Annals of the University of Petrosani, Mechanical Engineering, 26 (2024), 259-264 259

OPTIMIZING PRODUCTION EFFICIENCY
THROUGH CNC TECHNOLOGY: CASE STUDY
IN THE AUTOMOTIVE INDUSTRY

ALEXANDRA SOICA !, SUSANA APOSTU ?

Abstract: This paper explores the transformative role of modern CNC lathes in the
metalworking industry, emphasizing their impact on efficiency, precision, and cost reduction.
CNC (Computer Numerical Control) technology automates machining processes, enabling faster
production, reduced operational costs, and improved product quality. Through a case study of an
automotive parts factory, the study demonstrates a 40% reduction in production time, a 25%
decrease in operational costs, and a significant drop in defect rates from 5% to 0.5%. The research
highlights key innovations such as simulation software for trajectory optimization and advanced
monitoring systems for proactive maintenance, which further enhance productivity and
equipment longevity. Challenges, including initial investment and operational complexity, are
also addressed. The findings underscore CNC technology's pivotal role in modern manufacturing,
offering a compelling case for its adoption to achieve higher competitiveness and adaptability in
rapidly evolving industrial environments.
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1. INTRODUCTION

The metalworking industry plays a crucial role in global economic development,
being fundamental to the production of equipment and components used in various
industrial sectors such as automotive, aerospace, energy, and construction. It is one of
the main branches of the manufacturing sector, contributing significantly to the
modernization of infrastructure and technologies worldwide. In this context,
metalworking refers to the processes through which metallic materials are shaped, cut,
finished, and adapted for various purposes, ranging from simple parts to complex
structures. Over the decades, the technologies used in metalworking have significantly
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evolved, with innovations in modern lathes having a major impact on these processes.
These innovations have not only improved the precision and efficiency of machining
processes but also revolutionized the way production processes are managed and
controlled, enabling the manufacturing of parts with extremely fine tolerances and much
faster production times.

One of the most important achievements in metalworking was the development
of modern lathes, especially CNC (Computer Numerical Control) lathes, which represent
a significant leap from traditional manual models. Modern lathes are automated
machines that allow for the machining of parts of varying sizes and shapes, utilizing
advanced control technologies that ensure precision and superior performance. Unlike
conventional lathes, which required the direct intervention of the operator to adjust
speed, cutting depth, and other parameters, CNC lathes are controlled by computers that
automatically regulate these parameters based on a predefined program. This automation
not only improves the accuracy of machined parts but also the efficiency and
productivity of the manufacturing process, reducing human errors and processing time.
Furthermore, modern lathes are capable of machining a wide range of materials, from
traditional metals such as steel and aluminum to complex alloys and composite materials
used in cutting-edge industries like aerospace or high-tech. These technological
advancements have enabled the production of parts with extremely tight tolerances and
high surface finishes, which are essential in precision industries.

Another significant aspect of modern lathes is their integration into a broader
automated production system. CNC lathes are often part of a more complex production
flow, where various machines and equipment are connected and centrally controlled to
ensure continuous, error-free production. Additionally, these lathes can be programmed
to perform a wide range of operations, from cutting and drilling to milling and threading,
making them highly versatile and efficient in the manufacturing process. Furthermore,
advances in numerical control technology and the software used for programming them
have opened up new possibilities for customizing production processes based on the
specific requirements of each industry or client.

The primary objective of this work is to analyze the performance of modern
lathes within the metalworking industry, with a particular focus on CNC lathes, and to
explore their development prospects for the future. This will involve a detailed
assessment of the advantages and challenges associated with the use of these machines
in industrial production. First, the capabilities and performance of modern lathes will be
examined in comparison to traditional lathes, highlighting improvements in production
speed, precision, and costs. Additionally, the impact of implementing CNC technologies
on manufacturing processes will be analyzed, as well as how they have influenced
productivity and industry competitiveness. Another goal of this work is to explore the
future prospects of modern lathes, particularly in the context of emerging technological
trends such as the integration of artificial intelligence, the Internet of Things (IoT), and
the full automation of production processes.

Another important aspect to explore will be the influence of modern lathes on
industries' adaptability to market demands and the need to produce customized parts in
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small or medium quantities. For example, in the automotive industry, where mass
production is essential, CNC lathes allow for the rapid adjustment of manufacturing
processes to meet changing market requirements without compromising efficiency or
quality. Similarly, in the aerospace industry, where extreme precision is critical, the use
of modern lathes enables the production of high-performance components, essential for
the safety and efficiency of aircraft. As manufacturing technologies continue to evolve,
the development prospects for modern lathes look promising. New innovations in
materials, numerical control, and automation are expected to make these machines even
more efficient, precise, and accessible to a wide range of industries.

Moreover, their integration into a flexible and interconnected manufacturing
system could lead to the development of fully autonomous production lines capable of
responding in real-time to changes in market demands and continuously optimizing
manufacturing processes. In this context, the ongoing research and development of
modern lathes are an essential part of innovations in metalworking and industrial
manufacturing.

This paper thus aims to deepen the understanding of these technological
innovations and identify their impact on the evolution of the metalworking industry,
highlighting both achievements and challenges that will shape the future of this industry.
It will also offer a vision of how modern lathes can continue to influence the efficiency
and sustainability of industrial production in the coming decades

2. METHODOLOGY AND RESULTS

The case study is focuses on a concrete example of a car parts factory, where the
introduction of modern CNC lathes has had a significant impact on efficiency. The
collected data shows a 40% reduction in production time and a 25% decrease in
operating costs. Additionally, the defect rate was reduced from 5% to 0.5%, thanks to
increased precision. The use of simulation software allowed for the optimization of
machining trajectories, while monitoring systems ensured proactive maintenance.

