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Abstract – Total Productive Maintenance (TPM) has arisen as a holistic management strategy for increasing 

equipment effectiveness, productivity and quality in industrial systems. 

Recent research demonstrates TPM's expanding acceptance across multiple industries, emphasizing its 

strategic importance in attaining long-term operational effectiveness. This research investigates the link 

between TPM adoption and organizational performance, with a special emphasis on the alignment of 

operational procedures and strategic targets. The results show that cost frameworks and market standards 

are not necessarily directly correlated with increases in productivity and quality. Performance discrepancies 

have been shown to be primarily caused by a lack of consistency in enhancement initiatives, low employee 

involvement, and mismatches between corporate plans and shop-floor practices. The study also highlights 

the necessity of strong leadership determination, engagement from the whole company, and a formalization 

of procedures for continuous improvement for TPM deployment to be effective. Overall, the study shows 

that TPM should be seen as an essential component of organizational transformation and a sustainable 

competitive edge in industrial contexts, rather than just as a maintenance approach. 
 
Keywords –Total Productive Maintenance (TPM), Manufacturing Systems, Operational Performance, Productivity. 

 

I. INTRODUCTION 

Total Productive Maintenance (TPM) is a comprehensive management technique aimed at achieving 

operational excellence in industrial companies. This system is based on three main pillars: Total 

Effectiveness, which focuses on economic efficiency and profitability; Total Maintenance System, which 

includes preventive and improvement maintenance processes;  and Total Participation, in which all 

employees, particularly operators, participate in autonomous maintenance processes. This method seeks to 

foster corporate synergy through small group activities and a teamwork culture by delegating responsibility 

to workers. The TPM system's primary goals are to eliminate inefficiencies in manufacturing processes 

while also maintaining long-term quality. As a result, the system seeks to increase machine and equipment 

efficiency, enhance product quality and reach the goals of ‘zero defects’,  ‘zero losses, ‘zero scrap’ and 

‘zero inventory’ in manufacturing operations. It also attempts to reduce worker accidents by raising 

occupational health and safety requirements, as well as to improve maintenance quality and technical 

training levels. Finally, these methods inspire employees to provide improvement ideas, resulting in a 

significant cultural shift inside the firm and strengthened group Dynamics (Blanchard, 1997; Bamber et al., 
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1999;  Wang and  Lee , 2001; Chan et al., 2005;  Ahuja and Khamba, 2008; Prabhuswamy et al., 2008;  

Singh  et al., 2013; Jain et al., 2014). 

To strengthen their competitiveness and prosper in both national and international markets, our industrial 

businesses must undergo comprehensive and rapid growth. This development begins on the production 

floor and needs the implementation of an efficient fast development approach. Automation has significantly 

impacted production values in short time intervals. With the development in automation, equipment and 

machinery have become critical components in increasing productivity. In business, revealing the 

continuous connections between production factors and instantly identifying the causes of fluctuations in 

these factors allows businesses to identify their weaknesses and take corrective action (Akman, 1988; 

Blanchard, 1997; Howell, 2012; Jain et al. 2014).  

The concept of Total Equipment Productivity becomes clear at this point. Equipment productivity is very 

significant for disclosing equipment conditions. Furthermore, equipment productivity enables the discovery 

of flaws in the process of reaching optimal equipment conditions. Efforts are taken to reduce variables such 

as unexpected failures, speed losses and quality faults in the process. Maximizing equipment efficiency 

requires minimizing six key losses that impact equipment efficiency across the organization (Akman, 1988; 

Blanchard, 1997; Singh et al., 2013; Jain et al., 2014). 

In addition to management style, the employment of tools such as TPM to stimulate employee innovation 

and engagement adds greatly to advances in goods, manufacturing processes, quality and as a result, 

competitiveness and profitability. Repair and maintenance tasks become increasingly important in a firm 

as the manufacturing system or output volume expands. In a manufacturing line with hundreds of machines, 

a few failures might bring the entire system to a standstill due to chain reactions. Order production can 

somewhat compensate for the lack of machines that have failed or are undergoing maintenance. However, 

in continuous production, particularly flow-type manufacturing, breakdowns have a substantial influence 

on the production flow. For example, a single failure in a polyester yarn (continuous production) plant 

might bring the entire system to a halt and render the polymer on the line worthless. Even when the defect 

is repaired, it takes some time for the system to be restored to normal production levels (Blanchard, 1997; 

Bamber et al., 1999; Kobu, 2003; Chan et al., 2005; Prabhuswamy et al., 2008; Rizzo, 2008; Saleem et al. 

