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ABSTRACT

This research focuses on the analysis of the causes of
low productivity in the production area of a metalworking
company. It also aims to implement Lean Manufacturing
tools (5S, Andon and standard time) to increase the
company’'s productivity. The insertion of these tools
begins with an initial diagnosis by means of a value stream
map. ltis followed by the identification of root causes, the
implementation of the tools and the evaluation of results
in a period from April to September 2022. The final results
were an increase in average productivity, which went from
0.26tn/soles to 0.33tn/soles, that is to say, the increase
in productivity was achieved in the company under study.

Keywords: Lean Manufacturing; 5S; Andon; Standard
Time; Value Stream Map.
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INTRODUCTION

In December 2019, domestic and global businesses were hit by
the COVID-19 pandemic, which caused reductions in both per-
ceived sales and resources for large organizations. Losses were
heavy and caused the closure of many of these companies, with
Small and Medium Enterprises (SMEs) accounting for the larg-
est percentage of those declared bankrupt.

In March 2020, the President of Peru announced the beginning
of a state of sanitary emergency, which was the nationwide
standstill of all non-essential economic activities and the clos-
ing of borders. In this context, the metalworking sector closed all
types of activities for a period of 60 days.

The metalworking sector was included in the first reactivation
phase, with the International Standard Industrial Classification
(ISIC) code 2511. During the initial phase, problems arose in
terms of material costs, low operating resources and delays in
order delivery, which generated an increase in product prices
and a growing concern for improving the efficiency and produc-
tivity of operations.

This study aims to improve productivity in a metalworking com-
pany by applying three Lean Manufacturing tools: 5S, Andon
and Standard Time. The study focuses on the production area
and begins with an initial diagnosis through the Value Stream
Mapping, followed by the implementation of the Lean Manufac-
turing tools and, finally, the evaluation of the results obtained.

The study seeks to demonstrate the hypothesis “the implemen-
tation of Lean Manufacturing tools (5S, Andon and Standard
Time) improves productivity in a metalworking company” through
statistical analyses that serve to contrast the hypothesis of the
study.

1 Industrial engineer from Universidad San Martin de Porres (Lima, Peru). Currently working as
an independent consultant (Lima, Peru).
Orecid: https://orcid.org/0000-0002-0321-7817
E-mail: joseandres.bravo@unmsm.edu.pe




PropucTION AND MANAGEMENT

Likewise, this article seeks to serve as an example
of the impact produced by the implementation of
Lean Manufacturing tools in the metalworking sec-
tor, taking as a reference the company under study
and resulting in the increase of productivity.

This research work highlights the main problems
faced by companies in this sector: the lack of or-
der and cleanliness in the work area, the slow re-
sponse to failures or abnormal events in the pro-
cesses, and the lack of clarity in the times used for
production scheduling. Emphasis is also placed on
how the application of a Lean approach can help
mitigate these problems.

Regarding the limitations of the research, this work
is focused on companies in the metalworking sec-
tor, on the application of some Lean tools that miti-
gate specific problems in the company (5S, Andon
and Standard Time) and on how these have an im-
pact on the company’s productivity.

THEORETICAL FRAMEWORK
Lean Manufacturing

According to Socconini (2019), Lean Manufacturing
or Lean Production is defined as the set of continu-
ous and systematic processes of identification and
elimination of waste that does not add value to the
production system.

Madariaga (2013), points out that it is a new model
of organization and management of the productive
system, in which all human capital is oriented to the
fulfillment of the objective which is the elimination
of all activity that does not add value to the organ-
ization. Moreover, the methodology has diversified
in different areas of the company, originating, for
example, Lean Office, Lean Maintenance, Lean
Logistic, etc.

It is essential that Lean Manufacturing is built on
trust, leadership and respect among all hierarchical
levels of the organization because in this way the
implementation of the methodology is successful
(Garcia, 2011).

Waste

Neely et al. (1995) define wastage as errors that are
made in the production system and that generate a
great loss of productivity, since the work must be re-
peated as a result of the production process having
not been carried out correctly the first time. The author
points out that the possible causes of these wastes
are critical to production: unnecessary movements,
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operator errors and inappropriate techniques re-
garding product replacement.

