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Abstract

This article examines the role of automation in enhancing production efficiency,
reducing errors, improving product quality, and optimizing resource utilization,
based on an analysis of the historical development of manufacturing automation,
key methodologies, and contemporary technologies. The study explores the
opportunities and limitations of implementing modern technologies in
production, such as computer control, robotics, numerical control systems
(CNC), programmable logic controllers (PLC), artificial intelligence (Al), and
the Internet of Things (IoT). Special attention is given to social changes in the
labor market. The research also comprehensively considers the economic and
social challenges associated with automation, as well as its potential for creating
new employment opportunities.

Keywords: Manufacturing process automation, robotics, CNC, PLC, artificial
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Introduction

The significance of production automation has increased substantially worldwide
in recent years. Automation is primarily implemented to accelerate
manufacturing processes, enhance product quality, reduce errors, and optimize
costs. The growth of automation technologies in the manufacturing sector impacts
various areas of society through technological advancement, digital systems, and
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robotics. The primary goal of this process is to improve production efficiency
and, consequently, increase overall welfare at both the company level and the
broader economy.

The widespread application of automation in manufacturing ensures faster and
more efficient functioning of production systems while simultaneously
contributing to lower production costs. Automation frees companies from the
need for manual labor in performing repetitive and physically demanding tasks,
creating opportunities to reallocate employees to more creative and managerial
roles. At the same time, the introduction of automation technologies simplifies
labor processes, ensuring a more rational and efficient use of human resources.
Another important aspect of automation is the further optimization of production
through the use of digital technologies and robotics. These technologies
accelerate production processes and elevate product quality. Digital systems
enable real-time monitoring of manufacturing operations, significantly enhancing
their efficiency. Additionally, artificial intelligence (AI) and the Internet of
Things (IoT) technologies allow production systems to be transformed into more
intelligent and self-regulating structures. All of these factors play a critical role
in improving company competitiveness by optimizing production, efficiently
utilizing resources, and reducing costs.

Furthermore, one of the main objectives of production automation is to reduce
labor requirements, manage resources effectively, and ensure the timely and
accurate execution of manufacturing processes. Achieving these goals requires
the implementation of various technologies and methodologies. Specifically,
modern technologies such as computer control, programmable logic controllers
(PLC), numerical control systems (CNC), and robotics are key tools in the
automation of manufacturing processes.

New technological forms contribute to more efficient management of production
processes, ensuring cost-effectiveness and optimization. However, full-scale
implementation of production automation requires careful planning, technical
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support, skilled labor, and integrated software solutions. The integration of new
technologies allows production to reach higher levels of performance, but
successful implementation depends on full coordination between production
systems, qualified personnel, and technical infrastructure.

According to a report by Oxford University, by 2030, production automation has
the potential to increase economic output by $4.9 trillion annually. Another report
by the World Economic Forum notes that by the end of the year, in an average
company, approximately 42% of the time spent on performing production tasks
will be carried out through automation or robots. These figures clearly illustrate
how automation is expected to develop in the future and the impact it will have
on economic efficiency.

Managers and executive teams are among the key driving forces behind
workplace automation growth. Research indicates that 57% of employers cite
increased production efficiency as the primary reason for implementing
automation, creating new opportunities for business development. Thus,
automation of manufacturing processes not only enhances production efficiency
but also leads to significant changes in company operations and the broader
economy through the adoption of new technologies.

Modern technology-driven production processes enable more rational use of
labor resources, improved product quality, reduced errors, and optimized costs.
Collectively, these factors produce notable changes in the global economy,
making the growth and future potential of production automation an issue of
significant importance.

MATERIALS AND METHODS

In the field of manufacturing process automation, a comprehensive literature
analysis has been conducted, highlighting its technological, economic, and social
significance. Numerous studies have focused on the early stages and the
development process of automation. Particular attention has been paid to the role
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of computer technologies in modernizing industry and digitalizing production
processes. Computer-based control and robotics are considered key technologies
in the automation of manufacturing processes. The literature demonstrates the
growing importance of computers in production.

Numerical control systems (CNC) and programmable logic controllers (PLC) are
essential components of automation, providing precise and efficient management
of production processes. These systems enable automatic control of equipment
and production lines, reducing human errors and enhancing overall
manufacturing efficiency. Robotics plays a crucial role as a technology capable
of replacing human labor in production processes. Robots are used to perform
various manufacturing operations, ensuring accurate and highly efficient
execution at each stage.

