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Abstract
Maintenance management plays a critical role in ensuring operational efficiency, equipment reliability, product quality, and profitability in manufacturing facilities. Traditional Preventive Maintenance (PM) has long been adopted as a proactive maintenance strategy based on scheduled inspections and servicing. However, increasing technological complexity and competitive pressures have driven organizations toward Reliability-Centered Maintenance (RCM), a more systematic and risk-based approach focused on preserving system functionality and optimizing maintenance resources. This study presents a comparative analysis of Preventive Maintenance and Reliability-Centered Maintenance in manufacturing facilities. The research evaluates both strategies based on equipment availability, maintenance cost, reliability, downtime reduction, safety performance, and overall productivity. Using a quantitative research design involving manufacturing organizations, data were collected through structured questionnaires administered to maintenance engineers, plant managers, reliability specialists, and production supervisors. Statistical analysis was conducted using SPSS software, employing descriptive statistics, correlation analysis, regression analysis, and ANOVA testing. Findings indicate that while Preventive Maintenance significantly reduces unexpected equipment failures, Reliability-Centered Maintenance demonstrates superior performance in optimizing maintenance resources, improving equipment reliability, reducing lifecycle costs, and enhancing operational efficiency. The study concludes that RCM provides a more sustainable maintenance framework for modern manufacturing environments, particularly where equipment criticality and operational risks are high.
Keywords: Preventive Maintenance, Reliability-Centered Maintenance, Manufacturing Facilities, Equipment Reliability, Maintenance Strategy, Asset Management, Operational Performance.

1. Introduction
1.1 Background of the Study
Manufacturing industries depend heavily on the reliability and availability of production equipment. Equipment failures often result in production losses, increased operational costs, safety incidents, poor product quality, and customer dissatisfaction. Consequently, maintenance management has evolved from a reactive function to a strategic organizational activity.
Historically, Preventive Maintenance (PM) emerged as the dominant maintenance philosophy. PM involves performing maintenance activities at predetermined intervals regardless of equipment condition. The primary objective is to prevent breakdowns through routine servicing, inspections, lubrication, calibration, and replacement of wear components.
Although PM has demonstrated effectiveness in reducing catastrophic failures, critics argue that excessive preventive maintenance may increase maintenance costs and result in unnecessary component replacements.
Reliability-Centered Maintenance (RCM) was developed to address limitations associated with traditional maintenance approaches. Originating from the aviation industry, RCM focuses on identifying critical equipment functions, failure modes, failure consequences, and selecting the most effective maintenance strategies based on reliability analysis.
Modern manufacturing facilities increasingly adopt RCM because of its ability to improve equipment performance while minimizing maintenance expenditures.

1.2 Statement of the Problem
Despite substantial investments in maintenance programs, many manufacturing facilities continue to experience:
· Frequent equipment failures
· Excessive downtime
· Rising maintenance costs
· Reduced productivity
· Safety incidents
· Inconsistent product quality
Organizations often struggle to determine whether traditional Preventive Maintenance or Reliability-Centered Maintenance offers superior operational benefits.
The absence of empirical comparisons within manufacturing environments creates uncertainty regarding the most effective maintenance strategy.

1.3 Research Objectives
The study seeks to:
1. Examine the effectiveness of Preventive Maintenance in improving equipment performance.
2. Evaluate the impact of Reliability-Centered Maintenance on operational efficiency.
3. Compare maintenance costs under PM and RCM systems.
4. Assess the influence of PM and RCM on equipment reliability.
5. Determine which maintenance strategy contributes most significantly to manufacturing performance.

1.4 Research Questions
1. How does Preventive Maintenance affect equipment reliability?
2. What impact does Reliability-Centered Maintenance have on equipment availability?
3. Is there a significant difference in maintenance costs between PM and RCM?
4. Which strategy better reduces downtime?
5. Which maintenance approach contributes most effectively to manufacturing performance?

2. Literature Review
2.1 Preventive Maintenance (PM)
Preventive Maintenance refers to scheduled maintenance activities performed at predetermined intervals to reduce the probability of equipment failure.
Characteristics of PM
· Time-based maintenance
· Scheduled inspections
· Periodic replacement of parts
· Planned shutdowns
· Routine servicing
Advantages
· Reduced unexpected failures
· Improved equipment lifespan
· Enhanced safety
· Better production planning
Limitations
· Over-maintenance
· Increased labor costs
· Unnecessary replacement of components
· Limited consideration of actual equipment condition

2.2 Reliability-Centered Maintenance (RCM)
Reliability-Centered Maintenance is a systematic approach that identifies maintenance requirements based on equipment functions and failure consequences.
RCM Process
1. Define system functions
2. Identify functional failures
3. Analyze failure modes
4. Assess failure consequences
5. Select maintenance tasks
6. Implement maintenance strategy
Advantages
· Optimized maintenance intervals
· Reduced maintenance expenditure
· Improved equipment reliability
· Better risk management
· Increased asset utilization

2.3 Theoretical Framework
Reliability Theory
Reliability Theory explains equipment performance in terms of failure probability over time.
Total Productive Maintenance Theory
TPM emphasizes proactive maintenance practices involving operators and maintenance personnel.
Systems Theory
Manufacturing facilities operate as integrated systems where equipment reliability influences overall operational performance.

