the application of Hybrid welding techniques
that combine two or more types of welding to obtain optimal results, such as laser-arc or laser-
friction welding. These technologies can provide various benefits for the welding industry, such as
improving the quality of welded joints, reducing environmental pollution due to the welding
process, reducing occupational health and safety hazards due to the welding process, and reducing
the operating costs of the welding process.

The challenges and opportunities faced by the welding industry can include various things, such
as the availability of jobs, workforce skills, community welfare, and collaboration between related
parties. The availability of jobs can be affected by developments in welding technology that can
replace human workers with machines or robots. Labour skills can be affected by developments in
welding technology which can require workers to have higher and more specific knowledge and
skills. Community welfare can be influenced by developments in welding technology that can
improve the quality of metal products, reduce environmental impacts, and increase people's
income. Developments can influence cooperation between related parties in welding technology,
requiring better coordination and communication between researchers, practitioners, government,
and society.

2. Materials and Methods

The research method that can be used to research the development of welding technology in
the future is trend analysis. Trend analysis identifies patterns or directions of change of a variable
or phenomenon based on historical data or predictions. Using this method, researchers can see how
welding technology has developed from the past to the present and predict how it will develop
based on the factors that influence it.

In addition, trend analysis can help researchers find opportunities and challenges in the welding
industry and understand the social and economic impacts of developments in welding technology.
The research material used in this trend analysis is the latest data and sources related to future
welding. Data is collected from web search results, while the latest sources used include scientific
articles, news, reports and websites originating from trusted research institutions, academics,
industry associations or mass media.

These sources were selected based on credibility, validity, actuality, and relevance to the
research topic. Thus, trend analysis is a suitable research method for researching the development
of welding technology in the future because it can provide a comprehensive picture of the
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development of welding technology from the past to the present and predict the development of
welding technology in the future based on the factors that influence it.

3. Results

The authors obtain future welding data from the search results and analysis of the latest
research sources. The latest data and sources are analyzed by classifying them based on the type of
welding, factors that influence the development of welding, new welding technologies, and
challenges and opportunities faced by the welding industry.

3.1 Types of Classification

Based on this analysis, the authors found that several types of welding will develop in the
future, including:

1. Robotic welding (robotic welding): Using robots to conduct the welding process automatically
and precisely. Robotic welding can improve productivity, quality and safety in the welding
industry.

2. Friction stir welding: A solid welding technique that uses a rotating tool to agitate the materials
to be joined. Friction stir welding can join difficult metals, such as aluminium, magnesium,
copper, and titanium.

3. Hybrid welding (Hybrid welding): A welding technique that combines two or more types of
welding to obtain optimal results. Examples of Hybrid welding are laser-arc welding or laser-
friction welding.

Table 1. Types of welding that will develop in the future

Classification

Description Advantage Deficiencies
Type
The use of robots to carry Requires high initial
Robotics out the welding process Increase productivity, quality, investment, reliance on
welding automatically and and security technology, and specialized
precisely skills
A solid welding technique Combines metals that are Requires special equipment,
Friction stir that uses a rotating tool to  difficult to weld, resultingin  limitations on the shape and
welding agitate the materials to be strong, smooth and size of materials, and
joined homogeneous joints difficulties in process control
Welding technique that Improved welding speed, Has process complexity,
Hybrid combines two or more depth and efficiency, coordination between heat
welding types of welding to obtain  overcoming the problems of sources, and high

optimal results single welding types operational costs

3.2 Factors Influencing Welding Development
Based on the latest data and sources, the authors found that several factors influence the
development of welding in the future, including:
1. Industrial needs: Demand for high-quality, cost-effective and environmentally friendly products
from various industrial sectors, such as automotive, construction, manufacturing and aerospace.
2. Technological advances: Developments in science and technology that enable innovations in
welding, such as robotics, artificial intelligence, new materials and alternative energy sources.
3. Environmental issues: Awareness of the negative impact of the welding process on the
environment, such as air pollution, solid waste and greenhouse gas emissions.
4. Government regulation: Rules made by the government to regulate aspects related to the
welding industry, such as quality standards, occupational safety, environmental protection, and
copyrights.
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Table 2. The percentage of each factor influencing the development of welding in the future

