
Implementing a maintenance strategic plan 
using TPM methodology 

1. Introduction

The worldwide globalization of the markets
brought many advantages, but also dramatically in-
creased the industry competitiveness. The compe-
tition to which companies are now subjected forces 
them to invest in new strategies. For example, in 
order to achieve success, some companies focus on 
customers’ needs, as well as their loyalty. Globaliza-
tion, undoubtedly, has brought competitiveness to 
the entire industry, and metallurgy is no exception. 
To ensure business competitiveness and its financial 
health, constant improvement actions are necessary 

with the objective of increasing profitability and re-
ducing waste associated with the process [1-3]. There-
fore, there is a clear company objective: to reduce or 
eliminate the causes associated with equipment fail-
ures, machine downtime and non-conformities asso-
ciated with production times. 

One of the approaches to make the companies 
more competitive is Total Productive Maintenance 
(TPM). As a complement to this tool, extreme im-
portance is also given to the implementation of 
changes in the process, strong communication and 
compromise among all workers. There is a great 
concern on the part of the leadership to involve all 
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workers in the transformation and implementation 
of the procedures. Total Productive Maintenance 
(TPM) aims to eliminate losses, reduce costs and 
downtime. One way to get success with this method-
ology is to use well-defined maintenance plans. For 
this reason, this methodology is widely used in the 
industry in the last decades with excellent results. 
For instance, Reis et al. [4], showed an increase of 
18.5% of Operating Income in a company produc-
ing brakes drums for the automotive industry using 
TPM tool. On the other hand, Ribeiro et al. [5], 
in a study which the main objective was to improve 
the availability of a critical production line through 
TPM and supported by Lean, achieved increased 
performance indicators, such as: MTBF, MTTR and 
availability by 25%, 13.3% and 1.2%, respectively. 
Thorat et al. [6], studied the TPM implementation 
in a manufacturing company of injection moulding 
parts for the automotive industry, and Sharma et al 
[7] also used the same tool to improve the manufac-
turing performance, reinforcing the importance of 
effective training and skill development of the work-
ers. Otherwise, Suryaprakash et al. [8], presented a 
study in a mechanical workshop able to manufacture 
steering boxes, which main goal was to improve the 
Overall Equipment Effectiveness (OEE). The results 
obtained were good, having increased the OEE by 
6.06%. This study sought to improve the availabili-
ty of the machines, reducing equipment downtime. 
High importance is also attributed to the creation of a 
commitment culture about the equipment handling, 
with the aim of increasing the useful life of machines 
and improving the quality of manufactured products. 
In this work, a preventive maintenance plan (PMP) is 
presented to be implemented in a Hydraulic Clutch-
es and Controls manufacturing company, based on 
the TPM methodology. The management encom-
passes the maintenance of the equipment, which 
must be seen as a global objective of the company, 
among all workers, to be carried out not only by the 
maintenance technicians but also from the manage-
ment to the workers who use the equipment daily. 
The implementation of the TPM will be carried out 
with the unconditional workers support, always being 
heard by the management to make them feel useful 
and integrated into this new company phase.

This article is structured as follows: after the intro-
duction, section 2 performs a review about the most 
relevant literature related to the subject of this work. 
Section 3 describes the methods associated with 
TPM and how they were used in this work. In section 
4, the results are presented, followed by the conclu-
sions and the proposals for future work in section 5.

2. Literature review

The globalization of markets has not only brought 
thoughtful changes in policies, economy and culture, 
but it has also brought free trade, with free flow of 
capital between nations, bringing as well increased 
competitiveness, with market demanding higher 
quality products at competitive prices [9]. To meet 
this market demand, it is necessary that companies 
reorganize themselves and become much more com-
petitive. For this, companies must eliminate all waste 
associated with production processes [10]. The com-
mon type of waste found at manufacturing compa-
nies are breakdowns due to machine failures [9,11] 
and the best way to minimize them is the adoption 
of policies for a strategic maintenance management 
[12,13]. According to BS EN 13306: 2010 standard 
[14], maintenance is defined as the set of operations 
necessary to re-establish equipment to be available 
and accomplish the planned tasks. Monchy [15] es-
tablishes two important milestones in the product’s 
life cycle, entry into service and death. He also high-
lights three distinct phases, between these two mile-
stones. These phases are Child, Adolescent/Adult 
and the last, Geriatric phase. In this Child phase, 
there is a decrease in the first typical diseases. In the 
Adolescent/Adult phase, diseases are randomly re-
vealed and in the Geriatric phase, there is a tendency 
for the number of diseases to increase. Nowadays, 
with the technology evolution, namely in computing, 
maintenance has also evolved benefiting from that 
evolution. Now, it is possible to gather a large amount 
of information in a short time, work on it and make 
decisions based on information about general perfor-
mance of the equipment [1]. 