Kaizen

The term Kaizen means “change for the better”.
The change of people’s attitude, considering their
capabilities, leads to the success of the organiza-
tion. The so-called Kaizen spirit is the attitude gen-
erated in the people involved in this philosophy and
is the fundamental pillar to win the battle against
waste in every organization (Hernandez & Vizan,
2013).

The Kaizen model is the continuous improvement
that involves all hierarchical levels of the company.
The Kaizen philosophy goes much further, it is a
lifestyle that leads to a progressive improvement in
the family, work, etc., to achieve the objectives set
in the short and long term (Masaaki, 2013).

Lean Manufacturing Tools

According to Socconini (2019), there are different
tools within Lean Manufacturing that contribute to
the achievement of its implementation. The key
tools and the basis for a correct sustainment of
the methodology are the 5S, Andon and Standard
Time.

58

5S is a methodology that focuses on optimizing
workplace conditions. It is made up of five steps:
separate, sort, clean, standardize and discipline.
This methodology does not only consist of cleaning
and tidying up once or for aesthetic reasons but, on
the contrary, it is based on rigor and constancy, as
it contributes to the development of discipline within
workers (Madariaga, 2013).

* Separate (Seiri)

* In this stage, the various elements located
in the workstations are classified into two
categories: necessary and unnecessary.
Unnecessary is any element that is not
used in the medium or short term in normal
production activities, since they hinder the
use of the necessary elements and generate
large volumes in the area (Rajadell &
Sanchez, 2010).

e Sort (Seiton)

* Hernandez and Vizan (2013) mention that
in this stage, the elements classified as
necessary must be organized so that they
can be easily found and returned once their
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use has been completed. There must be a
precise level of order to produce with quality
and efficiency and generate an adequate
working environment for the employees.

e Clean (Seiso)

Dirt is the main cause of breakdowns since
it complicates the detection of anomalous
situations that cause deterioration in
machines and components. This stage
focuses on identifying the sources of dirt
and eliminating them to maintain a clean
workplace and reduce waste generated by
dirt (Madariaga, 2013).

» Standardize (Seiketsu)

According to Socconini (2019), standardiza-
tion consists of assuring that that the proce-
dures, activities and practices obtained in the
previous stages are continuously executed to
ensure the consistency of the initial three S’s
in the work area. To do so, it is necessary to
standardize procedures for their preservation
and provide feedback to those involved in
said procedures.

* Discipline (Shitsuke)

In this last stage, the standards established
in the previous steps must be maintained. For
the success of this phase, it will be necessary
to carry out periodic audits in order to ensure
that the expected level of implementation is
reached (Socconini, 2019).

Andon

Within the Japanese context, Andon is defined as a
dashboard or panel that helps production operators
to give visibility to detected anomalies so that the
work team can quickly resolve these problems and
thus ensure process continuity and maintain man-
ufacturing standards (Villasefior & Galindo, 2016).

According to Coérdova (2012), the implementation
of Andon must follow an eight-stage structure for a
correct insertion in the company. The performance
of the person in charge of the implementation is
crucial for the success of the application and its
stages.

e Stage I: Train employee in the principles,
characteristics, benefits and prerequisites of
Andon in the organization.

» Stage IlI: Establish the scope of the tool.
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o Stage lll: Write the overall objective of the
application of the tool in terms of the process,
which is the main benefit to be achieved.

e Stage IV: Show the abnormal situations
within the analyzed process.

e Stage V: Assign the color ratio for each
abnormal and normal situation at the
workplace.

» Stage VI: Establish the process or work area
that will have indicator lights to indicate the
working conditions.

e Stage VII: Measure the frequency and
response time to abnormal situations.

» Stage VIII: Monitor the goals achieved.
Value Stream Mapping

The Value Stream Mapping (VSM) is a graphic
schematization that uses symbols, material flows
and information specific to a family of products
within the factory, from the receipt of the order to its
delivery. Being a tool that focuses on lead time re-
duction, VSM may lack the degree of detail neces-
sary to show the different wastes in the production
system (Madariaga, 2013).

The steps for the implementation of this tool as a
measurement point for diagnosis consist of select-
ing a product family, creating the current map, giv-
ing ideas for improvement, mapping the future situ-
ation, recognizing possible pulls in the future map,
and generating an improvement plan to add value
to the future map (Socconini, 2019).

