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Abstract: The goal of the submitted paper is to implement the principles of TPM and to achieve almost 100% usability of machines, when there will be no failures and 
unwanted incidents. The effectiveness of implementing the TPM principles has been experimentally verified in an engineering company. Workplaces for the assembly of 
rails on Unimatic lines were chosen as a pilot workplace. Prior to the implementation of the TPM, analyses of technical downtime and unplanned shutdowns of the 
manufacturing devices due to failures, unplanned repairs and maintenance were carried out. The resulting analysis concentrated mainly on two main variables - total 
cumulative technical downtime at individual workplaces and frequency of occurrence of failures in individual sections of the workplaces. The presented approach and the 
results obtained underline the importance of applying the TPM principles in practice and their indisputable contribution to the ability to increase business performance. The 
TPM's progressive maintenance management system represents a prerequisite for the reduction of production costs and losses resulting from unscheduled failures now and 
in the future. 
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1 INTRODUCTION 
 

Although the world economy is currently on the rise, 
streamlining of the production processes with the focus on 
elimination of the waste times, which may be caused due 
to malfunctions or abnormalities in manufacturing devices, 
is a constant requirement [2]. Some foreign surveys show 
that the maintenance and repair costs (including 
warehousing costs and tied capital here) may account for 
up to 25% of the company's turnover and 15% to 40% of 
the total operating costs [3, 19]. The maintenance process 
shares a significant part of the operating costs in an 
industrial organization [15, 23, 24]. Bevilacqua and 
Braglia stated that in the United States, the estimated 
maintenance costs increased from $ 200 billion in 1979 to 
$ 600 billion in 1989 [1]. It is necessary to find a 
mechanism in the decision-making process to change the 
approach to maintenance area management. Nowadays, 
new maintenance systems are not being developed, but it 
is more likely about the way of implementing them into 
businesses because each system is unique. Thus, the 
objective is to find a tool for the decision-making process 
to prove the benefits or inappropriateness of implementing 
a new maintenance management system [10]. The TPM 
principles have been elaborated in a number of studies, 
however, there is a lack of experience in their practical 
implementation. TPM is an approach specific to its 
versatility and, paradoxically, at the same time to a great 
individuality in its implementation itself [13]. 
 
2 PRINCIPLE OF PERMANENT MAINTENANCE 

IMPROVEMENT 
 

In today's world, Lean Manufacturing represents a 
methodology used in all branches. Studies have shown that 
the application of Lean Manufacturing principles still 
proceeds in a fragmented way, often without logical 
continuity [11]. The principle of continuous improvement 
is one of the essential approaches to manufacturing itself, 
but it necessitates the application of a number of its tools 
(Fig. 1), which are quite many. Each enterprise has to 
determine whether it is advantageous to use these tools in 
its processes, or to what extent, especially for reasons of 

the cost-benefit balance that each of these implementations 
of the instruments entails [6]. Total Productive 
Maintenance (TPM) as such is considered one of the most 
significant tools used in lean manufacturing [20]. 
Currently, the TPM is also implemented, or is in the 
implementation phase, in a number of automotive and non-
automotive businesses. TPM can be used as a systematic 
means to avoid losses and increase the productivity of 
manufacturing devices. It is important to implement the 
TPM principles strategically on the basis of analyses of the 
causes of equipment failure and the proposed targeted 
improvement [7]. 
 

 
Figure 1 Lean production tools 

 
3 PRINCIPLE OF TOTAL PRODUCTIVE MAINTENANCE 
 

Maintenance can be defined as processes and activities 
which ensure the operability of the manufacturing devices, 
or alternatively eliminate the malfunctions and their 
consequences. The maintenance claims grow in 
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accordance with the sharp increase in complexity of 
devices and their automation [14, 17]. Over the past 
decades, the approach to the care security of manufacturing 
devices has undergone significant changes (Fig. 2). This 
development was influenced mainly by the fierce 
development of the technical equipment of the companies 
and, last but not least, by the pressure to rationalize the 
process and save the costs [10, 18, 21]. Each of the above 
mentioned maintenance management systems includes 
more or less the previous level, as the TPM contains the 
basic philosophy of all these previous maintenance 
approaches [4]. 
 