The new demand from the market also brings a 
greater demand in relation to quality requirements. 
As a result, equipment becomes more complex and 
maintenance is therefore affected. In response to 
new requirements, tools emerged in the maintenance 
strategy, such as Reliability-Centered Maintenance 
(RCM), Total Productive Maintenance (TPM), TQ-
Main - Total Quality Maintenance, RBI - Risk-Based 
Inspection [16]. Among these tools, TPM and RCM 
are widely used in the industry. TPM involves all 
workers and aims to maximize the efficiency, elimi-
nating waste. The RCM is based on the failure mode 
of the equipment and its consequences [1,12].

In order to induce a homogeneous flow of work 
into a company, coordination between all depart-
ments is essential. The maintenance department is 
no exception and its goals must be in line with the ob-
jectives and plans defined by the company, according 
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to Coetzee [17]. Maintenance is part of the ancillary 
activities that directly affect product costs, quality and 
reliability [9].

An indispensable procedure for the TPM success 
is the involvement of the whole structure of the com-
pany, from the head to the remaining staff, who need 
to be always committed to the objectives outlined and 
with the responsibilities assigned to each one. The 
TPM maximizes the productivity and availability of 
equipment, creating a motivating environment to en-
courage the participation of workers to be better than 
the competitors in quality, reliability, cost savings and 
creativity [18]. The activities began to be well planned 
and structured, the workers are responsible for taking 
care of the equipment in which their interact daily. 
The concept of “autonomous maintenance” emerged 
as one of the main characteristics of the TPM [19]. 
This methodology uses preventive maintenance and 
autonomous maintenance. Therefore, cleaning, in-
spection, component replacement and planned re-
pairs are included in the autonomous maintenance, 
to avoid production downtime and control the ma-
chine’s service life [20].

In fact, TPM is based on a continuous improve-
ment process. Individuals, teams, all company em-
ployees are constantly evolving, either to learn or to 
share the knowledge and skills already acquired. In 
fact, all this effort to reduce waste is aimed at increas-
ing OEE, which is directly linked to the performance, 
quality and availability of equipment [1,9,21]. In the 
companies’ organizational structure, it is normal to 
find several departments with different functions 
and goals, for example, the production concerns 
with manufacturing products in schedule and with 
the desired quality, and logistics with the delivery 
performance. In the case of Maintenance, it should 
focus on ensuring the greatest possible equipment 
availability. To assist maintenance, there are some 
Lean tools, such as 5S and SMED methodology 
[22, 23]. The 5S refers to five Japanese words, Sei-
ri (Organize), Seiton (Fix), Seiso (Clean), Seiketsu 
(Normalize), Shitsuke (Discipline) [24]. According 
to the study of Pinto et al. [1], referring to a rubber 
products company for the automotive industry, there 
was a need to follow the IATF 16949: 2016 standard 
[25]. For the company to comply with the standard 
requirements, it was necessary to update the indicator 
records such as MTBF, MTTR and OEE. In this 
transition, waste was detected in the press setup pro-
cesses, which forced the application of the SEMED 
methodology. The 5S tool was also used to make 
maintenance services more efficient. These chang-
es introduced with the help of these tools brought 

a reduction in setup time by 11% and an increase in 
OEE to 90.22%. Compared with the world reference 
values, 85%, this value is very good. Moreira et al. 
[9], studied on the graphic printing area and explored 
and mitigated the causes that affected product quality 
and the low availability index of the machines. At the 
end, they achieved an increase of 2% in OEE and a 
reduction in production costs with non-conformities 
by 32.9%. In a study about the storage of material for 
maintenance, Pombal et al. [26], applied the 5S and 
visual management, having obtained a reduction in 
the operation time of approximately 70%. The main 
contribution for the obtained results was achieved 
remodelling and managing the stock of materials 
through the Kanban system, having achieved a 30% 
reduction in repair time.

