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Abstract

Maintenance plays a critical role in ensuring the reliability, efficiency, and lifespan of mechanical
systems used in industrial and manufacturing environments. Ineffective maintenance practices
often lead to unexpected equipment failures, increased downtime, higher operational costs, and
reduced productivity. Therefore, selecting appropriate maintenance strategies is essential for
improving equipment reliability and operational performance. This study examines various
maintenance strategies applied in mechanical systems, including preventive maintenance,
predictive maintenance, condition-based maintenance, and corrective maintenance. The research
analyses how these approaches influence equipment reliability, maintenance cost, failure
frequency, and system availability. Both theoretical concepts and practical maintenance models
are reviewed to understand their effectiveness in different industrial contexts. The study also
investigates current maintenance practices adopted in selected mechanical systems and evaluates
their impact on equipment performance. Based on the analysis, the research proposes suitable
maintenance strategies that can enhance reliability, reduce breakdowns, and optimize maintenance
planning. The findings of this study are expected to assist industries in improving maintenance
decision-making and ensuring sustainable mechanical system performance.

Keywords: Topics covered include mechanical systems, maintenance strategies, prevention,
prediction, condition-based maintenance, reliability, total productive maintenance, equipment
reliability, smart maintenance, failure prevention, and industry 4.0.

| INTRODUCTION

As industries are under increasing pressure to boost productivity, ensure work continuity, and
decrease equipment failure rates, the field of mechanical systems maintenance has grown in
popularity (Nugroho & Sukmono, 2024). Organisations have adopted structured maintenance
philosophies in the last 20 years as a result of global industry competition. These philosophies go
beyond reactive maintenance and seek to optimise, manage assets over the long term, and ensure
reliability. Among these methods, RCM lets engineers and operational managers work together to
improve system performance and reduce unanticipated downtime (Geisbush & Ariaratnam, 2023).
According to Lin et al. (2024), mechanical systems in the energy and manufacturing processes are
directly impacted by the following: the complexity of the equipment, the sensitivity of the work,
and the financial implications of working process disruption make effective maintenance strategies
paramount. Organisations are increasingly relying on automation and high-tech machinery. To
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stay competitive, they are focusing on equipment effectiveness and work continuity. This
highlights the importance of studying RCM issues in the context of operations (Simion et al.,
2024). The performance of mechanical assets is significantly affected by issues with inadequate
maintenance planning, diagnostic abilities, available resources, and talents, according to empirical
research on the subject of maintenance engineering (Adebisi et al., 2023; Nugroho & Sukmono,
2024). According to studies conducted by Jena et al. (2024), businesses plagued by constant
maintenance issues suffer from high operational expenses, lower production throughput, and
significant downtime. In addition to affecting operational continuity, RCM difficulties also affect
equipment efficiency, as measured by availability, performance rate, and output quality (Yang et
al., 2024). According to earlier studies, unresolved maintenance issues impact operational
performance and equipment efficiency by distorting maintenance cycles, undermining preventive
maintenance, and reducing the reliability of assets. In order to impact the performance of
organisations in mechanical settings, it is necessary to investigate the interplay between
maintenance system capabilities and maintenance issues, according to these empirical findings. A
lot is still unknown about how maintenance becomes operational and equipment-level performance
outcomes, despite the growing body of literature on the subject. According to Moradi-Sarvestani
et al. (2024), the majority of the prior research has focused on specific RCM components, such as
condition monitoring or preventive maintenance, rather than analysing how multi-dimensional
problems affect an organization's total performance metrics. In addition, prior research has tended
to see maintenance via a technical lens, ignoring the importance of management buy-in,
organisational harmony, and system efficacy as the driving forces behind performance-related
relationships (Geisbush & Ariaratnam, 2023). Given the dearth of data on the mechanisms through
which maintenance issues impact businesses, few studies have looked at how the availability and
efficacy of maintenance systems mediate the relationship between maintenance challenges and
performance outcomes (Biswas, 2024). Uhanto et al. (2024) found that leadership commitment
improves maintenance performance and equipment reliability, but there hasn't been enough
research on how top-level management support moderates this effect.

