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ABSTRACT

This article intends to demonstrate the feasibility of
applying the TPM-Lean Manufacturing methodology in
SME manufacturers of metal spare parts, as there is a
growth in demand, visible in the sector, which cannot
be exploited due to its Overall Equipment Effectiveness
(OEE) low values. The aim is to contribute to a better
knowledge of the application technique to reduce waste
in process industries so that, through an analysis of their
production data, the problems that prevent companies
from being efficient are identified and, through the
selection, development and implementation of the
techniques of the Lean Manufacturing Methodology, SME
can be oriented to carry out improvement actions in their
production systems at a low cost.

Keywords: Lean Manufacturing; process industries;
Total Productive Maintenance; waste; OEE.

INTRODUCTION

Due to globalization, manufacturing organizations had to adapt
their manufacturing strategies to the changes in the world econ-
omy. Increasing competition and rapid strategic positioning of
companies in the same industry led organizations to improve,
with limited resources, their quality and productivity parame-
ters. Thus, many organizations have realized that their survival
in business depends fundamentally on producing high quality
goods and services.

This research proves the hypothesis that the use and develop-
ment of TPM-Lean Manufacturing methodology improves the
overall equipment effectiveness (OEE) of production, taking into
account the analysis of failures and reliability of the equipment in
addition to the forecast of the demand for spare parts in a metal-
working company.

Therefore, the contribution of this study is to show how using
TPM-Lean Manufacturing methodology increases the OEE by
stablishing a relationship between compliance of preventive
maintenance and the forecast of future production, and by fo-
cusing on improving the quality factor by reducing defects in the
manufactured products. The objective of this methodology is
summarized in achieving efficient world-class companies with a
lower investment.

This article is designed to be used by different companies in the
manufacturing sector, especially by small and medium-sized en-
terprises (SMEs) that need to collect data such as process time
per unit and per manufactured products, equipment or machinery
maintenance time, and causes that generate defects in manufac-
tured products.
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ImPLEMENTATION OF THE TPM-LEAN MANUFACTURING METHODOLOGY TO IMPROVE THE OVERALL EQuUIPMENT EFFECTIVENESS (OEE) OF SPARE PARTS PRODUCTION AT A METALWORKING COMPANY

The study is quantitative to reach a deep descrip-
tive and pre-experimental analysis. Descriptive be-
cause it focuses on describing the data, processes,
or any other element that is subjected to analysis;
and pre-experimental because it focuses on proving
that the independent variable modifies the depend-
ent variable.

Lean Manufacturing

Lean Manufacturing appeared as a solution to re-
duce waste in production processes by implement-
ing the concepts originated in the Toyota Production
System (TPS), which were developed by Eiji Toy-
oda, Taiichi Ohno and Shigeo Shingo in the early
1940s. It has been directly applied to discrete in-
dustries, that is, assembly industries. However, ap-
plicability to process industries, that is, continuous
industries, is still under development. Recently,
scholars such as Abdulmalek and Rajgopa (2007);
King (2019), Mahapatra and Mohanty (2007); Mar-
odin et al. (2018); and Pool et al. (2011) have been
analyzing and implementing some of the Lean con-
cepts in process industries and have achieved re-
markable results. The goal of Lean Manufacturing
is to reduce waste at every stage of the production
process.

For Hu et al. (2015), Lean Manufacturing meth-
odology is increasingly applied in manufactur-
ing companies, regardless of their size, in order
to make them more competitive and sustainable
and to achieve positioning in the modern market.
The application of this methodology also resulted
in great agility in production processes. Therefore,
the applicability of Lean Management in SMEs is
recognized as crucial for the development of econ-
omies around the world.

Powell et al. (2009) acknowledge that, although
many of the Lean practices and tools have been
successfully applied in all types of industrial pro-
cesses, there is a significant lack of the application
of control practices of Lean production in process
industries.

