. CHALMERS

UNIVERSITY OF TECHNOLOGY

Productivity improvement of an industrial production system
using 3D discrete event simulation

Master’s thesis in Production and product development

Kalogiannidis Georgios
Alexander Glacian

Department of Industrial and Material Science

CHALMERS UNIVERSITY OF TECHNOLOGY
Gothenburg, Sweden 2017



ACKNOWLEDGEMENTS:

We would like to express our gratitude to our supervisor Henrik Kihiman. His constant efforts to
review and keep track of the progress of the work, made him capable of providing us with
constructive feedback which led to the very practical results that came up out of the project.

Also, we are exceptionally grateful to our examiner Johan Stahre, who kept track of the
development of the text of the report and in the same time provided essential help for the
completion of the literature part of the thesis project.

Furthermore, we would like to thank Prodtex Ltd, which gave us access to the software tool of
Delmia 3D Experience, as well as access to their databases for using the necessary libraries with
the 3D objects we needed.

Finally and more importantly, we would like to express our infinite gratitude and love to our
families, who supported us all the way through this thesis project, in every possible way.



Productivity improvement of an industrial production system using 3D discrete event simulation
Using 3D simulation to improve Industrial Production Systems

Georgios Kalogiannidis / Glacian Alexander

Department of Industrial and Material Science

Chalmers University of Technology

ABSTRACT:

During the last decades the industrial world has made an irreversible turn towards the digital technologies
in order to find optimal, robust, and trustworthy and in the same time more secure solutions for building
modern production systems with respect to national and global regulation and with respect to social and
environmental sustainability principles too. The new and modern software tools that were provided to the
industry, nowadays have much more extensive capabilities more than just building a robust production
system. They are capable of presenting accurate statistics about the performance of the system and
provides multiple graphic tools to analyze it with the help of many different KPIs. These capabilities are
used to make improvements of the current systems with respect to multiple different aspects. An important
task that the modern simulation software tools are capable of achieving, is to provide solutions for the
improvement of productivity of the existing production systems. So, in this current thesis project, a new
simulation software tool developed by Dassault Systems, namely DELMIA 3D Experience is going to be
used for implementing a 3D representation and simulation of a production system and then use the
software tool to make a productivity improvement suggestions for the system.
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GLOSSARY

MPPEN = Master Program in Production Engineering.

FMS = Flexible Manufacturing System.

MIP = Mixed Integer Programming.

ACO = Ant Colony Optimization.

NSTLBO = Non Dominated Teaching Learning Based Optimization.
PMS = Production Monitoring System.

OEE = Overall Equipment Efficiency.

DES = Discrete Event Simulation.

OTE = Overall Throughput Effectiveness.

OLE = Overall Line Effectiveness.

TQM = Total Quality Management.

TEEP = Total Effective Equipment Productivity.

DBR = Drum Buffer Rope.

TOC = Theory Of Constraints.

MTBF = Main Time Before Failure.

TPS = Toyota Production System.

SMED = Single-Minute Exchange of Die.

IEN = Industrial Engineering Role in Delmia 3D Experience.
MID = Manufactured Item Definition App in Delmia 3D Experience.
PLD = Plan Layout Design App in Delmia 3D Experience.
ED = Equipment Design App in Delmia 3D Experience.
FFS = Factory Flow Simulation.

DMU = Digital Mockup Unit.

PP = Process Planning App in Delmia 3D Experience.
MTTF = Mean Time To Failure.

MTTR = Mean Time To Repair.



1.

INTRODUCTION

1.1 BACKGROUND

In the modern economy of 215 century, the evolution of the digital manufacturing solutions along with
evolution of the computational capabilities of the CPUs of modern computers, has created a new demand
for modern methods for improving the productivity of the shop floor of industrial plants. These new solutions
are expected to be more efficient, accurate and in the same time being capable of reducing the risk of the
investment in production equipment as much as possible. Therefore the trend of using computer simulation
tools for building digital models of real industrial production systems and test their performance offline,
tend to become a dominant method for increasing the productivity of an industrial plant.

1.2 PROBLEM FORMULATION

The 3D discrete event simulation is a brand new method which has been recently introduced in the
industrial sector, and this thesis project intends to dive as deep as possible in the capabilities of this new
tool and investigate what a user can achieve by using this new tool.

As one of the major purposes of using the 3D Discrete Event Simulation is to improve the productivity of
production systems, it is important to investigate what are the alternative methods that are proposed by
the academia for the task of improvement of production systems. After an extensive research in the
scientific literature databases, it was found that there is a lack of a scientific work, which summarizes all
the different methods that are being proposed by academia (or have already been applied to industry).
Also since the purpose of every scientific work is to identify the repercussion of the productivity
improvement to the society, it is very interesting to investigate how the productivity improvements in
industrial plants affects the social sustainability and vice versa.