2017) 

TPM is the combination of preventive maintenance methods with the Total Quality Management concept 

to establish a TPM culture. It encourages employees to take responsibility of the equipment and machinery 

they use while also ensuring that their machines run well at all times through integration with maintenance, 

engineering and management divisions. TPM refers to all company-wide, team-based operations targeted 

at maintaining equipment quality and by extension, process quality, as well as guaranteeing overall 

equipment effectiveness. TPM is more than simply a maintenance strategy; it is also a critical component 

of Total Quality Management and Lean Manufacturing. TPM concentrates on minimizing losses prior to, 

during and following a process to ensure that a machine or process operates optimally (Blanchard, 1997; 

Görener and Yenen 2007; Prabhuswamy et al., 2008; Rizzo, 2008; Saleem et al., 2017). 

Recognizing the need for improvement is the first step in making progress. This requirement stems from 

detecting a problem or an insufficient standard. Those who conduct the task are responsible for identifying 

these issues. If no problems are detected, there is no demand for change, making it impossible to create an 

appropriate environment for TPM operations. The primary aims of TPM applications (Blanchard, 1997; 

Bamber et al., 1999; Chan et al., 2005; Prabhuswamy et al., 2008; Rizzo, 2008; Saleem et al., 2017) are: 

(i) To build a business culture and management system that will optimize the efficiency and effectiveness 

of the production system in collaboration with factory and office personnel.  

(ii) To boost the total efficiency of the equipment, i.e., the complete factory, by striving for a faultless 

system that will eliminate all forms of losses connected to current equipment and production area, and by 

gathering improvements gained via individual and team work, 
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Reducing operational losses (16 Muda) - To improve the ultimate efficiency (OEE) of machine and system 

maintenance and enable the active participation of all workers in this respect,  To maintain consistent 

product quality, To boost profitability by better efficiency, lower losses and faster delivery times,  To ensure 

occupational safety by enhancing the working environment and to develop a Total Productive Management 

system that incorporates all of these, allowing it to be self-sustaining (autonomous) and continually 

improved. 

The use of TPM methodology is extremely effective, particularly among blue-collar workers, in terms of 

increasing individual creativity, increasing productivity and reducing waste, encouraging collaboration and 

teamwork among production and office employees and developing a trained and conscious workforce. 

Continuous accumulation of benefits leads to increased factory efficiency, improved product quality, faster 

delivery speeds and an efficient management system, ultimately contributing to company profitability 

(Chan et al., 2005; Tiryakioğlu, 2007; Prabhuswamy et al., 2008; Rizzo, 2008; Saleem et al., 2017). 

II. MATERIALS AND METHOD 

A. Literature Review – Total Productive Maintenance 

While persistent failures and mistakes have several reasons, the human aspect is the most crucial. Failures 

cause production to cease, deliveries to be delayed and manufacturing mistakes to occur. Given that 

individuals are also accountable for the incidence of failures, it is conceivable to achieve a "zero failure" 

workplace by preventing failures. The most significant technique to decrease or even eliminate failures is 

to use the Total Productive Maintenance (TPM) method. TPM is a productive maintenance activity that 

involves all personnel. The economic conditions in which enterprises find themselves have grown quite 

harsh and it is important to reduce losses for a firm to exist with its employees. Losses and faults produced 

by equipment that demand significant expenditures must be eliminated. TPM is the new direction in 

manufacturing. Today, just as robot and 24 hour automated manufacturing are realities, unmanned factories 

are also a viable option. When discussing quality control, it is common to hear that quality is determined 

by the process. Now, as robotization and automation expand, it is more appropriate to state that quality is 

determined by the equipment. Equipment determines productivity, cost, inventory, safety and health, and 

manufacturing output quality (Blanchard, 1997; Ahuja and Khamba, 2008; Prabhuswamy et al., 2008; 

Singh et al., 2013). 

