§ sciendo

PRODUCTION ENGINEERING ARCHIVES 2023, 29(4), 421-427

PRODUCTION ENGINEERING ARCHIVES

ISSN 2353-5156 (print)
ISSN 2353-7779 (online)

PRODUCTION
ENGINEERING
ARCHIVES

Exist since 4" quarter 2013
Auvailable online at https://pea-journal.eu

Analysis of the impact of the 5S tool and Standardization
on the duration of the production process - case study

Szymon Pawlak'™, Krzysztof Nowacki®

, Harald Kania?

! Silesia University of Technology, 40-019 Katowice, Krasifiskiego st 8, Poland; szymon.pawlak@polsl.pl (SP);

krzysztof.nowacki@polsl.pl (KN)

2Fukasiewicz Research Network — Upper Silesian Institute of Technology, Poland; harald.kania@git.lukasiewicz.gov.pl

*Correspondence: szymon.pawlak@polsl.pl

Avrticle history Abstract

Received 09.06.2023
Accepted 25.09.2023
Available online 30.10.2023

Keywords

Lean Manufacturing
5S tool
Standardization
Efficiency

The high level of competition in the manufacturing industry requires the creation of working condi-
tions that allow for the efficient implementation of production processes. One of the solutions enabling
the adaptation of production stations to improve the work performed by employees is the implemen-
tation of a management system based on the Lean Manufacturing (LM) philosophy. The purpose of
this article was to determine the potential impact of the implemented LM tools, in the form of 5S and
standardization, on the efficiency of the production process in specific production conditions. The
methodology of the conducted research included: obtaining data before and after the implementation
of LM tools (in total 12 months). The data was used to determine the effectiveness of individual oper-
ations, and then to conduct a comparative analysis using statistical tests. It was found, among others,
that the implementation of LM tools resulted in an increase in the efficiency of the manufacturing
process by about 11 percentage points. The obtained results confirm the thesis that a manufacturing
company, in order to maintain its position on a competitive market, can improve the efficiency of
processes by using tools such as LM. The selection of tools must be adequate to the implemented
processes, so that they bring measurable increase in efficiency.
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1. Introduction

The key element in the timely implementation of production
is to create such conditions that the operations included in the
production process are carried out with the least number of
time disruptions and the highest quality of manufactured prod-
ucts. Due to the high level of competition in the manufacturing
industry, the creation of working conditions that allow for
smooth implementation of production processes is one of the
conditions determining the proper functioning of the com-
pany. All production processes are exposed to the threat of de-
lays and quality problems. However, the effects of delays and
shortages are most burdensome in the case of variable produc-
tion with a small degree of automation. One of the solutions
to reduce or eliminate the negative impact on the production
process is the implementation of a management system based
on the Lean Manufacturing philosophy (Pawlak, 2023).

Lean Manufacturing (LM) is one of the most commonly
used methods supported by the organization of the production
process (Ghobadian et al., 2020). Proper implementation
of the lean management philosophy allows to increase the
©2023 Author(s). This is an open access article licensed

— under the Creative Commons Attribution (CC BY)

License (https://creativecommons.org/licenses/by/ 4.0/).

chances of competition on a highly competitive market
(Abreu-Ledon et al., 2018; Galeazzo and Furlan, 2018). One
of

