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Abstract- The research aimed to develop a maintenance model 
for a retail laundry using TPM, 5S, and standardized work to 
improve availability. The literature review discusses autonomous 
maintenance as a key component of TPM, which aims to eliminate 
downtime due to machine breakdowns and involves employees in 
maintenance activities. The research was pre-experimental and 
found that the leading causes of low availability were the need for 
a maintenance plan, poor training, and disorganization. A pilot plan 
was implemented, resulting in a 7% increase in availability from 
75% to 82%. The study's results support the effectiveness of the 
maintenance model developed. The study highlights the 
importance of good machinery maintenance management and 
organization in the laundry business. 
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I. INTRODUCTION

Nowadays, there are many companies that, due to problems 
with the machinery they handle, need help to fulfill the orders 
from their customers. Because of this, having good machinery 
maintenance management and great organization is the key to 
fulfilling all orders on time and reducing costs. 

As for Peru, the country represents 17% of Latin America 
and 2.3% of the world in terms of companies in the laundry 
business, with a value of 2,096 million USD [1]. In a country 
that stands out for its agriculture and mining, the value of sales 
made by the service sector cannot be considered negligible, 
mainly because of how profitable the business has become for 
many entrepreneurs who have ventured into this area. This is 
evidenced by the opinion of many authors, who mention that 
the laundry business is one of the most profitable businesses in 
Metropolitan Lima [2]. 

However, most of the companies in the laundry business 
are Small and Medium-sized enterprises (SMEs) and, according 
to [3], SMES are characterized by low levels of productivity 
and efficiency; they do not prioritize the care of their machines, 
which causes them to wear out quickly, presenting continuous 
failures and stopping the entire process of the company. In this 
context, the SMES from which a large part of the economically 
active population comes should be included in the search for 
greater efficiency in the processes [4]. In addition, to ensure the 

reliable use and maintenance of a washing machine, it is 
necessary to monitor the condition and detect anomalous 
operations early so that the company's activities are not stopped 
[5]. 

Given this context, we seek to evaluate a company in the 
retail laundry business, which, throughout its years of service, 
has faced specific problems, such as the constant breakdown of 
its machines, the deterioration of garments due to poor 
supervision of the machines, the poor training of employees that 
makes them more prone to errors, and the disorder of the work 
areas. This has implications on the percentage value of 
availability, which is 75%. This is found thanks to the 
information provided by the company itself. Once compared to 
the standard, which represents a value of 90%, this indicates 
that the current indicator is well below the industry standard. 

The overall objective of the current research is to develop 
a maintenance model based on Total Productive Maintenance 
(TPM), 5S, and standardized work to increase the availability 
of a retail laundry in 2023, seeking to solve the problems 
presented through simulation, thus verifying the model's 
effectiveness. In addition, it will allow the establishment of a 
basis for a periodic maintenance and training plan to improve 
the company's various processes. On the other hand, it will also 
help it economically since the resources would be used much 
more efficiently than before. 

II. LITERATURE REVIEW

A. Autonomous maintenance
The objective of autonomous maintenance is to eradicate

all time-related costs linked to operational system downtime 
caused by machine malfunctions. Implementing TPM is 
therefore crucial, given that it enables improved production 
performance and incorporates the assistance of company 
personnel. [6]. 

Autonomous maintenance will check if there are anomalies 
to avoid breakdowns and defects. It will find the leading causes 
of these anomalies and create an action plan for each [7]. 

[8] By implementing this pillar into their work,
organizations can achieve favorable outcomes, including 
increased participation of production staff in maintenance 
activities through periodic inspections, the development of a 
training program to educate staff on the operation of their 
equipment, and the establishment of daily routines to foster 
employee dedication to machine upkeep. 

B. Planned maintenance.
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This pillar helps improve the equipment's availability by 
reducing existing failures through improvement actions using 
preventive and periodic routines [9]. 

With planned maintenance, the equipment will be better 
maintained, which also means the number of failures will be 
reduced, thus minimizing downtime. Additionally, lower 
production costs are generated, and occupational safety is 
reinforced [10]. 

In addition, to reduce the likelihood of unscheduled 
downtime and improve system availability, planned 
maintenance is crucial. It encompasses a series of operations 
related to the tools and machinery used in the production 
process, such as inspection, cleaning, lubrication, adjustment 
and replacement. In this way, the objective of increasing 
equipment availability is achieved. [11]. 