Abdulmalek and Rajgopal (2007) present a case-
based approach to show how lean manufacturing
practices, when used appropriately, help eliminate
waste in process industries, keep a better inventory
control, improve product quality, and contribute to a
better overall financial and operational control. Not
all lean tools are applicable in the same manufac-
turing environments; therefore, it must be identified
which lean tools are applicable in each manufactur-
ing environment within the process industries.
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There are lean methodologies that are applicable to
all types of manufacturing environments in the pro-
cess sector, regardless of their specific characteris-
tics. These tools offer the possibility to obtain signifi-
cant profit with relatively low investments since they
require simple application (Abdulmalek & Rajgopal,
2007; Powell et al., 2009).

Manufacturing flexibility is very important for agility
and can be improved with an appropriate Lean im-
plementation. It means that industries make what
the customer orders as soon as possible after the
order has been placed (Saleeshya et al., 2012).

TPM and OEE

According to Jasiulewicz-Kaczmarek (2016), total
productive maintenance (TPM) is a set of strategic
initiatives focused on maintaining and improving
production and quality systems through machines,
equipment, processes, and employees that add val-
ue to an organization.

TPM has eight pillars aimed mainly at proactively im-
proving machine reliability. People are at the center
of this system and must be continuously trained to
identify and eliminate waste (Zarreh et al., 2018).

The publications on TPM agree that this methodol-
ogy has a participatory work philosophy, whose ob-
jective is to maximize the effectiveness of machin-
ery and equipment by eliminating errors, defects
and other negative phenomena.

According to Moreira et al. (2018), OEE is a perfor-
mance indicator that allows measuring the overall
effectiveness of the equipment that makes it possi-
ble to know the productive efficiency of a company,
department or machine.

Nakajima (1988) defines six types of losses and
gathers them in three groups, associating each
group to an indicator; thus, he mentions that there
are: (a) losses due to the unavailability of equip-
ment, (b) losses due to poor equipment functioning
or performance, and (c) losses due to manufactur-
ing low-quality products. Nakajima associates these
groups to their indicators availability (A), perfor-
mance (P) and quality (Q) respectively.

The overall equipment effectiveness (OEE) indicator
is obtained by multiplying the three indicators previ-
ously mentioned. Figure 1 illustrates the procedure to
calculate OEE and shows its relationship with the six
types of losses mentioned above. Given the emer-
gence of new production schemes with increasingly
complex systems, the OEE calculation must also be
supported by new technologies in order to guaran-
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tee the quality of the information, de igual manera
éste debe estructurarse bajo una buena estrategia
de manufactura como lo es la filosofia “Lean” y debe
de ser complementado por la metodologia de mejora
continua [likewise, it must be structured under a good
manufacturing strategy such as the Lean philosophy
and must be complemented by the continuous im-
provement methodology] (Garcia et al., 2011).

Failure Analysis

The Weibull distribution is one of the most used dis-
tributions in reliability and maintenance engineering.
Depending on the value of the shape parameter, 3
(beta), the failure rate can decrease, be constant
or grow. It is used to model the failure behavior of
various real-life systems. (Chaurasiya et al., 2017;
Bistouni & Jahanshahi, 2015).

Y
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MTBF and MTTR

According to Saetta, and Caldarelli, (2018), Mean
Time Between Failures (MTBF) is a KPI related to
the average production time elapsed between a fail-
ure and the next time it happens.

Available Production Time

MTBF =
Machine Stops + Other Stops

They also indicate that the Mean Time To Repair
(MTTR) is the time it takes to make a repair after the
failure has occurred. In other words, it is the time
used during the intervention in a given process.