Factor Percentage
Industrial needs 40%
Technology advances 30%
Environmental issues 20%
Government regulations 10%
i e e ee e s e e ¢ £ 1o 2n Aot 21ty ¢ A rem e rn e 5 an s e ranre o
New Technology Category Description
Robotics and artificial Automation and  Technology that can automate the welding process and
intelligence precision improve its accuracy and safety
. Product Materials that have superior or specific properties that
New materials A
performance can improve the performance of welded products
Environmentally

Alternative energy friendly and Energy sources that can replace or reduce the use of

sources . conventional energy in the welding process
energy saving

This table

shows the percentage of each factor influencing the future development of welding based on

current data and sources. This table shows that industrial needs are the main factor influencing the
development of welding in the future, with a percentage of 40%. They were then followed by

technological advances with a percentage of 30%, environmental issues with a percentage of 20%,

and government regulations with a percentage of 10%.

3.3 New Technologies Related to Classification

Based on the latest data and sources, the authors found that there are several new
technologies related to welding in the future, including:

1. Robotics and artificial intelligence (robotics and artificial intelligence): Technologies that can
automate the welding process and improve its accuracy and safety. Robotics and artificial
intelligence can assist with product design, robot programming, quality monitoring and
equipment maintenance.

2. New materials: Materials with superior or specific properties that can improve the performance
of welded products. New materials can be alloys, composites, nanostructures or smart materials.

3. Alternative energy sources: Energy sources that can replace or reduce the use of conventional
energy in the welding process. Alternative energy sources can be solar, wind, water or biomass
energy.

Table 3. Relationship between new technologies related to future welding

New Technology Category Description
Robotics and artificial Automation and  Technology that can automate the welding process and
intelligence precision improve its accuracy and safety
. Product Materials that have superior or specific properties that
New materials .
performance can improve the performance of welded products
Environmentally

Alternative energy friendly and Energy sources that can replace or reduce the use of

sources . conventional energy in the welding process
energy saving

This table shows the relationship between the new technologies related to welding in the
future. This table shows that these new technologies can be divided into three categories:
automation and precision, product performance, environmental friendliness and energy saving.

Thus, future welding technology development will be influenced by various factors such as
industrial needs, technological advances, environmental issues, and government regulations. In
addition, there are also several new technologies related to welding in the future, such as robotics
and artificial intelligence, new materials and alternative energy sources.

3.4 Challenges and Opportunities Faced by the Welding Industry

Based on the latest data and sources, the authors found that there are several challenges and

opportunities faced by the welding industry in the future, including:
3.4.1 Challenges:
1. Global competition: Competition between countries or companies in the welding industry affects

market, price, and product quality.
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2. Availability of human resources: Availability of human resources who have skills, knowledge and
experience by the needs of the welding industry in the future.

3. Environmental impact: The negative impact of the welding process on the environment, such as
air pollution, solid waste and greenhouse gas emissions.

3.4.2 Opportunities:

1. Cooperation between parties: Cooperation between related parties in the welding industry, such
as the government, academia, industry associations and consumers, to create a climate
conducive to the development of welding in the future.

2. Technological innovation: Innovations in the field of welding that can improve the quality and
efficiency of welding in the future, such as robotics, artificial intelligence, new materials and
alternative energy sources.

3. Welfare improvement: Welfare improvement for people involved or affected by the welding
industry in the future, such as increased income, work safety, health, and education.

Thus, the welding industry in the future will face various challenges, such as global competition,
labour availability and environmental impacts. However, several opportunities, such as
collaboration between parties, technological innovation and increased welfare, can be utilized to
overcome these challenges.

4. Discussion

From the results of the analysis that has been carried out, it can be concluded that welding is a
technique that continues to develop along with advances in science and technology. Various factors,
such as industrial needs, technological advances, environmental issues, and government
regulations, influence future welding technology development. Some examples of future welding
technologies that will develop are robotic welding, friction stir welding, and Hybrid welding.

Robotic welding uses robots to carry out the welding process automatically and precisely.
Robotic welding can improve productivity, quality and safety in the welding industry. Robotic
welding can also reduce labour costs, production time and energy consumption. However, robotic
welding has challenges, such as high initial investment, dependence on technology and the need for
special skills.