One of the main advantages of robotics is its ability to quickly adapt to changing
production conditions, which further enhances overall production efficiency. At
the same time, the literature considers the social and economic consequences of
automation. Beyond improving production efficiency and product quality,
automation can also generate new social and economic challenges. The
widespread adoption of automation, particularly in the context of reducing human
labor, may lead to social tensions and a decrease in employment. Accordingly,
some researchers have examined the negative economic impacts of automation.
For instance, Krause (1994) and Zuboff (1988) analyzed the social consequences
of automation and job reduction in manufacturing, linking labor market changes
to the extensive implementation of automation.

Conversely, other scholars explore the potential for job creation through
automation. Studies by Nelson (1996) and Frey (2017) emphasize the
significance of automation and digital technologies in generating new
employment opportunities. They argue that demand for highly skilled
professionals is increasing, as operating automated systems and modern
technologies requires advanced qualifications.
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Automation also plays a critical role in developing new production models.
Several studies analyze the role of automation in implementing modern
manufacturing methodologies, such as lean manufacturing. Lean manufacturing
i1s a methodology aimed at optimizing production and reducing manufacturing
costs. Its primary objective is to ensure the efficient use of resources, transform
production processes, and minimize unnecessary expenditures.

IoT and prospects of artificial intelligence. Since the 2000s, the development of
Internet of Things (IoT) and Artificial Intelligence (Al) technologies has brought
manufacturing to a new level. IoT enables systems to interact with each other and
autonomously control processes, facilitating seamless communication between
machines and production lines. Artificial Intelligence contributes to the
optimization of manufacturing processes and supports managerial decision-
making by providing data-driven insights and predictive analytics. These
technologies have become the foundation of the Fourth Industrial Revolution
(Industry 4.0), enabling intelligent, highly efficient, and automated production
systems.

Methods and technologies of production automation. Depending on the
objectives, characteristics, and industry sector, various methods and technologies
are applied in production automation:

Mechanical Automation: Management of production processes using mechanical
devices such as automatic machines, conveyors, lifts, and robots. This approach
accelerates production and reduces labor requirements.

Electronic Automation: Production control using electronic devices and software,
including microchips, sensor systems, computers, and PLCs. Provides precise
and efficient management of processes.

PLC (Programmable Logic Controller): Programmable logic controllers manage
automated systems in real time, monitor processes, minimize errors, and increase
efficiency.
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CNC (Computer Numerical Control): Computer-based control of mechanical
systems for high-precision metalworking operations, including milling, turning,
and other machining processes.

CAD/CAM: CAD is used for designing products and components on a computer,
while CAM automatically transfers these designs into the production process.
Ensures high accuracy, quality, and reduced production time.

Robotics: Use of industrial robots to manage and perform operations such as
assembly, processing, sorting, and packaging. Increases production speed,
reduces errors, and enhances workplace safety.

[oT and IIoT (Industrial Internet of Things): IoT technologies enable device and
system interconnectivity, real-time monitoring, improved energy efficiency, and
process optimization. 10T is particularly applied in industrial automation.
Artificial Intelligence and Machine Learning (AI/ML): These technologies allow
systems to make autonomous decisions, optimize and predict processes based on
data, analyze performance, and improve real-time production efficiency.
Simulation and Virtual Systems: Used to test and optimize production processes
through computer modeling, identify faults, and save resources and time.

Lean Manufacturing and Automated Systems: Lean manufacturing reduces
waste, optimizes processes, and maximizes value creation. When combined with
automation, it accelerates production, increases efficiency, enhances quality, and
minimizes errors.

RESULTS AND DISCUSSION

The implementation of production process automation has become an integral
part of industrial development. The main advantages of automation are
manifested in increased production efficiency, reduced costs, improved product
quality, and minimized errors. Automation systems, particularly those employing
advanced technologies such as CNC, PLC, robotics, and 10T, enable real-time
monitoring and optimization of production processes. This ensures faster and
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more precise execution of operations, significantly enhancing overall production
efficiency.

At the same time, successful automation implementation requires careful
consideration of technical and financial aspects. The deployment of automated
systems involves high initial investments, the need for skilled personnel, and
ongoing technical support. For small and medium-sized enterprises (SMEs),
these requirements can be challenging due to limited resources and technical
capabilities. Therefore, governmental support, subsidies, and technical assistance
are particularly important for facilitating automation adoption among such
enterprises.

