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Abstract: Advancements in information and communication technologies are encouraging
researches in shared manufacturing systems, especially on current high-competitiveness and
low-resources scenarios. This paper aims to compare productive resources sharing with
traditional manufacturing systems by using a simulation-based optimization model. The model is
based on the One Product Integrated Manufacturing paradigm in which the efficiency optimization
is pursued by designing ad-hoc virtual factories allocating the best resources available on an
existing network. The proposed simulation-based optimization model is capable of identifying the
best production path and plan for different distances between network members. Along with a
better overall efficiency, it is also possible to argue that dedicated virtual factories ease the
identification of problems and allow for improvements without negatively affecting other
resources.

Keywords: Shared manufacturing; One Product Integrated Manufacturing; Virtual enterprises;
Simulation; Optimization.

Resumo: Os avangos em tecnologia de informagédo e comunicagéo tém incentivado a pesquisa
em sistemas de producédo compartilhada, especialmente em cenarios de alta competitividade e
escassez de recursos. Este artigo visa comparar o compartilhamento de recursos produtivos com
sistemas de produgao tradicionais através de um modelo de otimizagdo baseado em simulagao.
O modelo é baseado no sistema One Product Integrated Manufacturing, que busca a otimizagao
da eficiéncia de um produto através da concepgéao de fabricas virtuais formadas pelos melhores
recursos disponiveis na rede. O modelo de otimizagdo baseado em simulagéo proposto é capaz
de identificar a melhor rota e planejamento de produgdo em fungéo das diferentes distancias
entre os parceiros da rede. Além de uma melhor eficiéncia global, também pode ser levantado o
ponto de que fabricas virtuais dedicadas facilitam a identificagdo de problemas e permitem
melhorias pontuais sem afetar negativamente os outros recursos.
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1 Introduction

Small and medium enterprises (SMEs) are usually more agile and flexible than large
businesses, but they lack the competence to dominate all stages of the value chain
(Casarotto & Pires, 2001). A big advantage of large businesses is possessing
conditions to dominate production, logistics, research and development and marketing
stages. The formation of cooperation networks might be a competitive alternative to
SMEs, so that they can compete with larger companies without losing the
characteristics that value them, such as flexibility and agility. Therefore, several
different types of business networks such as clusters have formed, especially in
developed countries (Santos & Varvakis, 1999; Alexanderetal., 2013). These
collaborative production systems and cooperative development environments have
gained importance especially for SMEs with limited resources (Brettel et al., 2014).

Business interaction creates synergies and economic benefits through their shared
access to supplies, distributors, markets, etc. The organization of the network promotes
the development of relationships in which interactions depend on the behavior of
agents (Saraceni et al., 2015). Within a collaborative network, risks can be balanced
and the combined resources can extend the reach of perceived market opportunities.
The network organization multiplies the available capacities without the need for
additional investment. As a result, companies in collaborative networks can adapt to
volatile markets and shorten the product lifecycle with higher agility (Brettel et al.,
2014).

Virtual enterprises are temporary alliances of independent companies that are
supported by computer networks and created to exploit market opportunities though
the exchange costs, risks, resources, skills and competencies (Brettel et al., 2014;
Camarinha-Matos & Afsarmanesh, 2013). While traditional organizations have physical
limitations, virtual organizations are more dynamic and flexible, they can be
reconfigured, optimized, and adapted faster to the continuous changes of the market
(Tang et al., 2002). This research is based on a specific type of virtual enterprise, One
Product Integrated Manufacturing (OPIM). It is a system whose success is based on
advanced information and communication technology and a high degree of trust
between the partners. A major challenge of an OPIM system lies in its complex
application and bureaucratic difficulties, which is why the simulation tools were used in
the decision-making process.

Although we are already in the Information Age, there are still no ideal conditions
for investing in technological innovation in Brazil, especially where the product life cycle
is shorter (Calmanovici, 2011). This, together with the lack of trust between the partners
to exchange information (Brettel et al., 2014; Spekman & Davis, 2016), prevents further
research into shared production. Therefore, this paper aims to solve some problems in
a way that answers the following questions: (i) What are the benefits of using
technological tools to assist decision-making? (ii) What is the best way to plan the route
of the product according to productive resources efficiency? (iii) How can the simulation
be used in the virtual factories development?