C. 5S
The 5S philosophy focuses on efficient work, a

standardized workplace, and processes [12]. 5S creates a visual 
workplace to classify, tidy, standardize, and sustain [13]. The 
continuous implementation of the 5S would reveal advantages 
such as improved quality of products and services, thanks to 
cleaner and more orderly work environments, which would 
improve the company's productivity [14].  

The 5S are made up of the following concepts: Seiri (sort), 
which eliminates unnecessary elements that do not add value; 
Seiton (set in order), organizes products and materials; Seiso 
(shine) which tells us how workplaces should be regularly 
ordered; Seiketsu (standardize) develops visual guidelines to 
maintain an organized and clean workplace and finally Shitsuke 
(sustain) which confirms that employees are clear about what 
the 5S tool is all about [15]. 

D. Standardized work
Standardized work is an essential instrument for addressing

challenges in the manufacturing sector due to its ability to 
provide nearly instantaneous outcomes in terms of 
organizational performance, productivity enhancement, and 
delivery time reduction [16]. As stated in reference [17], the 
foundational task of standardization is the identification of 
value-adding activities—that is, those that entail superfluous 
motions or idle moments.  

This tool is a set of specific directions, shown through 
visual material, that every worker can access and is needed to 
perform a task efficiently [18]. 

E. Availability
Availability refers to the percentage of time a machine is 

operational beyond what is expected to be the case. Enhancing 
this metric involves reducing unscheduled downtime, which 
includes periods for machine breakdowns and part 
replacements.[19]. 

The availability can be improved during the evaluation and 
exhaustive monitoring during the whole maintenance phase; 

because of this, implementing it correctly can avoid possible 
failures or breakdowns that could have a tremendous negative 
impact on the activities of the company in question [20].  

An investigation was undertaken by [6] with the primary 
aim of enhancing the value of equipment and machinery 
availability via the integration of autonomous maintenance.; his 
work highlights that it has low availability rates compared to 
the industry standard because their machines suffer frequent 
breakdowns, so it must stop production. 

The value of availability is of utmost importance if we want 
to evaluate how much time machines are working and, 
therefore, how much time the company loses if they break 
down. Also, increasing the system's availability would 
maximize the company's income [21]. In addition, the value of 
the availability is obtained from the following equation using 
Mean Time Between Failures (MTBF) and Mean Time to 
Repair (MTTR): 

𝐴𝑣𝑎𝑖𝑙𝑎𝑏𝑖𝑙𝑖𝑡𝑦 = !"#$
!""%&!"#$

(1) 

III. CONTRIBUTION

A. Model basis
This research work is composed of three engineering tools

in total. We are discussing using 5S, Standardized Work, and 
two pillars of TPM. The implementation aims to increase 
availability, reduce unexpected failures, and reduce human 
error. Not only that, but this improvement proposal is integral 
because it is expected to improve the operation of the machines 
without neglecting human management, working with 
employees to train them and learn new techniques that can be 
applied in their work. 

B. Proposed Model
As shown in Figure 1, we have three components within

the proposed model, where an integral development is made 
attacking each problem identified in the company that presents 
them. Everything starts with an analysis of the current state; 
information is collected, an analysis of the root causes is 
performed, and initial hypotheses to be tested are proposed. A 
deficiency in the maintenance of the machines is identified as 
the main problem.  

C. Components of the proposed model
1) Component 1: Organization

The first component of the improvement proposal is the
organization, where an audit will be carried out using the first 
tool, 5S, where some points of improvement for order and 
cleanliness will be identified, and alternative solutions will be 
provided. For the development of the 5S, we use the work [22] 
as a reference. Likewise, responsible persons are assigned to be 
part of the team in charge of carrying out the following audits 
to measure the level of progress. The following tool within this 
component is the Standardized Work, where the current 
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production capacity is measured to evaluate whether it meets 
the main objective of this tool. 

For this tool, the work done by [23] was used as a reference in 
this work. The main objective of standardized work is to reduce 
variability in operations and eliminate waste. Not all workers 
perform their tasks with the same skill since they all have 
different capabilities but having them standardized is ideal. 

2) Component 2: Implementation
The following component deals with TPM; for its

development, the work of [20] was taken as a reference, where 
they point out the importance of TPM in reducing downtime 
caused by failures. In this work, two pillars of this philosophy 
are specifically mentioned: autonomous and planned 
maintenance. The first one is about empowering workers to act 
by their own means if their scope allows it. Explaining how this 
pillar works teaches the operator not to be afraid to make some 
minor mistakes on his machines to prevent serious failures that 
can bring a negative financial impact to the company. Operators 
should be more informed about how they can perform routine 
preventive checks to ensure their machine is in good condition. 
However, it is mentioned that there will also be other failures 
that they cannot repair on their own. However, at least the tool 
fulfills its purpose if the operator notifies his superiors of the 
severe failure that has already occurred and that he cannot repair 
it because it requires more expertise than some minimal 
failures. The second pillar to be implemented is planned 
maintenance, with a structured plan of no less than one year, 

which indicates the frequency with which the machines located 
within the plant should receive major maintenance by a 
specialized supplier.  

