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The unmanned vehicles are used long time ago for many tasks to provide better performance and reduced 

cost and time. A well-known example is Diedi project, in which an unmanned vehicle was used to discover 

a confined space inside the Egyptian great pyramid. Since the 3rd industrial revolution the humans started 

to use the unmanned vehicles to carry out more tasks in behalf of them in order to minimize the cost and 

increase the quality of the performance.

Abdulaziz et al. [1] performed an experimental work to explain how the usage of unmanned aircrafts for 

performing the maintenance works in confined spaces reduce the time and cost. They used remotely 

controlled quadcopters to perform inspections. The paper discussed how the data could be implemented 

into an industry 4.0 system as well.    

Preventive maintenance works of a centrifugal pump station in terms of pump vibration and temperature 

are running on cost and time. Many papers investigated a number of contactless measurements methods, 

which could be used for pumps. 

One of many papers about contactless vibration measurement methods is that published by Nassif et al. 

[4]. They compared experimental results of the contactless vibration measurement data of a laser Doppler 

vibrometer - LDV with contact sensors. The LDV expressed a good performance in comparison to the 

contact vibration sensors.

The very recent work of Fernando Moreu and Mahmoud Taha from the University of New Mexico in July 

2018  “Railroad Bridge Inspections for Maintenance and Replacement Prioritization Using Unmanned 

Aerial Vehicles (UAVs) with Laser Scanning Capabilities” is indicating a very similar idea to that used in the 

present paper. The experiments of them were more compacted as those of the present work.  

Using the infrared photography for temperature measurement is common and has many applications in 

the industry and laboratory experiments. In comparison to other temperature measurement techniques, 

the infrared has a good ability to perform a precise measurement [5]. 

The present paper introduces and validates the idea of using remote sensing unit carried on an unmanned 

aircraft to perform the needed measurements as a part of preventive maintenance program of a centrifugal 

pump station. Loading such devices on the bottom of an AUAV was a challenge [see Figure 1]. 
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Fig. 1: Drone equipped with remote sensing unit [3].

The main goal of this presented technique is to have a data, which are remotely sent and implemented 

into an industry 4.0 system to help the main control unit of the pump station to have a supported decision 

within short time and at high precision. A flow diagram of the inspection procedure is shown in figure 2. 

In the following sections, more details about the experiment will be discussed and the results will be 

investigated in terms of time and cost.     

 Task 
clarification 

Drone 
inspection  

Data validation 
and evaluation   

Report with 
analyzed data  

Fig. 2: A flow diagram of the inspection procedure showing the role of remotely operated vehicles [1].

Experimental Investigation and Results 

An AUAV (programmed quadcopter) was used to fly over a pump station, which has 10 pumps, to perform 

infrared imaging and vibration remote sensing. Two remote measurement devices were mounted on 

the bottom side of the drone, which are LDV and IR-camera. The drone was equipped by a wireless 

communication module to send data to the control system. 

P1
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Figure 4 shows the layout of the pump station, which is considered as a test field. The station was 

selected at a water treatment plant in south Germany. It was selected to have exposed mechanical 

components, which are not covered by pipelines. The exposed components are easy to be captured by the 

remote sensing devices without big maneuvering effort. The goal of that is to make the inspection flight 

programming more simple and precise. The ten pumps are identical and has an overall reference vibration 

RMS value of 13 m/s2 measured by the supplier at the best efficiency point. The ambient temperature 

inside the pump roam was measured 31°C average. The measurements were done while all pumps were 

active. 

Fig. 3: Thermal imaging as a temperature measurement technique for centrifugal pumps [6].

A personal computer was used to receive measurements data from the drone and perfumes the analysis.  

The analysis had been done using a software provided by the IR camera supplier and installed on the used 

PC.  
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Fig. 4: The pump roam layout and the fly path.

For further validation of the results, a manual measurements had been done using contact sensors. The 

both results were compared in a further phase of experiment done after analysis. After many trails, a low 

altitude flight measurements had been considered for validation. The flowing figures show the results and 

a comparison with the classic measurement method. Furthermore a figure shows the time consumed for 

both methods is prepared for cost estimation, which will be discussed in the conclusions.   

Fig. 5: Vibration results.

Figure 5 shows the measured RMS vibration values as a percent of the reference value. The figure shows 

a results comparison between the LDV and contact SKF measurement device. The points of the figure are 

shown to be pointwise per pump. Furthermore, figure 6 shows the comparison for the maximum measured 

temperature.
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Fig. 6: Temperature results.