This article aims to explore and enrich available knowledge about virtual enterprises
and cooperative production. More specifically, this article seeks to develop a
simulation-optimization model that allows the identification of the most efficient
configuration of a system of shared production based on virtual factories.

The paper follows this structure: The section “literature review” deals with the
concepts of shared production, virtual factories and OPIM. The section “research
methodology” explains how the simulation optimization tool works. In the section
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“simulation-based analysis” simulations of test cases of enterprise networks are
presented. In the first case, customers stochastically select which of the three
competing manufacturers in the same region produces the product. In the latter case,
the three manufacturers share productive resources under the same brand and how
their resources are used is determined by simulation-based optimization. After the
analysis of the process capacity, a study is made on the transportation capacity of the
products between the factories. Finally, the concluding considerations and suggestions
for future work are discussed in the “Conclusion” section.

2 Literature review

According to Putnik & Silva (1995), factories designed to produce several products
are technically less efficient compared to factories dedicated to a single product where
its performance reaches its maximum. Based on this premise, the concept of One
Product Integrated Manufacturing (OPIM), an organizational concept for manufacturing
systems to optimize the manufacture of a particular product, is developed. Itis a recent
idea in relation to other manufacturing systems and examines some characteristics of
extended, agile and virtual enterprises in order to maximize efficiency and production
capacity.

The first chart in Figure 1 shows that performance in a traditional factory varies from
product to product depending on how resources are used. The second chart presents
the proposal of an OPIM system, where each product has its own factory with optimized
performance due to the use of dedicated resources. These dedicated factories are
called “virtual factories” because of their temporary and variable organization (Pithon,
2004).

Virtual Virtual Virtual Virtual
Factory1  Factory2  Factory3 Factory n

100%

80%

60%

40%

% 0%
Product 1 Product2  Product3 Product n Product 1 Product2  Product3 - - Product n

Figure 1. Performance comparison between multiproduct factories and OPIM factories.
Source: Putnik & Silva (1995).

The processes responsible for producing the product can be divided into tasks or
elements that can be reorganized more efficiently. These so-called “primitive
resources”, can be distributed globally in different enterprises and form a network of
enterprises that connects their primitive resources through a technology of data
transmission (Cunha & Putnik, 2006). The set of enterprises and their primitive
resources is called the “domain”. The wider the domain span, the wider the range of
possible solutions for a product, but better decision support technologies in more
complex structures and real time reconfigurations are also needed (Putnik & Silva,
1995). Figure 2 demonstrates the process of selecting the primitive resources of a
domain to form a set of virtual factories, each dedicated to one product - an OPIM
system.
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Figure 2. Primitive resources selection for OPIM systems. Source: Adaptado de Cunha &
Putnik (2006).

Putnik & Silva (1995) states that each primitive resource cell is specialized in one
kind of service - design, planning, management, and manufacturing - and that the OPIM
system output must have the best performance for the product within the set of possible
cells. With the use of information technology, the design, planning and management
functions are independent of the distance between the resources.

Advantages of an OPIM system for enterprises include the dynamic reengineering
of business processes and the strengthening of competitiveness through access to new
resources, services and knowledge of other enterprises within the network, as well as
decentralization and better distribution of the business. Microenterprises and individual
entrepreneurs can benefit from OPIM by integrating into networks of larger companies,
taking advantage of the logistics and production chain to develop even when they're
installed in factories of low investment. Many small businesses dedicated to every
primitive resource of the product can offer lower prices and higher product quality,
competitiveness and flexibility. However, OPIM systems face a number of difficulties,
including legal and economic problems, intellectual property, real-time applications of
technology and information tools, and the transformation of enterprise knowledge
(Putnik & Silva, 1995).