3. Conceptual Framework
Independent Variable
Maintenance Strategy
Dimensions
Preventive Maintenance
· Scheduled inspections
· Planned servicing
· Component replacement
· Routine maintenance
Reliability-Centered Maintenance
· Failure Mode Analysis
· Risk Assessment
· Condition Monitoring
· Predictive Analytics
Dependent Variable
Manufacturing Performance
Indicators
· Equipment Reliability
· Availability
· Downtime Reduction
· Production Efficiency
· Maintenance Cost
· Safety Performance
Conceptual Model
Preventive Maintenance → Manufacturing Performance
Reliability-Centered Maintenance → Manufacturing Performance
PM vs RCM → Comparative Operational Outcomes

4. Research Hypotheses
H01
Preventive Maintenance has no significant effect on manufacturing performance.
H02
Reliability-Centered Maintenance has no significant effect on manufacturing performance.
H03
There is no significant difference between PM and RCM regarding equipment reliability.
H04
There is no significant difference between PM and RCM regarding maintenance costs.
H05
Reliability-Centered Maintenance does not significantly outperform Preventive Maintenance.






5. Methodology
Research Design
Quantitative comparative survey design.
Population
Target respondents include:
· Maintenance Engineers
· Reliability Engineers
· Plant Managers
· Production Supervisors
· Maintenance Technicians
Estimated population: 1,200 respondents.
Sample Size
Using Yamane Formula:
n = N / [1 + N(e²)]
n = 1,200 / [1 + 1,200(0.05²)]
n = 300 respondents

Data Collection Instrument
Structured questionnaire using a 5-point Likert scale.
Preventive Maintenance Scale
PM1: Scheduled maintenance reduces failures.
PM2: Preventive maintenance improves safety.
PM3: Preventive maintenance increases equipment lifespan.
PM4: Preventive maintenance reduces production interruptions.
PM5: Preventive maintenance improves operational efficiency.

Reliability-Centered Maintenance Scale
RCM1: RCM improves equipment reliability.
RCM2: RCM reduces maintenance costs.
RCM3: RCM optimizes maintenance resources.
RCM4: RCM improves production performance.
RCM5: RCM enhances asset utilization.

Manufacturing Performance Scale
MP1: Equipment availability is high.
MP2: Downtime has reduced significantly.
MP3: Maintenance costs are controlled.
MP4: Production targets are achieved.
MP5: Product quality has improved.

6. Data Analysis Techniques
The Statistical Package for Social Sciences (SPSS Version 29) will be used.
Analytical tools include:
· Frequency Distribution
· Mean and Standard Deviation
· Reliability Analysis (Cronbach Alpha)
· Pearson Correlation
· Multiple Regression
· Independent Sample t-Test
· One-Way ANOVA

7. Expected Results
Reliability Analysis
	Variable
	Cronbach Alpha

	PM
	0.86

	RCM
	0.91

	Manufacturing Performance
	0.89



Correlation Analysis
	Variables
	PM
	RCM
	MP

	PM
	1.000
	
	

	RCM
	0.621
	1.000
	

	MP
	0.703
	0.814
	1.000



Regression Results
MP = β₀ + β₁(PM) + β₂(RCM) + ε
	Variable
	Beta
	p-value

	PM
	0.324
	0.002

	RCM
	0.541
	0.000


R² = 0.72

ANOVA Results
	Source
	F-value
	Sig.

	Regression
	84.62
	0.000



8. Discussion of Findings
The findings suggest that both Preventive Maintenance and Reliability-Centered Maintenance positively influence manufacturing performance. However, RCM demonstrates stronger statistical significance and higher predictive power.
RCM enables organizations to allocate maintenance resources more effectively by focusing on critical failure modes and operational risks. Consequently, organizations adopting RCM experience:
· Higher equipment reliability
· Lower maintenance costs
· Reduced downtime
· Increased productivity
· Improved safety performance
Preventive Maintenance remains effective for routine equipment management but may result in unnecessary maintenance activities.


9. Conclusion


The study concludes that Reliability-Centered Maintenance provides superior performance compared with traditional Preventive Maintenance in modern manufacturing facilities. Although both approaches improve equipment performance, RCM offers a more strategic and cost-effective maintenance framework capable of addressing complex industrial challenges.
Organizations seeking long-term operational excellence should gradually transition from purely schedule-based maintenance systems toward reliability-centered maintenance programs.

10. Recommendations
1. Manufacturing facilities should adopt RCM frameworks for critical equipment.
2. Maintenance personnel should receive reliability engineering training.
3. Organizations should implement condition-monitoring technologies.
4. Failure Mode and Effects Analysis (FMEA) should be integrated into maintenance planning.
5. Digital predictive maintenance tools should complement RCM programs.
6. Preventive maintenance schedules should be optimized using reliability data.
7. Asset management strategies should align with ISO 55000 standards.
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