Conclusions

The present paper introduce the idea that both vibration and temperature could be measured in efficient 

way by using contactless measurement devices mounted on an unmanned aircraft. A pump station 

consist of ten water centrifugal pumps was used a test field. The measured values were validated by a fair 

comparison with a classic method of measurements.

Both comparisons of vibration and temperature show a good agreement, which indicates that using such 

measurement method in the preventive maintenance may be efficient if used under the same conditions 

and application. 

Moreover, the time consumed was reduced by 40% if compared by classic measurements method, in 

which the humans are playing the main role. The way, by which the data sent and analyzed, is an ideal 

way to be implemented in an Industry 4.0 system. The data are easy to be collected, sent and analyzed.  
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Lean manufacturing is usually regarded as a cost reduction mechanism. The goal of 

lean is to make organizations more competitive in the current market by maximising 

the Total Productive Maintenance (TPM) potential. This maximisation of TPM will 

make the organization’s efficiency increase and reduce operation costs. In 1971, the 

Japanese introduced TPM due to maintenance and support problems that occurred 

in the manufacturing environment. According to Swanson [1], the aggressive way to 

improve the function of the production equipment is by implementing TPM. 

The elimination of losses and waste is the main target in lean manufacturing. In 

TPM, there are Six Big Losses which cause the efficiency loss in manufacturing. An 

organization can achieve their own strategic goals without sacrificing effectiveness 

if they produce exactly according to the demand and on time [2]. A TPM policy could 

help them achieve these results. The major features of TPM target maintenance 

activity, autonomous maintenance and the use of small cross-functional teams. 

The need for TPM has been customer driven, where improvements in equipment 

performance has become a necessity.

TPM is used in many companies but the percentage of companies who will benefit 

from TPM implementation is quite small. According to Davis [3], there are a number 

of reasons why a company fails to implement TPM such as failure to enforce lack 

of support from the management to the shop floor, lack of education and training, 

not serious in changing, and many more. Therefore, there is a need to investigate 

the cause of these unfortunate events. Through this research, improvements can be 

recommended to companies that are implementing TPM and planning to do so in the 

future.

This paper aims to investigate the issues of TPM implementation in the actual 

manufacturing industry. There are three main objectives which are:

To analyse current maintenance systems present and identify the shortcomings.

To compare the differences and similarities of the problems in their TPM 

i m p l e m e n t a t i o n .

Propose a new solution in the implementation of TPM to eliminate the shortcomings 

and maximise their overall performance.

Development of TPM

 TPM is one of many excellent practices which follow the Total Quality culture, and 

one aim is to boost competitiveness through adopting lean principles. Japan Institute 
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of Plant Maintenance (JIPM) defines TPM as a system to prevent any kind of loss 

and aims at building up a company that thoroughly pursues production systems 

improvement. Bamber [4] defined TPM by using two kinds of approach which are 

either described as the Western approach and the Japanese approach.

In the Western approach, the pioneer was Edward Wilmott, managing director of 

Wilmott Consulting Group. However, he only defines TPM in a way that is more likely to 

suit Western manufacturing although he agrees with the Japanese five point definition. 

He focuses on achieving the standard performance of the Overall Effectiveness of 

Equipment (OEE) with total participation company-wide. There is another person who 

adapts the TPM definition to the Western companies, Edward Hartman, president of 

the International TPM Institute Inc. He was recognised by Nakajima as father of TPM 

in the USA. Hartman  [5], indicates that TPM that is implemented permanently will 

improve the OEE and this will succeed with the participation of the operators [4].

The definition of the Japanese approach to TPM was given by JIPM. This definition 

was given by the JIPM vice chairman, Seiichi Nakajima in 1988. He is regarded by a 

lot of TPM practitioners as the father of TPM [6]. Five points which were included in 

the definition of TPM are listed below:

It aims to use the equipment in manufacturing to its fullest potential or the most 

efficient way.

TPM system will be spread throughout the company with the use of improvement 

related maintenance, preventive maintenance and maintenance prevention.

 Total participation from the entire maintenance department staff, equipment 

operators, and equipment designers are required.

TPM will totally involve every employee from the management department to shop 

floor.

Promote and apply PM based on autonomous work in small group activities.