The figure 1 illustrates the conceptual relationship between different maintenance strategies and
their impact on equipment reliability in mechanical systems. At the center of the framework are
maintenance strategies applied in industrial environments, including preventive maintenance,
reliability-centered maintenance, predictive maintenance, and corrective maintenance. Each
strategy contributes to improving system performance through specific operational outcomes.
Preventive maintenance helps increase equipment availability by reducing unexpected failures
through scheduled inspections and servicing. Reliability-centered maintenance supports optimized
maintenance planning by identifying critical components and failure modes. Predictive
maintenance reduces downtime by using condition monitoring and data analysis to detect faults
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before they occur. Corrective maintenance contributes to failure reduction by restoring system
functionality after breakdowns.

The combined effect of these maintenance strategies leads to improved equipment reliability,
which is reflected in enhanced operational efficiency, reduced maintenance costs, and increased
system lifespan. The framework highlights the importance of integrating multiple maintenance
approaches to achieve optimal performance and reliability in mechanical systems. The
aforementioned deficiencies highlight the need for a comprehensive model that unifies
technological difficulties, system efficacy, and management backing in order to tackle the complex
of problems. In light of these theoretical considerations, the research questions posed here aim to
use the provided conceptual framework to ascertain the following: (a) the effect of RCM
challenges on operational performance and overall equipment efficiency; (b) the role of
maintenance system availability and efficiency as mediators; and (c) the moderating influence of
support from upper management.

Reliability- Predictive Corrective
Centered Maintenance Maintenance
Maintenance

Failure
Reduction

Improved Equipment
liabili

Figure 1: Conceptual Framework of Maintenance Strategies for Enhancing Equipment
Reliability
Patel, R., & Patel, P. B. (2022). For mechanical systems to be effective, safe, and last as long as
possible, reliability testing is essential. This is especially true in industrial settings, where failures
and downtime can cause huge financial and operational losses. System dependability and
maintenance are hindered by mechanical failures, which are frequently brought about by stress
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corrosion, wear, brittle fracture, and fatigue. Through the integration of predictive, preventative,
and reliability-centered maintenance procedures, this study offers a holistic approach to optimising
dependability. Important approaches for identifying significant failure modes and optimising
resource allocation include reliability, availability, maintenance, and safety (RAMS), Analysis of
Failure Modes and Effects (FMEA), and significance measures. Improving failure prediction and
optimising maintenance schedule are two more outcomes of utilising modern data-driven
methodologies. This research helps improve system performance, minimise downtime, and
establish sustainable industrial operations by tackling critical difficulties in mechanical
dependability and providing a framework for data-driven maintenance techniques that are cost-
effective. As the world embraces sustainable Piping systems, improving their environmental,
economic, and social performance has become fundamental). Thakran, V. (2021). analyse the
importance of material selection and design optimisation in the sustainability of piping systems:
environmental issues related to conventional piping system materials and their installation. This
calls for development of options that help decentralise energy demand, emissions and impact on
ecosystems. The study also considers highly developed design optimisation techniques that can
significantly enhance the main parameters of piping systems, including the use of genetic
algorithms and Computational Fluid Dynamics CFD.

Table 2.1: Major Maintenance Strategies and Their Role in Equipment Reliability

Maintenance | Description Key Impact on | Industrial
Strategy Techniques Equipment Application
Used Reliability
Reactive Repairs Breakdown Low reliability | Small
Maintenance | performed after | repair, improvement; workshops, low-
equipment failure | emergency high  downtime | cost operations
occurs replacement risk
Preventive Scheduled Routine Reduces Manufacturing
Maintenance | maintenance inspection, unexpected plants,
based on time or | lubrication, failures; improves | automotive units
usage intervals parts reliability
replacement moderately
Predictive Maintenance Vibration High  reliability | Power plants,
Maintenance based on | analysis, improvement; aerospace, heavy
equipment thermal reduces industries
condition and | imaging, oil | unplanned
performance data | analysis, sensors | downtime
Condition- Maintenance Real-time Enhances Process
Based triggered  when | monitoring, reliability by | industries,
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Maintenance | condition performance targeting  actual | refineries, steel
indicators exceed | diagnostics deterioration plants
limits
Reliability- Systematic Failure ~ Mode | Maximizes Aviation,
Centered approach and Effects | reliability and | defense, energy
Maintenance | focusing on | Analysis safety; optimizes | sector
(RCM) critical (FMEA), risk | maintenance cost
equipment assessment

