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ABSTRACT
The Peruvian plastic industry’s water tank manufacturing has increased by 22%
since 2013. Regarding the annual sales data during 2014 – 2015, the industry in
Peru ranks seventh in America behind the US, Mexico, Brazil, Argentina,
Colombia and Chile. However, a portion of the companies in this category do
not currently meet the estimated delivery time for final products, largely due to
changes in configuration or format and unscheduled company stops, which
generates losses in production.
Thus, this study developed a methodology for optimizing production of
domestic water tank manufacturers by applying lean manufacturing and
preventive maintenance techniques that reduce lead time, delays and faulty
equipment. The proposed model was validated in a water tank company where
the implementation of the two proposals generated significant cost savings due
to the elimination of waste in the processes of production. Our methodology
reduced lead time by 2 days, eliminated unscheduled equipment stops and
acheieved a percentage higher than 80% in the Overall Equipment Effectiveness
(OEE), in addition to implementing good practices in process management.
Keywords: Lean Manufacturing, Value Chain Map, SMED, Preventive
Maintenance.
1. INTRODUCTION
I Currently, the water tank production sector has experienced a significant advancement
in development, with rates above 15%. Companies are therefore constantly seeking to
optimize their production processes in order to comply with delivery times of final
products.
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According to Benjamín (2013), the delivery of products within the estimated time is of
the utmost importance for a manufacturing industry. There are several costs associated
with a late delivery, ranging from fines or payment discounts, to losing customers and
consumption [1].
According to a survey published in 2016 by the Peruvian newspaper El Comercio, 74%
of consumers consider delivery times to be very important. Responsiveness and
delivery speed are two of the most important aspects for customers [2].
In order to meet these expectations, companies’ production plants must maintain a
continuous flow that avoids unscheduled stops. Cottyn (2011) mentions that there are
several ways to sustain a production plant that can work continuously and without
setbacks.
Products should arrive in the best possible conditions and within the times demanded
by the client. However, on certain occasions, difficulties occur on the delivery date,
causing delays. In 2000, the INEI estimated that 36% of manufacturing companies’
products were not delivered in the estimated time. These events bring complaints and
customer dissatisfaction, which negatively affects the reputations of companies.
Analysis, planning, organization and optimization of a continuous flow in company
production are therefore indispensable, since excellence must be achieved through a
process of continuous improvement. Improvement must be addressed throughout all
processes, such as within personnel and efficiency of resources, as well as in the
company’s relationships with clients, employees and with society. These changes can
translate into improvements in delivery service and product quality.
2. STATE OF THE ART
Various authors have provided information on the management of production
processes. These processes play a vital role in competitiveness within the market, since
compliance with product delivery estimations is essential for a manufacturing company.
According to Krajewski and Ritzman (2000) and Maarof and Mahmud (2006), it is
fundamental that companies implement methodologies and alternatives for continuous
improvement with the aim of process optimization and assuming market restrictions.
Continuous improvement does not refer exclusively to product quality, but also to the
relevant processes. In addition, continous development in communication between
managers and employees, especially employees in charge of certain processes, is vital,
since employees are often better able to determine critical points that require
improvement [3] [4].
Womack (2003) and Calloni (2015) mention that the improvement of production
processes should focus on process control, lean manufacturing and preventive
maintenance. This should be considered in any optimization method to solve the
problem of maintaining an optimal production and efficient results regarding quality,
delivery time, increased efficiency and cost reduction [5] [6].
González (2003) and Eti MC et al. (2006) argue that there have been many recent
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studies linked to industry reliability, availability and operational maintainability that
have developed increasingly effective methodologies and analysis projects. The general
objective of implementing theories and practices is acquiring new designs, better
elaborations and foreseeing conditions for optimum operation and maintenance [7] [8].
Hernández (2003) and Dinas (2010) point out that time which effectively generates
added value in the production process is between 0.05% and 5%, and manufacturing
activities represent 33% of the total production time. Likewise, in some companies,
non-aggregated time value can reach up to 65%, which designates a company as
uncompetitive [9] [10].
Melton (2005), Olofsson (2015) and Patrocinio (2015) state that a VSM can provide a
detailed diagnosis, which allows companies to identify the areas with greater degrees
of opportunity for improvement in order to achieve the highest production process
efficiency. Furthermore, only 5% of activities in manufacturing companies generate
value, and 60% add partial value [11] [12] [13].
Cuatrecasas (2006), Rivera (2007) and Hernández (2013) explain that for decades, the