the basic goals of the LM philosophy in a production plant
is the elimination or reduction of waste (Nordin et al., 2010).
There are seven basic groups of waste, which include, among
others: overproduction, excessive stocks, errors and quality
defects, waiting, excessive processing, unnecessary transport,
unnecessary movement, unused potential of employees. The
literature on the subject presents the results of the conducted
research, indicating the improvement of the company's func-
tioning after the implementation of selected Lean Manufactur-
ing tools in the field of improving the environment (Caldera et
al., 2017), social relations and financial results (Thanki et al.,
2016). In addition, LM offers methods and tools that bring
many benefits resulting from the elimination of errors and de-
ficiencies while increasing productivity (Nguyen et al., 2022).
The LM philosophy is universal, which means that it can be
implemented in many industries, both manufacturing and ser-
vice (Hopp, 2018), regardless of their size (Hu et al., 2015).
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Due to the numerous benefits of implementing the Lean Man-
ufacturing philosophy, it is implemented all over the world,
both in Europe, the United States and Asia (Negrao et al.,
2017; Henao et al., 2019). It should be noted, however, that
the correct implementation of the LM philosophy is a complex
process with many problems. Studies conducted in production
plants in Great Britain (Baker, 2002) and in companies from
the automotive industry from the United States and India indi-
cate a low level of effectiveness in the results achieved despite
the implementation of the Lean concept (Mohanty et al.,
2007). While in the article (Venkat et al., 2020) based on the
analysis of the impact of LM on the efficiency of the assembly
line production process in the electrical industry, an increase
in productivity of almost 23% was found. Similar conclusions
indicating the improvement of the achieved parameters were
presented in the paper (Samuel et al., 2021). The reason for
different results in the effectiveness of the impact of the LM
concept on the generated parameters of the production process
may therefore be the way they are implemented in the enter-
prise, which was described in the paper (Mostafa, 2013).

In this article, based on the analysis of data from a produc-
tion plant dealing with the preparation of packaging for the
transport of food products and their loading, an analysis was
carried out to present the impact of the implementation of se-
lected LM tools (5S and standardization) on the duration of
individual operations and, consequently, the efficiency of the
entire production process.

2. Literature review

One of the most frequently implemented Lean Manufactur-
ing tools in manufacturing plants is 5S. The purpose of imple-
menting the 5S tool is to create orderly and properly organized
workplaces. As a result of a properly implemented 5S tool, it
is possible to improve product quality, increase productivity
and improve work safety, which in turn may increase the sta-
bility of the manufacturing process (Rewers and Trojanowska,
2008). The process of implementing the 5S tool includes five
stages, which include (Bevilacqua et al., 2015; Omogbai and
Salanitis, 2017):

Sort - selecting at the workplace only the necessary tools

and materials helpful in the implementation of production

works.

Set in order - marking and placing tools and materials in

the right places.

Shine - tidying up the workplace.

Standardization - determination of standards for the ar-

rangement of station equipment.

Sustain — developing habits aimed at adhering to the prin-

ciples of the 5S methodology.

The effects of implementing the 5S tool for the duration of
the production process are described in the literature provided.
In the work (Jiménez et al., 2012), an example is described
showing the result of the implementation of the 5S tool and
Kanban, which allows for the reduction of the total production
lead time by 65%. A similar effect of the implementation of
the described LM tool was presented in (Sidhu et al., 2013),
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where the assembly line production process time was reduced
from 50 minutes to 41.5 minutes.

An equally frequently implemented tool in production
plants that fits into the LM philosophy is the standardization
of work. Standardization of work means the creation of con-
ditions ensuring the possibility of carrying out production op-
erations in the same way by different employees (Mor et al.,
2019). In order to properly implement work standardization, it
is necessary to follow a series of instructions and standardize
workplace equipment (e.g. by implementing the 5S tool). The
standardization of the production process allows employees
performing production operations to be able to carry out ac-
tivities within the production process without interruption to
activities unrelated to the production process (resulting, for
example, from a lack of understanding of activities performed
during a selected operation). Properly implemented standard-
ization of work makes it possible to perform all activities in
the same way, in the same order and time at the same costs,
which directly affects the efficiency of the production process.

3. Methodology and case study

The purpose of this article was to determine the impact of
the implemented LM tools (5S and Standardization) on the ef-
ficiency of the manufacturing process in a production plant in
the food industry - a case study. The assortment of the produc-
tion plant included the production of packaging used for the
meat industry, used for large-size transport together with the
transported goods. The subject of the analysis was the produc-
tion process consisting of six operations performed on sepa-
rate, individual production stations (Table 1).

Table 1. Parameters of the production process before the implemen-
tation of Lean Manufacturing tools

No. operation Description of the operation

Retrieving components and assembling the

10 base of the structure.