The fast ascent of Japan as a major economic force has caused concern in American officials, as well as a 

desire to discover the secrets of Japanese manufacturing success. Contrary to common opinion, this 

development is not the result of modern technology, such as robots. What the Japanese have done is learn 

how to manage old plants efficiently. Management in Japanese enterprises has never abandoned the 

significance of core concepts; in fact, they value every stage of manufacturing, from product creation to 

distribution. Continuous effort is being done at all levels to enhance ideas including equipment design, 

inventory management systems, and worker capabilities. The objective is to create excellent products and 

run error-free operations. The system used by the Japanese is not a new discovery. They have taken old 

systems and enhanced them while adding new aspects. This method, which originated in Japanese industry 

after WWII, has continued to evolve until the current day. During this time, the Japanese acquired American 

manufacturing, managerial, technical, and skill sets and then continually enhanced them. The TPM  idea is 

broadly described as part of the maintenance paradigm. TPM's beginnings may be traced back to the 

following historical process (Blanchard, 1997; Bamber et al., 1999; Wang and Lee, 2001; Chan et al., 2005; 

Ahuja and Khamba, 2008). 

The notion of preventive maintenance arose in the 1950s. During the same time period, the notion of 

Productive Maintenance (PM) (1954) gained traction. In the 1960s, the notion of Productive Maintenance 

emerged with the concepts of equipment dependability and maintenance reliability. In the 1970s, this 

evolution gave rise to the ideas of preventive maintenance, reliability engineering, maintenance 
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engineering, and engineering economics. The notion of TPM emerged from the idea of accomplishing 

Productive Maintenance as an integrated system involving all employees' unique contributions (Blanchard, 

1997; Bamber et al., 1999;  Wang and  Lee , 2001; Chan et al., 2005; Ahuja and Khamba, 2008; 

Prabhuswamy et al., 2008;  Singh  et al., 2013; Jain et al., 2014).  

TPM management was first established in Japan in the 1970s, then expanded to Europe in the 1980s and 

Turkey in the 1990s. In Japan, the Japan Institute for Factory Maintenance (JIPM) supports the TPM 

system. The institution recognizes firms that effectively use TPM. These are primarily manufacturing 

enterprises. While Japanese companies have previously won this honor, Volvo in Europe and the Pirelli 

Izmit Factory in Turkey have also got it. TPM has two phases. The first stage is the "Excellent Factory" 

stage, while the second is... Customer and staff satisfaction are handled via time and cost management, 

marketing, and benchmarking (Blanchard, 1997; Bamber et al., 1999;  Wang and  Lee, 2001; Ahuja and 

Khamba, 2008; Prabhuswamy et al., 2008;  Singh et al., 2013; Jain et al., 2014). 

B. Definition of Total Productive Maintenance and Comparison with Existing Systems 

Total Productive Maintenance (TPM) can generally be defined as ‘productive maintenance’ that ensures 

total participation (Nakajima, 1982). Total productive maintenance is a tool for management. It can be said 

to be a holistic view of the effects of maintenance on production. 

The rise in automation and autonomous manufacturing will not lessen the demand for human labor. 

Operations will merely get more automated, whilst maintenance will remain highly reliant on human 

intervention. TPM is a company-wide equipment maintenance strategy that involves everyone from top 

management to blue-collar workers on the manufacturing line. Production and maintenance are traditionally 

thought to be firmly separated. This mindset is as follows: "I produce, they fix the problem." The term 

‘Total’ is used in Total Productive Maintenance to express a new attitude. In American-style Productive 

Maintenance (PM), the maintenance department is often in charge of carrying out PM responsibilities. 

TPM, on the other hand, strives for universal participation (Blanchard, 1997; Bamber et al., 1999;  Ahuja 

and Khamba, 2008; Prabhuswamy et al., 2008;  Singh  et al., 2013; Jain et al., 2014). Looking at research 

on overall productivity maintenance, it is clear that the quantity of studies on the issue has expanded, 

particularly during the previous decade. There have been research on the idea of TPM, which has 

applications on a variety of sizes in many industries, particularly in the manufacturing sector, as well as the 

adaptation of applications to organizations and their advantages.  

Miyake et al. (1995) investigated the ideas and linkages between just-in-time production, total quality 

control, and total productive maintenance, which are all complimentary activities in the development of 

manufacturing systems. They looked at the sorts of techniques used in thirty-seven businesses that got the 

TPM  award. 