 There are eight pillars of TPM identified by Ahuja and Kamba [7]. By putting all these 

pillars in place, TPM will efficiently work and will definitely help any company to 

achieve their strategic objectives. These eight pillars of TPM are depicted in Figure 

1. The implementation for each company will differ from each other as TPM is not 

defined as a solid fact to be followed but it is only as a guideline to companies. 

Different background and profile will determine on how TPM will be carried out in 

each company. Throughout many discussions in the western country, there is one 

thing that was mentioned over and over again, it is the participation of all employees 

and autonomous maintenance.
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Figure 1: Eight Pillars Approach for TPM as suggested by JIPM [8].

Computer Aided Maintenance Management (CAMM) is also one of the ways in 

implementing TPM. This method keeps check on the condition of the equipment in 

the production floor. Data gathered will be analysed and any equipment that needed 

to be focussed on in maintenance will be marked and planned maintenance can 

be scheduled afterwards. The area of equipment that have a high frequency of 

breakdowns will be focussed on and operator in the area can be given training to 

know the equipment better as to identify the signs of breakdowns or steps to prolong 

the life of the equipment [9-11].

In TPM, there are a set of known waste or losses which are easy to measure and 

have low impact on profit [12]. But, there are also losses that are hard to measure 

that will give quite an impact on profit. A number of losses were determined and they 

have been categorised into six categories (Six Big Losses) ranging from breakdowns, 

setup and adjustments, small stops, reduced speed, start-up rejects, and production 

rejects. The six losses were defined into 3 categories in TPM, which are Down Time 

Loss, Speed Loss, and Quality Loss [13]. If all these losses were monitored and 

corrected, the efficiency loss in manufacturing operation will be negated.
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Figure 2: Six Big Losses [8].

Figure 2 shows different types of losses that will have a huge impact on the company 

profits. There is a flexibility to set a definition between a breakdown (Down Time 

Loss) and small stops (Speed Loss). However, breakdowns are more prone to things 

such as tooling failure, unplanned maintenance, general breakdowns, and equipment 

failure. Usually these breakdowns will take more time to be solved compared to small 

stops. It is critical to reduce or eliminate breakdown in improving OEE. Unplanned 

down time is hard to determine but it is crucial to know on how much time will it take 

in each breakdowns and it is also important to know what is the source or reason 

for the breakdown to happened in the first place. These data shall be charted and 

tabulated to apply the Root Cause Analysis, preferably starting with the most severe 

loss categories.

Hansen [14] stated that OEE was created in the 1960’s to determine the effectiveness 

of a manufacturing operation. It is a single figure that signifies the utilisation of a 

machine. OEE can be used to define the scope needed for improvement and the way 

to measure it. There can be no improvement if there is no measurement. Therefore, 

OEE measurement is commonly used as the Key Performance Indicator (KPI). This is 

in conjunction with lean manufacturing efforts to provide an indicator of success. 

A complex production problem can be turned into simple and intuitive presentation 

of information with the use of OEE. It helps systematically improve the process with 

easy-to-obtain measurements. The calculation for OEE is shown below:

OEE = Availability x Performance × Quality		  (1)

Where;

Availability = Operating Time / Planned Production Time	 (2)

Performance = Actual Run Rate / Ideal Run Rate	 (3)

Quality = Good Pieces / Total Pieces	 (4)

Many previous studies were conducted in order to see if TPM implementation does 

make a change in companies. Some of the studies were successful and there are 

some of them do not achieve the maximum potential of a TPM should have. However, 

all of the researchers use different ways to portray their study on these companies. 

This is just because all of these companies have their own company background 

and profile, so they would implement TPM suited for their company best. Finally, 

according to these studies, success factors alongside with its implementation 

issues or difficulties can be identified.  These identified cause and factors can be 

used in further research or improvements.

Based on the previous studies conducted by different scholar [4, 15-18], there were 

some issues and difficulties detected in TPM implementation. In reality, the number 

of companies that have successfully implemented TPM is quite small compared to 
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companies that fail to exploit all the benefits in TPM program [19]. Bakerjan stated that 

there are three major obstacles in TPM program which are failure to allow sufficient 

time for the evolution, lack of sufficient training, and lack of management support. 

Management support is very important in implementing TPM as the management 

team will carve the path on how TPM will be applied. Failure on realizing the true 

goal of TPM will make TPM implementation ineffective. Training is also important, 

as it will give all employees the skills and knowledge about TPM. This will make the 

autonomous maintenance activity easier. Bakerjan also commented that, time is an 

important aspect as company-wide changes should take quite some time and if it 

was done in a hurry, everything could fail.