In this study, it is proposed a maintenance model, 
to be applied in the company, having as main goals: 
(1) reduce the number of curative interventions on 
two identified CNC machining cells; (2) reduce the 
time spent in maintenance interventions, and (3) re-
duce breakdown time due to unforeseen machine 
failures.

3. Methods

The methodology used, to improve machine 
availability and downtime, was the implementation of 
TPM. In this chapter, it will be present the structure 
of the TPM used.

3.1 TPM – Defining pillars to be used  

As can be seen in the literature on TPM, there 
are several ways to implement it. In this work, the 
pillars considered are (a) Main problems elimination; 
(b) Autonomous maintenance; (c) Planned mainte-
nance; and (d) Formation and training. Regarding 
the elimination of the main problems, we opted for 
analysis and identification of the main problems and 
mitigation of their causes so that they can be reduced 
or eliminated. In autonomous maintenance (AM), 
workers need to assume a higher grade of responsi-
bility for maintenance routines. In the planned main-
tenance, the workers or maintenance technicians 
carry out the activities with the objective of keeping 
the equipment operational and, thus, avoiding unex-
pected stoppages. In education and training, workers 
receive skills in the theoretical and practical compo-
nent about the machines to avoid unexpected down-
time. It was decided to elaborate internal documents 
with the procedures regarding the maintenance tasks 
with the periodicity of their execution. The plans, of 
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autonomous and planned maintenance were struc-
tured by type of machine and date of frequency.

3.2 Diagnosis - conditions before TPM  
application   

To initiate TPM, it is necessary to make a diagno-
sis. A multidisciplinary team was created for this task. 
To fine-tune the most appropriate strategy to be fol-
lowed by the company, the relevant points were or-
ganized. Maintenance planning stands out with some 
deficiencies, such as:

•	weekly cleaning is also not effective for all  
		 equipment;

•	there is no knowledge about the 5S  
		 methodology;

•	there are no records about maintenance  
		 interventions or a history of malfunctions;

•	there is no database with a history of  
		 maintenance costs;

•	there was no software to support maintenance;

•	there is no evidence of analysis and study on the  
		 causes of malfunctions, and

•	there is no history of stock management  
		 regarding spare parts and corresponding  
		 replacement.

After this diagnosis, a strategy for the beginning 
of the TPM implementation was formulated and it 
was decided not to implement the eight pillars of the 
standard TPM. It was decided to define practical and 
simple documents that would allow a quick and effi-
cient implementation.

3.2.1  Collection of machine failure data for 
three months

To prepare the diagnosis, it was necessary to car-
ry out a survey on the downtimes occurred in CNC 
lathes and CNC machining centres and the corre-

sponding causes of each breakdown, in a period of 
three months. Table 1 shows the values organized 
by categories: (1) human error, (2) lack of preventive 
maintenance (PM) and (3) end of part life.

As previously discussed, the company’s biggest 
identified problems are organization and cleanliness. 
These problems are directly linked to the way work-
ers develop their activities on the machine and the 
way the equipment is handled. Since the beginning of 
the TPM implementation process, namely the AM, 
there was an indispensable need to implement the 5S 
as a starting point, creating the necessary discipline 
in the collaborators and a disruption with the initial 
situation. Thus, a series of documents were created, 
such as the 5S implementation schedule, list of mea-
sures to be implemented, audit planning, 5S audit 
sheet, layout of the document to identify the situa-
tion before and after the 5S implementation. For the 
successful 5S implementation, internal audits were 
also weekly scheduled with the focus on identifying 
problems associated to the compliance with the im-
plemented measures.

3.3 TPM implementation  

The steps used to implement the TPM are de-
scribed in Table 2.

