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ABSTRACT

Total Productive Maintenance (TPM) has gain increasing relevance into the companies, which
can help in increasing the productivity due to less equipment stoppages. The unavailability of
the equipment directly affects the company's performance, which can be measured through
the OEE. However, the organization of SMEs is not always properly organized, to have
a concrete sense of the losses that can accumulate due to equipment unavailability. This
work aimed to develop a framework capable of responding effectively in the beginning of
the implementation process of a TPM system. A novel sequence of application of tools was
created, both linked to lean and quality, which, when applied in the correct sequence, allow
solving some persistent problems in a few steps, resulting in significant gains for companies.
The model was applied to a company in the cork industry, and it was possible to verily its

effectiveness.

1. Introduction

In view of the high competitiveness of the mar-
kets, industries need to show constant improvements
and changes, whether in terms of their production
systems or in terms of their equipment, thus seeking
to keep their levels of competitiveness. To keep this
competitiveness, companies must adopt continuous
improvement measures to tackle all sources of waste
in the production processes, and in the rest of the
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organization, with the objective of increasing profit-
ability [1,2]. As such, the introduction of the Total
Productive Maintenance (TPM) methodology allows
organizations to make the most of their resources
i an effective way, by eliminating losses, reducing
breakdowns and, consequently, reducing costs. This
methodology addresses well-defined concepts  of
maintenance, where it 1s essential to ensure that its
application is started by top managers and ends on
the operators [3].
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The TPM was developed through the combina-
tion of American preventive maintenance and Japa-
nese concepts of total quality management, implying
total employee mvolvement. This was developed by
Seiichi Nakajima [4], in Japan, to support lean pro-
duction systems that focus on reducing losses. Ac-
cording to McKone [5], the TPM 1is a program that
deals with the maintenance of equipment, through
a comprehensive system of productive maintenance,
monitoring the useful life of the equipment and m-
volving all production and maintenance employees
along with top management. In addition, the TPM
1s also a methodology and a philosophy of strategic
equipment management, focused on the creation of
quality products, through the maximization of equip-
ment [6]. The objectives of the TPM must consider
the objectives of the organization, that is, an align-
ment of these must be made with the global vision
of the company. The fundamental goals of any TPM
program are based on improving productivity and
quality, as well as increasing employee morale and
satisfaction in the workplace [7]. Thus, the key objec-
tives of the TPM can be defined as [8,9]: maximiz-
g the effectiveness of the equipment by optimizing
the availability, performance, efficiency and product
quality, establishing a preventive maintenance strat-
egy for the entire life cycle of the equipment, the
mvolvement of all departments of the organization,
the ivolvement of all employees, from senior man-
agement to operators, promoting training actions for
operators and maintenance technicians to improve
and refine their knowledge and reduce waste.

This work aimed to develop a framework capa-
ble of responding effectively in the beginning of the
implementation process of a TPM system, to tackle
the main problems related to breakdowns and per-
sistent production failures. It 1s intended to create a
novel sequence of application of tools, linking Lean
and Quality, which, when applied in the correct se-
quence, allows solving some persistent problems n a
few steps, resulting in significant gains for companies.

2. Background and Methodology

Due to market globalization, competitiveness has
been increasing, which encourages companies to find
solutions that aim for cost reduction. Therefore, and
with the increasingly high demands from customers
regarding quality, there 1s a need to avoid interrup-
tions. One of these solutions 1s the use of mainte-
nance as a tool that allows not only to increase the
availability of equipment but also to reduce waste,

thus resulting in increased productivity [10]. Accord-
ing to Deac et al. [11] and Ferreira et al. [12], main-
tenance represents a set of measures and actions that
guarantee the prevention, preservation, and restora-
tion of equipment to a previous state or to be able to
ensure the realization of a particular service, together
with minimizing the maintenance costs. For Robert-
son [13], maintenance objectives are described as the
following: (a) Guarantee safety; (b) Maintain quality;
(c) Improve availability to increase productivity; (d)
Reduce costs.

Maintenance actions are generally classified into
two types: Preventive Maintenance (PM) and Cor-
rective Maintenance (CM). For Erkoyuncu [14], PM
is the process in which inspections, tests, measure-
ments, adjustments, or replacements of components
are carried out, specifically designed to avoid failures.
These preventive actions are carried out at predeter-
mined tervals. On the other hand, CM follows the
principle of “run to failure”, where the action will
consist of replacing a defective system, subsystem, or
component to guarantee a complete and flawless res-
toration of the operational condition.