3) Component 3: Monitoring
Finally, there is the third component, where the

improvement of the proposal is validated with quantitative 
indicators that are reflected in a dashboard for continuous 
monitoring. In addition, the validation is done in simulation 
software. This software helps to show quantitative 
improvements in the model and gives a much more accurate 
view of how the proposed model works. 

D. Indicators
• Availability: Availability is an indicator

measuring the time a piece of equipment or
system is operational and ready to perform its
function.

Objective: Increase equipment availability to the 
industry standard, i.e., 15%. 

𝐴𝑣𝑎𝑖𝑙𝑎𝑏𝑖𝑙𝑖𝑡𝑦 = '()*+,-./	,-1)	
"2,+3	,-1)	+4+-3+53)

	𝑥	100       (2) 

• Transfer time: This indicator measures and
evaluates the efficiency of operator movement
between each workstation.

Objective: Reduce transfer time by about 10 seconds. 

𝑇𝑟𝑎𝑛𝑠𝑓𝑒𝑟	𝑡𝑖𝑚𝑒 = 𝑎𝑟𝑟𝑖𝑣𝑎𝑙	𝑡. −𝑑𝑒𝑝𝑎𝑟𝑡𝑢𝑟𝑒	𝑡	    (3) 

Fig. 1 Proposed Model 
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• Takt time: It represents the time required to process
clothes, while keeping rate with customer demand.

Objective: Reduce Takt time value to at least 30 minutes per 
order. 

𝑇𝑎𝑘𝑡	𝑡𝑖𝑚𝑒 = 	 ,-1)	+4+-3+53)	,2	(*2678)
92:,71)*	6)1+.6

  (4) 

• MTBF: This indicator measures the reliability of a
system or equipment and represents the average time
elapsed between two consecutive failures.

Objective: Increase MTBF by ten days due to failures. 

𝑀𝑇𝐵𝐹 = "2,+3	2()*+,-./	,-1)
;715)*	2<	<+-37*):

     (5) 

• MTTR: This indicator measures the average time
repairing equipment after a failure.

Objective: Reduce its value by at least 3 minutes per repair. 

𝑀𝑇𝑇𝑅 = =2>.,-1)	67)	,2	<+-37*):
;715)*	2<	<+-37*):

  (6) 

IV. VALIDATION

 To make a correct validation of the improvement proposal, 
a pilot plan of all the tools to be implemented was carried out. 
Training, delivery of materials, and supervision of progress 
were given for about two weeks so that through Arena 
Software, it was possible to simulate both scenarios to 
demonstrate a quantitative improvement. This model has been 
implemented in a laundry plant, where small laundries supply 
the plant with clothes daily. The main problem is machine 
availability, which is a critical problem since the plant's 
reputation is at stake when handling third-party products. 
Availability is 75% for 2022, which is decreasing, given that 
2021 availability was 78%. Both numbers are still considered 
low, so action must be taken on this indicator. 

A. Initial diagnosis
As already mentioned, the main problem of availability

is currently latent; it has a value of 75%, which indicates a 
high technical gap compared to the standard of 90%, and 
there is an opportunity for improvement to be covered. The 
low availability has an impact of 33% on the company's 
operating cost. It should be noted that the main reason for 
this problem is the repetitive and unexpected failures of the 
machinery. 

B. Model design for comparison
To design the initial situation within Arena Software, a 

time measurement had to be made for each activity within 
the laundry process, from the customer's reception to the 
final delivery of the finished product. In this time 
measurement, we made a sample of 15 garments that 

completed the whole process. With this, we made a table of 
values that was finally introduced to the Input Analyzer, a 
program that helps calculate the distributions of the times 
and know what kind of times they were. After that, the 
model was assembled in Arena, and the time distributions 
were entered in their respective activity. 

The process was repeated after having carried out the 
pilot plan, where the values were slightly lower. However, 
we simulated again within Arena and analyzed the 
differences between both time frames to have evidence. 

Fig. 2 Representation of the improvement system 
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Table I below shows the indicators that are expected to be 
obtained. 

