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Abstract. This work shows the potential of the Discrete-Event Simulation -DES- in a software
modeling process applied to business decision making, using a descriptive methodology in a
productive process of a manufacturing plastic bags company. The analysis identified the process
characteristics and built a simulated model in Arena® software. Simulation shown variability in
the process greater than 50% in the cycle time, which negatively affects the economic interests
of the company, impacting opportunities to supply the market risking its position with other
companies in the sector. The method implemented in the present work allows to know the critical
points of the process, evaluate them and project a path to obtain the optimal or most viable
solution, and propose modifications rising up the probability of success of any improvement
plan. This makes any economic investment or locative change a desition-making quantitative
supported.

1. Introduction

Globally, the growing scientific and technological development and Free Trade Agreements (FTA)
changes, allowed the entry of multinational companies to developing countries. This new scenario
generated in some cases absorption of local companies due to a lack of competitive capacity, others
closed, and others remain and undergo the transformation, adapting to the new challenges and demands
of this increasingly competitive environment. This is why improvements should have, besides
technological updates and innovation strategies, but assertive decision making that allows companies to
accelerate their processes to become increasingly competitive. In the case of Colombia, according to [1]
the increase in companies’ productivity, must be one of the fundamental goals of competitiveness and
productive development policies. As can be seen in [2], the manufacturing industry at least in Colombia
can lose ground against other countries industry, showing the necessity to continue advancing in the
strengthening of capacities in innovation and process improvement [3] even more due to events like
gross domestic product (GDP) growing 2.2% in the second quarter of the first period of 2018 [4], which
shows an alerts that should be attended. According to [5], the plastic sector has been negatively impacted
in recent years. This sector has made specific requests to the Colombian government in tax, labor, and
energy matters, due to the fierce competition with multinational companies, which have greater
financial-economic muscle, better technology, and high-performance processes. These caused that the
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national companies have been acquired or absorbed by various multinationals, which makes the
improvement in the productive and logistic systems of the national companies, a pressing need.

It's important to be aware, that companies must make strategic decisions to address the new market
dynamics. This paper shows a case for process improvement decision making data-supported. For this,
the production process of a company dedicated to the manufacture of plastic bags (polypropylene) was
analyzed. Scientific literature shows that the simulation of discrete events (DES) is widely used
quantitative processes in decision making. Works such as those carried out by [6], where a two-level
remanufacturing system is modeled; or the one carried out by [7], which through simulation predicts the
behavior of inputs and outputs of the material to designing a new warehouse. [8] Used simulation of
discrete events to optimize resources in the emergency department in a hospital of the city of Cartagena.
Also [9] used simulation of discrete events to assist supply chain managers in making decisions in the
analysis of the inventory order history information for three different time periods. In accordance with
[10], to carry out the simulation of discrete events it is necessary to perform a series of statistical tests,
to establish confidence intervals so that the similarity between the simulated model and reality is
identifiable.

2. Methodology

This work was developed following a three-phase methodology. The first phase documented the process,
characterizing it and building a database with the results of the process. Second phase designed and
evaluated the plastic bag production process through discrete events simulation, taking as a response
variable the cycle time of three batches of different sizes. The third phase analyses and process the
results for desition making related to raw material supply and resource allocation. An overview of the

methodology is presented in Figure 1.
Validation and
socialization

Documentation Model Design

1

Characterize Evaluation of
Database -
the process alternatives
‘ Literature Search ‘ ‘ Flowcharts ‘ — Elaborate model ‘ Analysis of results ‘
‘ Requirements Identification ‘ ‘ Time and movements study ‘ Run validation ‘ Diwulgation ‘
‘ Knowing the process ‘ Tabulate ‘ Report

‘ Build a Database }—

Figure 1. Applied methodology.

Phase 1 (Documentation) described the manufacturing process of plastic bags, in order to be able to
characterize the process obtaining accurate and direct information from the personnel responsible for
the production. Identifying at the same time the cost parameters for providing the financial analysis that
complements the performance diagnosis. Also, data collected related to the variables and parameters in
a company database helped to incorporate high-quality information into the simulated model. This
information turned in flowcharts and SIPOC (Vendor-Entry-Process-Exit-Client) to perform the detailed
model of the real system, following the methodology of [11].

Phase 2 (Model design) examined the data behavior by means of a series of statistical analyses, to
determine if these present or don't abnormal system behavior. Then performed a heterogeneity test to
check if data was homogeneous or not. In the event that the data is homogeneous, they should be
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represented by an existing probability distribution, and if not, each data set should be modeled
separately. Then, the distribution parameters that should be entered in the simulation model should be
calculated. This phase used a process simulation software for a virtual representation of the plastic bag
manufacturing process.

Phase 3 (Validation and socialization) verify the reliability of the model. During this phase it
performed 10 runs to estimate the size of the computational sample required. Once completed, a
hypothesis testing is performed to determine if the simulated model is statistically equivalent to the
actual manufacturing system. Finally, identified the critical points, bottlenecks or the rows and delays
in each simulated station or process for strategies proposal that give solution to each specific point.

2.1. Case study analize approach

The problem approach selected to this work (Figure 2) was according to the contributions made by
[12, 13]. Researchers selected 9 typical steps to analyze the problem through simulation of discrete
events, described as next:

1. Problem formulation: includes the definition of the problem and set the objectives of the project.
Project planning: includes simulation programming tasks, assignment of roles and
responsibilities.