In today's highly dynamic and rapidly changing
environment, global competition between organiza-
tions has led to higher standards from companies.
Consequently, there i1s a demand for performance
improvements, focusing on cutting costs and increas-
ing productivity and quality levels to satisfy custom-
ers. All of this has given impetus to leading organiza-
tions around the world to adopt eftective and efficient
maintenance strategies, such as the TPM, over the
traditional approaches of “firefighting” reactive
maintenance [15]. The TPM can be defined as an
improvement program that establishes a comprehen-
sive productive maintenance system, throughout the
life of the equipment, covering all fields related to the
equipment. This tool depends on the participation of
all employees, to promote maintenance through mo-
tivation or voluntary team activities [4]. Briefly, the
goals of any TPM program are based on improving
productivity and quality (zero defects, zero losses and
zero waste), as well as increasing employee morale
and job satisfaction [9,16]. According to Pinto et al.
[3], the partial implementation of the TPM method-
ology, 1.e., the use of only a few pillars, can provide
very positive results.

For the implementation of the TPM, it was neces-
sary to establish guiding conceptual elements, which
were defined as pillars, to guide the development of
this tool [17]. The definition of the pillars 1s varied
and personalized according to the requirements of
the company. The TPM model initially proposed by
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Nakajima [4] had only five pillars. Later, the JIPM - Ja-
pan Institute of Plant Maintenance presented a model
with eight pillars, which are as depicted in Table 1.

Although the eight pillars described above con-
stitute the support, the TPM starts with the 5S meth-
odology, which 1s considered as the foundation or
base of the TPM [6]. The 5S methodology 1s one
of the best tools to generate a change in the attitude
of workers and serves as a way of mvolving improve-
ment activities in the workplace. The name 5S corre-
sponds to the first letter of five Japanese words - Seiri
(Sort), Seiton (Set in order), Seiso (Shine), Seiketsu
(Standardize), Shitsuke (Sustain). This methodology,
developed in Japan, introduces good habits related to
the organization and cleanliness of the company, with
the application of 5S to be considered as a prereq-
uisite for the implementation of other improvement
actions and as a basic step to eliminate waste [18,22].
According to Ribeiro et al. [23], the use of 5S tools,
supported by TPM, was very important to find the
root cause of the existing high number of failures in
one line’s equipment.

This work has a greater impact on the pillars of au-
tonomous maintenance and preventive maintenance.
As previously mentioned, autonomous maintenance
is one of the pillars of the TPM, following an ap-
proach where the responsibility for the maintenance
of the equipment 1s divided between operators and

objective 1s to eliminate all the time losses associated
with breakdowns and micro-stops in the production
system due to machine failures, which inevitably have
a direct impact on the performance of the process
[25]. In their daily work with the equipment, opera-
tors acquire experience and knowledge related to the
handling and diagnosis of the equipment. Therefore,
machine operators are the first line of defence agamst
unplanned downtime for production equipment [24].
Also, according to Wudhikarn [24], Overall Equip-
ment Efficiency (OEE) was introduced by Nakajima
as an analysis tool to assess the improvement achieved
through the development nitiatives carried out for
the implementation of TPM. OEE is the main metric
for measuring the success of TPM implementation
programs [26]. This indicator highlights an organi-
zation's real "hidden capacity’, measuring efficiency
(doing things right) and effectiveness (doing what is
right). The OEE mcorporates three basic indicators
of equipment performance and reliability, which are
availability (stop losses), performance (speed losses)
and quality (default losses), each focusing on different
types of losses [25,27]. Therefore, the calculation of
the OEE and each of its components 1s described in
Table 2. According to Patel [25], to obtain levels con-
sidered world class, the OEE must reach a minimum
percentage value of 85%, with a minimum availability
of 909, a minimum performance of 959 and a mini-

technicians in the maintenance department [24]. The — mum quality of 99%.
Table 1. Main pillars of TPM
Pillar Description
Autonomous Focuses on the development of operators so that they can perform small

maintenance maintenance tasks [18].

Fundamentally, it aims at the identification and elimination of all losses and,

Focused improvement
processes [19].

consequently, to increase the efficiency of equipment, systems and production

Planned maintenance

Maintenance of quality

Education and training

Safety, health and
environment

Office TPM

Initial management

Defines an optimal level of equipment performance through the implementation of
activities designed to recover the ideal state of the device and maintain that state
through preventive and predictive maintenance activities [17].