20 Preparing the components and making the
frame of the structure.

30 Making screw connections of components.

40 Preliminary preparation for the operation of se-
curing with cling film.

50 Preparation of the transported product for
packaging.
Packing the finished product in accordance

60 with the production order and securing the

product.
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The production process of containers for transporting meat
products and their loading began with the collection of ele-
ments necessary for its implementation from the warehouse of
input materials (area A). Then, operations 10 + 40 are per-
formed in turn, according to table 1. At the same time, the sec-
ond process related to the preparation of a batch of meat, op-
eration 50 (area B), is carried out. The finished packaging
made in accordance with the production order, matching in
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terms of dimensions and dedicated transported goods from op-
eration 50, went to the inter-operational buffer (area C). Then,
in operation 60, the operation of proper packaging of the prod-
uct in the manufactured container is carried out, Figure 1.

U

r
O

=) Flow of the packaging production process,
_ Flow of goods for loading,
————————— : Flow of input elements,
Flow of finisher product,
10 +~ 60 Production operations.

Fig 1. Production flow spaghetti diagram®

Depending on the order, activities were carried out as part
of the production process, including the production of packag-
ing for transporting meat products. The production and pack-
aging of products was carried out in a serial manner, the
method of packaging and construction of the packaging for
transport depended on the size of the order (different size of
dimensions). One employee was responsible for one opera-
tion. Due to the high turnover of employees, the level of their
skills and experience varied. The production process was char-
acterized by a low degree of automation and high repeatability
of the activities carried out. The production process was car-
ried out in three shifts on working days and in two shifts on
holidays.

In order to achieve the intended purpose of the work, the
following research methodology was adopted: First, LM tools,
i.e. Standardization and 5S, were implemented at all produc-
tion stations. The implementation of the 5S tool was carried
out in accordance with the accepted standards covering a five-
stage procedure, i.e. selection, systematics, cleaning, stand-
ardization and self-discipline.

The implementation of standardization consisted in creating
instructions describing individual production operations and
systematizing the sequence of activities carried out at the stage
of preparation of the manufacturing process. Since the imple-
mentation of the 5S and standardization tools, regular control
of the correctness of the implemented procedures has been
carried out, confirming the proper implementation of the
aforementioned tools.

The introduced changes in the field of 5S and standardiza-
tion did not change the order of production operations and
the arrangement of production stations. However, there were

changes at the production stations that allowed limiting the
activities carried out by the operator, Table 2.

Table 2. Improvements made on individual operations as part of the
implementation of LM tools

No. operation  Improvements introduced as part of 5S and
Standardization

Limiting the number of structural elements

10 used during operations at the production station
to only those used during the production order.
Preparation of construction instructions for a

20 specific (implemented at the moment) produc-
tion order.

The use of a shadow table and the limitation of
tools at the production station.

Changing the structure of the station allowing
40 for easier execution of operations and marking

the place of transfer of the finished product.

Preparation of work instructions defining uni-
50 fied standards for product preparation for
transport to the interoperational buffer.
Implementation of structural changes to the
station facilitating the implementation of oper-
ations. Standardized work activities -
workplace instructions.

30

60

The period of implementation of LM tools was 3 months.
The measurement of the analyzed parameters, i.e. the duration
of the production process, was carried out for a total of 12
months and covered the time before the introduction of Lean
Manufacturing tools (6 months), and after the implementation
of 5S and standardization (during the implementation of the
tools, measurements were not carried out). Operation time
measurements were carried out each day using the working
day photography method. Personnel performing production
operations was characterized by frequent rotation between
production positions.

First, an analysis of data on the parameters characterizing
individual operations and their performance was carried out
before the implementation of techniques in accordance with
the LM concept. Then, the same action was performed after
implementing the LM tools.

The productivity of the production process was determined
on the basis of the analysis of real operation times in relation
to the theoretical time determined at the planning stage of the
production process. The real-time measurement was carried
out in accordance with the principles of working day photog-
raphy. The efficiency of the production process was deter-
mined on the basis of the equation. 1 (Golinska, Golinski
2011).

