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ABSTRACT 
 
The present research presents the results obtained 
from a practical study regarding the improvement of 
the production process through the application of the 
simulation technique. A 90% reliability and 10% error 
were used for the time-lapse study. For the analysis of 
the production process ProModel® specialized 
software was used in its test version. The results 
obtained in the research were that the simulation 
model behaves similar to the actual production 
process; Likewise, the productivity of the production 
process was 2.33%. 

Keywords: Production process, improvement, 
simulation. 

The macroeconomic environment facing firms is 
increasingly uncertain. At the same time, from the 
point of view of the company itself, it has to face 
greater competition, and relate to customers less and 
less captive with a high degree of information about 
the market. This results in an irreversible decline in 
results and an uncertainty that involves high level
risk. Faced with this situation arises the need to 
manage new instruments to improve the strategic 
planning of companies (Fullana and Urquía, S / A). 
Labarca and Zulia (2007) argue that, at present, in the 
business sector there is a need to be more an
competitive, which forces organizations to analyze 
their processes to obtain a better quality that allows 
them to meet the needs and customer expectations. 
Business competitiveness, in the context of 
globalization, requires organizations to be susta
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in national and international markets to have a more 
efficient and effective administration of the 
productive processes of their financial, human and 
technological resources, among others. Gaither and 
Frazier (2000) point out that the leading organizations 
become more austere and more agile, and increasingly 
rely on their lean, reliable and efficient operation 
which should be managed in the best possible way if 
they are to make sound decisions about the activities 
of production systems. 

The origins of the simulation lie in the theory of 
statistical sampling and analysis of complex 
probabilistic physical systems. The common aspect of 
both is the use of numbers and random samples to 
approximate solutions (Ferreiro, Azcárate and Mallor, 
2011). Facultat d'Informàtica de Barcelona (S / A) 
argues that the origins of the simulation go back to 
World War II when mathematicians, J. V Neumann 
and S. Ulam, had the challenge of solving a complex 
problem related to behavior of the neutrons. 
Experiments based on trial and err
expensive and the problem was too complicated to be 
addressed by analytical techniques. Mosterín (1987) 
argues that the use of a model allows us to elaborate a 
system theory, that is, to adequately describe the 
present functioning of the syste
happened in the past and to predict what will happen 
in that system in the future, having present the 
limitations of the same with respect to the realized or 
represented with the model. The approach they chose 
is based on the use of rand
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probability distributions. The method developed was 
called Monte Carlo Method by the generation of 
random numbers and the game of roulette. 
D'Arthenay (2015) mentions that computer use in 
simulation began with the PACER program in 1966, 
and its increasing use in the simulation of industrial 
processes has been made possible by the development 
of numerical techniques and the use of new languages 
of simulation. 

The process of experimenting with a model is called 
simulation. The process of designing the experiment 
plan to make the best decision is called optimization. 
If the experiment plan is carried out with the sole 
purpose of learning to drive the system, then it is 
called training or training (Tarifa, S / A). Harrington 
and Tumay (1999) point out that the simulation allows 
to experiment with a model of the system to better 
understand the processes, in order to improve the 
activity in the companies. Harrell and Tumay (1995) 
mention that simulation is a means of experimenting 
with a detailed model of a real system to determine 
how the system will respond to changes in its 
structure or environment. Arahal, Berenguel and 
Rodríguez (2006) argue that simulating consists of 
using a model to calculate and provide a certain 
output variable in order to produce similar evolutions 
with identical stimuli. Law and Kelton (2007) indicate 
that, in the general sense, the simulation deals with 
the study of dynamical systems in time. Kelton, 
Sadowski and Sturrock (2008) mention that computer 
simulation refers to methods for studying a wide 
variety of real-world systems models by numerical 
evaluation using software designed to mimic the 
operations or characteristics of the system, often in 
the course of time. Cabrera (2009) cites that the 
simulation is the discipline of the design and fictitious 
representation of real situations, by means of 
mathematical and technological elements in which it 
is experimented through a model that constitutes an 
abstraction of the reality; with the aim of 
understanding the behavior of the system and 
evaluating different types of strategies for its best 
operation. Soto (2010) points out that the simulation 
is the imitation of a dynamic system through a 
computational model. The experimentation on 
computational model, is sought to evaluate the 
operational characteristics of the system (or 
subsystem) that this being represented by the model. 
Experimentation on the model should help the 
understanding of the behavior of the system and in 