The focus is on systematically eliminating non-conformities [20].

This is where the initial understanding of the importance of the TPM philosophy is
obtained, through training to enhance skills related to maintaining and improving
the productivity levels of the workplace [17].

It seeks to guarantee zero accidents, zero occupational diseases and zero
environmental accidents in the workplace [171.

The objectives are to achieve zero functional loss, create highly efficient offices
and provide effective services and support to other departments. Administrative
departments have as main tasks to gather, process and spread information [21].

The objectives are to minimize the problems and the execution time in new
equipment, use the learning of existing systems for the application in new systems
and carry out maintenance improvement initiatives [111.
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Table 2. OEE calculation [25]

Parameter Calculation
Availability = (Planned Production Time - Downtime Loss) / Planned Production Time
Performance = (Ideal Cycle Time x Total Count) / Run Time
Quality = (Total Parts Produced - Total Scrap) / Total count
OEE = Availability x Performance x Quality

This study was carried out using action research
methodology, to develop a model that allows to solve
different problems in the production and mainte-
nance departments in a cork company. According
to Martins [28], this methodology allows to combine
theoretical knowledge with company knowledge, to
achieve improvements in the production process
(loss reduction). This approach consists of five steps
(Figure 1): Diagnosis; Action planning; Implementa-
tion; Evaluation; Monitoring.

Following the previous cycle, Table 3 presents an
overview of the action research cycle for this work,
summarizing the work performed at each step.

2.1. Diagnosis

To better understand the impact that each sector
has on the time lost in corrective maintenance, a data
survey was carried out, to analyse the downtime due
to breakdowns in the different sectors. These data
correspond to the period between 1 January to 13
November 2019. The workstation that presents the
most time lost due to occurrences 1s the DSL, which
has spent 365.48 hours on maintenance, correspond-
g to 60.719% of the breakdowns for the period un-
der analysis. This analysis 1s represented in the chart
of Figure 2.

Diagnosis

—

Monitoring
Define leszonc learned, standardiza
new procedures and identify dentify
new possibiities for mprovement

Evaluation

Analyze the outcome  —

of the action

Obszerve and ident fy
problems and its sowrce

—

Action planning
Definind counter meazure

actions and implementaton plan

Implementation
Implement the defined

measures mto practice

Figure 1. Action research cycle [28]

Table 3. Resume of the action research cycle for this work

Step Content
A brief examination of the various workstations has been performed, to
Diagnosis understand which sector is the most damaging in terms of breakdowns. Therefore,

to carry out an analysis of the causes of these malfunctions, the equipment to be

intervened was identified considering the malfunction history.

Action planning

Implementation
Evaluation

Monitoring

The solutions obtained through the analysis carried out in the Diagnosis phase are
presented and action are defined and planned.

A summary of all the implemented improvement actions is presented.
Establishing key performance indicators to analyse the performance.

Establishing indicators to control and support future improvements.
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Figure 2. Time lost with malfunctions

In addition to the quantitative analysis, other fac-
tors that complemented the choice of this sector were
also considered. One of them was the fact that there 1s
equipment in this sector common to other sectors, 1.¢.,
some of the improvements carried out in this sector
can induce a positive effect in other sectors, eliminat-
mg wasted time. This allows for a greater scope and
mmpact of the actions to be implemented. Another fac-
tor 1s the often request from the production depart-
ment to analyse some recurring problems with the
equipment, because successive breakdowns hinder
the production rate, affecting the availability and the
performance of the department and can cause unex-
pected delays in delivering the products to the market.

Consequently, it was carried out the gathering,
compilation and analysis of data regarding the fail-
ures for the electronic sort equipment (ES) for the
period from 1 January to 13 November 2019. These

Pareto's chart - Analysis of

6000

5000 60.13%

50.91%
4000
3000
2000

1000

data refer to the time needed to repair the failures
and not to the equipment downtime during those
failures because this 1s the most reliable data pos-
sible to gather, regarding the information collected n
the workstations. This happens because many com-
panies do not have automatic report of the time the
breakdown starts in reliable terms [3,29,30]. This 1s a
common problem in the shopfloor of SMEs, mainly
when there are not sensors, there are no Smart Man-
ufacturing systems implemented, and the education
regarding the usual work procedures is not totally
respected. This seriously interfere with the data col-
lected, upsurging many doubts about the reliability of
the data collected. To perform a serious work, a very
close monitoring 1s needed, as well as a sensitization
of the people involved. Moreover, these lacks of reli-
ability also hiddens the possibility of statistically pro-
cess the data. Therefore, Figure 3 chart contains in-

malfunctions in DSL (80%)