Another critical aspect of automation is its social and economic impact.
Automation may reduce the number of jobs, especially for low-skilled workers,
which necessitates labor market adaptation and employee retraining. To address
this, specialized training programs and educational initiatives are needed to
enhance workforce skills and prepare employees for working with new
technologies. Comprehensive measures are also essential to mitigate the
economic impact of automation and reduce social inequality.

With the advancement of Industry 4.0 and artificial intelligence, automation
technologies are becoming increasingly sophisticated and efficient. However,
successful implementation requires attention not only to technical infrastructure
but also to socio-economic conditions. Ensuring social and economic stability is
necessary to mitigate potential negative effects on employment and income
distribution.

Automation enables companies to optimize processes and improve
competitiveness. Automated systems provide high precision and operational
speed, allowing companies to adapt more quickly to market demands and launch
new products efficiently. In the long term, this accelerates production cycles,
enhances product quality, and increases production capacity.
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In recent years, production automation has become one of the key drivers of
industrial development. It enhances efficiency, saves resources, reduces errors,
and improves product quality. At the same time, automation introduces several
challenges. Technologies such as CNC and PLC ensure accurate and efficient
processing and assembly, while robotics and IoT enable real-time process
monitoring and rapid fault detection, improving worker safety and reducing errors
and accidents.

The use of artificial intelligence and machine learning further optimizes
production by predicting processes, identifying potential errors, and improving
decision-making efficiency. However, adopting these technologies requires
highly skilled personnel, substantial labor resources, and significant financial
investment.

Moreover, automation may cause social and economic challenges. Reduced labor
demand can lead to job losses, especially among low-skilled workers, creating
social tension and increasing economic inequality. Successful automation
implementation requires significant initial investment, continuous technical
support, and qualified specialists. SMEs may face limited access to such
resources, reducing their competitiveness.

Another potential disadvantage is the risk of technical failures in automated
systems, which could result in significant production downtime. To minimize
these risks, it is necessary to involve experienced specialists and consultants
during system implementation and to provide employee training for new
technologies. Governmental support and subsidies can facilitate the inclusion of
smaller enterprises in automation processes.

The prospects for automation are particularly promising in the context of Industry
4.0, which involves complex production processes integrating artificial
intelligence, robotics, and [oT. Simultaneously, it is essential to develop measures
that account for the socio-economic effects of automation, protect the labor
market, and ensure balanced and sustainable industry development.
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CONCLUSION

In recent years, the automation of production processes has become an integral
part of industrial development. Automation technologies, particularly digital
systems, robotics, CNC, PLC, and other advanced methodologies, enable
increased production efficiency, improved product quality, and reduced costs.
These technologies are especially useful for performing complex, multi-stage
production processes more quickly and accurately. Consequently, they provide
significant opportunities not only for production optimization but also for
enhancing product quality and minimizing expenditures.

However, successful implementation of automation requires substantial initial
investments, a skilled workforce, and continuous technical support. For small and
medium-sized enterprises (SMEs), adopting automation processes can be
challenging due to limited resources and technical capabilities. Therefore,
governmental support, including subsidies and technical assistance, is crucial to
ensure effective technology adoption and sustainable industrial development.
The socio-economic implications of automation are also highly significant.
Automation may reduce employment opportunities in certain labor markets,
creating challenges for low-skilled workers. This necessitates the development of
specialized training programs and professional development initiatives to prepare
workers for the adoption of new technologies. Ensuring social and economic
stability is critical not only for economic growth but also for maintaining social
fairness and equity.

Looking ahead, the further development of production process automation is
expected, leveraging artificial intelligence (Al), the Internet of Things (IoT), and
other advanced technologies. These tools allow precise and efficient control of
every stage of production. However, the deployment of such technologies must
consider not only technical aspects but also socio-economic consequences. To
enhance the effectiveness and sustainability of production processes, it is
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necessary to implement social and economic measures alongside technological
development.

Automation of production processes is one of the key drivers of future industrial
development. To fully realize its potential, it is essential to take into account not
only technological innovations but also socio-economic conditions. By
considering both technical capabilities and the socio-economic impacts of
automation, it is possible to develop strategies and measures that ensure
successful 1mplementation. Therefore, the full utilization of production
automation potential contributes to more efficient and sustainable industrial
development.
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