There are a lot of benefits in implementing TPM as it is a hybrid in maintenance 

activities. Through TPM, employees’ skill can be upgraded and participation of all 

section will increase and this will boost efficiency. Plus, they will also gain and 

boost their teamwork within this company. Employees, especially operators will know 

better about the equipment and this will help to reduce the number of breakdowns 

and set up time in production.

Comparison of the TPM Implementation in the Asian and European company

TPM implementation was so well known as a lot of companies tried to utilise this 

step in order to improve their performance and efficiency. However, to optimise the 

utilisation of TPM is very subjective and every company need to find their own way of 

implementation. The failure to utilise the full potential of TPM can be seen in two case 

studies that were highlighted in order to compare their main issues and similarities 

in the implementation for future use in TPM implementation. The first company is 

Continental Sime Tyres which based in Asia, and the second one is a corrugated 

fibreboard manufacturing company which based in the United Kingdom.

Even though both companies used the TPM approach to eliminate losses and reduce 

cycle times, there is still room for continuous improvement because they have not 

achieved the maximum potential of TPM. In the case studies, the main problem 

was identified for both companies, in which for the Asian company, training and 

education was identified as the main root problem while the Europe based company 

was mainly caused by the lack of communication and teamwork. The different 

approach was identified by comparing the staffs and workers in both companies. 

The Asian company is profounder in using foreign worker in the production floor and 

this might be the problem why most of the workers were never given the chance 

for TPM training. These foreign workers are usually supplied by agents who put low 

requirements for people to apply for a job. On the other hand, European company 

usually uses local worker. However, the requirements for low skills worker such as 

operators are usually low and the people who work in this area are normally ignored 

for any training as they deemed to be a waste of time and money by the employer.

The other similarities of TPM implementation problems in these case studies 

includes the lack of knowledge in project management skills, wide gap between 

the production and maintenance personnel, and both of the companies were not 

serious enough to adapt to the changes that was brought by TPM. These companies 

highlighted that there is a high possibility of losses in the production area due to 

problems like equipment breakdown or minor stoppages while operating. Duplicated 
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documents of maintenance work such as request sheets, log books, and time sheets 

also contribute to the problem in implementing TPM. These duplicated documents 

will make the purpose of having written report useless as it will not reflect the true 

condition of the machines that needed to be focussed on.

Although there are more problems in these companies, these identified problems 

were the main things that need to be resolved by the company in order to increase 

their efficiency in production, and hence achieve the TPM goals and objectives. 

These problems that occurred have also been compared with ten reasons on TPM 

failure by Davis theory to determine if they are the same or different to one another 

[3] in Table 1. 

There are two main differences in the table between these two companies. The first 

difference is about the program conducted is too high level which run by managers 

for managers. As for the Asian company, this problem is true where the operators 

were left in the dark about the TPM program. The European company does not 

have the same problem as the worker knew about the program well enough but 

communication problem was in the way of the TPM program success. Manager just 

gives order and the staffs that should carry out the order were left out with no 

supervision, hence, resulted in duplicated reports in report sheets, and logbook.

The second difference is about lack of education and training. The Asian company did 

not give sufficient education and training to the staffs especially to the production 

floor team. One of the known reason is that a lot of the operator in the company 

are foreign worker and the company might have concluded that it will be a waste 

of resource to support the operators for training as they might ignore the TPM 

program or change their job at the end of the day. As for the European company, 

even though they have been given the education and training, the barrier between 

the management and production might be too strong as they still fail to reach the 

full potential of TPM program.

Table 1: Comparison of TPM issues in both companies with Davis theory.

SIMILARITIES OF TPM FAILURE

Asian Company European Company

YES NO YES NO

Not serious in changing program

Inexperienced facilitators or trainers

 Program conducted is too high level (run by managers for

)managers

Lack of relationship and structure

Shop floor was left out of the program and/or not man-

aged

Lack of education and training
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 Program is run by engineering section and production

section see this as though it does not concern them

Use the Japanese way on applying TPM (through Japa-

)nese publication

TPM teams lack the necessary mix of skills and experi-

ence

 Poor structure and organisation in supporting TPM and

its activities

	

Results and Discussions

Equipment breakdown was stated first because from the data gathered, there is a 

certain machine that keeps on getting faulty for the Asian company and this might 

have cost them dearly as the corrective maintenance will cost about three times 

more than preventive maintenance [20]. Data gathered shows that breakdowns 

occurred 436 times for all machines or equal to 202.45 hours of breakdown and 

these findings were taken only from January. If this situation persists throughout the 

year, the accumulated breakdown time will be excessive. High demand in production 

was also identified as the reason for the Asian company on why the maintenance 

team cannot cope with additional work load imposed by TPM as there are a lot of 

machines to maintain with a small timeframe. There were not enough personnel to 

do the service on each machine and from the interview conducted; there was no 

utilisation of previous machine breakdown data to determine which machine should 

be focussed on.