functions and
failure modes

Total Involves Autonomous Improves Automotive,
Productive operators in | maintenance, reliability through | electronics
Maintenance | maintenance to | Kaizen, employee manufacturing
(TPM) prevent continuous involvement and

breakdowns and | improvement early fault

improve detection

productivity
Smart/Al- Uses digital | IoT sensors, | Very high | Advanced
Based technologies and | machine reliability; automated
Maintenance | analytics to | learning, supports Industry | industries,

predict and | predictive 4.0 operations robotics, smart

prevent failures | analytics factories

2. LITERATURE REVIEW

2.1 RCM Challenges and Operational Performance

The operational, technological, and organizational obstacles that hinder the successful execution
of maintenance techniques aimed at maintaining the reliability of mechanical systems are known
as RCM difficulties (Simion et al., 2024). Some examples of such problems include complicated
mechanical parts, a lack of data useful for analysing failure, a lack of competent maintenance staff,
inadequate diagnostic tools, and poor organizational support. But operational success is all about
how well a company's mechanical operations run, including how productive they are and how well
they function in general. System availability, reduced downtime, uninterrupted production, cost
efficiency, and adherence to safety and quality requirements are typically employed as indicators
(Lee et al., 2024). Prior research has validated the importance of maintenance functions in
operational excellence. It was found that mechanical system performance is directly impacted by
limitations in maintenance planning, condition monitoring, and resource allocations (He et al.,
2024). According to indicators from manufacturing and industrial settings, organisations face
increased machine breakdowns, irregular maintenance schedules, and higher operating expenses
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when maintenance problems are not effectively resolved (Liew et al., 2024). There is a strong
correlation between RCM problems and ineffective operational results for organisations,
according to the available empirical evidence (Adebisi et al., 2023). Jena et al. (2024) found that
due to a lack of skills, poor failure prediction, and a delay in the mean time to repair, the mean
time between failures decreases and production interruptions occur more frequently. Furthermore,
studies have shown that when RCM implementation is not done well, it hinders asset management
decision-making, which in turn causes a misalignment between maintenance schedules and
important production needs (Yang et al., 2024). These findings provide credence to the idea that
there is a robust connection between maintenance difficulties and operational efficiency. Failure
to service mechanical systems according to reliability centred principles exposes operational
processes to inefficiencies and disruptions.

Patel, R., & Patel, P. B. (2023). Businesses in the healthcare, banking, telecom, and defence sectors
benefit from infrastructure operations that provide maximum system availability, fault tolerance,
and resilience. Under harsh conditions, the facilities must run continuously, which requires
engineering solutions, redundant systems, and continuous monitoring. Despite interruptions,
mission-critical sites must have certain characteristics, architectural components, and disaster
recovery plans to remain operational. Using software-defined networking, automated problem
detection, and artificial intelligence to power predictive maintenance, this article explains how to
build a system that enhances reliability. Also covered in the research is how crucial it is to have a
cyber security strategy, methodology, and zero trust architecture in place to safeguard vital assets
from cybercriminals. Smart city connections, edge computing, and digital twins are a few of the
emerging developments that can help enhance operational efficiency and fault tolerance even
further. In order to find out how well resilience tactics work, we look at case studies and look at
what other businesses have done. By combining these strategic frameworks with these technical
advances, mission-critical facilities will be able to optimize their infrastructure, reduce failure
probability, and continue normal operations even in the face of little interruptions, cyber incidents,
or natural catastrophes.