Standard Time

Garcia (2005) defines standard time as the result,
in units of time, of performing an activity, which in-
cludes causal elements and contingencies during
the development of the time study. It is the normal
time plus the allowances of the work itself which
makes it possible to determine the standardized
time that helps in the planning and determination of
the time used for the work.

The evaluation of the operator’'s work rhythm and
supplements expresses that the performance rating
factor is a technique to precisely determine the time
in which an operator performs an operation at a
normal work rhythm (Escalante & Gonzalez, 2016).

The calculation of normal time should be deter-
mined by the qualification obtained by the em-
ployee in his work according to the Westinghouse
method that presents four factors to evaluate the
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employee’s job: skill, effort, conditions, and consist-
ency. The calculation also considers loose time, or
allowances, which are the factors inherent to the
human being and the environment that generate an
additional delay in the execution of the work. The
determination of the allowances is added to the
normal time to determine the standard time, also
known as standardized time, which is calculated for
each element of the process. The sum of these el-
ements results in the total standard time of the pro-
cess (Garcia, 2005).

Lean Manufacturing Methodology

The implementation of the Lean Manufacturing phi-
losophy is a complex task that goes beyond a tool,
which is why the involvement of management at all
levels of the organization is important (Sarria et al.,
2017).

e Stage 1

The first stage of the implementation of the
Lean Manufacturing methodology should
start with a diagnosis of the current situation
of the company through the VSM, since it
makes it possible to identify hidden problems
and activities that do not add value (Sarria et
al., 2017).

e Stage 2

Following the implementation of the
methodology it is important to continue
with its diffusion to those involved in the
area and subsequently proceed with the
implementation of the 5S and standardization
of processes (Sarria et al., 2017).

After the implementation of the bases of the meth-
odology, it is necessary to look for Lean tools that
favor and support the mitigation of the problems
found in the initial diagnosis, in order to subse-
quently evaluate the results achieved in the imple-
mentation process (Sarria et al., 2017).

METHODOLOGY

In this study, a quantitative approach was taken.
According to Hernandez et al. (2014), a quantitative
approach to research refers to a set of sequential
and veridical processes, where researchers are
concise, given that they conduct organized studies
based on numerical and statistical measurements.

The hypotheses formulated are tested to achieve
the objective sought through an explanatory level
of research. The design followed by the work was
pre-experimental. According to Hernandez et al.
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(2014), the pre-experimental design is a study in
which one or more independent variables are han-
dled to analyze the consequences they cause on
the dependent variables.

The unit of analysis was the production area of the
metalworking company under study, where the rel-
evant information for the research was obtained.
The processes, causes and defects existing in the
main processes of the area were analyzed.

The study population consisted of the different
causes identified in the area in a period of 30 days.
For the analysis and the taking of indicators over
a period of seven months, 100% of the production
of the chosen product family was considered. The
steps followed in the research are sequenced as
follows:

* For the initial measurement, the productivity
data from April to September 2021 were
collected from the production area.
They served as a diagnosis for the initial
productivity.

¢ The Product-Process Matrix tool was used to
identify the product family to be chosen for
the construction of the VSM.

* The Value Stream Mapping was constructed
to identify the critical processes of the area
and analyze the flow of value and non-value
in the company.

» |twas decided to take the cutting, painting and
shotblasting processes forthe implementation
of the Lean tools (5S, Andon and Standard
Time) because they are processes that cause
delays in the company’s value stream.

* The Pareto chart and Ishikawa diagram were
used to identify the relevant causes that occur
in the critical processes for their subsequent
mitigation with Lean Manufacturing tools.

 The Lean Manufacturing methodology was
followed, starting with the implementation
of the 5S tool. For this purpose, an initial
diagnosis of the cutting process was carried
out first, followed by the implementation of the
tool. A chronogram was used that included
the implementation of each stage and what
was to be achieved.

* Andon tool was implemented in the shot
blasting area in order to implement visual
indicators that would identify the abnormal
events that occurred as well as theirinitial time
and posterior time after the implementation
time.
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e The standard time was implemented
in the painting area, following the Lean
Manufacturing methodology, in order to
identify the observed times and then evaluate
them by means of the Westinghouse
method and determine the normal time. The
allowances in the process were evaluated.
Finally, the standard time of each element
and of the process was obtained.

 The initial and posterior implementation
results of the Lean Manufacturing tools were
compared in order to identify the impact on
the implemented areas.