Figure 3: Available Time for Maintenance Staff.

From the interview and questionnaire conducted, staff claimed that they do not 

have enough time to enforce preventive maintenance on all the machines in time 

and urges the management to add more staff in order to do all the work within 

the specific schedule. The personnel time was originally measured using their time 

in and out, inevitably showing fully eight hours of each work shift. However, this 

measurement cannot be used as it assumes they had utilised their time to carry out 

maintenance work. From the calculations, manpower was only utilised around 30% 

to 35% of available time. This calculation was made using on the time requested on 

attending a machine breakdown. Figure 3 shows, the maintenance team should have 

around 65% of free time to carry out the additional proactive maintenance.
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Basically, the work schedule was made based on staff availability and the schedule 

should have included buffer time for any unexpected things. So, they should have 

done all the servicing in time without any problems. In this case, there is no need 

for the additional staff and the claim by the maintenance team was rejected. What 

actually happened here most probably was the staff were suspected to have not 

been utilising their time in their work hours. To prevent this from happening, a written 

report is mandatory that checks their work on actual basis and the target for each 

staff must be set. Therefore, they will have a target to achieve for a period of time 

and failure to do that will have to be explained thoroughly to the person in charge.

The European company deals with duplicated documents of log books, requests 

sheet, and time sheets which will create problems to map out the frequency of 

breakdowns. This action of duplication has wasted the effort and time which kills 

the purpose of having written reports on any incidents on the equipment. The data 

gathered will be useless in the CAMM as reports on maintenance do not reflect the 

true situation of the machines. This uncertainty in determining the real condition 

and status of the equipment may contribute to more breakdowns that may lead to 

costly reactive maintenance steps. Unplanned down time is hard to determine but 

it is crucial to know how much time it will take for each breakdown and it is also 

important to know what is the source or reason for the breakdown to happen in the 

first place. Breakdown data should be charted and tabulated to apply the Root Cause 

Analysis, preferably starting with the most severe loss categories. Negligence of 

this practice will cause random service to the equipment. As a result, some of the 

equipment will be serviced in a hurry to catch up with the schedule.

The European company’s case study also stated that communication and teamwork 

is the problem in implementing TPM. Barrier between the management and production 

team might have been too thick where any orders or efforts in TPM implementation 

were ignored or being done without real sense of purpose. This might have led the 

company to just duplicate the Japanese TPM implementation without considering 

the real problems of the company.

Moreover, lack of drive from the management in order to enforce TPM is one of 

the factors of failure in this company’s implementation. As a result of that, the 

production floor, maintenance team, and operators will feel that they are not obliged 

to do anything at all in enforcing TPM. Autonomous Maintenance (AM) is also very 

important and if this practice is left out, TPM will probably fail. AM is an activity where 

everyone participates in improving and maintaining the equipment’s reliability and 

efficiency. The main problem in this case is that there is lack of training available for 

the workers or the level of participation is too low. 

From the analysis done, there are some key pointers that were discovered. The 

recurrence problems are such as equipment breakdowns, lack of connection between 

floors, and too uptight with the production demands that drives the negligence of 

proper maintenance practice. The outstanding number of breakdowns shows that 

there is space for the OEE to be improved for both companies to achieve a world 

class OEE which is at 85%. With the current breakdown frequency, real reports on the 
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documents needed to be analysed is also very important in order to plan for future 

maintenance program.

The communication between the managerial department and production has been 

poor that it drives the company towards average level of success whereas the 

company actually can achieve greatness by implementing TPM. The other problem 

that was discovered was more the attitude of the staff towards TPM implementation. 

Some of the staff that were unaware of the company aim and some of them did not 

care about it. They just care on punching into work and punching out, day after day 

as a work routine. Training was given to the staff but they seem to have a lack of 

awareness in implementing TPM in their line of work. However, to make all the staff 

to participate in this company will take some time but it is worth a try as it will boost 

the efficiency of the operation in the company.