3.3.1  1st Pillar - Main problems elimination

The 1st pillar is characterized as the continuous 
analysis of problems and the definition of corrective 
and preventive actions, with a focus on continuous 
improvement. This pillar inspires a proactive attitude 
in defining actions to reduce or eliminate downtime 
associated with a detected problem. The organized 
way of respecting the principles of this pillar is, initial-
ly the losses are determined and the main problems 
are identified, then a cause analysis is done, then the 
corrective actions are defined and implemented and 
finally, standards are normalized.

3.3.1.1  Step 1 - Determine losses and main problems

Breakdown causes CNC Lathes CNC Machining Centers

Human error 116 291

Lack of preventive maintenance 21 55

End of part life 68 127

Total 207 473

Table 1. Time wasted in breakdowns at CNC Milling Centers and CNC Lathes (hours)
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At the beginning of this process, no records of 
machines’ failures are available, because this was the 
practice in the company. Thus, it was necessary to 
identify the reasons behind this practice. Therefore, 
it was found that the reason for not having such re-
cords was associated with the following factors: (a) the 
difficulty for operators to identify the malfunction, (b) 
the workers’ lack of knowledge about the equipment, 
(c) the lack of communication between workers. Af-
ter verifying this scenario, corrective measures were 
proposed: purchase and implement maintenance 
control software and planning technical training ses-
sions for the workers.

After the implementation of the software and 
training, data related to machine failures and prob-

lems were collected and recorded. After collecting 
and registering a significant number of data, it was 
possible to identify the problems associated with the 
equipment. This analysis identified a problem relat-
ed to the refilling of the collant fluid tank and another 
one related to the sliding of the safety door of the 
machines. The identification of these two problems 
triggered some corrective measures.

3.3.1.2  Step 2 – Causes analysis

A cause analysis was carried out using the “5 
whys?” asking maintenance technicians, managers, 
and production workers to participate in these ses-
sions. Thus, actions were defined for the identified 

Table 2. Work method implemented

Tasks Description

Survey and analysis of maintenance manuals of 
existing machines in the company.

Initial document to register the maintenance activities to be carried out accord-
ing to the planning. Current  
information about tasks to be performed and  
their frequency.

Crossing of information from the manuals, their 
use and the  
know-how of maintenance workers.

Creation of the document with planned and autonomous maintenance activi-
ties and respective checklist to help.

Machine failure data collection. Data period: 3 
months.

Data collected for analysis and decision help: Type of  
failure, downtime, reason for machine breakdown and maintenance.

Four pillars of the TPM  
implementation. As described in section 3.1

Machine failure data collection. Analysis and comparison of the data collected before and after the impleme -
tation of the TPM, made during the diagnosis.

Check after th ee months of the TPM  
implementation.

Improvements check after p eventive and corrective actions applied according 
to the TPM implementation.

Figure 1. “5 Why” - Problems with coolant tank fillin
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problems in order to eliminate them. 
A problem with the refilling of the coolant fluid 

tank was identified due to it leaving the circuit through 
the chip extractor, together with the chips. This prob-
lem causes the need for refilling the tank frequently. 
The refilling of the tank is not done correctly by the 
workers due to lack if care of them in this opera-
tion, occurring severe leakages on the floor. Figure 
1 shows the application of the “5 whys” tool to solve 
the problem related to filling the tank.

Initially, the strategy was to sensitize operators to 
be more careful, but this solution would only have 
short-term benefits. Thus, it was necessary to think 
about another solution. In the next chapter, it will be 
explained.

The cause analysis regarding the sliding of the 
security door using the “5 why?” is shown in figure 
2. The machines have a security system in order to 
avoid it to work if the door is open or not properly 
closed.

The lack of cleaning causes some inconvenience 
at the productive level. No routine was identified re-
garding the cleaning of the door sliding rails, being 
done only when essential for the operation of the ma-
chine, as a last resort, figure 3a.

3.3.1.3 Step 3 – Define and implement corrective actions

For the resolution referring to the tank of coolant 
fluid, it was decided to install a self-refilling and col-
lant filtration system. Thus, this new system replaced 
the manual system. With the new automatic system, 
the opening and closing of the valve is now controlled 
with the help of a float, figure 3a. This new system, 
figure 3b, also allowed the reuse of the coolant once 
it is filtered and reintroduced into the cooling system. 
With this update, it is expected that the frequency of 
the coolant oil replacement will change from month-
ly to annual, which will induce a decrease in cost.