100%
90%
80%
70%
60%
50%
40%
30%
20%
10%
0%

74.35% 79.27%

. Time (min)

==@==Cumulative percentage

Figure 3. Pareto’s chart for DSL malfunctions
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formation regarding the mterventions recorded and
considered as valid in the period under study and
which consume 80% of the total maintenance time.
In the first phase of this analysis, a verification of
all the malfunctions that could have common causes
or Interactions was made, such as the occurrence
“failure to read corks”, which could be caused by the
“computer error”. The exclusive analysis of these
data was not enough to understand the failures in
their entirety, so the experience of the maintenance
technicians and the equipment operators was crucial
to this process. Thus, it became clear that most oc-
currences (marked in green on the Figure 3 chart)
originated a failure referred to as "cylinder jam". This
occurs when the pneumatic cylinder (Figure 4) can-
not function, causing the accumulation of corks in-
side the ES equipment. This situation leads to the
machines stopping, with possible damage to the
corks and the equipment. According to the produc-
tion management software MGPRO, the production
department assessed that, for the period from 1 Janu-
ary to 13 November 2019, 296.3 hours of work were
lost due to this malfunction in the DSL sector. Con-
sequently, it was decided to address this malfunction,

as 1t 1s the one that causes the most disturbance.

In the second phase, it was carried out a study
of cause-effect relationships for the different mal-
functions, to seek out a resolution beyond corrective
maintenance interventions. To this end, the expe-
rience of the maintenance technicians and the five
whys analysis tool were crucial to achieve the desired
knowledge. At this stage, it was clear that the most
mtrinsic knowledge of the ES equipment lies in the
maintenance technicians and not in the operators,
mainly because the equipment is highly automated,
and the operators are not skilled enough to intervene
m some systems and devices of the equipment.

To facilitate and structure this analysis, the equip-
ment was divided into two mechanisms, which are
the “mput” of corks and the “feeding” devices that
put the pieces of corks m position to be photo-
graphed/digitalized. This information 1s summarized
i the Table 4 with the help of Figure 5 and Figure 6.

Therefore, deep analyses were performed for all
components mentioned in Table 2. However, due to
the extension of these analyses, it was decided to pres-
ent only one example in this paper. The component
chosen for this purpose was the “Tub (or vibrating

Figure 4. Interior of the electronic sorting (ES) equipment

Table 4. Information regarding the analysis of the structure

Mechanism Components Figure
Gauge hat Figure 6.a
Input Green cords Figure 5.a
Tub (or vibrating tank) Figure 5.b
Feed cylinder Figure 6.b
Feeding Pressure cylinder Figure 6.c
Knees guides Figure 6.d

International Journal of Industrial Engineering and Management Vol 12 No 4 (2021)
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Figure 6. Feeding mechanism

tank)” beacause it 1s the element subjected to higher
levels of mechanical stress, among the different parts
studied. This 1s related to the fact that this compo-
nent uses vibration to correctly shape the direction of
the corks and move them in the right direction.

Regarding the tub, it was necessary to better un-
derstand 1its functioning to understand the possible
causes behind its malfunctions or breakdowns. The
elements that make up the tub are the inductor (Fig-
ure 7.a), which produces vibration, the blades (Figure
7.b), which transfer the vibration to the tub container,
the distance between bars of the inductor and the
tub container (Figure 7.c), which is responsible for
the intensity of the vibration, and the coating of the
tub (Figure 8) which facilitates the movement of the
corks by reducing [riction.