McAdam and Duffner (1996) investigated how to more successfully deploy Total Productive Maintenance 

(TPM) techniques in firms that have adopted Total Quality Management (TQM) systems. They tried to 

explain the impacts of merging Total Quality Management and Total Productive Maintenance systems 

through surveys and implementations in two manufacturing organizations. Blanchard (1997) created a 

strategy for Total Productive Maintenance applications in the industrial industry, which resulted in higher 

overall equipment efficiency and lower costs. 

In a study aiming at finding characteristics associated to the effective implementation of the TPM system 

(Bamber et al., 1999), researchers developed TPM development and implementation programs based on 

UK SMEs' practices. McKone et al. (1999) created an interface based on TPM applications at 97 facilities 

across four countries that highlighted the usage of the TPM system and its links with Just In Time (JIT), 

TQM  and Employee Engagement (EE) ideas. 
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Miyake and Enkawa (1999) stressed the complimentary linkages between total quality control and TPM 

principles in their research. They investigated the impact of these notions on manufacturing strategies by 

analyzing firms where they were adopted. Chand and Shirvani (2000) studied the impact of TPM techniques 

in a cellular manufacturing company that services the automobile sector. They determined total equipment 

efficiency and losses caused by six primary losses. Tsang and Chan (2000) investigated three-phase TPM 

techniques in a plant in China producing high-precision machinery. Cua et al. (2001) explored how total 

quality management, TPM and  JIT techniques affect manufacturing performance. They contrasted the tools 

and approaches utilized to execute all three notions, resulting in an integrated interface. They used 

discriminant analysis to investigate the correlations between these notions. Ireland and Dale (2001) 

analyzed TPM applications in three distinct organizations with comparable architecture and evaluated their 

efficiency and costs. 

Kodali and Chandra (2001) used a multivariate decision-making technique called the Analytical Hierarchy 

Process (AHP) to model the requirements of TPM. They suggested that the priorities developed may be 

used strategically and operationally within the context of TPM. McKone et al. (2001) investigated the 

impact of total productive maintenance methods on manufacturing performance. They explored the direct 

and indirect correlations between TPM and manufacturing performance in the context of just-in-time 

production by using a structural equation modeling framework. Park and Han (2001) discussed the long-

term benefits and advantages of TPM, investigated the influence of total productive maintenance on 

competitiveness, and created an interface for successful TPM implementation. 

Swanson (2001) conducted a comprehensive survey of factory and maintenance managers to investigate 

the relationship between proactive and aggressive maintenance strategies and performance using factor 

analysis. Wang and Lee (2001), stressing the importance of total productive maintenance as a strategic 

weapon for continuous improvement, created a nonlinear regression model for TPM implementation and 

utilized it to identify the optimal period for performance evaluation. 

Vanderwall and Lynn (2002) conducted a survey of employees at a South African pulp and paper plant to 

assess their perceptions of  TPM procedures. Sun et al. (2003) noted in their research of the installation and 

development of TPM in a Hong Kong manufacturing business that TPM techniques were evaluated using 

pilot implementations and after good results were produced, widespread adoption was implemented. Eti et 

al. (2004) investigated total quality management, lean manufacturing, and TPM methods in the Nigerian 

manufacturing sector. They analyzed performance gains by comparing them to pre-TPM levels. 

Waeyenbergh and Pintelon (2004) provided a seven-step maintenance improvement framework that they 

established throughout their research. They offered advice on how to use this decision support tool, which 

acts as a reference for selecting maintenance policies. 

Chan et al. (2005) investigated the applicability of TPM in the electronics sector by focusing on a 

semiconductor manufacturing business. They indicated that TPM implementations resulted in better 

equipment use. They discovered that employees' knowledge and abilities improved, while their enthusiasm 

to work rose. Elevli et al. (2005) addressed the issue of overall equipment (OEE) efficiency within the 

scope of total productive maintenance. They performed research to assess the total productive maintenance 

applications and overall equipment efficacy in small and medium-size businesses. Patra et al. (2005) looked 

at an office TPM application at a library. The research, which was conducted in combination with the 5S 

application, found that a more productive work environment was produced, as well as enhanced employee 

satisfaction. 