Putnik & Silva (1995) briefly mention the advantages of an OPIM system for
individual entrepreneurs, but they do not clearly mention the advantages for large
companies of having micro entrepreneurs in their network. Smaller companies tend to
focus more on core business, making their activities more efficient. Large companies
do not have the same productive efficiency but compensate with large networks of
relationship and supply chains. The OPIM system proposes to use companies of any
size by integration without physical barriers. Smaller companies have greater efficiency
but find it difficult to produce and distribute the complete product. The largest company
in the network will usually act as the link between the resources and, in return, achieve
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more efficient production and of better quality through cooperation between the
partners involved. If every physical enterprise focuses on the micro-objective of
improving its activities, macro-objective of the virtual enterprise is achieved when the
information circulating through the links between resources is synchronized in real time.

3 Research methodology

Figure 3 below shows how the optimization process of an OPIM model based on
simulation is performed. Once the primitive resources of the three factories have been
identified, the simulation software rearranges these resources by creating a virtual
factory for each product and calculates the service level of the factory. This simulation
process takes only a fraction of a second to complete, and when it is finished, resources
are rearranged in another configuration and a new level of demand fulfillment is
calculated.

1

JiL A
==i==== Extract service level :C
L from reports
Factory1 Factory2 Factory3

ﬂ i
CRICT

Break factories int

reak factories into . Sort sequences by

primitive resources Virtual Virtual Virtual higher service level
Factory 1 Factory 2 Factory 3

] i
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... DE%] -.- > | Simulate new opIm D
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Figure 3. Conceptual procedure of the simulation-based optimization process of a collaborative
manufacture. Source: Authors (2016).

These iterations aim to test all possible configurations of virtual factories before
selecting one of them for actual implementation. The analysis of the outcome reports
identifies important indicators for improvement, such as service level and capacity
utilization of each scenario, as well as some variables that impact the values of these
indicators.

4 Simulation-based analysis

Studying the literature, we see that technological dependence is mentioned in all
research on virtual enterprises. The level of online communication and computer
processing capacity has grown rapidly in recent decades at a rate of 58% per year
(Hilbert & Lopez, 2011), making it easier to simulate a virtual factory in real time within
a broad resource domain and tracking individual products along the process chain
(Brettel et al., 2014), being applied in areas such as transportation, intelligent
manufacturing, aviation, critical infrastructures, etc. (Wang et al., 2015).
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Simulation has been an important ally in the development of Industry 4.0, where
manufacturing and logistics processes are monitored and controlled by computers
through the integration of physical and virtual elements (Lee et al., 2015). Industry 4.0
technological innovations will soon lead to reduced transportation and communication
costs and increased efficiency and productivity throughout the supply chain, opening
new market opportunities. They will create new ways to meet existing needs and break
the old industrial value chain (Schwab, 2016).

The system studied in this paper consists of three factories producing a line of three
products and each product has an end customer and a supplier of raw material, as
shown in Figure 4. Before becoming a finished product, the raw material needs to
undergo three distinct processes that can be carried out in any of the three factories.
All suppliers own their vehicle to transport the raw material to the factories, just as each
factory has a vehicle to transport the finished product to the customer and possibly
semi-finished products between the factories.

Supplier P Manufacturer e——————r  Customer
— il
A
— >
=y -
& il
A
=y ’ >
= el
A
—_—
= :

Figure 4. Conceptual model. Source: Authors (2016).

The relevant factor for the analysis is that one factory has specialties and
competencies different from the others, which means that a specific process can be
more efficient in a given factory or a factory may have more experience in a particular
stage of the manufacture of a product. Collaborative production systems are designed
to exploit partner expertise and maximize productive efficiencies, so the simulation of
systems aims to identify the most efficient way to exploit these resources.

The process simulation also considers the stochastic variables of the system. In this
case, stochasticity is present in the process time of the products, the demand and the
travel time of the vehicles. Even if the time between one order and another is equal to
the average process time of these orders, bottlenecks and idle periods prevent the
production system from being able to meet demand.

In order to test the efficiency of shared production systems, the following two models
will be simulated and compared.
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5 Traditional competitive system

In this model, customers randomly choose a manufacturer who will be responsible
for all three processes in that batch of products. That is, a factory is completely
independent of the others and its main concern is to meet the stochastic demand.

