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Abstract 

   

1 | Introduction  

Company is providing organization or produce product/service. Various type company and the 

complexity of the manufacturing process company must could keep going grow and compete with 

competitors. For win competition, company must do breakthrough. One of no breakthrough yet 

many done by many companies in Indonesia are Total Productive Maintenance (TPM) 

implementation. The results of the survey conducted with using Structural Equation Model (SEM) 

with Smart-PLS shows that still a little companies in Indonesia that implement TPM. Several 

inhibiting factors implementation of TPM and lean manufacturing, so proposed structural model for 

connection between tpm, lean manufacturing, and manufacturing performance [1]. 

PQCDSM is one step in monitoring the total activity of a company by knowing the performance of 

each department. Performance affects the results achieved, with the role of all production operators 

being able to encourage changes in the work environment that can increase productivity [2]. In other 

studies that the application of TPM related to production can increase machine life, effective use of 
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equipment and employee discipline because of the independence that has been carried out [3]. In the 

service industry the application of TPM can eliminate waste resulting in zero defects, zero accidents and 

zero breakdown [4]. One of the obstacles that occurs if the machine is not maintained, machine failure 

will cause delays in the production process and can even cause the process to stop. Application of TPM 

such as 5S, preventive maintenance and cleaning can be effectively applied to production machines to 

improve OEE [5]. 

In another study OEE was used to monitor the machines used, the results of the implementation of 

TPM in two different companies showed that there was an increase in OEE values [6]. The application 

of TPM is used to determine the performance of each machine by looking for the OEE value, as well 

as the factors that cause a decrease in OEE [7] several variations in the OEE value are affected by losses 

due to downtime, machine idle time so that in order to calculate OEE the influencing factors are 

identified and steps are taken to improve performance. The application of OEE can increase the value 

of OEE by implementing lean TPM tools such as Jishu Hozen, Kaizen in manufacturing companies [8]. 

Good quality will affect product quantity, the results of the analysis [9] show that the strategy between 

TQM and TPM is integrated systematically and makes a significant contribution to improvements in 

manufacturing. TPM and TQM can be applied multisectorally so that they can assist managers and 

practitioners in making strategic decisions so that they can revive competitiveness between companies 

[10]. On the one hand, research on two different companies shows that implementing TPM can increase 

OEE, but on other companies increasing OEE is by modifying calculations so that it is necessary to 

differentiate the weight of comparison for different OEE components [6]. 

TPM is an effective maintenance strategy to increase the efficiency of operational performance with the 

main indicator being PQCDSM [11]. TPM is a Japanese concept to realize the best performance 

standards that are effective and efficient with its fundamental pillar Kobetsu Kaizen, while the 

production line 1 is the benchmark in the production system [12]. Companies implementing TPM will 

differ from one another, it all depends on the type of process. One type of component of production is 

reduction of setup time, cycle time, breakdown loss, and rework time, while the overall effectiveness of 

the equipment was found to be increased [3]. Ethical and psychological factors also affect the capabilities 

and morale of employees, so that the application of 5S is used to produce the best productivity [13].  

Losses due to machine damage are not the only parameters that affect OEE variations, but machine idle 

time is a factor that adds to these variations. The percentage of OEE can be increased substantially by 

implementing a total TPM such as Jishu Hozen, Kaizen [8]. To reduce time loss and improve 

performance and increase OEE through TPM and RCM by using FMEA, a performance increase of 

79% and an increase in OEE of 72% are obtained [14]. The results showed that there was a difference 

between planned production and actual production, but after the application of TPM production losses 

decreased by 6% thereby increasing machine productivity [15]. TPM describes the relationship between 

production and maintenance, for the continuous improvement of product quality, operational efficiency, 

capacity, assurance, and safety. 

One of the things that TPM does is kaizen. Kaizen has a significant impact without adding new 

technology investments or spending funds but only using existing facilities and relying on the creativity 

of all staff efficiently [16]. There are many TPM implementation approaches to determine success, but 

most of the failure rates still occur so that the expected goals have not been achieved [8]. Several TPM 

implementations have been implemented in several NMMC suppliers in the component assembly 

section and will be implemented not only for component assembly but throughout the company [17]. 

Through a comparison between the discussion of literature, research, and perspectives, the key success 

factors for TPM can be implemented consistently due to the commitment and involvement of 

management and all employees [18]. 