All of these identified problems are very similar to those previous studies that were 

conducted throughout the years by many researchers. Some of the problems are 

not serious in changing, lack of relationship and structure, lack of education and 

training, poor structure and organisation in supporting TPM and its activities, and no 

motivation in the production section. With the elimination of the undesirable elements 

within the company, there should be no problem for success in the company by 

implementing TPM and this fact has been proven by previous case studies.

Future Improvements

There are some critical success factors in implementing TPM. First of all, the TPM 

pillars should be implemented depending on each company’s demands, operation, 

and situation. Therefore, it will probably not be the same in every company that uses 

TPM in their company. The objectives of implementing TPM must also be made clear 

in order to set a target for the company. AM is very important as it was known as 

the backbone of TPM. This program during implementation also had to be carefully 

monitored and managed to get the best out of it. The right mix of team must be 

deployed to ensure that waste can be eliminated, and hence ensure the smoothness 

of the operation. Documents that were filed must also be monitored as to prevent 

any duplication. For example, a weekly review on reports might be a good idea to 

identify if there are any fake reports or uncompleted forms.

Work related training must be provided to the workers and especially for the permanent 

staff. This is to enhance their knowledge and more importantly is to create awareness 

of AM and basically about TPM. With knowledge only, without awareness will get them 

nowhere and this will waste all of the efforts in giving them training. Simple work that 

was usually performed by the maintenance team on production floor should be in a 

training scheme for production floor personnel. This way, maintenance can always 

focus on preventive maintenance hence give them time to service the equipment 

thoroughly. This responsibility transfer from Maintenance to Production will form a 

partnership and enforce the AM. This step can also be widening to the management 

and might be able to break the barrier of communication and improve the teamwork.

Another thing that was realised is that there is a connection between the TPM pillars 
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and OEE. Basically, in order to succeed in TPM implementation, the eight TPM pillars 

that were mentioned in the literature review should be in the right place and one 

of the ways to measure the effectiveness is by OEE. However, through this project 

finding, focusing only the three main pillars in TPM can improve the OEE. This is 

because OEE was predominantly influenced by the three pillars and the elimination 

of the Six Big Losses. 

The three main pillars are, Planned Maintenance (PM), Quality Maintenance (QM), and 

Training and Education (T&E). Of all these three pillars, T&E is the most important 

one as this practice will give the knowledge and motivation to the staff on how to 

execute the TPM program correctly. With the right training program, many problems 

which cause TPM failure will be solved. Lack of the necessary knowledge, motivation, 

and skills are found to be the root problem in TPM. If this problem can be solved, TPM 

can be implemented smoothly. This relationship can be seen in Figure 4 below. 

Figure 4: TPM’s 3 Predominant Pillars and Their Effects on the OEE.

Conclusion

The current maintenance in the Asian company did not utilise the use of TPM fully 

as they still practice reactive maintenance. TPM requires the practice of proactive 

maintenance or known as Planned Maintenance (PM) in TPM pillar. This objective also 

requested the identification of the shortcomings in the current implementation. The 

identified problems in the company are equipment breakdown, lack of AM practice, 

high volume of production, lack of training and education, and still practising the 

reactive maintenance instead of preventive maintenance. The European company 

on the other hand, have failed in implementing TPM mainly because of the weak 

communication and teamwork in their company. Because of this, the staffs would 

not have the required drive and motivation to implement TPM to the highest potential. 

However, this problem can also be solved by training and education. 
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Proposals on how to solve and eliminate the shortcomings were also given to the 

respective company. The problems were classified into five groups consisting of 

PM, QM, T&E, AM, and Safety, Health and Environment. In each group, a proposal 

or suggestion was included for each problem. As a solution, the company should 

make all of the proposals and suggestions as a reference and assimilate it to their 

company needs.  

In this paper, lack of training and education was recognised as the root cause of all 

the shortcomings. The importance of training was slightly neglected by the company 

and if the right training scheme was carried out, the result will be better in the coming 

years of TPM implementation. The mix of three TPM pillars, which are T&E, PM, and QM 

will result in the increment of OEE.  This project has achieved all of the stated goals 

and successfully provides the company with a number of suggestions. If all these 

research points were taken and used as a guideline or target, this company should 

be able to improve their overall performance.
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