In a research aimed at proactively decreasing the costs of preventive maintenance actions carried out within 

the scope of total generative maintenance, Eti et al. (2006) discussed the notion of reliability-centered 

culture and touched on learning organizations. They also developed a benefit-cost framework for complete 



International Journal of Advanced Natural Sciences and Engineering Researches 

169 
 

generative maintenance. In his paper, Gosavi (2006) developed a thorough mathematical model called the 

risk sensitivity method for total generative maintenance based on Markov decision processes. 

Pinjala et al. (2006) used data from Belgium and the Netherlands to examine and compare various 

management and maintenance approaches such as Advanced Manufacturing Technologies (AMT), just-in-

time production (JIT), TPM and outsourcing. 

In their study, Rodrigues and Hatakeyama (2006) examined the success elements of  TPM before criticizing 

issues such as top management's lack of ownership, arguing that the system should be accepted by all 

personnel. Giyici (2007) reported that using a Total Productive Maintenance system in their manufacturing 

industry enterprises resulted in cost savings and fewer failures. Saraç et al. (2007) calculated general 

equipment efficiency in a porcelain production firm using TPM. Their research, which was supported by 

variance analysis, yielded ideas for improvements. 

The study of Irfan et al. (2025) examines the critical role that TPM and the Lean mindset play in boosting 

productivity with a concentrate on improving operational performance in the cement industry. By 

examining an initial Overall Equipment Effectiveness (OEE) of 65.60%, which is far lower than the world-

class standard of 85%, the study pinpoints underlying issues such mechanical malfunctions and a lack of 

5S discipline. Equipment failures were effectively reduced by the strategic use of TPM and 5S technologies, 

improving OEE to 68% and offering industrial decision-makers a based on data paradigm. 

C. Core Activities of Total Productive Maintenance 

The total productive maintenance approach is focused on the presence, complementation, and support of 

many important activities. The success of TPM depends on the effective continuation of these activities. 

The aforementioned core activities can be listed as follows (McAdam and Duffner, 1996; Blanchard, 1997; 

Bamber et al., 1999; McKone et al., 1999; Wang and Lee, 2001; Kodali and Chandra, 2001; McKone et al., 

2001; Chan et al., 2005; Ahuja and Khamba, 2008; Prabhuswamy et al., 2008; Singh et al., 2013; Jain et 

al., 2014): 

Ensuring Equipment Effectiveness and Kobetsu Kaizen Applications: The goal is to maximize equipment 

effectiveness. Activities aimed at preventing equipment losses and minimizing energy, material, and labor 

losses are targeted. The three elements of equipment management can be listed as: equipment improvement, 

loss analysis and continuous improvement (Kobetsu Kaizen) teams. Planned Maintenance: Created by the 

maintenance department. Successful results are achieved through the harmonious and efficient work of 

maintenance department personnel. 

Predictive Maintenance: Defined as ‘the sum of efforts to measure the trends of physical parameters of 

equipment, compare them with known engineering limits, analyze and interpret the results, and 

economically neutralize and correct problems that may lead to failures’ (Topaz and Sümen, 2003). 

Autonomous Maintenance (Jishu Hozen): When operators participate and follow the rules themselves, 

performing basic maintenance activities is called "Autonomous Maintenance." Autonomous Maintenance 

also means "Independent Maintenance." Autonomous maintenance encompasses activities designed to 

allow operators to take part in the maintenance of their own equipment independently of the maintenance 

Department (McAdam and Duffner, 1996;  Blanchard, 1997; Bamber et al., 1999;  McKone et al., 1999; 

Wang and  Lee, 2001; Kodali and Chandra, 2001). 

Traditionally, businesses operate under the assumption that machines are under the responsibility of the 

maintenance department. However, this approach makes it impossible to eliminate failures and errors. TVB 

aims to eliminate failures and errors by training machine operators in autonomous maintenance. It is 

essential that all employees in the autonomous maintenance group make an effort and contribute to all steps 

of the program. Autonomous maintenance consists of seven steps. These steps are: 
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a. Initial cleaning 

b. Precautions against sources of contamination 

c. Temporary standardization 

d. General checks 

e. Autonomous control 

f. Standardization 

g. Autonomous Maintenance Management (Fully Autonomous Maintenance) 

These steps, referred to as the seven steps of autonomous maintenance, complement each other (Karamanlı, 

2003). In addition, every operator must be trained in the skills necessary to perform autonomous 

maintenance (Mora, 1998). 