This can be seen as a traditional model where the three manufacturers compete
within the same market and are responsible for manufacturing their entire product mix.
Although they are producing the same products with the same quality, the different
competences of each manufacturer generate different levels of productive efficiency.
There are three suppliers and customers in this example, one for each specific product,
but modeling a supply chain with a larger or smaller number of suppliers and customers
follows the same programming logic. The biggest difference would be the routes that
the vehicles choose would have different distances, impacting on the availability of the
vehicles and, consequently, the capacity of service of the manufacturers. ltis possible
to change the quantity of manufacturers, vehicles and types of products as well,
depending on the needs of the study.

6 Optimized shared production system

The following model has the goal of analyzing the behavior of a cooperative
production system in which the three manufacturers operate under the same brand.
This cooperative model has the same inputs as the traditional competitive model, with
the exception of the production sequence. While in the traditional model the product
follows through the three processes of the factory chosen by the customer, in the
cooperative model the products follow a specific route and can pass through any of the
three manufacturers. This routing seeks to optimize service level, having as restrictions
the capacity of production and transportation of resources.

7 Production data

Production data is added after the virtual model is built. First, the productive
efficiency of the processes for each product and each plant is added, as shown in
Table 1.

Table 1. Average process time of a batch of products in hours.

Product 1 Product 2 Product 3
Process 1 1.10 1.08 1.49
Factory 1 Process 2 0.71 0.70 0.96
Process 3 1.16 1.14 1.56
Process 1 1.98 2.03 1.49
Factory 2 Process 2 0.71 0.73 0.53
Process 3 1.1 1.14 0.83
Process 1 1.98 1.08 1.43
Factory 3 Process 2 1.34 0.73 0.96
Process 3 1.16 0.63 0.83

Source: Authors (2016).
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This paper uses the order fulfillment rate as a function of takt time as a comparison
parameter. Being takt time the available production time divided by the average number
of orders, the attendance rate is the percentage of these orders that are delivered to
the final customer. Therefore, the values in Table 1 are in hours per batch.

The higher the value in the table, the larger the number of batches that can be
processed in that step, so some trends in the values are visible. Process 1 tends to be
faster while Process 2 is the slowest, Factory 1 produces Product 3 with better
efficiency while Factory 3 is more efficient in the manufacture of Product 1, among other
trends.

8 Mathematical modeling

All mathematical operations presented in this subchapter are performed
automatically by the software during the simulation process or are used for analysis of
reports in spreadsheets.

The first step in mathematical modeling is to define the main objective of the model.
In this scenario, the main objective is to maximize the customer service level of the
system, as shown in the Equation 1. Considering the following variables, the
optimization objective is found in the equation below.

p Process;

P Amount of required processes to manufacture the product;

q Product;

Q Amount of distinct products.

Ivg Primitive resource, identification of the factory responsible for carrying out the
product p process q;

R Amount of manufacturers able to carry out product p process q.

n Product units;

z Objective function, overall service level of the system.

D Route;

d Route D lenght;

v Vehicle;

sv Vehicle v speed;

myq Total of times vehicle v completed route D.

Z]QProduct output,
maxz=—g — )
> 7Raw material input,

The count of products entering and exiting the system begins after a warm-up
period, which is a period after the start of the simulation in which the statistics are
deleted. In other words, the initial statistics during the warm-up period are deleted, but
the simulation continues from its current state. This tool is useful for removing atypical
system conditions that occur when no entities are present.

Table 2 is the generic form of the production sequence of the system. In the
theoretical scenario studied during this work, the production sequence table has
3 processes p represented in the rows, 3 products q for the columns and primitive
resources r within each cell with a value of 1 to 3 representing the factory that will be
performed process. Equation 2 generates a unique code for each configuration during
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the simulation-optimization process. This value ranges from #00000 to #19682, which
is the maximum number of possible configurations.

Table 2. Generic model of the production sequence table.