Time of Machine Stops + Time of Other Stops

MTTR =
Machine Stops + Other Stops

4

Calendar time

'

A

Y

Load time

Operating time

v

4—< Useful time

|—>

U = Use = Load time x 100

Losses I

P Calendar time
Defects and rework Q = Quality rate = processed units — defective units x 100
Starting defects processed units
Idling and minor P = Performance = standard cycle time — processed units x 100
stoppages operating time =
Reduced speed —
Breakdowns
Setup and A = Availability = load time — breakdown and setup time x 100
changeover load time

OEE = Overall Equipment Effectiveness = A*P*Q

Figure 1. Overall Equipment Effectiveness and its link to the six major losses in production.
Source: Garcia et al. (2011).
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METHODOLOGY

Hernandez et al. (2010) state that el investigador
puede incluir en su estudio dos o mas variables in-
dependientes. Cuando en realidad existe una rel-
acion causal entre una variable independiente y una
dependiente, al variar intencionalmente la primera,
la sequnda también variara [the researcher can in-
clude two or more independent variables in their
study. When a causal relationship between an in-
dependent variable and a dependent variable does
exist, by intentionally varying the first, the second
will also vary] (p. 54); for example, if there is a caus-
al relationship between the TPM methodology and
OEE, the implementation of TPM will affect OEE, so
it can be said that this research is pre-experimental.

According to Tamayo (2003), experimental research
can present different types of experimental designs,
the best known being the pre-experimental design;
therefore, the design of this research is pre-experi-
mental, because it has a pre-test and post-test con-
trol group.

Hernandez et al. (2010), state that quantitative
research usa la recolecciéon de datos para probar
hipétesis, con base en la medicion numérica y el
andlisis estadistico, para establecer patrones de
comportamiento y probar teorias [uses data col-
lection to prove hypotheses, based on numerical
measurement and statistical analysis, to establish
behavior patterns and to prove theories] (p. 4).

Tamayo (2003) states that la investigacion cuan-
titativa consiste en el contraste de teorias ya ex-
istentes a partir de una serie de hipdtesis surgidas
de la misma [quantitative research consists of con-
trasting already existing theories based on a series
of hypotheses derived from it]. This author also em-
phasizes la necesidad de trabajar con una muestra
representativa de una poblacién o fenémeno obje-
to de estudio [the need to work with a representa-
tive sample of a population or phenomenon under
study].

Cauas (2006) states that utiliza la recoleccion y el
anélisis de datos para contestar preguntas de in-
vestigacion y probar hipotesis establecidas previa-
mente, confia en la medicion numérica, el conteo
y frecuentemente en el uso de estadisticas para
establecer con exactitud, patrones de comportam-
iento en una poblacion [it uses data collection and
analysis to answer research questions and to prove
hypotheses previously established, relying on nu-
merical measurement, counting and frequently on
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the use of statistics to accurately establish behavior
patterns in a population] (p. 39).

According to Hernandez et al. (2010), descriptive re-
search aims to specify properties, characteristics and
important features of any phenomenon analyzed.

For Tamayo (2003), el tipo de investigacién descrip-
tiva comprende el registro, analisis e interpretacion
de la naturaleza actual, y la composicion o procesos
de los fenémenos [descriptive research comprises
the recording, analysis and interpretation of nature,
and phenomena composition or processes]. The
author advises working on factual realities and their
fundamental characteristic of presenting a correct
interpretation.

To verify that Lean methodology is applicable to
problem solving in an SME process company, the
company Frecep SAC, manufacturer of spare parts
for mining machinery and equipment, based in
Lima, has been selected.

This company presents a large number of finished
products delivered with excessive delays to its cus-
tomers, which causes their dissatisfaction. As a
consequence, the company loses more clients, its
production costs increase, its profits are reduced,
and risks being excluded from the market.

This research is a descriptive and pre-experimental
study with a quantitative approach, since it works
with the database provided by the company. This
database is used to carry out an analysis and meas-
urement of the improvements implemented.

Since Lean Manufacturing is a work philosophy
that aims to improve and optimize any production
system focusing on the identification and elimina-
tion of waste, which are the activities that consume
more resources than necessary, the methodology
suggested by the different authors consulted in this
case study will be applied.