In the procedure created regarding the cleaning 
process, the strategy of recording activities is highlight-
ed to ensure that they were carried out. For example, 
in the peripheral area of this machine, cleaning must 
be taken into account when changing shifts. Workers 
are penalized if the next shift starts with machine and 
surrounding area dirty. In the new procedure are the 
instructions for carrying out the described operations 
and, after the execution of the procedure, the work-
ers must sign the sheet as a form of confirmation.

3.3.1.4 Step 4 - Create and normalize

Standardization is essential to systematize tasks 
and thus facilitate the learning of new healthy habits. 
It also helps in identifying deviations in the process 

Figure 2. “5 Why” - Safety door sliding problems

Figure 3. Coolant self-supply and filt ation system, (a) Control Float and (b) automatic system

Control Float
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and obtaining useful indicators. Regarding the ex-
ample of the problems with the coolant tank, a pro-
cedure was created to be applied to all tanks. Thus, 
employees work with the same working conditions 
regardless of the tank they have nearby. The most 
relevant steps to be applied were: (a) Install a float to 
control the refrigerant level in the tank; (b) adding a 
filter to the system to extend the life of the machine 
and oil; (c) adding an activity under the responsibility 
of AM to weekly control the oil quality; (d) include, 
in the planned maintenance procedure, an annual ac-
tivity to replace all coolant.

Regarding the problem identified in the sliding se-
curity door, cleaning procedures were created for the 
machines and the peripheral area, as well as in other 
workstations, making these tasks mandatory, includ-
ing the control of their registration.

3.3.2  2nd Pillar - Autonomous Maintenance

As already mentioned in the previous chapter, 
AM is performed by the workers assigned to the 
CNC machines. The premises followed in the imple-
mentation of maintenance in order to achieve maxi-
mum efficiency are: (a) Perform basic inspection of 
previously identified machinery and equipment; (b) 
Standardization of maintenance activities, including 
cleaning and inspection; (c) Carry out maintenance 
activities independently; (d) Continuously improve 
equipment and process quality. The basic inspec-
tion of machines and equipment aims to improve or 
create access for maintenance, avoid dirt and leaks 
and overcome anomalies. The machines studied in 
this work are MAZAK machines, which have been 
developed and designed to facilitate access to lubri-
cation and cleaning, and there is no justification for 
any type of equipment changes. In this sense, the first 
stage of this process was not considered. The stan-
dardization of maintenance activities, guarantee and 
assist the performance of AM. This step consists of 
implementing cleaning procedures according to the 
essential needs to guarantee a safe and clean environ-
ment. The definition of maintenance activities should 
include, in the AM procedures, (i) maintenance man-
uals of the analysed machines, as well as their fre-
quency and recommendations; (ii) discussion of the 
problems and anomalies that workers face daily, as 
well as the frequency of maintenance activities to en-
sure the prevention or elimination of the identified 
problems. Strategically, it was possible to normalize 
maintenance activities per type of cell, elaborating 
a maintenance plan for Lathes and another one for 
CNC Machining Centers. For daily AM, a shift label 

was created. Each operator must ensure that, when 
changing shifts, the cleaning of the parameters de-
scribed in the checklist is cleared. The AM plans are 
divided into three distinct periods, daily, weekly and 
monthly, depending on the identified needs. To car-
ry out maintenance activities independently, a meet-
ing was held with workers to explain what is intended 
and how to do it. Theoretical-practical training on 
AM was planned, where the concepts and ideas of 
operation were explained. It was pointed out to oper-
ators that the involvement, cooperation and commu-
nication between maintenance and production would 
be essential to protect the machines, to guarantee 
long durability and good quality of the manufactured 
products. In addition to shift change forms, which 
reflect the commitment to carrying out daily AM 
activities, weekly and monthly checklists were also 
implemented. Continuous improvement is the main 
objective after the creation of AM procedures. The 
standard activities and the documentation of these 
activities have the objective of disciplining the work-
ers for their accomplishment, but also showing the 
preponderant importance of the workers in making 
suggestions for improvements, and implementation 
of good practices. In order to guide workers on these 
good practices, a document was prepared and made 
available to them in the workplace, allowing sugges-
tions to be made.