5S: The 5S technique, consisting of 5 words starting with the Japanese letter S, is based on standardized 

practices within the framework of making the workspace more organized and usable. 5S organizes the 

workspace, reduces unnecessary items and consequently provides an efficient work environment. The 5S 

steps can be listed as follows: Sorting (Seiri), Arranging (Seiton), Cleaning (Seiso), Standardizing 

(Seiketsu), Discipline (Shitsuke) (Arçelik TPM Documents, 2004). 

Preventive Engineering: When new equipment is taken into the production process, even if the design and 

production are flawless, problems may arise initially. Production and maintenance engineers should identify 

problems and make improvements beforehand. 

Quality Maintenance System Approach: Improving maintenance and product quality, and ensuring 

homogeneity, has become an important task of production activities. Automation has taken its place in 

production lines and has shifted the focus of production from the worker to the equipment. The condition 

of the equipment greatly affects the achievement of quality. Under these conditions, a quality assurance 

system should be established with the understanding stated, taking into account the maintenance of quality 

at every point. 

TPM in Offices: Since TPM involves participation throughout the entire business, this includes those 

working in the administrative section. A system that supports production and increases the efficiency of the 

administrative part should also be established in these departments. Hygiene and Safety: The goal of the 

practices is zero workplace accidents and zero environmental pollution. It has been observed that workplace 

accidents are significantly reduced in businesses implementing Hygiene and Safety Management (HSM). 

The most important activity to be undertaken regarding the occurrence of workplace accidents and 

environmental damage is to conduct risk analyses and take precautions. HSM Training: Within the scope 

of HSM, all employees, from top management to operator level, should acquire the necessary information. 

A regular training policy should be implemented in businesses, and all employees should be guided in this 

regard. In particular, the training needs of operators should be determined and the necessary training should 

be provided (McAdam and Duffner, 1996;  Blanchard, 1997; Bamber et al., 1999;  McKone et al., 1999; 

Wang and  Lee, 2001; Kodali and Chandra, 2001). 

III. TOTAL EQUIPMENT EFFICIENCY (OVERALL EQUIPMENT EFFECTIVENESS-OEE) 

The basic objective of production is to enhance efficiency by reducing inputs while increasing outputs. 

Outputs include greater product quantity, higher quality, lower prices, and fulfilling delivery timelines. All 

of this should be accomplished in a healthy, sustainable work environment that boosts employee morale. 

Table 3.2 illustrates the link between input and output in manufacturing using a matrix format. Labor, 

machinery, and materials are the inputs. The output is divided into the following units: PQCDSM - 

production (P), quality (Q), cost (C), delivery (D), occupational safety (S), hygiene and environmental 

conditions. The units in the right column denote techniques for altering the output factor. Input factors are 

determined by the proper utilization of manpower, manufacturing engineering and maintenance, and 

inventory management (Nakajima, 1982; McAdam and Duffner, 1996;  Blanchard, 1997; Bamber et al., 
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1999;  McKone et al., 1999; Wang and  Lee , 2001; Kodali and Chandra, 2001; McKone et al., 2001; Chan 

et al., 2005;  Ahuja and Khamba, 2008; Prabhuswamy et al., 2008;  Singh  et al., 2013; Jain et al., 2014). 

 

Figure 1.  Major Losses in the Production Process (modified from the literature) 

TPM (Total Productivity) aims to minimize ‘Losses’ before, during  and after a process in order to optimize 

its overall operating conditions. The sixteen major losses incurred in the production process include ‘Labor’ 

losses, ‘Energy’ losses  and ‘Materıal’ losses. The losses used in calculating Total Equipment Productivity 

are grouped into three main categories and six separate headings. These are detailed in Figure 1  (Nakajima, 

1988; McAdam and Duffner, 1996;  Blanchard, 1997; Bamber et al., 1999;  McKone et al., 1999; Wang 

and  Lee , 2001; Kodali and Chandra, 2001; McKone et al., 2001; Chan et al., 2005;  Ahuja and Khamba, 

2008; Prabhuswamy et al., 2008;  Singh  et al., 2013; Jain et al., 2014; Okpala and Anozie, 2018). 