Research in the 5 years following the implementation of lean has improved in the long run, with the 

implementation of JIT and TQM, delivery of kanban, 5S, and TPM having a positive impact on the 
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work environment [19]. The application of the TPM principle can improve company performance, the 

TPM maintenance management system is a prerequisite in reducing production costs and losses due to 

unscheduled failures, applying the principle of autonomous maintenance, so that the principle can be 

applied in various sections bagian [20]. The application of TPM and Single-Minute Exchange of Dies 

(SMED) can increase OEE by 60.6% [21]. The development of integrated TPM, TPS, and TQM models 

through the PDCA cycle to produce perfect product quality, zero defects, zero accidents, and reduced 

inventory costs, shorter waiting times, better flexibility [22]. 

Lean maintenance aims to identify sources of waste in all activities, by positioning lean maintenance 

towards TPM and lean manufacturing [23]. The implementation of TQM, JIT, and TPM are 

recommendations for implementing an effective agile manufacturing system to improve operational 

performance [24]. The survey was conducted on 231 manufacturing organizations in the food, beverage, 

textile, electrical and electronics sectors with a TPM and TQM approach and TPM-TQM integration is 

applied exclusively to improve manufacturing business performance by developing a multi-sector analytic 

framework with t-test statistics [10]. Involving all employees by utilizing manpower and equipment 

optimally can reduce idle time and waiting time by looking for strategies to identify waste, reduce 

production costs, reduce labor and minimize production process time [25]. The results of the study 

identified the effect of lean production on operational performance, there was a decrease in lead time due 

to the application of TPM [26], the application of different TPM and ISO standards can be classified to 

equate two different standards so as not to be ambiguous [27]. 

In the manufacturing and service industries productivity, efficiency, and effectiveness are able to identify 

critical points on the path that require improvement with the TPM strategy [28]. Productivity is the key to 

manufacturing success in facing business competition and global competition, TPM is a strategy to reduce 

waste. To improve OEE, FMEA provides a list of priority corrective actions with five steps in the 

congestion process [29]. Research by integrating four variables shows that management commitment is the 

most important part in achieving productivity, the function of preventive maintenance in total productive 

management encourages company management to commit to implementing preventive maintenance 

programs to ensure the successful implementation of TPM [30]. 

One company in Indonesia that implements TPM is a company engaged in coating two -wheeled vehicle 

components, the company is able to meet the needs of several company assembly companies. TPM 

implementation is carried out after several years of operation and the company has decreased performance. 

The decline occurred because in the company's activities were not controlled, so the problem was not 

identified properly and the improvement did not reach the root of the problem. Quality is an important 

part that must be considered by the company because it involves customer satisfaction. To improve the 

quality and quantity, future improvement steps are needed, one of which is the application of TPM to 

increase overall productivity. 

1.1 | Production (P) 

Measurement with OEE is a performance parameter that is able to provide significant results compared to 

other performance parameters because it can access time settings and no time [31]. Implementing TPM, 

RCM with FMEA can increase company performance by 4% and OEE by 6% by reducing loss time in 

companies [14]. Kaizen is at the center of improving overall performance to increase productivity. After 

the 6 losses are analyzed, the value of increasing OEE and decreasing the level of loss/waste is obtained 

[32]. Creating a machine maintenance plan with a predictive maintenance approach, maintenance training 

can affect the production process because it can eliminate 6 big losses [33]. Improvement 6 major 

disadvantages with the implementation of TPM is proven to increase OEE, increasing the overall efficiency 

of the company [34]. 
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Fig. 1. Painting process. 

Equipment Cost Loss (OECL) measurements were carried out and compared with benchmarks but did 

not reach the target, even though there was a significant increase while several other machines reached 

the target in several periods [35]. OEE measurement with reckoning availability, performance,  quality 

rate. Whereas in manufacturing companies, machine breakdown  has an impact on low OEE values, 

which are the availability component [36]. The maintenance schedule is able to ensure the machine is 

stable and has an impact on the standard OEE value and is even able to reach the world-class standard 

target [4]. 

In more detail the factors that affect the value of OEE/machine efficiency are shown in the following 

figure. 

 

Fig. 2. OEE and Losses [37]. 