1.3 PURPOSE

The purpose of this thesis is to investigate and test the capabilities of the 3D simulation software
namely Delmia 3D Experience. In the current work it is made an effort to derive with a
methodology of how to use the different functionalities of the software for the purpose of building
a digital 3D mock up of an industrial production system based on the requirements of the tool
(assigning, assembly, inserting prerequisites etc). Moreover, it is part of the current work to apply
the new and improved capabilities of the software to increase the productivity of an industrial
production system.

Additionally, it was decided that it is important to incorporate a theoretical part in this thesis work
in which an overview of the different methods for productivity improvement proposed from
academia are going to be summarized. This research work can be used as a benchmark, for
future thesis project that wish to investigate the possibility of productivity improvements, by using
an alternative method apart from discrete event simulation. Moreover, as an extension it was
decided to investigated the connection between the increase of productivity improvement of a
production system and the welfare of the entire society in general. This connection in the current
thesis work is defined by investigating the outcomes of increment of industrial output in social



sustainability. Since the term of social sustainability is way too broad, in the following paragraph
is clearly defined which aspects of social sustainability are being investigating in the current
thesis.

1.4 OBJECTIVES

The main objectives of the thesis project is to present how a user can exploit the capabilities of
the 3D discrete simulation for improving the efficiency of industrial plants, based on the guidelines
provided by the relevant scientific literature. Furthermore, it is made an effort to come up with a
methodology of how to use the 3D simulation for building a digital system.

1.5 DELIMITATIONS

As it is quite obvious, the scientific literature research part of this thesis, concerning the increase of
productivity of industrial systems, is extremely broad, therefore it is necessary to set several limitations to
the type of production systems, which are investigated for productivity improvements. Consequently, in
the current thesis work, they were investigated only production systems with constant flow. Types of such
production systems are continuous line flows (such as oil production or milk production, or ingot cast
production) or industrial assembly lines, such as those that are currently used in the automotive and heavy
truck industry. A common characteristic of all those production systems, is that they can easily be
automated. Types of production systems which concern craft production or fixed position production
systems (such as aircraft part production) will not be reviewed in the current thesis work.

As for the aspect of social sustainability, the literature search will be focused primarily on findings
concerning the employment aspects and the beneficial effects of the increase of productivity to the entire
economy of the society.



2. LITERATURE STUDY

For the purpose of investigating all the different methods which are either proposed by academia or have
already been applied successfully in the real industrial world, a thorough investigation of the scientific
literature was mandatory to be executed. In order to execute the literature study, several scientific literature
search engines were used.

2.1 METHODOLOGY

As it was mentioned in the previous paragraph, the relevant research papers that were found and used for
the completion of the research part of the thesis work, were tracked and collected by implementing an
extensive search to the engines of Science Direct, Scopus, Elsevier and Google Scholar, as well as to the
Chalmers Library’s official website.
By using each search engine separately, a number of different combination of keywords was used for the
identification of the proper literature from the vast availability of research work that exists on the web.
The keyword list that was used for searching proposed methods for productivity improvements in industry
is the following:

=  “Productivity” AND “Increase” AND “Methods” AND “Production Systems”

=  “Production Systems” AND “Productivity” AND “Methods”

=  “Productivity Increase” AND “Industry”

*  “Production Systems” AND “Productivity Improvement”

*  “Industry” AND “Simulation” AND “Productivity Improvement”

*  “Production Systems” AND “Simulation” AND “Productivity Improvement”

As for the research literature search results for the influence of increase of productivity in social
sustainability, were identified by using the keyword list:

»  “Productivity Increase” AND “Employment” AND “Industry”

=  “Productivity Increase” AND “Employment Prospects” AND “Industry”

*  “Production Increase” AND “Industrial Sector” AND “Jobs”

=  “Productivity Increase” AND “Employment Satisfaction” AND “Industry”

= “Simulation” AND “Prospects of Employment”

For the proper and efficient management of the scientific literature, the software tool of Mendeley was
used for building the database with the relevant papers that were found and also to implement the citations
of the research work for the final report of the thesis.

2.2 LITERATURE STUDY FOR PRODUCTIVITY IMPROVEMENT METHODS

In the published academic articles, there was found a number of different suggestions for the increase of
productivity for the industrial sector.