analysis of the failures linked to the processes, has been assigned a special attention
with the need to perform more thorough the operation of them, which influences a
greater economic, ecological and human benefit. Definitions such as security, reliability
and risk have become relavent in process analysis, as they aid in obtaining greater
operational reliability and eliminating economic, ecological and human losses due to
unforeseen stops and serious consequences [14] [15] [16].
Nash and Poling (2008) and Haefner et al. (2014) have managed to determine that VSM
implementation in a company allows for visualization and a better understanding of
processes, since it allows companies to identify values, differentiate losses and form
action plans to optimize production. In addition, it is possible to optimize the product
quality of multiple production processes [17] [18].
Taj S. (2008) affirms that companies that apply lean manufacturing can eliminate losses
in all production processes. Whether manufacturing a product or providing a service,
there are components considered to be "waste". On average, 70% of all available
resources in manufacturing companies are wasted [19].
Lefcovich (2009) and Rajadell (2010) state that the primary goal of a company should
be compliance with product delivery terms. Companies must focus on elimination of
activities that do not add value or anything that makes changes to the final product. This
is not just another strategy that must put into practice, but a process that contributes to
the companies’ ability to respond better to market flexibility [20] [21].
According to Valencia and Plazas (2010) and Arrieta (2011), tools that have been
successful in companies can be met with certain obstacles, among which are the
management of information systems, customer-supplier relations, organizational
culture, job stability and staff turnover. These cases are limited to some industrial
sectors where plastic companies stand out, as well as the use of some tools (with SMED
being the most widely used at 36%) [22] [23].
Rajadell and Sánchez (2011) and Ringena (2014) reaffirm that the improvement of
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manufacturing processes, focused on the elimination of waste and activities that do not
add value to production, leads to instant results in company productivity,
competitiveness and profitability, because it increases the value of each process and
eliminates unnecessary activities. With the elimination or reduction, production costs,
inventories and delivery times increase by 50%. Quality and team efficiency also
improves. Lean manufacturing ratifies that more value should be created for customers
by eliminating activities that are considered waste.
Any activity or process that consumes resources and increases costs or time without
creating value should be eliminated [24] [25].
Tejeda (2011) and Khusaini (2014) comment that these non valuable activities must be
eliminated because almost 60% do not add any value [26] [27].
According to Kumar and Kajal (2015), the best way to provide reliability and high
quality services directly to customers is by meeting the estimated delivery times and
increasing the level of efficiency in production processes, thus gaining the interest of
potential customers. Failure to comply indicates issues in production processes and will
lose customers [28].
Therefore, for a company to function properly, it has to define and manage numerous
activities.
These authors confirm that companies that apply lean manufacturing and preventive
maintenance help eliminate all operations that do not add value to products, reducing
waste, improving operations and above all, meeting final product estimated delivery
times.
Therefore, we have proposed a methodology that can be applied by companies to
eliminate waste in production processes.
3. PROPOSED METHODOLOGY
The proposed methodology consists of analyzing and identifying issues within a
company.
Then, a diagnosis is made of the situations that affect the production processes in order
to determine the root cause of the issue. This can be more easily observed through a
VSM diagram, since it allows an observation of the production process and an easier
understanding of the flow of information that passes through it.
This study focuses on the analysis of cycle times and the identification of waste
throughout the water tank production process. Among the main problems found in these
companies were: lack of preventive machine maintenance, cleaning and excess changes
to the time it takes to set-up.
We then analyze, develop and present improvement proposals to solve company
problems (SMED and Preventive Maintenance). We then validated the improvement
model and analyzed the results of the improvement proposal.
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Figure 1. Proposed methodology for optimizing production processes.
For a diagnosis of production processes and identification of delays in delivery times,
a VSM diagram was created to determine the flow of the value chain, eliminating all
activities that did not add value to the product, which were considered to be waste in
the production process. In addition, this tool allows the visualization of the current
situation regarding materials and information in order to detect improvement
opportunities and apply an optimal model for companies to achieve these
improvements.
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Figure 2. Value Stream Mapping (VSM)
Then, lean manufacturing, SMED and preventive maintenance were proposed in order
to reduce the primary waste identified in the value stream map.
First, SMED was applied, which served to increase asset reliability and reduce set-up
time.
The objective of this proposal was to reduce the time it took to make various products,
without stopping production.