2.2 RCM Challenges and Overall Equipment Efficiency

An all-encompassing metric for equipment effectiveness, overall efficiency takes into account
availability, performance, and output quality. Rating the role of machinery in increasing output
per unit of effort is standard practice in mechanical and industrial workplaces (Yang et al., 2024).
Efficacy metrics for mechanical and industrial system operations are negatively impacted by
RCM-related problems, according to multiple empirical investigations (Kechaou et al., 2024;
Sobirov, 2025; Soyguder & Karaduman, 2024). Delays in maintenance systems, poor predictive
efficacy, and incorrect failure diagnostics cause machine downtimes and lower operation speed,
according to research in the manufacturing and processing industries (Reddy et al., 2025).
According to Geisbush and Ariaratnam (2023), there are weaknesses in structured maintenance
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systems that lead to inefficient maintenance cycles, increased machine output variability, and
additional equipment deterioration. Prior studies have shown that businesses with poor
maintenance planning or monitoring methods often experience equipment slowdowns, less stable
operation, and poor output quality. According to Machchura et al. (2024), these investigations
confirm that maintenance is an ongoing problem that affects equipment efficiency and
productivity, rather than an isolated operational concern. According to Jena et al. (2024),
maintenance concerns have a domino effect on equipment efficiency, impacting availability,
performance rates, and quality criteria. A lack of proper maintenance can lead to these problems.
In addition to affecting the overall performance of the equipment, unattended maintenance issues
can lengthen repair times, increase the frequency of stoppages, and reduce production throughput.
Also, due to wear and tear and inadequate restoration methods, equipment utilised in reactive or
unreliable maintenance systems will show declining efficiency trends over time, according to
studies. For this reason, the data presented here lend credence to the claim that problems with
equipment maintenance significantly impact the efficacy of the tools in use today.

R. Patel and P. B. Patel wrote this in 2024. There is a direct correlation between the optimization
of mechanical systems and the rise in productivity, dependability, and efficiency in many fields,
including manufacturing, aircraft, and transportation. The traditional way of testing and designing,
which involved making actual prototypes, was labour- and material-intensive. Virtual modelling,
analysis, and refinement employing modern computational techniques like Multi-Body Dynamics
(MBD), Finite Element Analysis (FEA), and Computational Fluid Dynamics (CFD) have
revolutionized mechanical system optimization with the integration of engineering simulation
software. With the use of these technologies, engineers can now predict how a system will react
under various operating conditions, identify potential issues, and enhance its structural integrity—
all without having to do time-consuming and expensive physical testing. Innovations in Al, digital
twins, and cloud-based simulations have also improved collaborative design, predictive analytics,
and real-time monitoring. The importance of simulation methods in expediting innovation,
decreasing development costs, and guaranteeing long-term engineering solutions is growing as
more and more industries adopt digital transformation.

2.3 Availability and Effectiveness of the Mechanical Maintenance System as Mediator

The capacity of the organization to keep equipment operational through the facilitation of
maintenance programmes that are timely, efficient, and well-coordinated is the availability and
effectiveness of the mechanical maintenance system (Biswas, 2024). Some of these capabilities
include the ability to detect faults quickly, have consistent repair quality, and take proactive actions
to maintain mechanical reliability (Moradi-Sarvestani et al., 2024). Uhanto et al. (2024) cites
research that shows organisations can better manage disruptions, reduce operational uncertainty,
and ensure continuous production processes when maintenance systems are more available and
effective. The effectiveness of a maintenance system to increase system uptime and help maintain
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consistent operational performance has been found in research studies on maintenance
performance in industrial and manufacturing industries (Jardine & Wiseman, 2024; Jena et al.,
2024; Udo et al., 2024). The accessibility and efficiency of mechanical maintenance systems are
negatively affected when RCM difficulties including a lack of expertise, poor diagnostic quality,
or inadequate maintenance planning arise (Shandookh et al., 2024). Operations productivity is
eroded as a result of longer breakdown times, less responsive systems, and inconsistent system
cycles. A study conducted by Shandookh et al. (2024) found that maintenance issues often have
an indirect effect on operational performance, acting through the availability and efficacy of the
maintenance system as a mediator. Research shows that organisations may face managerial and
technical challenges when trying to implement RCM. However, the operational losses become
much more noticeable when these challenges hinder the maintenance system's ability to keep
machines functional (Erhueh et al., 2024). By maintaining a constant service quality, downtime,
and uninterrupted manufacturing capacities, well-organized maintenance systems can mitigate or
at least mitigate some of the effects of RCM problems, according to studies in operational
management and maintenance engineering (Bello et al., 2024). Based on these facts, Simion et al.
(2024) propose that availability and effectiveness mediate the relationship. When mechanical
maintenance systems are efficient, the negative impact of RCM problems on operational
performance is reduced. However, operational performance is significantly affected by the
problems that arise from an inefficient maintenance system due to these obstacles.