this way contribute to the decision making, which 
could lead to improve the performance of the system 
under study. Sánchez, Ceballos and Sánchez (2015) 
mention that the simulation of systems is an 
alternative to know in a correct way the critical points 
that can have the production processes of a company 
and with these model solutions that increase 
efficiency and reduce the times in the different 
activities carried out during the production of an 
article or the provision of a service. Olivas (S / A) 
mentions that process simulation is one of the greatest 
tools of industrial engineering, which is used to 
represent a process through another process that 
makes it much simpler and more understandable. 

Álvarez and García (S / A) mention that simulation is 
becoming a necessary instrument in any area of work. 
Montoya (2007) argues that simulation as a support 
tool within the decision-making process can be used 
for the planning and improvement of different areas 
within the business scope of manufacturing and 
services, such as: 

 Inventory system, 

 Waiting line systems, 

 Manufacturing system, 

 Service industry, 

 Transport and distribution systems 

Prieto (2015) argues that the objectives for which the 
simulation is used: 

 Analyze and study the impact on the overall 
performance of the system of small changes 
made to some of its components. 

 Changes in the organization of a company. 

 Suggest potential improvements in 
performance. 

 Illustrate and facilitate the understanding of 
the results obtained through analytical 
techniques (can also be used with pedagogical 
vision). 

 Experiment with operating conditions that 
could be dangerous or high in the real system. 

Zapata and Lizardi (2013) point out that the use of 
simulation is an optimal and economic means to make 
changes in the actual processes in a maquiladora 
company. Therefore, it can be affirmed that the 
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simulation is fundamental for the construction of 
models used for the optimization of processes. 

At the moment there are different programs that help 
the simulation of processes, among which are: 
QUEST, Flexsim, Arena, Witness, EM-Plant, 
Showflow, Enterprise Dynamics, Simul8, ProModel, 
E-Factory (Martínez, Bernabé, Hormaechea, 
Mínguez, and Ispizua, S / A). García, García, and 
Cárdenas (2006) argue that this commercial software 
is one of the most used in the market, which focuses 
on manufacturing processes of one or several 
products, transformation assembly lines, among 
others. Salazar (S / A) argues that ProModel is a 
magnificent and complete program of simulation of 
industrial processes, since it allows to simulate any 
logistic or manufacturing process, as well as strategic 
situations, and also to simulate the different processes 
of material handling. García, Eguia and Izaguirre 
(2015) mention that the choice of ProModel as a 
Simulation technology tool, has a great advantage 
because it is an interactive graphic software, which 
allows engineering students to adapt easily to their use 
and generation of practices. 

The origins of ProModel go back in the year 1976. 
The plant was Ford Motor Company, which was 
developing a new car model. The challenge was to 
determine the right balance between machine 
capacities, buffering and allocation of resources to 
meet production levels defined for each production 
line. Of course, keeping the minimum cost of 
production. (Harrell, S / A) mentions that this was his 
first experience in computer simulation. At that time, 
simulation models were usually programmed by 
computer programmers in Fortran, a scientific 
programming language. However, there were mainly 
two drawbacks to this approach: (1) the simulation 
studies took too long (up to one or two years to 
program and revise completely, too late to deliver 
useful responses) and (2) programmers were not 
engineers and therefore, they normally had difficulty 
understanding the simulated process and knowing 
what solutions were feasible (Harrell, S / A).  