3. System definition: identification of system components, input data, system processes, results,
and performance measures.

4. Collection and analysis of input data: a collection of original data, use of existing data and

statistical analysis.

Translation model: selection of the appropriate simulation, Software and model construction.

6. Verification & validation: Verification ensures that the model, works as intended and validation,
determines whether the model represents reality.

7. Experimental design: determines which model alternatives will be beneficial to investigate.

Analysis: statistical comparisons between alternatives.

9. Presentation of conclusions and results.

9]

*

Identification of Input analizer Run analysis
the problem

Sampling Model design Results

Validations

Scientific
dissemination

Improvement
proposals

Figure 2. Steps for the development of the simulation model.

3. Case Study
The plastic bag manufacturing process for three types of bags consists of six main stages, namely:
1. Raw material supply process (High-density polyethylene and dyes)
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Raw material processing
Extrusion (4 extruders of equal capacity 50-600 kg are used)
Sealing (1 sealer is used for each type of cut (3))
Coloration (an operator is used for product design)
. Storage and dispatch
To identify the parties involved in this Process, researchers used the SIPOC diagram tool to identified
input providers to the process, and what are the outputs of the process for customers (Figure 3) After
that, the process diagram is carried out (Figure 4).

Raw materials
Production — and — oP —| Plasticbags [— Production
consumables

Order production
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Figure 3. Application of the SIPOC tool
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Figure 4. Diagram of the manufacturing process of plastic bags

The construction of the simulation model took into account the steps shown in the previous section:
problem identification, data collection, model creation, validation, experimentation, and results. The
plastic bag manufacturing process constructed in the Arena® software can be seen in Figure 5. On this,
through statistical analysis determine which of the distributions of known probabilities resembles the
process inputs associated with each activity. Once the distribution is identified and selected, a simulation
of discrete events carried allowed the analysis of the cycle time of manufacturing plastic bags, to infer
over it, and thus propose actions in order to improve the performance of the process.



Expotecnologia 2019 "Research, Innovation and Development in Engineering" IOP Publishing
IOP Conf. Series: Materials Science and Engineering 844 (2020) 012063 doi:10.1088/1757-899X/844/1/012063

INPUT INVENTORIES PROCESS

— - = s .

=) = SETS =

= 5= ]'u PN = s
¢ . ™ T , o H o e

EE-S>-EEES T ===

DELAYS Hi' \—@4 l,‘

@ DEFECTIVE PRODUCTS

=
Product A cycle fime \\J‘
:
Product B cycle time

Product C eyl fime

b.OO S S S S S

Figure 5. Simulation models of the manufacturing process of plastic bags, in Arena® software.
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4. Results and discussions

Once the simulation was carried out, the resources that are critical within the process and the impact on
the cycle times were identified, for example, in the manufacturing, the bottom cut activity has an average
delay of 1.04 hours, while the shortage impacts on average 7.62 hours the cycle time. The results of the
cycle times according to the order types are described below in Table 1:

Table 1. Cycle time by product type
Minimum Maximum

Item Average
value value
Cycle time Product A 34,1263 33,0682 35,1844
Cycle time Product B 24,900 19,495 41,451
Cycle time Product C 10,961 7,267 14,861

At the same time, the statistic report yielded results about used resources in the process
(Figure 6).
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Figure 6. Resource utilization times

Homogeneity of cycle times can be observed in a pie chart shown in Figure 7.
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Figure 7. Percentage of time used for each product.
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A deep homogeneity test is performed in Minitab® software using a box and whisker graph, to clearly
visualize where the average of the data is, and check if the data follows the same sequence.
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Figure 8. Homogeneity Test
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The results are visible in Figure 8 where the high variability of the cycle time of product B is clearly
evidenced, which is why this process should be intervened as soon as possible with the intention of
reducing the cycle time. As can be seen, Discrete Event Simulation —DES in the Arena ® software,
allows complex models analysis, due to its approach to processes with a flowchart type description,
providing at the same time statistics data reports output based on different types of distribution, which
is great for agile validations, [14, 15, 16]. Mixing a tool and techniques as made in the present work,
show how useful is make quantitative process analysis before making any economic investment or
location change into a process. Implementing tools for process analyzes techniques like DES allowed to
make virtual adjustments and reevaluate it in order to find best or optimal strategies or improvement
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actions, that allow processes to generate true value to final clients and achieving productivity goals,
improving company competitiveness, contributing business sustainability.

5. Conclusions

This case study demonstrated that there is the high potential of Discrete Events Simulation -DES-
technique for process improvement decisions, but it should be noted that it is essential to have the
truthful set of input data to make process modeling, which will give robustness to support desition
making. Once this requirement is met, the descriptive methodology proposed in this article can be
followed, using any process modeling tool. In this case study, the Arena® software.

The tool and methodology implemented for DES, allowed to detect in the case study a high variability
in the process greater than 50% in the time cycle, which negatively affects the process performance and
productivity goals of the company, cutting opportunity to supply the local market or compete with other
companies in the sector. Also detected a high variability in the cycle time of one of the three different
product of the process. Other advantages of using this technique were: observe the interactions between
the units of the system, to know the behavior of the process at a certain moment of time, and estimate
the probability of success and the percentage of occupation of the resources involved in the Process.
Other advantages of using this technique are the observation of the interaction between the units of the
System and gather knowledge of the behavior of the process in a certain moment of time.
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