TABLE I. INDICATORS CURRENT SITUATION vs. 
EXPECTATIONS 

Tools Selected Indicator As Is To Be 
- Availability 75% 90% 

5S Transfer time 30 20 
Standardized Work Takt Time 46 30 

Autonomous 
Maintenance MTBF 18.93 28 

Planned 
Maintenance MTTR 6.24 3 

C. Pilot plan
1) 5S's implementation
The pilot plan is carried out to show the validation of the

5S tool within the laundry premises studied. This is because the 
disorder and lack of cleanliness in the premises negatively 
affect the time the operators carry out the process. 

Seiri (Sort): The first phase of the 5S implementation 
consisted of classifying the resources. Red cards were used to 
identify the elements that should not be near the work area. 

Fig. 3 Red Card Designed 

This card is used to identify those tools that are out of 
place. Figure 4 shows paint brushes and a flashlight, materials 
used for other work and left on the shelf for pre-washing. 

Fig. 4 Elements before sorting 

Fig. 5 Elements after sorting 

Thus, Figure 5 shows the result of applying the first S; only 
the materials necessary for the activity to be performed should 
remain in the work area. 

Seiton (Set in Order): This second phase has the purpose of 
ordering the elements that are out of place, such as sheets, 
galleys, buckets, and bags full of clothes for which a space has 
been designated in which they should be stored. 

Fig. 6 Spaces before Set in Order 

Fig. 7 Spaces after Set in Order 

Seiso (Shine): In this third phase, the resources and the 
premises were cleaned. First, this is to discard defective 
resources or those that no longer have a use, such as an almost 
empty bottle of detergent, and to keep the aisles clean and tidy 
so that operators can move between areas more easily.  

Also, to ensure continuity and get people used to keeping 
their space clean, a chart was created to keep track and let other 
operators know if the cleaning team has previously cleaned 
their workstations. 
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Fig. 8 Shine control format. 

In this material, the person in charge of cleaning should 
mark if she has done her job and leave a comment in case, 
she requires any extra material, or any incident occurs while 
performing the activity. 

Seiketsu (Standardize): The fourth phase consisted of 
using signage that would serve as visual support for the rest 
of the operators who are not familiar so that in this way, no 
mistakes are made, or at least an attempt is made to reduce 
them. 

Fig. 9 Standardization Signage 

Shitsuke (Sustain): Once these 4S’s are implemented, 
operators should be reminded of their importance on a daily 
basis, so a checklist was proposed to corroborate their 
implementation. 

Fig. 10 Progress checklist 

In the same way, an order and cleanliness policy will be 
posted in a visible place for all workers so that they are aware 
of the changes implemented and follow them to the letter. 

Fig. 11 Order and Shine Policy 

The following figure compares the initial audit versus 
the final audit. 
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Fig. 12 Audit radial diagram 

This diagram compares the two audits performed; the 
initial value corresponds to a total score of 31 points, while the 
result was 42. With this, there has been an increase of 35% 
thanks to the pilot plan implemented.  

D. Improvement - Simulation

By modeling the current state and the proposed
improvement with the Arena simulation software, conclusive 
indicators demonstrating the usefulness of the proposed model 
were generated. 

To perform an adequate calculation of the optimal replicas 
of the simulation system, a preliminary sample of 30 was used, 
and a desired value of 1 for the half-width was maintained. 

𝑁 = 𝑁𝑜	𝑥	(?2
?
)@ = 	30	𝑥	(A.A

A
)@ = 36.6 = 37      (7) 

Once the formula was applied, an optimum value of 37 
replications and a desired Half Width with an interval of 
[91.41,108.59] were obtained. Figure 2 shows the simulation 
of the process.  

The findings are displayed in Table II, which contains a 
comparison of the simulation values with the actual values. 

TABLE II. INDICATORS CURRENT SITUATION vs. SIMULATION 

Tools 
Selected 
Indicator 

As Is Simulation 

- Availability 75% 82% 
5S Transfer Time 30 25 

Standardized 
Work 

Takt Time 46 34 

Autonomous 
Maintenance MTBF 18.93 30 

Planned 
Maintenance MTTR 6.24 5 

V. DISCUSSION

Here, we will evaluate and analyze how the proposal 
influenced the company. In the present work, a total of five 
indicators were considered, the main one being availability, 
while the other four would belong to the analysis of each tool, 
as follows: MTTR for the planned maintenance tool, MTBF for 
autonomous maintenance, Takt time for standardized work and 
transfer rate for 5S. 