ProModel® software customers include: Pfizer, 
Lockheed Martin, U.S. Army, TSA, Merck, West 
Point, General Dynamics, Medtronic, Baxter 
BioPharma, Driscoll's. Federal Express, Northrop 
Grumman, Boeing, MIT, U.S. Air Force, Nestlé 
Purina (Pinto, 2013). Trujillo, Vallejo and Becerra 
(2010) used the simulation to model a call center with 

ProModel®, which allows the identification of 
goodness of fit and homogeneity tests in order to 
formulate improvement proposals for system 
productivity. They raised the requirement for new 
staff and identified bottlenecks. Morales, Rojas, 
Hernández, Morales, Rodríguez and Pérez (2013) 
conducted a study with the supply chain model 
developed in ProModel® software, which achieves 
the representation of a supply chain according to the 
structure and behavior require for the experimentation 
of possible improvements with lean manufacturing. 
The parameters of the model subject to variation refer 
to reductions of waste in the process of the chain. 
Taddei, Rodríguez and Ruiz (2013) showed how the 
application of the simulation of systems allows to 
make more efficient the use of the resources, to 
reduce the waiting times and to give better attention, 
in this case to the aspirants to enter the Universidad of 
Sonora. 
 
General objective 
 
Improve the production process by applying the 
simulation technique 
 
Specific objectives 
 
 Understand the contextualization of the topic. 
 Know the existing models to evaluate the 

quality of a production process. 
 Calculate the representative sample using 90% 

reliability. 
 Build the simulation model using specialized 

ProModel® software. 
 Analyze the results obtained from the 

construction of the simulation. 
 Evaluate the results obtained from the 

simulation analysis. 
 
Justification 
 
The project will be carried out in order to make 
known the benefit of using the simulation technique. 
Many companies are unaware of this type of 
technique, which helps not only understand a real 
model or system, but also, the simulation helps to 
make the best decision regarding the performance of a 
model or system. 
 
The project will show a simulation of the production 
process, which will identify the areas of work and the 
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composition of the entire process. You have the 
information required to do the respective a
the manufacturing process as resources, elements, 
manufacturing times and the various activities.
 
Method Description 
 
The study was carried out in 7 stages as shown in figure 1.

Figure 1. Example of methodological steps.

 Conceptualization of the theme. At this stage a bibliographic search of the subject was made, in order to 
better understand the theme. 

 Construction of the model. In this phase the process to be analyzed was observed. In order to better 
understand how the production process is formed, random visits were made in order to better understand the 
study. 

 

 

 

4. Validation of model timings

1. Conceptualization of the theme
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7. Conclusions 
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 Model timing. Once the production process was 
studied, samples of each activity were made. We 
used the formula of Dr. Bolaños (2012), who 
proposes the following formula for an infinite 
sample: 

 

2

2 **

i

qpZ
n   

Where: 
 

n: sample size. 
z: value corresponding to gauss distribution, 90% 
(1,645) was used for the study. 
p: expected prevalence of the parameter to be 
evaluated, if not known (p = 0.5), which increases the 
sample size 
q: 1 - p (if p = 70%, q = 30%) 
  i: error expected to be committed if it is 10%, i = 0.

Figure 3. Example of model timings
 

 Validation of model timings. At this stage it was 
validated whether sixty-eight preliminary samples 
were more than sufficient for the study. All samples 
of each activity of the production process were 
validated, the formula used was as follows:
 

2

2

*














e

Z
n


 

Where: 
 
n: number of samples needed for the study.
Z: value corresponding to the gauss distribution, for 
the investigation Z = 95%, which is equal to 1.96.
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The study indicated that for the investigation of the 
production process, using 90% of reliability and 10% 
of allowed error, 68 observatio
be needed for the investigation.
 
Also, once it is known how many time takers should 
be made for the investigation, it was carried out. 
Figure 3 represents an example of the timing of each 
activity. 
 

 

Figure 3. Example of model timings

At this stage it was 
eight preliminary samples 

were more than sufficient for the study. All samples 
n process were 

validated, the formula used was as follows: 

n: number of samples needed for the study. 
Z: value corresponding to the gauss distribution, for 
the investigation Z = 95%, which is equal to 1.96. 