IV. KEY STEPS IN TPM IMPLEMENTATION 

The fundamental goal of ‘Total Productive Maintenance (TPM)’ is to achieve fundamental 

improvements within the organization by increasing the productivity of employees and equipment, and to 

positively transform the traditional work culture. In this respect, the transition to a TPM system is a long-

term marathon requiring 3-4 years from the outset. Attempts to shorten this time are unrealistic. If the 

company already has an infrastructure and practices in productive maintenance, the transition to TPM 

becomes easier (McAdam and Duffner, 1996;  Blanchard, 1997; Bamber et al., 1999;  McKone et al., 1999; 

Wang and  Lee , 2001; Kodali and Chandra, 2001; McKone et al., 2001; Singh  et al., 2013; Jain et al., 

2014).   

The fundamental requirements for a successful implementation can be summarized in five points: 

- Eliminating or minimizing six losses to increase equipment efficiency, 
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- Developing a unique maintenance program for operators (Autonomous Maintenance), 

- Developing a scheduled maintenance program for maintenance units, 

- Improving the skills of operators and maintenance personnel, 

- Developing a new equipment management program. 

 

V. SECTOR SPECIFIC APPLICATION -THE IMPLEMENTATION AND BENEFITS OF TOTAL PRODUCTIVE 

MAINTENANCE 

This study focuses on XYZ  the company where TPM was implemented and researched.  XYZ is a company 

that appeals to luxury car enthusiasts, performance-seeking drivers and technology aficionados, combining 

Italian aesthetics with heavy industry. This company is not only a tire manufacturer in the automotive world 

but also possesses a ‘premium’ brand identity at the intersection of technology, fashion, and industrial 

design and is today a multinational giant. The results of a company analysis conducted in the tire market in 

the early 1990s highlighted the existence of a periodic demand for high performance tires with a steady 

growth rate. The study also showed that the market needed new products with shorter lifecycles, stricter 

quality standards for Original Equipment (OE) and replacements and greater attention to environmental 

issues. The analysis conducted during this study for XYZ company revealed that the increase in productivity 

and quality levels during the growth phase did not fully align with the cost of production elements or market 

demands; a broken curve was observed in the comparison of these values due to the fact that local efficiency 

did not always coincide with strategic company goals, or due to insufficient employee participation or lack 

of continuity in development methods. 

 

 

 
Figure 2. Cost and Benefits over Time for XYZ Company 

An examination of the trend between 2000 and 2040 reveals a controlled and gradual increase in costs, 

while the level of benefit rises much faster, especially in the medium and long term. This indicates that 

although initial investments create certain cost pressures in the short term, they provide high added value 

to the business in the long run (see Figure 2). In Figure 2, the benefit curve shows a more balanced increase 

during the 2000–2015 period, which can be considered the period in which the organizational infrastructure 

was established and systems began to mature. After 2020, the acceleration in the benefit curve becomes 

more pronounced and it is observed that the return on investment has accelerated. In contrast, the cost curve 

progresses with a lower slope, suggesting that resource utilization has become more efficient over time. 

The strong increase after 2030 reveals that strategic planning, process optimization and sustainable 

management practices create a competitive advantage in the long term. In particular, the widening gap 
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between the benefit and cost curves indicates that the return on investment has increased over time and that 

corporate efficiency has strengthened. 

Overall, the graph showed that a strategic solution based on long-term value creation was needed, rather 

than short-term cost-focused approaches. The starting point for implementation, a major shared 

responsibility across the entire company, was ensuring sufficient time and investment, strong and adequate 

leadership within each organization, consistent effort to achieve results  and a willingness to accept change. 

In this way, 5 levels of commitment were defined within the company: 

At level 1, operators tend to deny the existence of problems. 

At level 2, they acknowledge problems but find excuses not to solve them. 

At level 3, they acknowledge problems but cannot solve them because they don't know where to start. 

At level 4, they investigate potential problems to identify them. 

At level 5, they identify problems and how to solve them. 

According to the commitments, only the tire company in Turkey was deemed to have reached a good level 

- level 3- thus beginning TPM implementation adventure oF YYX Company in Turkey. The situation shows 

the progress made so far and the Turkish factory is the second plant in the Western world to receive the 

‘TPM Award’. 