* Inthefinal stage of the research, the research
hypothesis was contrasted using the
statistical tool Student’s t-test with the help of
Minitab software. With the results obtained,
the acceptance or rejection of the hypothesis
were analyzed and determined.

RESULTS
Productivity

The following formula was used to determine the
company’s productivity:

Tons produced (tn/week)

Productivity =
roguctivity Manufacturing cost (soles/week)

For the initial evaluation of productivity, records
were taken from April to September 2021 (Table 1),

which resulted in an average productivity of 0.26
tons/soles, which is a result below the company’s
expectations.

Value Stream Mapping

The VSM is used to construct the initial state of
the processes and the lead time of the production
system considering the product family identified
in Table 3 and the cutting, welding, shot blasting,
painting, and packing processes.

Figure 1 shows that the painting process is criti-
cal since the cycle time required is 1.53 hours per
ton and this activity exceeds it by taking up to 1.70
hours. The second critical process is shot blasting,
followed by cutting.

The results of lead time and time that adds value
are 19 days and 0.7 days respectively, resulting in
only 3.6% of the total time corresponding to activi-
ties that do add value.

Cause Analysis

A cause-effect diagram was constructed to analyze
the identified causes (Figure 2). It sought to relate
the causes to each factor that caused the problem.
A Pareto chart was then constructed (Figure 3). A
30-day period was taken to determine the frequen-
cy of occurrence of each identified cause in order to
determine the most relevant causes for mitigation
or improvement.

Table 1. Average Productivity for 2021.

Month Productivity (tn/soles)

April 0.26

May 0.24

June 0.27

July 0.26

August 0.26

September 0.25

Source: Prepared by the author.

Table 2. Product-Process Matrix.

Products Cutting Welding Shot Blasting Painting Packing
Standard field tents X X X X X
Igloo tents X X X X X
Standard screen X X X X X
Others X X X

Source: Prepared by the author.
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Figure 2. Cause-Effect Diagram.

Source: Prepared by the author.

58 Diagnostic a.

The cutting process is taken to evaluate the initial

results of 5S compliance in the work area (Figure b.

4) and the images of situation in the workplace
(Figure 5).

C.
Implementation of the 5S

The insertion of the tool follows the steps described

by Madariaga (2013): separate, sort, clean, stand- d.

ardize and discipline. This was done in the follow-
ing manner:

Construction of the schedule of activities for the
entire implementation.

Training of the cutting personnel on the con-
cepts and importance of the 5S.

S1: The operating personnel and the responsi-
ble for the area create a list of all unnecessary
materials through the use of red cards.

S2: The ideal place is designated for the mate-
rials needed in the work with the corresponding
signalization.

Ind. data 26(1), 2023
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Figure 3. Pareto Chart.

Source: Prepared by the author.
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Figure 4. 5S Diagnostic.

Source: Prepared by the author.

Figure 5. Cutting Initial Situation.

Source: Prepared by the author.
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e. S3: All area personnel and administrative per-
sonnel are summoned for the day of the big
cleanup in the work area.

f.  S4: All the signalizations made in the work area
and the 5S compliance manual are reviewed.

g. S5: Auditors are appointed to review compli-
ance with the tool and subsequent observa-
tions are made.

Implementation of Andon

Andon is implemented in the shot blasting process
to eliminate the high defect rates generated in the
area. The stages that were followed are according
to Cérdova (2012).

« Stage I: Training is conducted on basic issues
of Andon and its application in the workplace,
as well as the impact this has on production
and product quality.

o Stage Il: The area where Andon will be
applied is identified. In this case, the place
where the tool is implemented is in the shot
blasting process area.

» Stage lll: The objective is to detect, by means
of visual tools, abnormal events in the shot
blasting process, in order to generate shorter
response times and a decrease in defective
parts in the production line.
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» Stage IV: The abnormal situations that occur
in the process are: machine breakdown,
absence of material, waiting for product
replacement, and defective product output.

 Stage V: Color codes are established
according to each type of abnormal and
normal situation (Figure 6).

» Stage VI: Color-coded identification signs will
be used for abnormal and normal events and
will be located at strategic points within the
process.

» Stage VII: A 30-day sample is taken to
monitor the attention given by collaborators
to abnormal situations in the shot blasting
process (Table 3).