Figure 3. Single-Minute Exchange of Die
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For the implementation of preventive maintenance, a Turtle Diagram, represented by
the SIPOC, was created so that the stream mapping could display which activities
generated added value.
In addition, it displayed sequential steps of the process and defined inputs, outputs,
suppliers and clients, as well as key elements regarding the start and finish of the
process.

Figure 4. Turtle diagram – SIPOC
Finally, Overall Equipment Effectiveness (OEE) was used in order to establish the total
machine efficiency, by enclosing three main parameters under a single index related to
machine activity: Availability, Performance and Quality
Therefore, the OEE metric notifies losses and bottlenecks in the production process and
links financial decisions to the performance of company operations, since it provides
evidence of the effect of any decision on new investments.
Table 1. OEE Template
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Case study
The company under study is dedicated to the production and commercialization of
domestic water tanks. This company began operations in 2000 and is located in Lima,
Peru.
The raw material used is high density polyethylene (HDPE), because it is rigid, prevents
corrosion, resists high temperatures, etc.
The company’s primary issue was delays in the delivery of final products to the client.
Increased delivery times were caused by difficulties in production.
Delays typically lasted up to 2 days after the defined delivery time.
This translated to serious problems, since it caused dissatisfaction in clients.
The maximum delivery time for companies of the same category is 8 days; however,
the company under study typically delivered within 10 days, which rendered them
unable to compete.
To obtain a thorough analysis, a current VSM was performed (See Figure 5). The
primary areas of waste found within the value stream map were identified, since the
purpose was to eliminate those areas, or to at least reduce their impact by establishing
improvements.

Figure 5. Current company VSM
According to figure 5, the Value Added Tax (VAT) was 2 days, while the Lead Time
was 3.82 days, which represents a difference of 1.81 days of excess manufacturing time.
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Problems with each Machine
An analysis of issues throughout the production process was then completed, detailing
the extra time of each critical machine in order to link it to excess hours during the
production process.
Tables 2, 3 and 4 show critical machine problems in production, where most of the
problems are due to breakdowns, interruptions and general cleaning.
Table 2. Rotomold problem delay times
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Table 3. Capping problem delay times
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Tabla 4. Thermofusion problem delay times

After developing the current VSM and identifying delay times for each critical machine,
and with support from the Pareto diagram, we identified which Industrial Engineering
tools could be used to improve the production processes of the company.
Figure 6 identifies the four main problems within the company, which represented 80%
of delay times that did not add value in the production process.
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Figure 6. Total delay times in minutes for each problem.
METHOD OF IMPROVEMENT
Our improvement proposals consisted of 2 solution tools. The first was based on the
concept and principle of lean manufacturing, and the second was based on preventive
maintenance.
SMED
The application of the SMED tool was oriented towards the rotomold set-up process.
This activity was one of the main causes of excessive delay times. According to the
methodology implemented by Barcia Villacreses & Mendoza (200X), the following
steps were performed in the application of SMED.
Step 1:
Step 1 consisted of the formation of a team to implement SMED. The team was
organized for optimal execution, because this step is a fundamental point in the
implementation where the team can be integrated into the tool.
Step 2:
A survey of the current situation of all rotomolding activity was carried out, for which
we:
- filmed during the entire change process
-took time measurements using a digital chronometer
-took measurements of distance traveled by the operator during the process.
Once the necessary information on the processes was obtained, we began to identify
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the activities required when the line was stopped or in operation. See table 5.
Table 5. Rotomold Set-up