After the application of the Five Whys approach
(“Why 1s the Tub failing?”), four causes were found
for the malfunctions of this device, by interviewing
the maintenance technicians and the equipment op-
erators, as shown in Figure 9. The first is related to
the fracture of the blades (Figure 7.b), wich headed to
the first question “Why did the blades break?”. The
cause for this incident 1s the wear of the constant vi-
brating motion to which this component 1s subjected.
Therefore, by extending the usage of the component
beyond its theoretical service life, the risk of a pos-
sible malfunction that needs corrective intervention
1s increased. This translates into the need to inter-

rupt the production process to restore the normal
operation of the equipment and, as a result, the loss
of availability. Consequently, this led to the second
question, wich 1s “Why were the blades used beyond
their theoretical service life?”. The answer lies in the
fact that there 1s little study/knowledge about the ser-
vice life of the blades. The second cause 1s related
to the mductor fatigue (Figure 7.a). When asking
the first question, “Why did the electric transformer
wears so much?”, it was clear that this problem, like
the previous one, 1s related to the use of the compo-
nent beyond its theoretical service life. Thus, by ask-
mg “Why did the electric transformer was used be-
yond its theoretical service life?”, it was clear that this
situation 1s caused by the lack of maintenance when it
comes to checking the condition of this component.
The third cause 1s the distance between bars (Figure
7.¢). By asking “Why did the distance between bars
was incorrect?”, it was clear that this 1s dependent on
the mstallation of the inductor. Therefore, when in-
stalling the inductor, it must be ensured that the dis-
tance from the bars 1s as intended. If this parameter 1s
not correct, the tub will not have the performance re-
quired for feeding corks into the equipment. Finally,
the fourth cause 1s related to the coating of the tub
(Figure 8). When asking “Why did the tank coating

Figure 8. Tub container
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Figure 9. Analysis of the five whys for the tub (Indutor)

wears so much?”, it was evident that the wear and tear
caused by the repetitive passage of the corks leads to
deterioration of the coating, which leads to increased
friction and, consequently, a decrease in the speed of
supplying corks to the equipment.

2.2. Action planning

To prevent the problems described in the previ-
ous paragraphs, preventive actions were established
for the different elements that make up the tub. To
reduce the number of broken blades, it was suggested
to measure the vibration of the tub, so that it could
be adjusted to the 1deal value. This would allow to ex-
tend the service life of the component. However, this
action was not applicable since the device required
for the measurement of vibrations has a cost consid-
ered high by the maintenance department. This mea-
surement would allow to assess the general condition
of the tub in a faster way. Therefore, new actions
were defined to verify the normal operation of the
equipment by checking the remaining components,
making the control of the tank through three new
measurements. The first focuses on measuring the
wear condition of the inductor, through a monthly
preventive maintenance action complemented by a
Standard Operating Procedure (SOP) file. The limit
value of the resistivity for the inductor has been de-
fined as 2,5 Q, 1.e., when lower values are recorded,
the component must be replaced. This resistivity
value was defined through the supplier's knowledge
combined with the experience of the maintenance
technicians. The second action aims to control the
distance between bars. To this end, a SOP file was
created for the replacement of the inductor, where
the distance between bars was defined as 0,8 mm, ac-
cording to the supplier's recommendations. Finally,
to control the wear of the tank lining, an ecasy-to-per-

form test was designed. This consists of collecting a
cork, placing it at the base of the tub container and
measuring the time it takes to travel through the cir-
cuit until it reaches the tub outlet. The chosen cork
must always have the same treatment and size, so
that the measurements are as reliable as possible. At
least five measurements must be conducted to obtain
the average result that allows to make decisions on
the wear and lifespan of the tub. By performing this
test in a tub with the coating in good condition, it
was found that the ideal time for the cork to travel
through the circuit 1s about 11 seconds, with small os-
cillations between 10 and 12 seconds (11 = 1 second).
"This verification will be carried out by the equipment
operators in a monthly autonomous maintenance
action. Additionally, the equipment's potentiometer
value was also defined as seven, on a vibration scale
from zero to nine, according to the supplier's recom-
mendations.

2.3. Implementation

With the analysis carried out for all the different
components mentioned above, it was possible to pro-
pose twenty improvement actions, of which sixteen
were considered for implementation, as shown n

Table 5.

3. Results (Evaluation)

Regarding the analysis carried out for the set of
failures that result in the jamming of the cylinder, it
was possible to reduce the impact that they caused on
the production time. Therefore, through the progres-
sive introduction of the actions to be implemented,
starting in January 2020, it is possible to verify that
the situation remained constant until March 2020.