E= ’;—n «100% 1)

Where:
E — actual efficiency index [%],
t- — real time of operation execution [s],
t, — normative time to perform the operation [s].
Then, for the obtained data on the duration of the produc-
tion process, a statistical analysis was carried out in order to
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determine the statistical significance of the observed differ-
ences in the duration of production operations before and after
the implementation of LM tools. For statistical analysis,
among many tests, such as: Wilcoxon Signed-Rank Test (for
paired data), Kruskal-Wallis Test Post hoc Kruskal-Wallis or
Tests Median Test, the Mann-Whitney U test was selected be-
cause the distribution of the analyzed data in an interval scale
was different from normal. The non-parametric Mann-Whit-
ney U test is used to verify the hypothesis that the differences
between the medians of the examined variable in two popula-
tions are insignificant, assuming that the distributions of the
variable are close to each other (Wieckowska 2018). The basic
conditions for using the test are:

* measurement on an ordinal or interval scale,

+ independent model.
The hypotheses concern the mean ranks for the compared pop-
ulations or are simplified to the medians:

Ho: 01 =02, Hy: 01/ 02 2)

Where:
01, 62 - medians of the examined variable in the first and sec-
ond population. The value of the test statistic is determined,
and on its basis the p-value is compared with the significance
level a:

if p < o == we reject Ho accepting Hy,
if p > o == there is no reason to reject Ho.

Depending on the sample size, the test statistic takes the form:
for a small sample size

U=nyn, +@—R1 (3)
or
U = nlnz + nz(nz+1) - R2 (4)
Where:
ny, n,- number of samples,
R;, R, —sum of ranks for the sample.
for a large sample size
y-rinz
Z= 2 (®)

niny(mi+ny+1) nynyy(e3-t)
12 12(nq+nz)(nq1+ny—1)
Where:
t — the number of cases included in the tied rank.

The assumed confidence level o for each of the conducted
analyzes was 0.05.
4. Research results and discussion

As a result of the analysis of the production process carried
out over a period of 6 months, the actual duration of individual
production operations was determined, Table 3.
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Table 3. Parameters of the production process before the implemen-
tation of Lean Manufacturing tools

Operation number 10 20 30 40 50 60

Average time [s] 45 60 16 35 69 11

Median [s] 45 59 17 36 70 11
MAX time [s] 57 71 22 39 80 14
MIN time [s] 31 50 10 28 60 8

Operation number 50 is characterized by the longest dura-
tion, which was 69 seconds, and together with operation 20,
they are characterized by the greatest level of complexity. The
shortest time was recorded on operation 60 equal to 11 sec-
onds. As part of operation 60, activities related to the final in-
spection of the product and its packaging are performed,
which are characterized by the smallest number of activities
necessary to perform it. The total duration of all production
operations was 236 seconds.

The efficiency of the production process for the entire pro-
cess was 66%. The lowest level of efficiency was recorded in
operation humber 40 and amounted to 55 %, while the highest
in operation number 50 and equaled 72 %.

After the implementation of the 5S tool and standardization,
production data was collected over the next 6 months, which
was used to determine the times of the operations, which are
presented in Table 4, Figures 2 and 3.

Table 4. Parameters of the production process after the implementa-
tion of the 5S tool and standaryzation (S).

Operation number 10 20 30 40 50 60

Average time [s] 37 46 12 27 56 9

Median [s] 37 46 13 27 56 9
MAX time [s] 44 56 16 29 65 10
MIN time [s] 28 39 8 24 52 7
75
- Median

70 0 25%-75%
T I Min-Maks

65

40 L

35

D
o

Average time / s
[Sa) o
o ol

o
&

Without LM 55+S

Fig 2. Duration of the production operation before and after the im-
plementation of 5S and standaryzation (S) (operation 20)
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85

o Median
80 [ 25%-75%

T T Min-Maks
75

70 o

Time /s

65

60 J—

55

50
Without LM 55+S

Fig 3. Duration of the production operation before and after the im-
plementation of 5S and standaryzation (S) (operation 50)

The obtained results indicate a reduction in the duration
of individual operations as a result of the implementation of
the 5S tool and standardization, thus confirming the observa-
tions presented in the article (Venkat et al., 2020) and (Samuel
etal., 2021) or (Mor et al., 2019). After implementing the LM
tools, the greatest time reduction was observed for operations
20 and 50, which amounted to 14 seconds and 13 seconds, re-
spectively. The greatest decrease in time in the implementa-
tion of operations 20 and 50 results from the fact of their com-
plexity and the number of activities necessary to perform as
part of the operation. As a result of the implementation of
work standardization and the 5S tool, the workstation and the
sequence of activities performed as part of the operation were
systematized, which directly reduced the duration of the oper-
ation.