As the main data source, the information of 2018 pro-
duction provided by the metalworking company was
analyzed so that it would allow to select the opera-
tional tools that support the applicability of the Lean
methodology for this case. Thus, it was detected that
the company under study presents low OEE in the
spare parts production line, which generates unnec-
essary costs mainly due to non-compliance with the
preventive maintenance program, which in turn gen-
erates numerous stops of its machines and increas-
es repair work for corrective maintenance. Conse-
quently, low quality final products were obtained, and
the spare parts manufactured were delivered late.
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ANALYSIS
Unit of Analysis

The unit of analysis of this research is a part manu-
factured in the metalworking company under study.

Study Population

The population chosen for this study was the total
spare parts production in 2018, that is, the 789 parts
manufactured, as shown in Table 1.

Sample Size

For the calculation of the sample size, a population
N of 789 pieces (total production in 2018) has been

NoHEMY CANAHUA

considered. The value of Z refers to the confidence
level, which has been selected at 95%; consequent-
ly, the error (E) will be 0.05. Table 2 shows the sam-
ple size calculation.

Sample Selection

The sample was selected from the historical da-
tabase of and only those parts manufactured with
defects. The sample represents 57.71% of the pop-
ulation, as shown in Table 3 below.

Data Collection Techniques

The company database, which was provided by the
production control and planning area, was used.

Table 1. Production in 2018.

Production Frequency
Bushing 38
Shaft 57
Shaft pinion 39
Engine shaft 76
Engine gear 96
Helical gear 173
Spur gear 135
Spur pinion 40
Transmission system 115
Engine mount 20
Total 789
Source: Prepared by the author.
Table 2. Sample Calculation.
n Sample X?
4 Confidence level constant 1.95
Confidence level 95%
p Individuals possessing the study characteristic 0.5
q 1-p 0.5
N Population 789
e Sample error 0.05
n= 247
Source: Prepared by the author.
Table 3. Types of Failures.
Causes of defective parts Subcauses Frequency Total
Poor measuring and cutting Machine failure 71 122
Deficient turning Machine failure 75 138
Deficient milling Machine failure 45 83
Deficient grinding Machine failure 56 85
Total 247 428
Equivalent 57.71%

Source: Prepared by the author.
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The production reports, equipment failure reports,
and preventive and corrective maintenance records
were used to describe the processes and to analyze
the variables provided, which belonged to the pro-
duction line of spare parts for mining equipment of
the company. Figure 2 shows the scheme used for
data processing and analysis.

By analyzing the information, it has been detected
that the operation of the company under study is
characterized by the following results:

» Of the total of 789 units produced in 2018,
340 were delivered late, representing 43.09%
of the annual production.

* Non-compliance  with the preventive
maintenance program in 2018 was 93.75%,
since out of 16 scheduled preventive
maintenance jobs, 4 scheduled for each
machine (cutter, lathe, milling machine and
grinding machine), only 1 was complied with.

The excess of corrective maintenance hours
in 2018 was 96.76%, that is, 239 processes
out of the 247 processes selected as a
sample, exceeded the hours scheduled for
each corrective maintenance.

Reprocesses and shrinkage were generated
as non-conforming products: for the
production of 789 units, 414 reprocesses
were generated during manufacturing,
and 393 products were shrinkage, so it is
assumed that 1596 new processes were
opened to produce 789 units; the reprocesses
represented 25.94%, and the processes that
generated shrinkage were equal to 24.62%
and the products delivered were 49.44% of
the 1596 processes.

The problems occurred due to work
performed with deficiencies in the areas of
measuring and cutting, turning, milling and
grinding. The occurrence of machine failures
has a great incidence in these areas (58.2%

DATA PROCESSING AND ANALYSIS

Data collection on spare parts production .«
Analysis oftm'ent situation P
Datagcssing |

Design of the i&vcmcnt process e |
Proposal and evalutn of an action plan |

Figure 2. Data processing and analysis scheme.

Source: Prepared by the author.
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in measuring and cutting; 54.35% in turning;
54.22% in milling and 65.8% in grinding).

It is inferred that equipment failure is caused by
the lack of preventive maintenance work on them,
which has generated losses of time, resources, ma-
terials and money; also, the use of additional hu-
man resources to cover inspections in reprocessing
means a great loss in productivity.