 

The application of TPM can improve quality in automotive companies and increase machine efficiency 

significantly up to 94% [38]. OEE evaluation can provide guidance in measuring aspects of production 

to identify points of improvement through a TPM strategy [28]. To increase the effectiveness of the 

production process, an analysis is carried out by applying DMAIC as an element of continuous 

improvement [39]. Improvement measures from OEE junction with autonomous maintenance, training, 

kaizen with 5S concept of regular machine maintenance plan [40]. In injection molding companies, the 

factors that affect machine efficiency are related to timing, mchine breakdown. OEE is the main 
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performance indicator used in measuring equipment (machine) productivity, developing the 

implementation of TPM to lean manufacturing, and developing OEE-based models which are the focus 

of research even in the fields of logistics and services [41]. An analytical study with statistical results 

concluded that damage and machine losses due to speed have the most influence on OEE values, it is 

necessary to monitor possible losses caused by external factors [42]. Improving production and quality 

requires organizational involvement, proper planning and implementation, autonomous maintenance, and 

overall kobetsu kaizen in the company, lack of top management commitment, prioritization, and lack of 

expertise hinders performance improvement [43]. 

1.2 | Quality (Q) 

The occurrence of defects in products that have been painted is one indicator that affects the percentage 

of success rate of the final product to be sent to consumers. The role of the quality department in 

implementing policies will affect performance and quality so that they can contribute to customer 

satisfaction. Managerial commitment that guarantees company performance and with good quality policies 

contributes to customer satisfaction, so that managers and operators become one of the successes of TQM 

[44].  

Research from the Federation of Malaysian Manufacturers (FMM) and a directory listing foreign companies 

in Malaysia shows that TPM is a partial mediator between TQM and business performance so that it can 

help manufacturing companies improve TQM practices through TPM as a mediator to compete in the 

global market [45]. 

1.3 | Cost (C) 

Production costs are a measure of expenses for operational processes that need to be analyzed again and 

compared with company performance, by implementing TPM, production costs can be reduced so that 

sales can be doubled [46]. The costs incurred are a loss for the company, because they are included in the 

category of unnecessary costs. To reduce costs in the company's operations, it is necessary to identify the 

causes, one of which is by identifying the factors related to the effectiveness of the equipment as a whole 

and identifying production losses. The use of DMAIC, six sigma methodology, statistical analysis, and 

brainstorming can prove that stoppages, delays in receiving materials, inappropriate maintenance 

schedules, worn and damaged components, temporary stoppages during production are the main factors 

in the decrease in the level of equipment availability which results in a decrease in equipment efficiency as 

a whole [47]. 

1.4 | Delivery (D) 

The accuracy of product delivery to consumers is a benchmark for the PPIC department, to achieve 100% 

delivery requires collaboration between departments. Several factors can affect delivery, starting from the 

arrival of materials, the production process to the final process. Among these components, semi-finished 

materials are the cause of delivery delays because many semi-finished products have to be reworked. 

1.5 | Safety (S) 

Every company targets 0 work accidents, safety is one of the parameters that must be monitored for 

employee safety. Apart from work accidents, pollution is one of the basic principles of TPM because it is 

included in the pillars of environmental health and safety [11]. Several factors for the occurrence of work 

accidents include unsafe working conditions or wrong workplace designs, inappropriate 

equipment/machine designs or can be caused by operator negligence. Improvement of work culture has a 

significant impact on increasing safety because every activity is properly scheduled [48]. Implementation 

of 5S, TPM, TSM with good work safety standards can increase productivity and provide work safety for 

employees [49]. 
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1.6 | Morale (M) 

Morale is a part of TPM in the form of kaizen, kaizen carried out by all employees of a company has 

implications for the success of TPM. Kaizen does not affect the relationship between TPM and 

innovation performance, but the impact that occurs when TPM is implemented is that there is an 

increase with kaizen in the automotive industry [50]. On the other hand, the participation of all 

employees shows the amount of kaizen received each month [11]. In addition to kaizen, the presence of 

employees determines the smooth running of the production process. Employee attendance is one of 

the moral components that must be measured to determine the performance of the relevant department. 

2 | Research Methods 

Research method conducted with do interviews and data collection for know achievement performance 

through TPM implementation. 

 

Fig. 3. Research methodology. 

The data obtained is then processed with the following formula: 
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Table 1. PQCDSM formula. 