As a result of the implementation of Lean Manufacturing
tools, there was a change in the efficiency of the manufactur-
ing process analyzed, Figure 4. The largest difference in the
efficiency of individual operations was identified on operation
number 20 and amounted to 20 percentage points. The total
efficiency of the production process was 83%.

100%
90%
80% I

70%
-£50%
= 40%
30%
20%
10%
0%

] —
—]
H—

60 60

20 30 40 50
OWithout LM ®@5S+S
Fig 4. Efficiency of the production process on individual units oper-
ations before and after the implementation of 5S and standardiza-

tion (S)

Then, in order to determine the statistical significance of
differences in the time of individual operations before and af-
ter the implementation of the LM tools, the Mann Withney U
test was performed, Table 5.

Table 5. Mann-Whitney U test results for all operations

Operation p - value without LM 55 +S
10 without LM 0.0001
5S+S 0.0001
20 without LM 0.0001
5S+S 0.0001
without LM 0.0001
30 55+S 0.0014
without LM 0.0001
40 55+S 0.0001
50 without LM 0.0001
55 +S 0.0001
60 without LM 0.0001
5S+S 0.0001

As a result of the test, it was found that there were signif-
icant differences in the duration of production operations for
each operation analyzed in relation to the state before the im-
plementation of the abovementioned tools (p>a).

Obtained results in the analyzed case indicate
a significant reduction in the time of individual operations,
thus confirming the effectiveness of the implemented LM
methods, the effect of which directly affects the final parame-
ters of the production process. Obtaining such a large differ-
ence in the duration of the production process may indicate the
correct implementation of LM tools.

5. Summary and conclusion

This article presents the results regarding changes in the
duration of individual production operations as a result of the
implementation of LM tools. The obtained results allowed to
present the scale of changes taking place in the manufacturing
process, confirming at the same time the positive effect of the
implementation of Lean Manufacturing tools on the efficiency
of the manufacturing process and the quality of manufactured
products.

As a result of the implementation of 5S tools and stand-
ardization, time reductions were found in all production oper-
ations. As a result of the Mann Withney U test it was found
that there were significant differences in the duration of pro-
duction operations for each operation analyzed in relation to
the state before the implementation of the abovementioned
tools (p>a) (table 3). The sum of the execution time of indi-
vidual production operations after the implementation of LM
tools was reduced by approximately 23%, process efficiency
increased by 11 percentage points.

In view of the above, it can be concluded that the changes
resulting from the implementation of LM tools in the produc-
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tion plant significantly affected the duration of individual op-
erations included in the production process, which was con-
firmed by ststistical methods.

Due to the great popularity of LM tools, such as 5S and
Standardization, the results obtained by measurement methods
on the actual production process may encourage decision mak-
ers in other production plants to implement solutions in ac-
cordance with the LM philosophy. However, it should be
noted the data on the basis of which the analysis was carried
out come from one production plant (case study), which does
not allow defining an unambiguous rule describing the impact
of LM tools on production processes. The obtained results,
however, allow to confirm the assumptions of the legitimacy
of the implementation of selected LM tools for individual pa-
rameters of the manufacturing process. The results are con-
sistent with data from other manufacturing processes cited in
scientific publications (Venkat et al., 2020) and (Samuel et al.,
2021) or (Mor et al., 2019). A detailed analysis of the results
obtained and comparison of the results from other production
plants may allow to identify the reasons for better adaptation
of LM tools and their impact on the production process.

In further research, in addition to comparing the parame-
ters generated by the production process before and after the
implementation of Lean Manufacturing tools, the factor of as-
sessing the correctness of their implementation and function-
ing during data acquisition can also be taken into account.
Such action will allow to assess not only the impact of the im-
plementation of LM tools on the parameters of the develop-
ment process, but also the quality and durability of this imple-
mentation as a function of time.
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