#Sequence Product 1 Product 2 Product 3
Process 1 r11 ri2 ris
Process 2 r21 ra ra3
Process 3 r31 r32 r33

Source: Authors (2016).
PO o

Sequence =33 (r,, — 1) x 3(P=1)+3%(a-1) @)
11

The model uses the takt time of products to define the rate at which entities (batches
of products) are generated in the systemAlthough "demand" is a more common
parameter in the literature, the two terms are directly linked to simple equality, as shown
in Equations 3 and 4. The takt time is the average time that a certain quantity of
products enters the system, while the demand is the average quantity of products
entering the system within a given period. Therefore, in order for the system to meet
100% of the demand, the takt time of a product g must be greater than the cycle time
of all the processes p of the product q.

Takt time = Demand ™" (3)

Takttime, 2 Cycletime, (4)

Equations 5 and 6 represent the two main constraints of the system, which are
production capacity and transport capacity. In order for 100% of the demand to be met,
the sum of the capacities that all plants have to carry out the processes p must be
greater than the total of products q that will perform the processes p times their cycle
time. For all batches of products to be transported without delay, the vehicle carrying
capacity v must be greater than twice the total distance traveled (number of trips times
the distance of the journeys) on the average speed of the vehicle v.

R Y
Y Capacity,, =y n, x Cycletime,, (5)
] 1

D
Capacity, > 2x Y T * < d (6)
I

Sy

9 The problem of production capacity

Table 1 above shows the batch process times in the factories in hours, while the
first column of Figure 5 below shows the takt time in hours per batch. These data are
used as input in the simulation model which, from 1,000 iterations per scenario, has
resulted in the service level for the simulated demand levels.
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As shown in the second column of Figure 5, for the traditional competitive model,
more than 99% of orders from that period are met if the takt time of each product is
2.5 hours per batch. The period used in the simulation was five days, plus an extra
warm-up day.

Costumer service level 100.0%
Takt Time Traditional Optimal

1.00 52.4% 78.3% 87.5%
1.25 65.3% 90.4%

1.50 78.0% 96.4% 75.0%
1.75 87.6% 98.8%

2.00 94 6% 99.5% -
225 97.5% 99.8% .
250 99.1% 100%

1.00 1.25 1.50 1.75 2.00 225 2.50

Takt nme (hours/batch)

Figure 5. Costumer service level as a function of takt time. Source: Authors (2016).

In the shared manufacturing model, an optimization was done using OptQuest, an
add-in to the Simio Simulation software, which manipulates control parameters linked
to the production sequence to identify the best alternative among the thousands of
different scenarios generated.

This simulation-based optimization process identified that the sequence with code
#12285 has the best customer service level for scenarios where all three products have
the same takt time. Sequence #12285 can be seen below in Table 3, while Figure 5
shows the comparison of the traditional three-competitor system against a three-
partner virtual enterprise following production plan #12285.

Table 3. Production sequence #12285.

#12285 Product 1 Product 2 Product 3
Process 1 Factory 1 Factory 3 Factory 2
Process 2 Factory 1 Factory 2 Factory 3
Process 3 Factory 1 Factory 3 Factory 2

Source: Authors (2016).

Since Factory 1 had shorter process time for Product 1 than the other two factories,
optimization looked for sequences that dedicated Factory 1's production capacity to
Product 1. For the other two products, none of the factories had an efficiency of
consistent production in all three processes, it is therefore more advantageous to
transport the semi-finished product to the factory which carries out the next process
more efficiently.

In an OPIM system, each production step (or primitive resource) can be studied as
a subsystem independent of the other resources. Table 4 below shows the average
times in hours that the semi-finished products waited in the machine buffer before being
processed, taken from the simulation report. These waiting times are a consequence
of long process times, previously seen in Table 1, because longer processes tend to
generate bottlenecks in pre-process inventories.
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Table 4. Average waiting time of products in buffer (in hours).

Tradicional Optimal
Process 1 3.09 5.33
Factory 1 Process 2 1.12 2.56
Process 3 2.74 417
Process 1 8.10 7.30
Factory 2 Process 2 0.52 0.36
Process 3 1.07 0.98
Process 1 5.05 4.60
Factory 3 Process 2 1.75 0.47
Process 3 0.84 0.73

Source: Authors (2016).

It is noted that the buffer of Process 1 of Factory 2 is where the products wait the
most until they are processed, because they have longer process times (or in other
words, less productive capacity).