can influence equipment performance by interfering with maintenance system operations (Alkabaa
et al., 2024; Sunny, 2025). When studying industrial engineering, one thing becomes clear:
mechanical maintenance systems' responsiveness and coordination take a hit when organisations
face problems like poor diagnostic accuracy, inconsistent scheduling, inadequate maintenance
resources, or inefficient maintenance planning. According to research by Jardine and Wiseman
(2024), these kinds of problems lengthen the time it takes to fix broken equipment, waste
maintenance, and slow down the process of resolving equipment failures. Previous studies have
shown that disruptions caused by maintenance are a big reason why equipment effectiveness
metrics like availability and performance can vary so much (Yang et al., 2024). Manufacturing
industry experience shows that equipment is more prone to frequent shutdowns and less extensive
working when maintenance system operations are disrupted by persistent RCM difficulties
(Kumaresan et al., 2024). Maintenance problems, equipment performance, and the empirical
literature can all be indirectly linked through the maintenance system's functional process
(Nugroho & Sukmono, 2024). Researchers found that while RCM problems do have an adverse
influence on equipment performance, the disadvantages really start to pile up when the challenges
themselves weaken the maintenance system's capacity to keep equipment running well (Jardine &
Wiseman, 2024). According to Machchura et al. (2024), the most effective maintenance systems
can mitigate some of the negative consequences of RCM problems by keeping service quality
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consistent, downtime constant, and production rates constant. However, when the system becomes
less effective due to the ongoing issues, the equipment will experience greater downtime, lower
performance rates, and uncertain quality outputs. All of these results point to the maintenance
system being a medium by which RCM problems could affect equipment efficiency.

2.4 Top Management Support as Moderator

To what extent does top management commit, assign, and set organizational priorities to support
effective maintenance and operational functions? This is what we mean when we talk about top
management support (AGEEB et al., 2024). Allocating funds wisely, investing in new diagnostic
equipment, empowering the maintenance team, making decisions quickly, and fostering a culture
of reliability and relentless system improvement are all part of it (Orjatsalo et al., 2024). The
effectiveness of maintenance practices can be enhanced by reducing structural obstacles,
improving communication, and aligning maintenance objectives with the overall organizational
objectives. This can be achieved with high managerial commitment, according to previous studies
(Jaran & Ali, 2025; Shah et al., 2024; Xue et al., 2024). Workflow stability, maintenance response
speed, and technical personnel coordination all lead to easier operational performance in
organisations with high managerial support, according to research in industrial and operational
management (Alsheikh et al., 2025). It is clear from the empirical evidence that a mechanical
maintenance system's success is highly dependent on the backing it receives from upper
management. According to Bhatti et al. (2025), when management pushes for maintenance
processes, the positive impact of a system's availability and effectiveness on organisational
outcomes is amplified. The effectiveness of maintenance systems is enhanced by proactive strategy
execution, cross-departmental collaboration facilitation, and well-planned maintenance (AGEEB
et al., 2024). Less production interruptions and better use of mechanical resources will be the
results of this increased operational readiness (Al-Husseini, 2024).