 

 

 

 

 

 

In the production department, several things need to be monitored every month to find out and evaluate 

the performance of the production process and other supporting components that affect goods 

hangers/hours/employees, loading hangers/hours, overall equipment effectiveness, machine breakdown. 

Quality is part the most important part of a process because will influence satisfaction customer. Good 

quality could accepted by customers so that suitability products and complaints from customers could 

minimized. For know performance quality product, necessary conducted monitoring good product, claims 

customer. Costs included in the company's losses include losses due to machine breakdown, adjustments, 

5S work done, empty hangers to change color, stop for a moment, empty hangers without material & 

replace parts. Delivery achievements as gauge measuring achievement delivery product to customer every 

month. Safety work becomes attention main for management. Morality is character well that should be 

owned by each employee so that could made size performance like kaizen, presence employee. 

 

Fig. 4. TPM implementation.  

 

Performance Formulas 

Hanger goods Number of hangers: working hours/number of employees x 
production ratio 

loading hanger Number of hangers/employee 
OEE Availability % x performance % x quality % 
Machine breakdown Total breakdown/month 
Production ratio Total product defect : production total 
Customer claims Total of consumer claims 
Cost The amount of electricity consumption + the amount of water 

usage + the number of product defects 
Delivery Total of products shipped: total order 
Safety Total of work accidents 
Kaizen Total kaizen/employee 
Attendance Total attendance : total working days 
Attendance Total attendance : total working days 
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3 | Result and Discussion 

To find out the current performance, it is necessary to compare it with the benchmarks set by the 

management. Measurement systems differ from each other, some are measured monthly, but other 

performance is based on events within a certain period. To find out the data accurately, the analysis was 

carried out for 12 months. The performance of each period under the benchmark becomes the 

company's assessment. 

After monitoring for one year, the average achievement of each component has different results. 

Influencing factors can come from internal and external. The average hanger good performance is from 

benchmark 3.4. During the first 3 months did not reach the benchmark that has been set. Several causes 

are influencing factors, but after entering the fourth month until the end of the month it exceeds a 

predetermined benchmark. The five independent variables (MF, MTF, SF, EF , and ORF) have a direct 

and significant effect on the implementation of TPM, three of the 5 factors are critical variables that 

contribute to the implementation of TPM but employee factors and other related factors do not 

contribute to the implementation of TPM because has a weak relationship with TPM [51]. 

 Table 3. PQCDSM performance. 
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The average achievement of each component has different results because it is caused by several factors, 

both internal and external. The average good achievement of the benchmark is 3.4. During the first 3 

months did not reach the benchmark that has been set. Several causes become influencing factors, but 

after entering the fourth month until the end of the month it exceeds the predetermined benchmark. Five 

independent variables (MF, MTF, SF, EF, and ORF) have a direct and significant effect on TPM 

implementation, three of the 5 factors are critical variables that contribute to TPM implementation but 

employee factors and other related factors do not contribute to TPM implementation because they have 

weak association with TPM [51]. 

3.1 | Production (P) 

Painting production process, the hanger is one of the variables that affect the amount of production. The 

performance of Hangers/hours/employee in the last few months has increased, this is due to the better 

implementation of TPM. The average hanger increase over the year averaged 3.6 from the benchmark 3.4 

per hour per employee. 

 

Fig. 5. Hanger graph. 

In addition to hangers, the achievement of hanger loading needs to be monitored as a control for product 

achievement after painting. The hanger achievement was slightly different and decreased by 4.1, although 

when compared to the previous year, the hanger charge level was higher, the discrepancy experienced an 

increase which affected the amount charged. The cause of non-standard and dirty hangers is due to 

continuous use of these hangers without a continuous cleaning schedule. 

 

Fig. 6. Loading hanger graph. 

The hanger is damaged/non-standard causing the product to be placed on the hanger during the painting 

process to be uneven/striped or if the hanger is dirty it can result in product contamination. Autonomous 

is part of the TPM implementation, with this implementation, operators can carry out maintenance 

independently. Autonomous applications can reduce time wastage, because autonomous operators can 
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keep the machine functioning properly so it doesn't interfere with the production process. Research 

shows that the fuzzy approach can be used effectively to provide machine reliability analysis [52]. 

 

Fig. 7. Autonomous maintenance. 