3.3.3  3rd Pillar - Planned maintenance

In the survey of the activities included in the 
planned maintenance, namely in the production 
cells covered by this work, it was found that there 
are several points to be improved, for example: (a) 
the activities periodicity does not correspond to the 
recommended by the machine brand and does not 
cover the machine needs, (b) the clear definition of 
the maintenance time, as well as the person who is 
responsible for its execution, (c) the planned mainte-
nance times do not apply due to incompatibility with 
production planning, (d) absence of a maintenance 
information control system to assist and check the 
different implementation steps.

According to the TPM 1st pillar, all maintenance 
actions that require skills and technical knowledge 
will be included in the PM plans.

3.3.3.1 Implementation of preventive maintenance plans

As in AM case, the machines manuals and the 
maintenance technicians experience were crucial to 
carry out a plan that could take advantage of the com-
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pany’s experience and of the recommendations of 
the machines’manufacturers.

3.3.3.2 Requests for curative maintenance intervention

Requests for curative intervention are a conse-
quence of equipment malfunctions or anomalies. 
Any worker in the company has a responsibility to 
report system failures. In the procedure, it is stipu-
lated that the first intervention belongs to the worker 
who detected the damage. The maintenance worker 
receives the notification of the anomaly. After that, 
a curative maintenance service order is created and 
after this has been resolved, the maintenance team 
has a duty to fill in some information in the system, 
such as the number of hours spent, spare parts used, 
description of the problem and the respective de-
scription of the intervention.

4. Results

In this section, the results of this work are pre-
sented, giving relevance to: the reduction in down-
time achieved through the maintenance carried out 
by the Production workers, the implemented actions 
effectiveness, the indicators evolution and all the 
non-measurable results achieved through this work.

4.1 Eliminating the main problems  

The problem detected regarding the filling of the 
coolant in the tank cannot be considered a malfunc-
tion, however, it is a problem that causes time loss 
and excessive expenses. After installing the supply 
and filtering system, its maintenance and respective 
coolant replacement changed from 3 months to an-
nual. Therefore, refrigerant exchange activity has a 
four-fold impact on planned downtime. Coolant re-
placement time is 3 hours a year instead of the 12 
hours previously spent. Still associated with this up-
date, operators no longer have the task of filling the 
tank. Due to the fact that this task is manual, it also 
brought a lot of waste, both in terms of oil and the 

time needed to carry out the task. The monetary im-
pact of this improvement is also significant.

In the sliding door problem, it is difficult to esti-
mate the downtime caused by the sliding door, but 
it is a fact that this problem causes short stops in 
production. These stops correspond to the time that 
workers spend cleaning the assigned area into the 
machine. This task was included in the form when 
changing shifts.

Although it was not possible to quantify the cost 
caused by this problem, there is no doubt that this 
improvement had a great impact both on the evi-
dence of the clean state  of the machines and on the 
elimination of the small stops that existed prior to 
this action.

4.2 Maintenance performed  

In the shift change, an AM procedure was imple-
mented showing a good receptivity of the workers. 
This procedure allows for the recording of the equip-
ment conditions at the beginning and end of each 
shift. After three weeks, this implementation was au-
dited and there was a need to take a new approach to 
workers. The performance of the monthly AM had 
a positive evolution, once the maintenance plan was 
fulfilled.

4.3 Evolution of indicators  

After the application of corrective, preventive and 
improvement actions, AM’s activities, and respective 
investment in training actions, it was verified an effec-
tive reduction in equipment downtime, which trans-
lates into an increase in machine availability. In the 
case of the CNC Machining Centres, downtime has 
decreased although there were two unforeseen stops, 
one due to human error and the other caused by the 
end of life of a bearing. As can be seen in Table 3 and 
Figure 4, downtime has always been greater than 100 
hours per month and is currently less. The reduction 
in stops was 23.4% and the number of interventions 
decreased by 38.1%.