International Journal of Industrial Engineering and Management Vol 12 No 4 (2021)
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The average time lost with this malfunction for the
period from May 2019 to March 2020 is around
39,14 h. This happens because not all implementa-
tions have immediate effects and, also, there 1s a need
for adaptation by operators and maintenance techni-
cians. Thus, in April 2020 it was possible to observe a

Table 5. Information regarding the implemented actions

significant reduction in lost time, going to an average
of 25,57 h in the following two months (April, May
and June). This represents a clear decrease of about
34%. The results obtained are summarized in the
graph of Figure 10. This information was taken from
the production management software MGPRO.

Component Implementation
Alerting operators to the importance of complying with the specifications of the hat.
Add the hat height and calibre check to the start of shift checklist.
Gauge hat

Study of a universal adjustable gauge hat with a conical profile to fit all cork calibre

(long term idea).

Study to measure the theoretical lifetime of the cord (long term idea).

Preventive maintenance action (with SOP) to check the wear and looseness of the

Green cords cord.

Creation of two SOPs to ensure that the cord length and installation (height) are

correct.

Preventive maintenance action (with SOP) to measure the resistivity of the electric

transformer.

Tub (or vibrating tank)
between bars is 0,8 mm.

Creation of SOP to replace the electric transformer, ensuring that the distance

Preventive maintenance action (with SOP) to check the wear of the tank lining.

Add the pressure gauge check to the start of shift checklist.

Feed cylinder

Preventive maintenance action (with SOP) to check the component's tightness.

Add the pressure gauge check to the start of shift checklist.

Pressure cylinder

Preventive maintenance action (with SOP) for the replacement of the bearings when
they reach the theoretical useful life.

Add the cylinder height check and adjustment to the start of shift checklist.

Replacement of Teflon knees with reinforced Teflon.

Knees guides

Alerting operators to notify a maintenance technician in case of cork congestion.

45 41,86
40
35

Time lost (h)

40,7 40
34

30 26,1 27,3
25 23;3
20
15
10

5

0

monthly  January 2020 February  March 2020  April 2020 May 2020 June 2020
average from 2020
May to
December
2019

Figure 10. Evolution of time spent on the jamming of the cylinder
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As for the OEL, this intervention in the DSL sec-
tor translated into its slight increase. For calculation
purposes, this company considers that the quality in-
dicator corresponds to 100%. During the implemen-
tation period (from January to June 2020) there was
an increase in the OEE indicators, when compared to
the period from May to December 2019. For perfor-
mance, the gain was 1,7%, while for availability, the
increase was 3,3%. Regarding quality, as mentioned
above, this indicator did not suffer any improvement
since it 1s considered as being always at the maximum
value. This represents an average increase in OEE of
4,6%. This information was taken from the MGPRO
production management software.

Table 6 presents the comparison between the
world reference values and the current values (be-
tween January and June 2020) of the DSL, for the
OELE and for its indicators. It is noted that although
the performance 1s already at the required level,
there 1s still a need to positively evolve the availability
of this sector to achieve an OEE. of world reference.

In Table 6 are presented the machining and setup
time of these components for each one of the four
groups defined.

3.1.  Monitoring

The diagram shown in Figure 11 is an important
tool for defining the action plan. After choosing the
target to intervene, a two-step analysis 1s carried out.
From this analysis, a Pareto’s chart emerges, where
all possible causes for the different failures are gath-
ered. Depending on the complexity of the problems,
the most appropriate tool for critical analysis 1s cho-
sen, namely Ishikawa or Five Whys. Because the
complexity of analysis 1s relatively low in this case,
the Five Whys approach was chosen. Through this
analysis, an action plan 1s defined to counter the
causes that contribute to the failures/malfunctions
(Key Performance Indicators). The results obtained
from the implementation of the action plan, allow a
comparison between the results obtained and expect-
ed. These results are then monitored with the main
objective of understanding whether 1mmprovements

can be achieved by repeating this procedure for the
following malfunctions/workstations/sectors.

This tool can be applied to other studies/indus-
trial sectors, when indicators are assigned to suit the
requirements of these new environments, contems-
plating a way to improve and measure their results.
The only difference i the implementation and anal-
ysis of the results refers to the Ishikawa or Five Whys
analyses, where a more detailed knowledge about the
manufacturing processes needs to be used.

4. Conclusion

This work aims to show the partial implementa-
tion of the TPM, and how acting only in some of its
pillars can bring very positive results. However, the
challenge of implementing this tool is evident when
there 1s no pre-established basis for TPM imple-
mentation or there is no knowledge of the operators
about it. Despite the mitial lack of knowledge, with
mcreasingly more exciting results, there 1s a notable
increasing involvement of the workers of the inter-
vened department around the TPM methodology, as
well as the other departments.