Having identified the problem, total productive main-
tenance and the detection, prevention and elimina-
tion of waste were selected as techniques of Lean
Manufacturing methodology to be used to improve
the performance of the company under study.

Hypothesis Proposition and Testing

In order to have the data processed for the current
study, Microsoft Excel software was used, specifi-
cally its statistical tools and those created to build
customized tables and graphs. For the interpreta-
tion of the statistical results, the books by Chue et
al. (2009) and Cordova (2003) were used.

The hypothesis tests of failure analysis, reliability
and demand were performed, as well as the general
hypothesis test, which, in order to be validated, re-
quires the previous validation of the three previous
hypotheses. The results of the general hypothesis
test will be shown, since the four mentioned have
the same scheme.

General Hypothesis Test

This hypothesis must be validated by means of the
three specific hypotheses, since these are required

Table 4. Student’s T-Test - General Hypothesis.

NoHEMY CANAHUA

to accept or reject the general hypothesis by means
of the OEE values.

Null hypothesis - H : The use of the TPM-Lean Man-
ufacturing methodology does not improve the OEE
in the production of spare parts for mining equip-
ment in the company Frecep SAC.

Alternate hypothesis - H,: The use of the TPM-Lean
Manufacturing methodology does improve the OEE
in the production of spare parts for mining equip-
ment in the company Frecep SAC.

To validate the hypotheses, a Student's t-test for
paired samples will be used, selecting a reliability of
95%. Once the result is obtained, the null hypothe-
sis will be rejected if t < -2.776 and if t > 2.776. The
data taken before and after TPM implementation
corresponding to current and improved OEE values
will be used as shown in Table 4.

Where, t stat = -20.446, that s, it is less than -2.776;
then, the null hypothesis is rejected, and the al-
ternative hypothesis is accepted. Since there is a
confidence level of 95%, the alternate general hy-
pothesis is accepted, which states: “The use of the
TPM-Lean Manufacturing methodology does im-
prove the OEE in the production of spare parts for
mining equipment in the company Frecep SAC”.

Application of the TPM Technique.

For the implementation of TPM, the pillar planned
maintenance and the pillar focused improvement
were executed, which refers to analyze failures and
improve the maintenance management process.

t-Test: Paired Two Sample for Means Current Improved
Mean 133.0000000 65.3352210
Variance 423.0909091 4.9223734
Observations 12 12
Pearson’s correlation 0.5808295
Hypothetical mean difference 0
Df 1
t Stat 12.1042398
P(T < = t) one-tailed 0.0000001
t Critical one-tailed 1.7958848
P(T < = t) two-tailed 0.0000001
t Critical two-tailed 2.2009852

Source: Prepared by the author.
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When analyzing the preventive maintenance sched-
ule, it was observed that in 2018 no planned main-
tenance (PM) was performed on the cutting, lathe
and milling equipment. Due to the non-compliance
of PM, which was 93.75%, a break in the operation
was caused, which originated a series of corrective
maintenance (CM). When only 8.47 hours of PM
were fulfilled, 1917.33 hours of CM and 1177.64
hours of excess of CM were originated, that is, for
each PM performed, approximately 226 CM were
executed.

An Excel sheet was generated to determine the
x-axis and y-axis in order to use the regression tool
and thus calculate the Weibull failure parameters 3
and a, using the Weibull equations.

Likewise, the MTBF and MTTR indicators were cal-
culated: The MTBF value was 50.86 hours, which
means that every 50.86 hours a failure occurs in
any of the 4 machines, and the average repair time
foreach CM is 7.76 hours on average. With this data
we can calculate the reliability of the equipment as
shown in Table 5.

The calculation of the reliability of the line is low,
since at 6 hours it is 0.7139, at 10 hours it is only
0.2668 and at 19 hours after a failure it is 0.