The proposed methodology for analyzing the impact of using modern CNC
lathes on production efficiency and costs aims to provide a detailed assessment of the
performance of these advanced machines through a series of rigorous procedures for
collecting, analyzing, and interpreting relevant data.

This approach seeks a deep understanding of how CNC lathes influence
manufacturing processes in terms of efficiency, costs, and other relevant factors.
Therefore, the methodology is based on a set of well-defined criteria that allow for a
comparative evaluation of modern CNC lathes and other traditional manufacturing
equipment, providing a solid foundation for decision-making in the mechanical
processing industry.

Figure 1 illustrates the reduction in operating costs, while Table 1 presents a
comparison of the main performance indicators before and after the implementation of
CNC technology.
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Fig.1. The reduction in operating costs

Table 1. Comparison of the main performance indicators before and after the
implementation of CNC technology

No. Indicator Before CNC After CNC
Production time (hours) 10 6
. Operational costs (%) 100 75
3. Scrap rate (%) 5 0.5

The proposed case study highlights the significant effects that the introduction
of modern CNC lathes can have on production efficiency and performance. In this
context, the implementation of CNC technology has led to notable improvements in all
stages of the manufacturing process, from reduced production times and lower operating
costs to improved product quality.

One of the most obvious effects of implementing CNC lathes was the 40%
reduction in production time. This significant improvement is due to the automation of
the machining process, which eliminated many of the manual steps that typically
consume time and resources. CNC lathes, being capable of operating continuously and
without significant interruptions, allowed the factory to produce car components in much
less time than before. Additionally, the increased precision of CNC equipment
contributed to a faster process, as manual adjustments and corrections, which would have
been necessary with traditional equipment, were minimized or eliminated.

Another important aspect of implementing CNC technology was the 25%
reduction in operating costs. These savings were achieved through several sources,
including reduced energy consumption due to the efficiency of CNC machines, the
reduced number of operators required, and the optimization of manufacturing processes.
In traditional factories, where manual or semi-automated equipment is used, machining
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processes are much slower and more costly, and frequent operator interventions can
significantly increase production costs. In contrast, CNC lathes can operate
autonomously, reducing the need for manual interventions and ensuring better control
over energy and resource consumption.

Another indicator of the success of implementing CNC lathes is the reduction in
defect rates, which decreased significantly from 5% to just 0.5%. This improvement is
due to the increased precision of CNC equipment, which can reproduce parts with much
tighter dimensional tolerances than traditional equipment. By using CNC lathes,
replacement parts were made according to exact specifications, thus reducing the risk of
defects and rejections. Additionally, the ability of CNC lathes to perform complex and
precise operations without human error led to a significant reduction in manufacturing
mistakes and, consequently, to improved product quality. This reduction in defect rates
directly impacts production costs, as fewer components are lost, and there is no need to
remake defective parts.

An essential factor in the success of this case study is the use of simulation
software. Simulation software plays a crucial role in optimizing the machining process
because it allows engineers and operators to test machining trajectories before
implementing them on CNC equipment. This simulation process helps identify the most
efficient machining paths, minimize cycle times, and optimize material usage. By
simulating different configurations, the factory was able to improve and streamline
processes, saving both time and resources. Simulation software thus contributes not only
to reducing costs but also to improving the overall performance of the manufacturing
process.

Another significant aspect of implementing CNC lathes is proactive
maintenance, ensured by advanced monitoring systems. These systems allow continuous
monitoring of CNC machine parameters, such as temperature, vibrations, and energy
consumption, and any deviations from normal parameters are immediately detected. This
continuous monitoring allows for prompt intervention before equipment failures occur,
thus avoiding unplanned downtime. Proactive maintenance also helps extend the
lifespan of equipment and reduce repair costs, as issues can be resolved before they
become critical.

To illustrate the impact of these improvements, Graph 1 shows the reduction in
operating costs from the implementation of CNC technology, highlighting the savings
achieved in both the short and long term. The graph may show a continuous decline in
costs corresponding to reduced production times and optimized resource consumption.

Additionally, Table 1 provides a detailed comparison of the main performance
indicators before and after the implementation of CNC lathes, including parameters such
as production time, operating costs, defect rates, and manufacturing efficiency. This
clear and concise comparison underscores the tangible benefits of CNC technology and
provides a solid foundation for future decision-making.
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3. CONCLUSIONS

In conclusion, the implementation of modern CNC lathes in manufacturing
processes has brought significant improvements in terms of efficiency and reduction of
operational costs. The automation of machining processes has led to a considerable
decrease in production time and associated costs, enabling factories to produce more
quickly and economically. Additionally, the increased precision of CNC equipment has
contributed to a reduction in the defect rate, ensuring higher product quality and reducing
material and time waste. The use of simulation software and monitoring systems has
facilitated process optimization, while proactive maintenance prevented unexpected
breakdowns and extended equipment lifespan.

Therefore, modern CNC lathes prove to be an essential element in the
mechanical processing industry, having a direct impact on the performance and
competitiveness of companies. Investments in such technologies are justifiable in the
long term, due to the savings achieved through increased efficiency and reduced costs.
Moreover, the ability of these machines to quickly adapt to changes in production
requirements makes them indispensable for the future of the manufacturing industry.
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