To prove that this tool can be mmportant for the
healthy functioning of the company in question, it was
decided to pomt this work to the most problematic
sector 1 terms of breakdowns, the DSL. Of the six
workstations considered in this study, the DSL sec-
tor accounted for almost 619% of the total time lost
in damage during the period under analysis. With a
careful and thorough analysis of the different compo-
nents of the ES equipment, it was possible to suggest
improvement actions to significantly reduce the impact
that these breakdowns caused. The various measures
mmplemented i the IS equipment, allowed to obtain a
reduction of about 349 of the time spent on malfunc-
tions, in comparison with the previous period. This
1s similar to the results obtained by Pinto et al. [3,6],
after the application of various improvement activities,
which translated into a reduction of equipment down-
time by 37.3%, increasing machine availability.

Consequently, this allowed the OEE for the DSL
sector to achieve an increase of 4.6% during the inter-

Table 6. Comparison between the world reference OEE and DSL indicators

Indicator World reference values DSL values

Availability 90% 87,3% X
Performance 95% 95,7% v
OEE 85% 83,6% X
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corrective maintenance interventions.
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second phase above described, depending
on the complexity of the system involved.
One of the possible approaches would be to
use the Ishikawa diagram, however, due to
the number of causes presented, it will be
more feasible to use the five whys.

After the malfunctions analysis, an
improvement action plan must be
established and implemented to cope with
the causes of the failures.

Measure and compare the results obtained

----------------------- »with the results expected, performing a

critical evaluacion of the outcomes.

Establish indicators to ensure that the next

""""""""""" » malfunction, workstation or sector in view is

viable for analysis.
This is the stage where transferable
knowledge is produced, through Learned
Lessons, being a vital part of the entire
learming process.

Figure 11. Representation of the used model

vention period, leaving this indicator (83.7%) close to
the world reference value (85%). These results were
once again close to those obtained by Pinto et al [3]
in the CNC Lathes and CNC Milling Centers, with a
gain ol 5% in OEE. Therelore, the results obtained
were positive, with room for improvement.

These results allow to state and highlight that
the framework established through this work and
depicted m Figure 11 1s a novel approach to the
TPM implementation, which was successfully ap-
plied in the cork sector to validate the model, but it
can be applied in other sector with similar success,
acting as transferrable knowledge extracted from
this work.

A crucial aspect for the success of this work (non-
measurable results), was the availability and willing-
ness of the maintenance technicians to cooperate and
support all ideas during all stages of the project. This
made it possible to expedite the processes of analysis,
discussion and implementation of improvements, be-
g reflected 1n the results obtained. Therefore, 1t was
clear that the successful implementation of this meth-

odology depends on the involvement and motivation
of employees during all phases of the project.

Regarding the cork mdustry, there are few pub-
lished works in the TPM area. Therefore, 1t was nec-
essary to resort to other industries to try to establish
a term of comparison regarding the results obtained
during this study.

In conclusion, the correct implementation of the
TPM allows to obtain an improvement of the produc-
tive process, through the reduction of malfunctions
and breakdowns of the equipment. The mvolvement
of the entire organization in the common objective of
constant elimination of losses, provides an environ-
ment of continuous improvement and mterest of all
employees.

Given the successful implementation of the TPM
for the DSL sector, it would be very beneficial for
the company to mvolve the entire organization in
this philosophy. Since the desire to introduce this
methodology must come from the company's man-
agement positions, something that does not happen
mn this case, continuing with this mode of action may
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not provide the best results. As such, for the imple-
mentation of the TPM to be effective, it is necessary
that all departments are in sync, covering the entire
organization. Following the example of what already
happens with the 6S, where each department, with
the help of the quality department, 1s responsible
for implementing this tool, it would be beneficial to
act in a similar way for the introduction of the TPM.
"This would provide for the collective involvement of
the different sectors so that this methodology can be
developed step by step.

Following what was previously suggested, it would
be extremely valuable for the company to invest in
the training of all employees, instilling them the val-
ues of the TPM. This may enable a general change
mn the company's paradigm, since 1t 1s with the opera-
tors (who regularly work with the equipment) that the
mitial understanding of the importance of the TPM
philosophy begins.
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