By applying the pillar focused improvement, a new
preventive maintenance schedule is generated, in
which it is calculated that, due to the wear of the
equipment, preventive maintenance should be per-
formed every 13 days (MTBF/8 hours per day). The
work has been considered 365 days, so there is a
frequency of 28 PM in a year.

Table 5. Reliability Calculation - Production Line (4 machines).

It has been calculated that the probability of exe-
cution of a PM is 0.25, so it is assumed that out of
a frequency of 28 PM for each equipment, 7 must
be executed, and in the case of autonomous main-
tenance (AM), 13 must be executed. This means
that when a total of 320 maintenance tasks are pro-
grammed, between PM and AM, 80 must be execut-
ed. The planning of the PM works is complemented
with the creation of the forms and logs to be used
to record the verifications in the execution of the
works.

Based on the current demand (year 2018) a forecast
of the future demand with the improved conditions
(year 2019) was made. Thus, it has been calculated
that the daily demand for products is an average of
3.52 units per day for 2018 and an average of 3.29
units per day for 2019. Considering that the produc-
tion per product takes 1.52336 days, the production
time for the products in 2019 is very similar when
using the four machines for manufacturing.

There was an improvement in the reduction of the
delivery times of on time finished products, which
was a total of 719 units. This means that of the an-
nual production of 742 units, 23 units were deliv-
ered late, due to reprocesses (22) and processes
that generated waste (20). Thus, the number of op-
erators was reduced from an average of 8 to 6, as
well as the theoretical hours from 17,908 to 12,420
hours (due to the difference in the number of oper-
ators and the decrease in maintenance hours); the
programmed hours were reduced from 14 700 to 10
200 hours per year; and the hours of classes and
meetings from 220.50 to 153 hours. The number of

Reliability Calculation - Production Line (4 machines)
Hours Failure probability Reliability
Beta (slope parameter) = 291 0 0.0000 1.0000
Eta (useful life feature) = 8.72 1 0.0031 0.9969
MTBF (hours) = 50.86 2 0.0232 0.9768
MTTR (hours) = 7.76 4 0.0735 0.9265
5 0.1615 0.8385
6 0.2861 0.7139
7 0.4359 0.5641
8 0.5919 0.4081
10 0.7332 0.2668
19 1.0000 0.0000

Source: Prepared by the author.
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PM hours was increased from 8.47 to 247.90 hours,
which reduced CM from 1917.33 to 65.51 hours,
eliminating CM overtime. Production delay was re-
duced from 2156.49 to 112.37 hours and production
time was reduced from 9602.80 to 9028.33 hours.
Downtime was reduced from 794.40 to 592.89
hours by adding 40 hours of MA.

Complying with the PM reduced the CM, since due
the lack of PM, mechanical failures of the equip-
ment and the need for the CM occur; therefore, by
forecasting the frequency and hours of PM and CM,
the following OEE has been calculated:

Consequently, by improving compliance with the
MPs and MAs by 30.84%, the quality factor has im-
proved from 49.44% to 94.64%, the performance
factor from 76.68% to 93.34%, and, therefore, the
availability factor has also increased from 86.70%
to 96.88%. The OEE was increased from 32.86% to
85.58%, exceeding the world class rate of 85%. It
was concluded that non-compliance with PMs gen-
erates CMs and it results in project delivery delay.
The change in MTBF and MTTR rates are also sig-
nificant, as shown in Table 6.

When calculating the annual MTBF, it is observed
that it has increased from 50.86 hours to 237.65

Table 6: OEE Calculation: Current - Improvement.

NoHEMY CANAHUA

hours and the MTTR has been reduced from 7.76
hours to 0.27 hours.

It is possible to quantify the savings obtained by im-
plementing the TPM methodology, which amount to
S/590,353.55 as a result of reducing the number of
operators and the hours and delay per CM. In turn,
the investment is S/ 119,317.15 for the increase
in PM and AM and for the training of operators for
proper management of maintenance work. This is
shown in Table 7.