 
 : standard deviation of the preliminary sample.
i: error expected to be committed in the study. The 
error is set to integer. 
 
It is worth mentioning that, if the result of the formula 
is smaller than the size of the preliminary sample,
study is considered good or sufficient. Otherwise, if 
the number of the formula is greater than the size of 
the preliminary sample, the study is not suffering, 
which means that samples are missing to perform for 
the study to be complete. 
 
The development of the formula for the warehouse 
activity is as follows: 
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The formula developed is as follows: 
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The study indicated that for the investigation of the 
production process, using 90% of reliability and 10% 
of allowed error, 68 observations or time takings will 
be needed for the investigation. 

Also, once it is known how many time takers should 
be made for the investigation, it was carried out. 
Figure 3 represents an example of the timing of each 
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study is considered good or sufficient. Otherwise, if 
the number of the formula is greater than the size of 
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n

 
The study indicated that using 95% reliability, a 5 of 
allowed error and a standard deviation of 0.915 for the 
activity of the warehouse, will be needed 0.1286 
samples, if rounding this number to the greater 
integer, would be a sample of time. Which means that 
with a time-out is more than enough, the preliminary 

Figure 4. Example of model built in ProModel® software.
 

 Analysis of results. Once the model was made in ProModel® software, the results of the production process 
were examined. Figure 5 represents an e
 

Figure 5. Example of the results of the production process
 

Continuing with the analysis of the results, Table 1
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The study indicated that using 95% reliability, a 5 of 
allowed error and a standard deviation of 0.915 for the 
activity of the warehouse, will be needed 0.1286 

rounding this number to the greater 
integer, would be a sample of time. Which means that 

out is more than enough, the preliminary 

study was carried out sixty-eight times, which means 
that those sixty-eight times are enough.
 

 Simulation of the process. In this phase the model 
was built with time in ProModel® specialized 
software in its student version. Figure 4 shows an 
example of the model constructed with specialized 
software. 
 

 

Example of model built in ProModel® software. 

Once the model was made in ProModel® software, the results of the production process 
were examined. Figure 5 represents an example of the results of specialized software. 

Figure 5. Example of the results of the production process
 

Continuing with the analysis of the results, Table 1 represents the indicators of the production process.
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eight times, which means 
eight times are enough. 

In this phase the model 
was built with time in ProModel® specialized 
software in its student version. Figure 4 shows an 
example of the model constructed with specialized 

 
 

Once the model was made in ProModel® software, the results of the production process 

 

represents the indicators of the production process.
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Table 1. Example of the results of the production 
process. 

 
 
 

 

 

Continuing with the analysis of the production 
process, the productivity of the system is calculated: 
 

𝑃𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑣𝑖𝑡𝑦:  
𝑆𝑢𝑐𝑐𝑒𝑠𝑠𝑓𝑢𝑙 𝑝𝑎𝑟𝑡𝑠

Total of  parts
:

25

1070
𝑥100%

= 2.33% 
 
The above formula shows that the productivity of the 
analyzed process is 2.33%, which represents a pauper 
result. The present investigation allows to observe that 
the use of the simulation helps to know the operation 
of a process. 
 
Conclusions 
 
It was possible to improve the production process by 
applying the simulation technique, which shows that 
the general objective was achieved. 
 
Also, it was possible to understand the 
contextualization of the subject and the importance of 
the technique of simulation applied in the processes. 
In addition, it was possible to identify the main 
components and activities of the production process, 
which went from general to specific. 
 
There are different programs specialized in 
simulation, all softwares are good provided you have 
the knowledge and skills to manipulate them. In this 
research, ProModel® software significantly helped 
the understanding and analysis of the production 
process to be studied. 
 
A more comprehensive study is recommended by 
increasing the minimum confidence interval to 95% 
confidence, with this the maximum allowed error will 
be reduced and even more accurate data will be 
obtained. 
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