Taking advantage of the ease of the simulation software in testing different
scenarios, a new test was made with a change in the model to reduce the waiting time
before Process 1 of Factory 2. In this test, whose average result of 1,000 iterations is
in Table 5, two entities can perform Process 1 of Factory 2 at the same time, as if a
second machine were acquired, effectively doubling the productive capacity.

Table 5. Average waiting time after increasing Factory 2 Process 1 capacity.

Tradicional Optimal
Process 1 4.1 5.33
Factory 1 Process 2 1.61 2.48
Process 3 3.47 413
Process 1 1.67 1.34
Factory 2 Process 2 1.27 0.42
Process 3 2.06 213
Process 1 6.88 4.63
Factory 3 Process 2 2.28 0.95
Process 3 0.98 0.81

Source: Authors (2016).

Comparing the old results in Table 3 with the results of the capacity improvement in
Table 5, there was a reduction of approximately 80% of the average wait time in the
first Factory 2 process buffer in both the standard scenario and the optimized scenario.
The main difference is that in the default scenario, all other eight processes had an
increase in buffer timeout, whereas in the OPIM system scenario the wait time before
Process 1 of Factory 2 had a significant reduction without changing the size of the
buffers of other processes.

This is a reflection of the independence of dedicated machines. When a bottleneck
is disposed of in a traditional production system, in spite of an overall improvement in
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the capacity to meet demand, there is an increase in the flow of products within the
plant and consequently a greater effort of the other processes to support that flow.

A similar phenomenon observed in this test is the increase in the service level by
type of product, whose data are shown in Table 6 below. In both scenarios, the sum of
the average attendance rate of the three products is approximately 30%, but in the
standard system this increase was divided among the three products, since all the
factories are responsible for the production of all the products. Increasing the capacity
of only one process affects all others.

The opposite is observed in the OPIM system, because as Process 1 of Factory 2
was dedicated to the production of Product 3, the 30% increase in the attendance rate
was concentrated in Product 3.

Table 6. Service level by product type.

Original capacit
Product g i y

Tradicional Optimal
Product 1 52.3% 79.2%
Product 2 51.7% 89.1%
Product 3 52.0% 67.4%
Increased capacity

Product

Tradicional Optimal
Product 1 62.4% 79.7%
Product 2 62.7% 87.2%
Product 3 62.2% 98.1%

Source: Authors (2016).

10 The problem of transportation capacity

From the information of the previous subchapter on the problems of the productive
capacity, we can make some conclusions about the capacity of transport of the
products between plants and the balancing of all operations of the chain.

In some scenarios, it is best to send semi-finished products to be processed in
another factory because of idle vehicles and process overload. Better utilization of the
available capacity of the vehicles alleviates the factory's productive capacity, balancing
the system as a whole.

During previous simulation processes, there was a distance of ten kilometers
between suppliers and factories and between factories and distribution centers for the
customers. The three factories were about five kilometers apart, while the six dedicated
vehicles (one for each supplier and one for each manufacturer) were traveling at an
average speed of sixty kilometers per hour. According to the original definition of
Michael Porter (1990), all partners in the chain are relatively close enough to each other
so that this group can be defined as a cluster.

In order to expand the analysis of the geographic proximity of chain members, a
series of simulations were performed comparing sequence #12285, obtained earlier,
with sequence #10179, shown in Table 7, which follows the same logic of dedicating
primitive resources to the manufacture of products that have the highest efficiency, but
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avoiding to the maximum the transportation of semi-finished products between

manufacturers.

Table 7. Production sequence #10179.

#10179 Product 1 Product 2 Product 3
Process 1 Factory 1 Factory 3 Factory 2
Process 2 Factory 1 Factory 3 Factory 2
Process 3 Factory 1 Factory 3 Factory 2

Source: Authors (2016).

In this analysis a greater than previous transport period was simulated. The results

are based on four parameters:

1. Transport time from factories to suppliers and distribution centers, ranging from

0.2 to 2.0 hours in transit;

2. Transport time between manufacturers, which also vary from 0.2 up to 2.0 hours;

3. Demand for products, which have a takt time ranging from 1.0 to 2.5 hours per lot

for each product;

4. Production plan OPIM, where Product 2 and Product 3 change manufacturer
during sequence #12285, but remain in the same factory during sequence #10179.