 
Figure 2 Development of the maintenance systems 

 
The base of the TPM is represented with a preventive 

and proactive approach to maintenance throughout the 
enterprise. In order to achieve the TPM goals and 
maximum productivity [5], it is necessary to look at the 
manufacturing enterprise as a whole and not just as part of 
the enterprise where the production itself takes place [9] or 
[16]. TPM becomes not just a maintenance philosophy, it 
is a part of the corporate strategy and philosophy [22]. 
TPM aims to achieve the following goals: 
• no unplanned failures and malfunctions,  
• no defective products, 
• no accidents. 

The TPM achieves the above stated goals using the 
basic 8 pillars which serve as the base for the TPM 
maintenance system philosophy, with one of the essential 
ideas being to increase the productivity by engaging all 
staff in the proactive maintenance [12]. The basic pillars 
are: 
• Autonomous maintenance - machine operators 

perform the state monitoring on their own machinery 
equipment and work environment. 

• Process and Machine Improvements - managers 
collect the data from operators and the work 
environment and then prioritize preventive 
maintenance and possible machine and process 
improvement. 

• Preventive / planned maintenance - machine operators 
and managers share tasks and timetables to ensure 
preventive maintenance. 

• Timely ensuring of new equipment - managers predict 
and plan relative lifespan of used machinery. 

• Process Quality Management - shared responsibility 
for production and maintenance, encouraging ideas to 
improve the quality in any area of the manufacturing 
enterprise. 

• Education and training - continuous improvement 
involves machine operators and other employees 
owing to education and training which improves 
morale and overall efficiency. 

• Safety and Sustained Success - priority is given to 
security throughout the enterprise which positively 
affects the successful TPM. 

• Administrative work - managers prefer data obtained 
from previous pillars and share their results with senior 
executives and working departments. This also means 
the introduction of the TPM principles within the 
administration [5].  
Maintenance itself is perceived by enterprises as a 

process that generates no profit, and therefore the TPM is 
considered the most difficult tool of lean manufacturing. 
The implementation can take many years, yet the result is 
greatly paid off both in production and motivation and 
employee morale. 
 
4 EXAMPLE OF IMPLEMENTATION OF TPM PRINCIPLES 

INTO MAINTENANCE 
 

Practice in the field of maintenance implementation in 
Czech companies, compared with the theoretical 
possibilities developed in the framework of maintenance 
management systems, is significantly different.  

A survey in several engineering companies has shown 
that most companies not only do not carry out the necessary 
diagnostics of manufacturing equipment as part of the 
maintenance and are therefore unable to identify germs of 
upcoming failures and accidents but do not even create a 
sufficient item plan of periodic preventive maintenance 
and do not respect the timetable of preventive maintenance 
by age of the production equipment. Moreover, the system 
of continuous training of operators for sensitive handling 
of the production equipment and their involvement into the 
system of basic subjective diagnostics was not available in 
any of the companies tested (Fig. 3) [10]. 
 

 
Figure 3 Maintenance management system in selected companies 

 
Therefore, most companies do not deliberately deal 

with prevention or diagnostics and remain with lower 
levels of maintenance management systems (PM2, PM1 
and BM). The high cost of repairs and accidents then 
enormously burden their economic performance, prevent 
the power from changing the system, and get companies 
into a situation where it is difficult to find a way out (a 
vicious circle). Convincing the management that a change 
in maintenance management will lead to cost savings is a 
top priority [10]. 

The effectiveness of implementing the TPM principles 
has been experimentally verified in an engineering 
company. Workplaces for the assembly of rails on 
Unimatic lines were chosen as a pilot workplace. Unimatic 
1 assembly workstation comprises 3 workplaces known as 
AP1, AP2 and AP3. These individual workplaces also have 
their own stations. The AP1 workstation consists of one 
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station only, AP2 has a total of 13 stations, and AP3 
comprises 4 stations. Unimatic 1 and Unimatic 2 are 
similar devices. The Unimatic 3 / PL6 asembly workstation 
is composed of 2 cells (Zell) which are tied together. Cell 
1 (Zelle 1 = Z1) has 7 stations and cell 2 (Zelle 2 = Z2) 
consists of 6 stations, where the conveyor is connected to 
the last station of cell 2 [8]. 
 