When managers aren't involved as much, maintenance teams may not have the authority or
resources to address problems promptly, which hinder the system's potential to achieve operational
stability (Shah et al., 2024). In addition, empirical findings linked to equipment-level outcomes
clearly demonstrate the moderating effect of support from upper management (Alsheikh et al.,
2025). According to research, management-level organizational tactics heavily influence
equipment efficiency, which in turn affects availability, performance, and quality (AGEEB et al.,
2024). Efficiency gains in equipment performance are more readily apparent when top-level
management places a premium on maintenance excellence, funds condition monitoring
technologies, and backs prompt repairs (Orjatsalo et al., 2024). Improved equipment utilisation,
decreased downtime, and consistent performance levels are all outcomes of a well-supported
maintenance system. system for mechanical maintenance and working efficiency. Thakran, V.
(2023). Vital to be used as a preventive measure since propensity to crack, leak and overload due
to insufficient flexibility of the system. In the case of piping systems, the extensive optimization
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of flexibility is enabled by the extensive industry applicability of software tool CAESAR-I1I that
facilitates full examinations. The CAESAR-II software takes engineering standards, like ASME
B31.3 into consideration by providing highly advanced modeling with the ability to perform stress
analysis and simulation, to obtain system performance measurements in the various modes of
operation. The program facilitates designing with complex 3-dimensional models of pipe systems
through the integration of properties that include the type of materials as well as shift in
temperature and force impacts

2.5 Theoretical Framework Supporting the Research

A solid theoretical framework for understanding the impact of maintenance concerns, system
efficiency, and organisational support on operational outcomes can be developed by discussing the
suggested associations in this research model through the lens of the Resource-Based View and
Socio-Technical Systems Theory. According to the Resource-Based View, a company's success
hinges on how well it makes use of its most precious, scarce, and difficult-to-replace assets, such
as its technicians' knowledge and skills and the managerial commitment of its executives (Barney,
2001; Wernerfelt, 1984). Having a robust mechanical repair system in place can be seen as an
internal tactical asset that improves reliability, decreases downtime, and guarantees the efficiency
and effectiveness of equipment. Leadership, knowledgeable staff, and organisational support
systems are considered social subsystems that interact with technical subsystems of mechanical
devices and maintenance technology (Pasmore, 1988; Trist & Bamforth, 1951). These subsystems
are crucial to the overall operation of the system. When problems with RCM put stress on the
technical system, the performance of the maintenance system is one of the most important
processes that the disruption has an impact on. Technical maintenance effectiveness moderates the
influence on operational and equipment efficiency, whereas top management support is a social
contextual element that enhances the correlation between maintenance processes and
organisational objectives.

Thakran, V. (2024). In the complex world of power plant operations, the reliability and safety of
piping systems are paramount. An ASME B31.1 Code for Power Piping provides all required
guidelines and detailed information for designing, analyzing, and maintaining all power piping
systems to resist the harsh conditions necessary for power generation and distribution industries.
This paper explores the topic of piping systems starting with process layout and moving on to the
structural and stress analysis as well as the supports of a piping system.

CONCLUSION

This study examined maintenance strategies in mechanical systems and their role in enhancing
equipment reliability and operational performance. The findings confirm that maintenance is no
longer a purely technical function but a strategic activity that directly influences productivity,
system availability, and organizational efficiency. Traditional reactive maintenance approaches
are insufficient in modern industrial environments where equipment complexity, automation, and
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production continuity are critical. The literature and conceptual analysis demonstrate that advanced
maintenance approaches such as preventive maintenance, predictive maintenance, reliability-
centered maintenance, and condition-based maintenance significantly improve equipment
reliability by reducing failure frequency, downtime, and maintenance costs. These strategies allow
organizations to detect faults early, optimize maintenance scheduling, and extend equipment
lifespan. Furthermore, the integration of modern tools such as condition monitoring, data analytics,
Al, and Industry 4.0 technologies strengthens maintenance decision-making and improves system
responsiveness. The study also highlights that maintenance performance is influenced not only by
technical strategies but also by organizational factors. The availability and effectiveness of the
maintenance system act as a key mechanism through which maintenance challenges affect
operational performance and equipment efficiency. When maintenance systems are well-
coordinated, equipped with skilled personnel, and supported by effective diagnostic tools, the
negative effects of maintenance challenges are reduced.
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