Component painting service company automotive line crankcase perform cleaning, lubrication, and 

inspection which is part of autonomous maintenance and 5S activities for detect mismatch, so that in 

one year there is only one breakdown. 

 

Fig. 8. Machine breakdown. 

The impact of implementing autonomous maintenance which is part of the TPM implementation has 

increased OEE achievement even though it has not shown a significant increase. The TPM 

implementation can be used to perform identification loss in a manner systematic regarding maintenance 

and improvement targets performance company manufacture [53]. TPM implementation has produce 

the increase in OEE in a few months, the average OEE achievement was 68.7% if compared with 

benchmarks year previously by 67.2%. 
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Fig. 9. OEE achievements. 

3.2 | Quality (Q) 

Ratio painting production is ratio total product disabled to total production. Production defects occur due 

to several factors, if production increases on hanger ok then production achievement increases, besides 

that masking affects product quality. Continuous masking need noticed, by carrying out regular checks and 

maintenance periodically. Masks that are used continuously continuously could causing buildup crust and 

raise contamination dirty on the product because flakes or details dust from the crust dry could stick to the 

product. Cleaning process with soak masking using ingredients chemistry/removal so that the crust is 

attached could peeled off and cleaned return so that ready to use. 

 

Fig. 10. Production hanger. 

 

Fig. 11. Production ratio. 
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Even though the graphic trend of customer claims fluctuated in 1 year, the average for 1 year, especially 

in the last 4 months, has continued to decline. As shown in the following graph, in December it was 332 

ppm and the average for 1 year was 653.8 ppm, a decrease of 353.2 ppm. 

 

Fig. 12. Customer claims. 

3.3 | Cost (C) 

Cost is shape waste because issued without produce profit. In a few months final shown in the table 

that costs incurred experience decline. Decline happen because OEE increase, decrease breakdown 

machines, and patrol activities 5S every 2 weeks once. 

 

Fig. 13. Cost (electricity, water, gas, defects). 

3.4 | Delivery (D) 

Delivery is the final process that will be sent to the customer. The customer receives the finished product 

according to specifications. Deliveries achieved increased due to reduced wastage and product defects. 

The average increase occurred because TPM implementation was able to run effectively. 

Fig. 14. Achievement of delivery. 
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3.5 | Safety (S) 

Safety be part of the TPM measurement that must be monitored, controlled, and need more attention. In 

application safety and health work, one the study is integrate IATF and SMK3 requirements use 5S 

methodology with compare performance maintenance, safety and quality as well as interaction Among 

both of them keduanya [54]. Prioritize safety is the slogan in each company, 5S is part of safety, 

implementing 5S in period long could increase performance company manufacturing, standardization and 

policies that are carried out consistently can improve safety and efficiency [55]. Improving work culture by 

implementing a periodic schedule on each pillar has a significant effect on improving work safety. 

 

Fig. 15. Work accidents. 

3.6 | Morale (M) 

Moral performance includes kaizen recommendations and employee absences. Kaizen is implemented by 

all levels from operators to management. The types of kaizen that can be carried out by employees are all 

discrepancies that are in the company area, from the simplest and can be corrected immediately to those 

that require time to make improvements. 

 

Fig. 16. Employee attendance. 

Employee absenteeism is the performance of each department. Each presence and absence whether in the 

form of illness, permission or without explanation will affect the percentage value of the attendance. This 

is part of the morale that must be maintained by every employee. 
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Fig. 17. Kaizen suggestions. 

4 | Conclusion 

Several studies have concluded that the implementation of TPM can improve company performance. 

One of the results of TPM implementation studies is successful when the organization and all employees 

are committed together, changing the mindset that maintaining assets or inventory is part of sharing 

repairs and maintenance prevention is a key factor for the success of TPM [56]. The implementation of 

TPM affects the performance of two-wheeled vehicle component coating companies, as can be seen 

from the achievements of the last few months. An increase in the production ratio affects quality, cost, 

delivery and delivery which as a whole has a positive impact on improving company performance. In 

the production of painting automotive components, there was an average increase in the number of 

hangers by 0.2 compared to the previous year's benchmark. The loading hanger decreased by 4.1 

although the decrease in effectiveness was higher because there was a good increase in the hanger after 

removing the hanger which was closer to the time of use and periodic maintenance. 
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