Step 3:
Step three consisted of the conversion of internal time to external time. Improvements
were made by converting internal time activities, such as cleaning, tool transport and
waiting, machine adjustment and quality inspection while the machine is running.
A chronological list was created of all activities performed during the time in which the
machine was stopped in order to assess which machines can be optimized.
Step 4:
Step four focused on external times. Technically, this step relied on the qualification of
all tools and materials that make up external activities. These elements had to be
available near the rotomold while the machine was running to save time on
transportation, searching for tools, etc.
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Step 5:

The final step was to minimize internal delay times. This was achieved through the
implementation of three electrical products, as shown in Table 6 where, in addition to
the use of the previous method, improved method and reduction time is detailed.
Table 6. Improvement in internal delay times

Preventive Maintenance
Another implemented improvement was Preventive Maintenance of machines.
Preventive Maintenance is an improvement that is considered to be crucial for company
purposes, expectations, objectives and goals.

Figure 7. SIPOC for Preventive Maintenance
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The company sought to assure that the implementation was communicated and
understood at all levels through training activities and the allocation of required
resources. A correct mapping of the maintenance process was represented by the SIPOC
(See figure 7), which demonstrates the activities that can generate added value.
Step 1: Analysis of Criticality: The analysis of criticality was associated with 4
fundamental aspects: human reliability, process reliability, design reliability and
maintenance reliability. Through this analysis, it was possible to confirm that
rotomolding, cutting and hot melting activities were critical activities.
Step 2: Preventive Maintenance Planning: Consisted of forming the implementation
team. Those put in charge of implementation were company employees, since they
already knew how to operate the machines, and the implementation activity could also
serve as complementary training. Table 8 presents the Preventive Maintenance Plan.
Step 3: Preventive Maintenance Program: Step three established specific dates on which
the machines must be serviced throughout the year. Each machine was scheduled to
receive preventive maintenance on the same dates, according to frequency of failures,
with different actions established for each type of maintenance.
Step 4: Preventive Maintenance execution: The main objective of step 4 was to ensure
that machines were kept in optimum operating conditions, preventing possible
breakdowns and failures, thus leading to the work being performed with the highest
levels of quality and safety in the production plant.
Step 5: Preventive Maintenance Evaluation: Optimal management of preventive
maintenance focused mainly on the effects of deterioration of the industrial equipment.
It was stressed that companies must anticipate possible machine failures.
In order to improve and maintain maintenance management standards, checklists were
created so that consistency and completeness of maintenance activities were ensured.
In addition, procedures were evaluated according to indicators of preventive
maintenance management to measure and evaluate the performance of implementation
in the company for future decision making.
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Table 7. Preventive maintenance plan

SMED Implementation
The implementation of SMED was directed to the Rotomold process.
This was executed in the production plant by the operator in charge of the machine in
the rotomolding process, which was reviewed and approved by the production manager.
After each set-up, the checklist was reviewed, which served to control compliance with
set-up procedure requirements. This operation was carried out by the production
supervisor who performed the coordination and management of set-up during its
execution.
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Preventive Maintenance Implementation
Fundamental points were as follows: Order, initial cleaning, inspection, order of
execution, execution and registration and results.
Stage 1: Initial Cleaning and Order
All areas of the production process were reviewed. The greatest lack of order was found
in the storage of raw materials. Bags containing polyethylene were placed randomly,
thus complicating transportation for the next activity. Figure 5 demonstrates the raw
material sacks that were found in different areas.