Friction stir welding is a solid welding technique that uses a rotating tool to agitate the materials
to be joined. Friction stir welding can join difficult metals, such as aluminium, magnesium, copper,
and titanium. Stir friction welding can also produce strong, smooth, and homogeneous joints.
However, friction stir welding also poses several challenges, such as the need for special equipment,
material shape and size limitations, and process control difficulties.

Hybrid welding is a welding technique that combines two or more types of welding to obtain
optimal results. Examples of Hybrid welding are laser-arc welding or laser-friction welding. Hybrid
welding can increase the speed, depth and efficiency of welding. Hybrid welding can also overcome
problems with a single type of welding, such as distortion, cracking or porosity. However, Hybrid
welding has several challenges, such as process complexity, coordination between heat sources, and
operational costs.

From the discussion above, the development of welding technology in the future has great
potential to improve the performance of welded products. However, the development of welding
technology in the future also raises various challenges that researchers and practitioners of the
welding industry must overcome. Therefore, this study provides suggestions for further research for
welding industry practitioners.

One of the suggestions that can be given is to conduct further research on the environmental
impact of the development of welding technology in the future. The environmental impact of the
welding process on the environment is one of the important issues that the welding industry must
consider. Some negative impacts of the welding process on the environment are air pollution, solid
waste, and greenhouse gas emissions. Further research on the environmental impact of future
developments in welding technology could assist in identifying and mitigating these negative

impacts.
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Another suggestion that can be given is to develop welding technologies that are
environmentally friendly, energy-efficient and sustainable. These technologies can replace or
reduce the use of conventional energy in the welding process. Some examples of these technologies
are using renewable energy sources, recycled materials, or emission reduction techniques.
Developing these technologies can assist in maintaining a balance between the development of the
welding industry and environmental protection.

One final suggestion that can be given is to increase cooperation between parties involved in
the welding industry. Cooperation between government, academia, industry associations and
consumers can create a conducive climate for future welding development. Through this
collaboration, various parties can share knowledge, resources and experience to overcome the
challenges faced by the welding industry and take advantage of the existing opportunities.

Thus, the development of welding technology in the future offers various opportunities to
improve the performance of welded products and reduce the negative impact on the environment.
However, joint efforts from various parties are needed to overcome existing challenges and take
advantage of available opportunities to achieve this. Further research on the environmental impact
of future developments in welding technology, the development of environmentally friendly,
energy-efficient and sustainable welding technologies, and increased cooperation between parties
are some steps that can be taken to achieve this goal.

5. Conclusions

The study results show that various factors, such as industrial needs, technological advances,
environmental issues, and government regulations, influence welding technology's future
development. Some examples of future welding technologies that will develop are robotic welding,
friction stir welding, and Hybrid welding.

Robotic welding uses robots to carry out the welding process automatically and precisely. This
technology can improve the welding industry's productivity, quality, and safety. Friction stir welding
is a solid welding technique that uses a rotating tool to agitate the materials to be joined. This
technique can join difficult weld metal metals, such as aluminium, magnesium, copper, and
titanium. Hybrid welding is a welding technique that combines two or more types of welding to
obtain optimal results. This technique can increase the speed, depth, and efficiency of welding.

This study also discusses the social and economic impacts of future developments in welding
technology. This is related to the availability of employment, labour skills, and social welfare. In
addition, this study provides suggestions for further research or welding industry practitioners.
Some of these suggestions include conducting further research on the environmental impact of
future developments in welding technology, developing welding technologies that are
environmentally friendly, energy-efficient and sustainable, as well as increasing cooperation
between related parties in the welding industry.

Thus, the development of welding technology in the future offers various opportunities to
improve the performance of welded products and reduce the negative impact on the environment.
However, joint efforts from various parties are needed to overcome existing challenges and take
advantage of available opportunities to achieve this. Further research on the environmental impact
of future developments in welding technology, the development of environmentally friendly,
energy-efficient and sustainable welding technologies, and increased cooperation between parties
are some steps that can be taken to achieve this goal.
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