 

 
  

Figure 3. Susggestion System Performance for XYZ Company 

Figure 3 demonstrates how the recommendation system's performance has consistently and significantly 

improved since it was first implemented in 2018. After gaining traction, particularly after 2020, the system 

took a big step forward in 2022 with the TPM Award  and by 2025, it had reached almost 34,000 index 

levels. This pattern demonstrates a successful transition from a low starting point to corporate maturity. 

The desired production capability and quality were attained in a way that guaranteed customer satisfaction, 

despite the fact that customer demand grew throughout the years after the first phase of the implementation 

was finished. However, it was discovered that in order to really boost competitiveness, further measures 

had to be modified. First, in order to satisfy consumer wants, manufacturing and sales have to be merged. 

Making ensuring the R&D and manufacturing units had the capacity to react promptly to client needs was 

another crucial aspect. 
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Figure 4. Productivity Improvement  for XYZ Company 

According to Figure 4, improving performance and product quality was as necessary as reducing costs. 

Based on the same methodologies and approaches, TPM, which started in factories, began to be applied to 

customer service as well. Interventions were made to increase the efficiency of the order process system, 

reduce distribution times, increase the frequency of internal transportation, reduce production times and 

collect information from the market on a daily basis. As a result, delivery times were reduced by one-third.  

 
Figure 5. Quality  Improvement  for XYZ Company 

Between the years 2020 and 2026, the graph (Figure 5) demonstrates a consistent and significant decrease 

(improvement) in the quality index. The increasing momentum, especially following the TPM Award, 

amply illustrates the effectiveness of the quality efforts that were put into place. After 2026, you may use 

AI-powered predictive maintenance applications and digital quality control systems to further lower the 

quality index in order to continue this positive trend. 

Total productivity includes economic efficiency. Economic efficiency is achieved by minimizing the costs 

incurred to maintain the equipment's optimal condition throughout its lifespan. In other words, it is the 

minimization of life cycle costs. To limit life cycle costs to an optimal level, equipment must undergo 

maintenance (Tajiri  and Gotoh, 1992). The basic principles for increasing equipment productivity are;  this 

requires detailed and accurate measurements, the establishment of clear priorities and the definition of clear 

objectives 

VI. CONCLUSION AND FUTURE RESEARCH DIRECTIONS 

More sophisticated technologies are being incorporated into modern machinery and equipment, 

necessitating a more efficient maintenance strategy than the conventional repair and maintenance 

procedures used in organizations. Machine and Equipment Maintenance (MEM) is crucial as a result. MEM 

is a company-wide machine and equipment maintenance management system that supports all production 
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activities and unifies all workers, from top management to the operators directly involved in production. 

By lowering losses, mistakes, and failures, the MEM strategy seeks to boost output. There is no reason why 

MEM applications shouldn't be effective with a structured organization and methodical working groups. 

Senior management's backing and every employee's involvement are now essential. The beneficial results 

of the installed system are observed in terms of lowering workplace accidents, improving continuous 

improvement efforts, and avoiding mistakes while analyzing the contribution of MEM operations to 

corporate productivity. The improvement in total equipment efficiency is the MEM system's most 

significant advantage. Additionally, the applications contribute significantly to cost reduction since they 

offer advantages in several areas, such as lowering losses and failures. By identifying and fixing flaws and 

malfunctions that fall under the purview of total productive maintenance in businesses, the Total Productive 

Maintenance (TPM) concept which also incorporates the philosophy of continuous improvement becomes 

more beneficial and effective every day. 

Apart from the comprehension of fixing malfunctions, the TPM system when applied in the context of 

planned maintenance, autonomous operator work, and malfunction prevention, clearly emerges as a 

strategic tool for cost reduction and efficient use of machinery, particularly in manufacturing businesses. 

Businesses who wish to put the system into place after realizing its benefits should first test it with selected 

pilot applications. They should apply the TPM concept and its applications to all of their processes within 

a particular strategy after gaining experience from pilot implementations.  

The TPM system, which is used for planned maintenance, autonomous operator operation and malfunction 

prevention, clearly emerges as a strategic tool for the effective use of machinery and cost reduction, 

especially in manufacturing businesses. It goes beyond merely fixing malfunctions. Prior to identifying and 

implementing the system's benefits, organizations should evaluate it through pilot applications. They should 

next incorporate the TPM concept and its applications into all of their processes in accordance with a 

predetermined strategy after gaining experience from pilot implementations. 
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