At the beginning of the investigation, there was a 
percentage of 75% efficiency; this was because the time 
programmed to operate the machines was more significant than 
the time they worked, being 2880 hours per year, of which only 
2158 worked; this due to various reasons such as breakdowns 
or errors of workers. 

Due to this, a root cause analysis was performed using a 
problem tree; thanks to this, the necessary tools to combat each 
cause were determined. First, we have the 5S tool, which was 
used to reduce the transfer time. First, an audit was conducted 
in which specific values were obtained; to improve these values 
mentioned above, it was proposed to classify the resources to 
use to distinguish them more clearly and then order them 
according to their use in each workstation. Additionally, 
cleaning was carried out, and different signs were hung to show 
how specific tasks related to the 5S should be performed; the 
importance of all this should be clear to the workers. Therefore, 
different announcements were made to encourage the tool's 
implementation, and after the implementation, a checklist was 
made to confirm that it was done correctly. All these actions 
helped to reduce the transfer time from 30 seconds to 25, 
improving the efficiency of the workers. It may seem that the 
result obtained did not have as much quantitative impact and 
that the results were not as expected, however, order and 
cleanliness within the plant results in operators becoming more 
effective by having workstations free of obstacles and 
distractions. 

On the other hand, implementing the standardized work 
tool is an important strategic step that seeks to reduce Takt time 
and improve efficiency and consistency in operations. By 
developing a standard work diagram, clearly defined processes 
and procedures allow workers to perform their tasks more 
uniformly and efficiently. This diagram is especially valuable 
not only for experienced workers but also for new employees 
joining the team. By having a standardized guide, new workers 
can be trained more quickly and have less room for error in the 
early stages of their work. Thanks to the application of this tool, 
it was possible to improve the Takt time indicator value, 
reducing it from 46 minutes per order to a total of 34 minutes 
per order, which is a significant improvement since this value 
is very close to the expected 30 minutes per order. 
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 In the same way, the autonomous maintenance pillar of the 
TPM tool was used to increase the MTBF; this indicator is the 
time between each occurrence of a specific stop due to the 
failure of a process. Initially, we had a value of 18.93 days per 
failure, data due to the high number of stops made every month 
due to failures. Therefore, training was planned to create 
procedures for the operators to check their machines. Thanks to 
this, the operators can perform simple maintenance tasks on 
their machines to avoid breakdowns; for example, in the ironing 
process, the operator learned to check the proper water pressure 
parameters to avoid damaging the steam iron. In this way, the 
value can increase and thus reduce downtime due to failures to 
30 days per failure, far exceeding the expected value of 28 days 
per failure. 

Finally, the planned maintenance pillar of the TPM tool 
was used to reduce the MTTR, i.e., the mean time until the 
failure was repaired. Initially, there was a value of 6.24 days per 
failure, given by both the maintenance time of the machines and 
the number of repairs performed. Because of this, a 
maintenance chart was designed to know when to perform 
maintenance on each machine in the company so as not to 
interrupt the company's washing process, and in this way, the 
value of the indicator was reduced to 5 days per repair, which, 
although it does not vary much from its initial value, is close to 
its expected value of 3 days per repair. 

Future works: This work can be expanded to more SMEs 
in this service subsector in order to increase their 
competitiveness and the overall sectoral customer satisfaction 
indicator. 

VI. CONCLUSIONS

As seen in the results, the proposed maintenance model 
solves the company's main problem, which is the low 
availability of machines and equipment. Increasing the leading 
indicator was achieved thanks to the implementation of several 
engineering tools that allowed us to attack different problems 
suffered by the company, which, although they were not 
directly related to the availability, influenced its value. For this 
purpose, a pilot plan was implemented, as well as a simulation 
where it was possible to appreciate the improvement of the 
different indicators. The model resulted in a 7% increase in 
availability value, from 75% to 82%. 

In conclusion, conducting an audit at the beginning and end 
of an investigation is an essential practice in the 5S 
implementation process, as it plays a vital role in evaluating, 
monitoring, and continuously improving these management 
principles. The audit provides an objective and systematic view 
of how the 5S is applied in the workplace and whether the 
desired objectives are achieved. It also provides an ongoing, 
data-driven assessment that facilitates informed decision-

making and ensures that 5S standards are maintained over time, 
promoting a more organized, cleaner, and efficient work 
environment. Thanks to its implementation through visual aids 
and a reorganization of its work areas, it was possible to observe 
how the transfer time indicator was reduced by 5 seconds, 
resulting in a final transfer time of 25 seconds, a value close to 
the approximate target of 20 seconds. 
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