Figure 8. Location of raw material sacks before pilot plan
Because of this, the sacks of raw material were placed on pallets to avoid dirt. They
were conditioned in a maximum height of 12 bags as specified by the manufacturer. To
stop the sacks from falling or any other inconveniences, they were wrapped in film
paper as shown in figure 6.

Figure 9. Location of raw material sacks after the pilot plan
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Stage 2: Verification of the facilities of the machines and the maintenance schedule.
The objective was to perform the verifications of all critical machines and to evaluate
the spaces and tools needed to execute the preventive maintenance.
Stage 3: Preventive Maintenance Order.
The operator performed different orders of execution of preventive maintenance for the
machines.
Stage 4: Execution of Preventive Maintenance.
The execution of the preventive maintenance to the machines of high criticality began
in this stage. The proposed procedures for the rotomold, capping and thermofusion were
taken into account.
Stage 5: CheckList and Preventive Maintenance Record.
During the preventive maintenance, total compliance was registered in a file, which
recorded and monitored the time of each activity by the Supervisor.
4. RESULTS
In this section, the results obtained are shown in detail in order to validate the
improvement implemented in the company.
The objective was to increase the OEE of the critical machines (34%, 35% and 40%)
to an OEE greater than 80% for which the SMED and preventive maintenance were
implemented.
RESULTS OF THE SMED IMPLEMENTATION
After the implementation of SMED, we established a significant reduction of the setup time from 29:55 minutes to 11:47 minutes (707 seconds), which represents a 60%
decrease in set-up time.
We took 15 samples of changes in set-up time (See Figure 7) and observed that the
times are within a margin of error of +/- 3 seconds. Thus, it can be concluded that the
reduction of 60% of set-up time was achieved as established in the objectives proposed
for improvement.
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Figure 10. Time Change for Set-Up
Results of the Implementation of Preventive Maintenance
The results obtained from the implementation of preventive maintenance in the
company showed positive results.
The objective was to increase the OEE by more than 80%.
After the implementation, the machines increased their availability and, therefore,
showed an increase in OEE.
Likewise, in table 9, the OEE of all production machines is displayed. It can therefore
be concluded that the implementation of the improvements met the objective set by
exceeding 80%.
Table 8. Current OEE of the Company
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Ecomomic Impact

The data on all production costs incurred for the elaboration of each tank, also known
as operating costs, were collected.
These costs included raw materials and labor, as well as indirect costs of fixed and
variable manufacturing.
In conclusion, there was an increase of 95.95% in Operating Profit after the
implementation of the improvement proposal. This increase is due to the decrease in
the fixed CIF and the increase in units produced in the company.
Finally, with the data obtained, the company's income statement was demonstrated,
which showed that the two results from that year were obtained during the previous
period and the period in the normal operating conditions of the company.
Therefore, each cost must be applied correctly at the beginning of the accounting period
so that the information presented is useful and reliable for decision making.
The state of the results allows an analysis of income, expenses and profits generated by
the company using the improvement proposal, in order for management to make the
best decisions.

Figure 11. Income Statement before the implemented improvements

Figure 12. Income Statement after the implemented improvements
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5. CONCLUSIONS






With the implementation of the improvements in our case study, we demonstrated
that SMED and preventive maintenance are profitable since the operating profit
increased by 95.95%.
Through the implementation of SMED and Preventive Maintenance, lead time was
reduced by 2 days.
The OEE of the rotomold, capping and thermofusion before the implementation of
improvements did not surpass 40%. After the implementation, they increased to
80%.
With SMED, a reduction of 60% in the format change time in the rotational molding
area was achieved, and with the implementation of Preventive Maintenance we
eliminated all unscheduled stops in the company's production plant.
After these improvements were implemented, the delivery time of the final products
was 8 days and as such, the company will remain competitive in the water tank
market.
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