« Stage VIII: A mural is prepared exclusively
to monitor issues such as safety (accidents),
quality (defects achieved in the process) and
delivery (delivery delays by the process).

Standard Time

The painting process is used to measure the work
time. It should be noted that a timing measurement
is used using a technique that sets the time back to
zero and that the product taken as a reference for
the measurement is the standard field tent.

To determine the elements that are part of the pro-
cess, the process analysis diagram is applied. Fif-
teen measurements are taken for each element

Color / Light Type of Situation
Faulty machine
Defective product
Green Defective product
Yellow Lack of material
White Waiting for product replacement
No light Normally operating process

Figure 6. Color Coding for Andon Signal.

Source: Prepared by the author.

Table 3. Frequency and Response Time in Abnormal Situations.

Type of Situation Number of Times It A\_/erage Responsg Time Average R_esponse Time with
Occurred without Andon (min) Andon (min)

Faulty machine 10 16 8

Defective product 15 20 9

Lack of material 9 15 7

Waiting for product replacement 6 19 9

Source: Prepared by the author.

Ind. data 26(1), 2023
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and the average time is calculated, and with the
help of the Westinghouse method, the normal time
is calculated. After that, the allowances within the
process are identified for the calculation of the
standard time of each element and of the process
(Table 4).

5S Results

Three evaluations were carried out using the audit
format. The periods evaluated were April, June and

September 2022 (Table 5). The results of the final
audit (Figure 7) and the effect of the 5S in the work-
space (Figure 8) are shown.

Andon Application Results

The results obtained correspond to the periods
of April, June, and September 2022, which show
how the visual indicators had an impact on stop-
ping abnormal situations in the work execution
(Table 6).

Table 4. Summary of the Standard Time Calculation for Each Element.

Elements AT PR NT A% ST
Transfer of parts to the paint booth 1.32 96% 1.26 22% 1.54
Painting of first coat of paint 3.84 96% 3.69 22% 4.5
Painting of last coat of paint 4.94 96% 4.74 22% 5.78
Checking part sides 2.19 96% 2.1 22% 2.57
Moving parts to the drying area 1.97 96% 1.89 22% 2.31
Checking for imperfections in the paint 2.98 96% 2.86 22% 3.49
Drying of the product 7.15 96% 6.87 22% 8.38
Removal to finished product trays 1.79 96% 1.72 22% 2.09
Transfer to packing area 2.28 96% 219 22% 2.67
Source: Prepared by the author.
Table 5. 5S Evaluation Results.
Stage Initial Score Period 1 Period 2 Period 3
Separate 21% 43% 50% 58%
Sort 25% 50% 56% 64%
Clean 20% 40% 48% 56%
Standardize 21% 42% 50% 58%
Discipline 22% 44% 49% 57%
Total 26 52 60 75

Source: Prepared by the author.

Initial 55 Diagnostic

Separate
70%

60% 58%

Discipline Sort

58%

Standardize Clean

Figure 7. 5S Audit Result.

Source: Prepared by the author.
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BASURA
aagu

Figure 8. Result of 5S in the Work Area.

Source: Prepared by the author.

Table 6. Andon Application Results.

Type of Situation Initial Period (min) Initial Period 1 Initial Period 2 Initial Period 3
Faulty machine 8 8 7 7
Defective product 9 8 7 7
Lack of material 7 7 6 6
Waiting for product replacement 9 8 9 7

Source: Prepared by the author.

Productivity Result

Measurements are taken for a period of 6 months
after the implementation of the tools and divided into
weeks, resulting in a take of 25 weeks (Figure 9).

Value Stream Mapping Results

The future VSM, after the implementation of 5S, An-
don and standard time in the cutting, shot blasting
and painting processes respectively, is observed
(Figure 10).

Hypothesis Test

Productivity data for the period 2021 and 2022 are
recorded and analyzed for normality with a sig-
nificance level of a=0.05 when applying the An-
derson-Darling test (Figure 11 and 12). The data
are accepted as having a p-value>0.05 at 95%
confidence.

H,: The implementation of Lean Manufac-
turing tools (5S, Andon and Standard Time)
does not improve productivity in a metal-
working company.

H,: The implementation of Lean Manufac-
turing tools (5S, Andon and Standard Time)
does improve productivity in a metalworking
company.