According to the results drawn from the reports, it can be concluded that even if a
process is inefficient, the simulation software suggests that the batch should be
manufactured entirely in the same factory if there are not enough vehicles to carry the

transport or its vehicles are overloaded.

With this in mind, it is possible to explore the functionality of this simulation-based
optimization tool to define the maximum distance between plants that compensates for
the transportation of the semi-finished product. For this, it is necessary to study the
simulation reports to identify an equilibrium curve, as exemplified in Figure 6, where
one production plane may be better than the other depending on the position in relation

to the curve.

Transportation time between
manufacturers (hours)

Transportation time between manufacturer
and supplier/costumer (hours)

Production
Plan A

Equilibrium
Curve

Figure 6. Comparison of two production plans as a function of transportation time.
Source: Authors (2016).
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One of the most important indicators of transport performance is the vehicle
utilization rate. Tables 8 and 9 below can be used to compare the OPIM system with
the traditional one and to study the impact of geographical proximity on the model.
The tables show the utilization rate of the six vehicles in the system at a takt time of
1.5 hours per batch of products, with the distance between suppliers and factories
varying from 0.2 to 2.0 hours.

Table 8. Utilization rate of vehicles in an OPIM system.

Length (h) 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8 2.0

Supplier 1 24.4% 42.6% 73.4% 94.4% 98.1% 99.0% 99.3% 99.5% 99.6% 99.7%
Supplier 2 37.9% 504% 723% 93.9% 98.7% 99.7% 99.8% 99.9% 99.9% 100%
Supplier 3 16.8% 41.6% 63.9% 934% 97.3% 983% 99.3% 99.2% 99.5% 99.7%

Manufacturer 1 14.0% 32.2% 57.0% 79.4% 84.3% 86.6% 87.0% 86.5% 857% 85.5%
Manufacturer2 15.0% 34.2% 65.1% 81.6% 87.0% 86.7% 87.5% 859% 86.1% 85.3%
Manufacturer 3 15.5% 38.6% 59.4% 82.7% 856% 87.1% 86.1% 86.5% 84.7% 84.8%

Source: Authors (2016).

Table 9. Utilization rate of vehicles in a traditional system.

Length (h) 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8 2.0

Supplier 1 52.1% 66.4% 86.9% 94.7% 97.7% 98.7% 99.3% 99.5% 99.1% 99.6%
Supplier 2 55.4% 64.2% 853% 93.2% 98.4% 98.8% 99.6% 98.9% 99.2% 99.8%
Supplier 3 55.8% 68.2% 85.8% 93.8% 97.1% 97.9% 98.8% 99.4% 99.6% 99.4%

Manufacturer 1 13.0% 31.2% 50.7% 69.6% 77.2% 759% 788% 76.2% 77.9% 73.0%
Manufacturer2 13.4% 31.6% 49.5% 70.7% 79.8% 79.2% 80.9% 748% 78.4% 79.0%
Manufacturer 3 13.5% 34.8% 58.6% 75.3% 80.2% 83.6% 81.6% 853% 80.5% 83.1%

Source: Authors (2016).

It is noticeable that as the travel time between suppliers and customers approaches
one hour, the capacity of suppliers 'vehicles reaches the limit, consequently limiting the
use of manufacturers' vehicles.

The manufacturers' vehicle utilization rate tends to be higher in OPIM systems, even
if limited by manufacturers, since better productive efficiency requires better transport
performance. The faster the factory finishes production, the less time vehicles need to
wait for a batch of finished products.

After the first analysis of the data, an increase in the capacity of the vehicles was
proposed in order to study the behavior of systems with more efficient transportation.
Figures 7 and 8 show the customer service rate in a model that the vehicles have twice
the capacity of the previous test models.