RESULTS

As a final result, it is concluded that by improving
compliance with PM (preventive maintenance) and
AM (autonomous maintenance), the quality factor
has improved (from 49.44% to 94.64%), as well as
the performance factor (from 76.68% to 93.34%),
and, consequently, the availability factor has in-
creased (from 86.70% to 96.88%); therefore, the
OEE increased from 32.86% to 85.58%, exceed-
ing the worldwide rate of 85. In addition, the re-
lation of preventive and corrective maintenance
also improves from 1:226 to 4:1. Table 8 shows
the indicators.

Current OEE Improvement OEE
Availability Performance Quality OEE Availability Performance Quality OEE
World Class Standard World Class Standard

90% 95% 99% 85% 90% 95% 99% 85%
66.16% 76.41% 48.78% 24.66% 87.60% 90.30% 94.10% 74.43%
90.43% 72.86% 47.41% 31.24% 93.72% 97.43% 93.84% 85.69%
89.51% 79.16% 52.50% 37.20% 85.26% 88.29% 95.40% 71.82%
83.20% 72.65% 45.07% 27.24% 88.50% 92.23% 94.22% 76.90%
88.32% 82.45% 54.62% 39.77% 85.34% 88.76% 95.43% 72.29%
86.79% 81.44% 50.40% 35.62% 91.84% 95.62% 95.22% 83.62%
84.25% 74.57% 48.63% 30.55% 94.00% 98.45% 93.85% 86.85%
89.62% 74.09% 49.34% 32.76% 87.61% 91.40% 94.11% 75.36%
83.11% 75.67% 53.49% 33.64% 93.99% 97.87% 96.84% 89.08%
87.82% 74.51% 48.25% 31.57% 89.84% 94.69% 93.61% 79.64%
82.23% 78.89% 48.74% 31.62% 91.59% 95.53% 95.22% 83.31%
87.70% 77.45% 48.97% 33.26% 86.28% 89.49% 94.00% 72.58%
86.70% 76.68% 49.44% 32.86% 96.88% 93.34% 94.64% 85.58%

Source: Prepared by the author.
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MTBF (mean time between failures) and MTTR
(mean time to repair) are also important. When cal-
culating the annual MTBF, it is noted that its value
has increased from 50.86 hours to 237.65 hours
and the MTTR has been reduced from 7.76 hours
to 0.27 hours, as shown in Tables 9 and 10.

Finally, the maintenance management process has
been changed by reducing the activity, as illustrated
in Figure 3, assuming that the PMs are met, as es-
tablished in this research.

CONCLUSIONS

After having developed this research to demon-
strate the feasibility of the application of the TPM-
Lean Manufacturing methodology in manufacturing
companies of metal spare parts, the following con-
clusions have been determined:

- The use and application of the TPM-Lean
Manufacturing methodology is convenient to
show the diagnosis of the current state of the
company and to find and propose alternatives
in order to achieve the improvement of a
manufacturing process.

- The influence of the Lean Manufacturing tools in
the increase of the efficiency of the production of
spare parts for equipment of the mining sector in
the company FRESEP SAC is tangible.

- By means of the adequate processing of a
necessary database, the fundamental causes

Table 7. Savings and Investment.

of the low OEE in the production of spare
parts can be determined; these causes, in
the case of the company under study, are the
non-compliance of preventive maintenance
and the excess of hours used in corrective
maintenance, as obtained through the use of
the TPM methodology.

- Through the application of the TPM methodology,
the OEE in the production of spare parts for
mining sector equipment in the metalworking
company FRESEP SAC has increased from
32.86% to 85.58%.

- To implement the proposed improvements in the
company under study, an investment of S/ 119
317.15 is required, which is justifiable, since it
generates savings of S/ 590 353.55.

- The proposed objectives have been achieved
and the hypotheses proposed in this research
have also been demonstrated, showing that
its application is feasible for manufacturing
companies in the SME sector at low costs.
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Table 8. Indicators.
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reduce CM
More restrictive 6:1 4.1

Source: Prepared by the author.
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