 
Figure 4 Analysis of the development of technical downtime at individual 

assembly sites 
 

 

 
Figure 5 Paret analysis of cumulative downtime for workplaces Unimatic 1, 

Unimatic 2, Unimatic 3 / PL6 
 
Prior to the implementation of the TPM, analyses of 

technical downtime and unplanned shutdowns of the 
manufacturing devices due to failures, unplanned repairs 
and maintenance during the period from February to 
September 2016 were carried out. The jump in technical 
downtime was caused mainly by a change in the number of 
shifts, with 15 shifts per month in the first four months and 
18 shifts per month in the following period. Substantial 
effect on technical downtime was also the result of the 

fluctuation of workers mainly in the second half of the year 
(Fig. 4). 

The results of the analysis showed that the greatest 
technical downtime was at the Unimatic 3 / PL6 and 
Unimatic 1 workplaces. Based on these results, detailed 
monitoring and data collecting at individual workplaces 
were carried out and the most significant defects causing 
technical downtime were identified. The monitored values 
were recorded to the prescribed forms by operators and 
adjusters. The resulting analysis concentrated mainly on 
two main variables: 
• total cumulative technical downtime at individual 

workplaces (Fig. 5), 
• frequency of occurrence of failures in individual parts 

of workplaces (Fig. 6) [8]. 
 

 

 
Figure 6 Paret analysis of the frequency of occurrence of failures for workplaces 

Unimatic 1, 2; Unimatic 3 / PL6 
 

The results of the analysis were developed and used to 
design the solutions of critical problems at a particular 
workplace and served as key points in the preparation of 
the TPM's own implementation. Workplaces that are 
essential from the point of view of technical downtime 
have been identified. 
 
4.1 TPM Implementation Design at the Rail Assembly 

Workplace 
 

The main objective of the TPM generally is to enable 
the company to achieve almost 100% usability of 
machinery and equipment in relation to need, which 
represents the perfect state of the production process and 
manufacturing devices, where there are no failures, 
defective products and no accidents. Achieving this goal is 
difficult and is likely to be a long-term issue. 
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The long-term objective in this case was to save 
maintenance costs and increase process productivity and 
stability, to increase OEE and improve quality and to 
reduce the cost of disposal of defective pieces at the 
assembly site. Therefore, for the initial implementation as 
well as for the further development of TPMs in the 
company, it is necessary to choose partial short-term 
objectives which are achievable and measurable in a 
shorter time horizon, mainly to keep the motivation of the 
employees involved. A partial goal was to reduce the value 
of downtime at the assembly workplace by up to 40%. 
From the technical downtime values, the bases of technical 

downtime were set and the objectives of the technical 
downtime values for individual workplaces were 
determined (Fig. 7) [8]. 
 

 
Figure 7 Target values of technical downtime based on technical downtime 

bases 

 

 
Figure 8 An example of the new weekly maintenance plans for operator 1 at the Unimatic 2 assembly workplace
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4.2 TPM Implementation Phase 
 

The implementation of the TPM has its own phases. 
Successful completion of particular steps after each of 
these phases allows forward movement. The TPM 
implementation key points are: 
• kick-off, 
• TPM workshops, 
• autonomous maintenance settings, 
• TPM device cards and abnormal control, 
• education and training. 

The first step in kick-off was to start monitoring of 
technical downtime values on a weekly basis at selected 
workplaces. A significant step of the implementation was 
to determine the action plans which included TPM 
workshops necessary for the clarification of the basic TPM 
principles to all workers involved. The objective of these 

TPM workshops was to put the workplaces in perfectly 
clean and optimal condition because most of the problems 
were caused by impurities which occur in the interior of the 
device. These impurities are formed during the assembly 
process mainly in the form of splinters from the spacing 
pieces and grease residues from rails lubrication.  

The outputs from TPM workshops were used to the 
revision and creation of new maintenance standards which 
have also been self-sustaining to the necessary extent. New 
shift and weekly maintenance plans were designed in a 
well arranged and user-friendly way for the use of 
operators (Fig. 8), with focus on the visualization of all 
required maintenance and cleaning points.  

Plans were designed to allow operators to perform as 
many tasks as possible, and adjusters could then 
concentrate on more specialized tasks. 

 

 
Figure 9 Diagram of detected abnormalities and an example of a TPM card 

 
In the context of maintenance, great emphasis is placed 

on the control and early recognition of risks which can be 
revealed by using an efficient and active maintenance 
approach based on the principle of autonomous 
maintenance. For the purpose of early detection and 
documentation of abnormalities at the workplace which 
cause malfunctions and, in the extreme case, system 
shutdowns or device damage, a TPM cards system with a 
specific information transmission structure was designed 
within the TPM implementation at the assembly workplace 
(Fig. 9) [8]. 