The takt time used in this model was 2.5 hours per batch. X-axis is the transportation
time between manufacturer and suppliers/customers (in hours) and y-axis is the
transportation time between manufacturers (in hours).
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Figure 7. Customer service level of sequence #12285 considering increased vehicle capacity.
Source: Authors (2016).
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Figure 8. Customer service level of sequence #10179 considering increased vehicle capacity.
Source: Authors (2016).

Analyzing the percentage values from the graphs, it can be noted that up to a certain
point the attendance rate does not have significant differences. The capacity of the
vehicles has a greater impact in scenarios where the distance between the factories is
also greater. This means that, as anticipated, within a certain margin, the production
chain will be limited by production capacity and the simulation software will suggest a
production sequence that prioritizes efficient processes. Outside this margin, where
distances between facilities are higher, the software will suggest a sequence that
avoids transportation between manufacturers.

Figure 9 below is an overlap of Figures 7 and 8 which shows which is the best option
as a function of transport times, forming the equilibrium curve.
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capacity. Source: Authors (2016).

11 Conclusions

The main purpose of process simulation is to acquire knowledge without the need
for empirical analysis and to provide an alternative solution that is more expensive
and/or less accurate tools. This allows the study of highly complex concepts of
application in real systems, such as virtual enterprises that, do not always make
possible to develop a real system for academic research, because it demands a high
degree of cooperation and other requirements of several different companies.

An effective simulation requires a large knowledge base, gained through case
studies, theoretical and analytical publications on the topic under investigation. This
knowledge makes it possible to identify the theoretical gaps that will be the subject of
research with simulation and to serve as input during the computer-aided modelling
process of the system. The richer and more accurate the information, the closer the
behavior of the modelled system is to the real one.

Recently, there have been few original publications on the concept of One Product
Integrated Manufacturing, probably due to the difficulty of implementing the system,
caused by a high level of trust required by the chain members. Over the years, however,
the capacity of data transfer, storage and processing computers will increase
significantly, facilitating the deployment of systems that require extensive real-time
database analysis. Information and documents being transferred in fractions of a
second will eliminate the virtual boundary between different companies.

Among the network's primitive resources, other organizations can be added beyond
material transformation companies, such as financial, education, or local development
support institutions. From an optimization process, parameters such as geographical
position, individual efficiency, degree of cooperation and distance from the partners can
be used to determine which institutions lead to a higher overall efficiency of the system.

In order to examine the potential flexibility of cooperation, the supply chain must be
designed to allow the adjustment of routes and schedules. In order to achieve a very
agile system, inventory levels and lead times within the value chain should be reduced.
To ensure that consumer needs can still be met safely, a high degree of
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synchronization between organizations is required, so information sharing is
indispensable (Brettel et al., 2014).

When comparing the results of the OPIM system with those of the traditional
system, it is found that the improvement in the service level is much more significant in
scenarios with greater delivery difficulties of delivery or demand. But greater assurance
that the orders will be delivered does not necessarily represent lower production costs.
There was no solid inventory reduction and the use of transportation vehicles was
increased, which reduced their availability.

The computer simulation made it easier to identify a problem in the system and to
immediately test a possible correction. The simulation results of the corrected model
showed values that could not be predicted with the same ease with other improvement
tools. However, in order to identify the best solution to a problem, it is necessary to
define which indicators need to be optimized.

The next step in the research is to add financial value to system operations. When
resources are tied to manufacturing costs, new indicators can be identified, and the
system can be optimized compared to other objectives. The simulation would make it
possible to compare the production and transport costs with the costs of delays in
delivery (or missed orders) to identify the most profitable route. The use of simulation
tools can replace old costing methods, as the software can recognize how much
resources each product consumes.

Other elements that can be added to improve the model include scrap and rework
rates, production buffer costs, and management of information flow through a broker.
Improving the fidelity of the computational model relative to the real one increases the
reliability and accuracy of the information, but also requires more computer processing
capacity. It is necessary to find the best ratio between accuracy and available time
before starting a process simulation.

From a theoretical point of view, another opportunity would be a survey to identify
which factors contribute to or hamper the implementation of this system and what
actions are necessary for such an implementation to be possible. It is also possible to
expand the sample of analyzed virtual enterprises, as well as to carry out interviews
and questionnaires with the companies to obtain more data.
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