The results obtained after performing the Student’s
t-test is that the p-values are less than the signifi-
cance level (p-value<a) (Table 7), which results in
the rejection of the null hypothesis and the accept-
ance of the alternative (Table 8), which means that
the implementation of Lean Manufacturing tools
does improve the productivity of the company un-
der study.

In the box plot performed (Figure 13), an increase
in productivity can be observed in 2022 with respect

Ind. data 26(1), 2023 WX
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Productivity 2021 - 2022
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Figure 9. Productivity Results 2021 - 2022.
Source: Prepared by the author.
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Figure 11. Normality Test of the 2021 Productivity Sample.

Source: Prepared by the author.

Probability Plot of Productivity 2022 (tn/soles)
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Figure 12. Normality Test of the 2021 Productivity Sample.

Source: Prepared by the author.

Table 7. Descriptive Statistics Results.

Sample N Mean St. Dev. St. Error of the Mean
Productivity 2021 25 0.2568 0.0226 0.0045
Productivity 2022 25 0.3272 0.0472 0.0094
Source: Prepared by the author.
Table 8. T-Test Results.
Null Hypothesis HO: u1-u2 =0
Alternative hypothesis H1:u1—u2=0
T value df p-value
-6.73 34 0.000

Source: Prepared by the author.
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APPLICATION OF LEAN MANUFACTURING TooLs (5S, ANDON AND STANDARD TIME) TO INCREASE PRODUCTIVITY IN THE PRODUCTION AREA OF A METALWORKING COMPANY
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Figure 13. 2021 and 2022 Productivity Box Plot.

Source: Prepared by the author.

to 2021, which shows an improvement due to the
impact of the implementation of Lean tools.

DISCUSSION

By applying 5S, an improvement is achieved in
terms of organization, order and cleanliness in the
cutting area, with a 20% improvement after im-
plementation. Likewise, as with the application of
Andon, a reduction of up to 19% in the stoppage
time for abnormal events was achieved. By deter-
mining the standard time of the painting process,
it is possible to determine the standard time of the
elements and process, giving a total of 1.50 hours
per process.

The results show improvement and have an im-
pact on a 27% increase in productivity compared
to 2021. These results are similar to those obtained
by Vargas (2022), who states that the implementa-
tion of Lean tools, such as 5S, impacted produc-
tivity, as it increased by 30%. Likewise, Bermejo
(2019) mentions that the application of these tools
improved productive times and increased the units
produced, which also impacted on the 25% in-
crease in their productivity.

According to the results obtained in the research,
the use of Lean Manufacturing tools (5 S, Andon,
standard time) manages to impact the productivity
of any organization that presents problems of ef-
ficiency and effectiveness in its operations, which
serves as a starting point to analyze the other tools

7YVl ind. data 26(1), 2023

that are part of the Lean Manufacturing system and
how they impact productivity.

CONCLUSIONS

» The application of the 5S improves working
conditions, as it achieves improvement
results of more than 21% in terms of sorting
unnecessary objects, 44% in terms of
maintaining a tidy workplace and up to 30%
in maintaining cleanliness in the cutting area.

+ With the implementation of the standard
time, an improvement is achieved in the
standardization of times that were not
standardized in the painting process. This
has an impact on the processing time, since
one ton is actually processed in 1.50 hours,
which has an effect on the work that caused
bottlenecks in the workflow and, therefore,
has an impact on the productivity of the area.

» Through the application of the Andon tool, the
detection time of different abnormal events in
the execution of the shot blasting process was
improved, which initially totaled 33 minutes
and, after implementation, decreased by
up to 19%. This helps correct quality and
reprocessing errors that caused high costs
and affected the area’s productivity.

» The different causes of low productivity in
the production area of the company under
study were affected by the implementation
of Lean tools (5S, Andon and standard
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time). This resulted in a significant increase
in productivity, as it went from an initial
average productivity of 0.26 tons/soles to an
improvement of 0.33 tons/soles.

» The improvement in productivity has a direct
impact on the efficiency of the area and helps
the company’s lead time, as could be seen in
the value stream map, since it went from an
initial time of 19 days and a time-to-value of
0.7 days to a reduction resulting in 10 days
with a value time of 0.63 days, which shows
the effect of the implementations carried out
in the organization.
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