Months Number of Stops

Reason 1st 2nd 3rd 4th 5 th 6 th 1st to 3rd 4th to 6th

End of part life 72 55 0 192 0 48 5 4

Human error 72 62 157 36 38 24 10 4

Lack of PM 18 23 14 8 13,5 3 6 5

Total. 162 140 171 236 51,5 75 21 13

Table 3. Time [hours] and the reason for stopping at CNC Machining Centers
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In table 4 and figure 5 is possible to see that there 
was a reduction in machine downtime by 37.3%, and 
the number of interventions reduced by 16.7% re-
garding CNC Lathes.

After carrying out an audit of the ISO 9001 man-
agement system and analysing its results regarding 
OEE, MTTR and MTBF, the data show a very 
positive evolution. The data can be seen in Table 5. 
For the studied cells, the stopping hours for curative 
maintenance and the number of failures were anal-
ysed. In short, the “theoretical time available - time 
spent on interventions”/”number of interventions” 

was used. Table 5 also shows the MTBF values ob-
tained. For the two cells under study, the stopping 
hours for curative maintenance and the “number of 
occurrences”/”failures” were analysed. In short, the 
time spent on “interventions”/”number” of interven-
tions were used. Table 5 also shows the Availability 
and OEE values.

4.4 5S Results

The implementation of 5S brought very import-
ant gains in the organization and in the production 

Months Number of Stops

Reason 1st 2nd 3rd 4th 5 th 6 th 1st to 3rd 4th to 6th

End of part life 8 48 12 0 24,5 11 4 3

Human error 61 25 30 48 22 12 9 8

Lack of PM 11 0 10 4,5 4 2,5 5 4

Total. 80 73 52 52,5 50,5 25,5 18 15

Table 4. Time [hours] and reason for stopping at CNC Lathes

Figure 4. CNC Milling center’s downtime

Figure 5. CNC Lathe’s stopping time
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process. After the first phase of awareness and train-
ing of the 5S teams, the workers started to apply their 
knowledge on the factory floor. In this transition, 
workers were essential because they shared their ex-
periences and opinions about their workplace. Fig-
ures 6 shows the result of the changes. To ensure that 
the new habits are maintained, an internal monthly 
audit is carried out.

After each audit, the result is displayed on a plac-
ard on the factory floor, so that workers can observe 
the improvements and fight for more improvement 
actions, see figure 7.

4.5 Non-measurable results

Throughout this improvement process, other 
non-measurable results were obtained, but also es-
sential for the successful implementation of the 5S, 
namely (a) the development of equipment operators’ 
autonomy and technical capabilities; (b) improved 
communication between operators and maintenance 
technicians; and (c) the involvement and cooperation 
of all those involved in the TPM.

Figure 6. Before the implementation of the 5S (a) after (b

(a) (b)

Figure 7. 5S evaluation exposed on the factory floo

MTTR (h) MTBF (h) Availability (%) OEE (%)

y - 1 y y - 1 y y - 1 y y - 1 y

CNC Lathes 4,2 3,1    920,3 1156,5 90 92 49 54

CNC Milling 
Centers 5,9 4,3   1533,1 1782,4 90 92 56 61

Table 5. MTTR (h), MTBF (h), Availability and OEE (%) values in the previous year (y-1) and in the year under study (y)
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5. Conclusions and future work

5.1 Conclusions

The organization’s success depends directly on a 
good maintenance management system. Understand-
ing maintenance in a global way can allow greater ef-
ficiency, for example, responding more quickly to a 
malfunction, avoiding the repetition of the problem 
by eliminating its cause. Thus, a reduction in costs, 
greater availability and useful life of the equipment 
is provided.

This work aimed to show that partial implemen-
tation of the TPM, namely acting just in some pillars, 
can provide very positive results. Indeed, it is difficult 
to start from the zero in traditional companies and try 
to get the best results in a short period of time.