By archiving the defects removed, the TPM cards 
system will be used as database of abnormalities which can 
be further analysed or tracked in the future.  

The final point of the TPM implementation at the 
assembly workplace was the education and training of 
workers within the workshops, including the practical 
application of the TPM principles. 
 
4.3 Evaluation of the Progress of the TPM Implementation 
 

The implementation of the TPM at the assembly 
workplaces took place according to the action plan. From 
the point of view of meeting the set objectives, the 
reduction of technical downtime was precisely the activity 
which created the greatest effect on the development of 
technical downtime. The goal was achieved at the 
Unimatic 1 workplace and the other devices approached 
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the given values at the time of implementation of the TPM 
principles (Fig. 10). 

The main benefits of the TPM implementation at 
selected workplaces: 
• technical downtime reduction, 
• improving staff morale, but also their awareness of 

effective use of maintenance, 
• improving processes leading to the maintenance of 

competitiveness and prosperity in the future, 

• direct implementation of all principles and 
improvement actions on the new Unimatic 4 device, 
ensuring that the perfect condition of the device is 
maintained from the very beginning when the device 
was delivered, 

• knowledge and experience from the implementation of 
TPM principles and especially the application of 
autonomous maintenance principles, which can also be 
used in other devices [8]. 

 

 
Figure 10 Comparison of technical downtime before and after the TPM implementation 

 
5 CONCLUSIONS 

 
This experimental study is focused on the 

implementation of the TPM elements in the field of 
maintenance in a selected engineering company. The basic 
key areas and their evaluation can be summarized as 
follows: 
• An analysis of the technical downtime and unplanned 

shutdowns of production facilities due to failures, 
unplanned repairs and maintenance for the period 
between February and September 2016 was carried out 
(see Fig. 4). 

• The results of the analysis showed that the greatest 
technical downtime occurred at the Unimatic 3/P L6 
and Unimatic 1 workplaces. Based on these results, 
detailed monitoring and data collecting at individual 
workplaces were carried out and the most significant 
defects causing technical downtime were identified. 
The resulting analysis concentrated mainly on two 
main variables - total cumulative technical downtime 
at individual workplaces (Fig. 5) and frequency of 
occurrence of failures in individual sections of the 
workplaces (Fig. 6). 

• The long-term objective in this case was to save the 
maintenance costs and increase the process 
productivity and stability, to increase OEE and 
improve quality and to reduce the costs of disposal of 
defective pieces at the assembly site. A partial goal 
was to reduce the value of downtime at the assembly 
workplace by up to 40%. Based on the technical 
downtime values, the bases of technical downtime 
were set and the objectives of the technical downtime 
values for individual workplaces were determined 
(Fig. 7). 

• New shift and weekly maintenance plans were 
designed in a well arranged and user-friendly way to 
be used by operators (Fig. 8). 

• For the purpose of early detection and documentation 
of abnormalities at a workplace which cause 
malfunctions and, in extreme case, system shutdowns 
or device damage, a TPM cards system with a specific 
information transmission structure was designed 
within the TPM implementation at the assembly 
workplace (Fig. 9). 

• The main benefits of the TPM implementation at 
selected workplaces are (see Fig. 10), technical 
downtime reduction, improving staff morale, but also 
their awareness of effective maintenance use, 
improving processes leading to the maintenance of 
competitiveness and prosperity in the future. 
Direct implementation of all principles and 

improvement actions on the new Unimatic 4 device 
enabled to maintain the perfect condition of the device 
from the very beginning when it was delivered. The results 
of the experimental study showed that the amount of 
technical downtime was decreasing in all monitored 
devices in the monitored period, in one device up to the 
required goal of 40% already during the implementation 
time, in the other two during a few months. The knowledge 
and experience of implementing TPM principles, and in 
particular the application of autonomous maintenance 
principles in the company, confirm that the same principles 
can be applied to different devices. 

Experimental verification of the implementation of 
TPM principles in the company has confirmed both the 
topicality of the solved issues and the possibility of using 
these principles in the specific area of maintenance of 
assembly workplaces in various industrial organizations. 
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