At the beginning of this work, the biggest concern 
was the high number of curative interventions, being 
one of the main goals to decrease that number by 
20%. After the implementation of the 5S methodol-
ogy in the CNC milling centres has been achieved, 
a reduction of 38% on curative maintenance actions 
was attained. In CNC lathes, the objective was almost 
achieved, reaching 17%. The second objective, the 
reduction of the number of machines’ breakdowns 
was successfully achieved with the implementation of 
AM, PM and stock management plans, namely con-
sumables and spare parts. Breakdowns due to dam-
age decreased by 23% and 38% in the CNC lathes 
and CNC milling centres, respectively. The last ob-
jective is still being worked on. The time required to 
carry out monthly maintenance has not yet been sig-
nificantly reduced, trying to complete all the actions 
needed within a shift.

After the implementation of the planned actions, 
an evaluation was observed in the indicators OEE, 
MTTR and MTBF. Table 6 shows how the MTTR, 
MTBF, Availability and OEE indicators have been 
improved. These results were calculated according to 
Moreira et al. [9].

After all the work on implementing the TPM, 
it is very important to expand this implementation 
to other pillar but keeping under control the whole 

achievements already reached. Some important steps 
have been taken to initiate a change in work philoso-
phy. In this sense, all responsibilities were distribut-
ed as well as information and working methods have 
been properly organized. Internal monthly audits 
were also scheduled to ensure the continuity of the 
process. The OEE value achieved is poor, regarding 
the worldwide reference value of 85% [1], thus, the 
efforts should be continued in order to improve the 
different factors affecting the OEE indicator: quality, 
availability and performance.

As discussed in section 2, some papers have 
presented positive results, such as the OEE of the 
study described Moreira et al. [9], who presented an 
increase of 2%, i.e., lower than the obtained in this 
work. However, other authors have presented more 
appealing results, such as Guariente et al. [19] who 
have achieve an increase of 12% (from 70% to 82%), 
or the value of 74% achieve by Dias et al. [27], cor-
responding to an improvement of 21%. The MTBF, 
MTTR and availability studied by Ribeiro et al. [5] 
also improved by 25%, 13.3% and 1.2%, respective-
ly, values that are close to the ones obtained through 
this work. Usually, dramatic decreases of the break-
down times only are reached making technical up-
dates in the hardware of the machines, improving 
its performance and eliminating some well-known 
problems. Just using management tools, the results 
are more modest, but the costs involved are usually 
insignificant compared to hardware updates. Thus, it 
can be considered that results achieved by this work 
are in line with other works developed in other types 
of industries [28], and only four of the eight TPM 
pillars were considered, remaining a large room for 
improvement. Moreover, it can be observed that the 
time from the implementation to the results collec-
tion was short, because to change the mindset of the 
workers is something hard to achieve. However, after 
the first results, their willingness to participate in the 
improvement process is clearly higher.

Depending, always on the starting point of the 
TPM implementation, some companies present ex-
traordinary improvements and others some modest 
improvements, but in comparison with the results 

CNC Lathes CNC Milling centers

MTTR [%] -28 -27

MTBF [%] +21 +14

Availability [%] +2 +2

OEE [%] +5 +5

Table 6. Indicators’ evolution
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presented in this work, it is possible to say that the 
results obtained are positive and within the expected. 
In any case, the implementation of the TPM is an 
ongoing process, where the entire structure must par-
ticipate in a participative and committed manner. It 
is worth no note that OEE improvements are usually 
related to lacks of industrial organization or lacks of 
study on the setups. Thus, 5S and SMED tools are 
usually closely linked to the benefits achieved by the 
application of TPM methodology, even partially, as 
in the case of this study.

5.2 Proposal for future work

Implement a maintenance management system 
that has an efficient and effective auxiliary computer 
system. It is necessary to provide for the creation of 
alerts, create a history of interventions, and also have 
a part in the management of spare parts stocks. It is 
important to record the problems detected regarding 
the failures in order to understand the history and 
develop appropriate preventive actions.

Training on TPM and Lean should be given to all 
workers, from the shop floor to the head to ensure 
the use and implementation of these tools and also 
to create a common commitment to well-defined ob-
jectives. Communication at the same level, between 
maintenance and production workers, as well as ver-
tically, with the head, must be improved.

With the AM implementation, workers are em-
powered to solve the simplest issues and maintenance 
workers can focus on the most demanding preventive 
and predictive maintenance.
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