In a research work it is proposed as a valid method for increasing the productivity of a certain industrial
plant in Serbia, the collection of production data [1]. More specifically, the monitoring of the production
times of parts was implemented and the data from the relevant times were registered in a database. The



purpose of collection of these data was to find whether several changes in the design of production system
or in the methods and the technological equipment, will have a positive influence to the reduction of the
cycle times of the products, or the family products that the industrial plant was producing. The ultimate
goal was to determine which structures of the production system were the most influential inside the
system, therefore the changes of the system will be focused in these area exclusively. The changes that
were made inside the system were concerning the modification of the working methods (more specifically
the set up times) and the change of the number of operations for the manufacturing process. The final
results after two years of data sampling from the industrial plant showed that the total production or
manufacturing time was reduced considerably by applying these changes.

A second proposal from academia is a simulation methodology for improving the FMS of a steel production
facility [2]. More specifically, the transportation system of the materials inside the system was found deficient
and was in need of optimization in order to increase the overall availability of the system. The transportation
of raw materials inside the system was executed by using trailers. In the simulation model, they were tested
different alternative paths in order to minimize the waiting time of materials along with the number of pieces
in the queue. In the current paper it was highlighted that the use of simulation has become available due to
the evolution and the availability of strong processors with very large RAM capacity which are able to support
the execution of several number of different alternatives for the design of the system. Before the execution
of a simulation method, it is important several conditions to be met. These conditions are the followings:

Understanding of the system.

Determine the level of the simulation.

Gather the necessary data for the execution of the simulation.
Construction of the base model.

Appropriate method for analyzing the results.

ohwhpRE

In the conclusion of the current research work, it was clearly mentioned that the use of the simulation
method as a tool for improvement of production systems, has been proved beneficial for providing very
efficient solutions in a relatively small amount of time.

An additional proposal is the use of MIP as a solution to the problem of appearance of unwanted and
unpredictable deviations in the production delivery times due to changes of several variables inside the
production process [3]. These deviations create instability inside the system which are defined as
nervousness and they are coming from several minor changes inside the production system. In the current
research the scope was to determine whether or not the minimization of these instabilities have a certain
influence to the cost of the production and to the productivity of the system in overall. Moreover, it was
feasible to examine whether or not the decision making was able to become more flexible. The outcome of
the research was that the minimization of the nervousness of the system did not have a major effect in the
system cost and the decision making can become even more flexible in terms of scheduling of the
production.

Furthermore, an alternative suggestion is the use of discrete event simulation software tools to investigate
the effects of lean production concepts [4]. The goal of the research work was to investigate which were
the benefits in terms of productivity increase inside the production system. Moreover, with the discrete
event simulation tool in hand, it was manageable to investigate the effects of automation insertion and
expose which were the benefits in the overall productivity inside the system.
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Moreover, in another research paper the authors were investigating the effects of a two sided parallel type
assembly line in the overall productivity [5]. For determining the exact number of workstations, a certain
evolutionary algorithm was used, known as Ant Colony Optimization algorithm. The objective of the current
research application was double. It was made an effort to minimize the number of work stations and in the
same time tried to minimize the cycle time of each station respectively. With this effort, a managerial
solution which was capable of increasing the productivity and in the same time decreased the cost of the
line construction was tried to be produced. This optimal trade-off was strived to be achieved by using the
ACO.

By diving even deeper to the literature, it was found another research work which provided a theoretical
concept of how can the productivity be improved through the change of the standardized method of work
[6]. The proposal of the current research was to use the concepts of the ideal state which needs to be set
as goal to every production line and then by having a full understanding of the current state, the working
standard is modified accordingly so it would lead to the ideal state. As a model, the authors presented the
use of the concepts by the Toyota company. Unfortunately, the authors mentioned in the conclusion that
there is still a large gap between the practical applications and the theoretical conceptual model that it was
proposed.

Another suggestion was, the use of an algorithm namely NSTLBO to solve a multi-objective optimization
scheduling problem for three different machining processes as an alternative for productivity increase,
product quality and reduction of production cost [7]. The driving force for the industrial environment to
apply this method was primarily the strict governmental regulations which have forced the industrial world
to reduce the environmental footprint and specifically the energy consumption of the plants. The objective
of the current research work was to investigate if this solution leads to maximum utilization of the
production equipment that it is available. One major problem that it was exposed in the paper was the
difficulty to determine which production parameters are the most important for translating them into
objectives for the optimization problem. In the conclusion it was mentioned that the current optimization
algorithm has notable better performance in the optimization of the parameters in comparison to those
algorithms that they were used and also tested in the past. Examples of the other algorithms that were
tested are GA, NSGA-Il, PSO and MOTLBO.

Additionally, another research paper proposed a method for improving the productivity of a system the
detection of the bottlenecks - productivity constraints with the use of an algorithm [8]. The current algorithm
was developed in order to detect the bottlenecks inside a real production system. The scope of this
research is to provide a tool in order to facilitate the decision making in maintenance and production
decisions based on real time data. In the conclusion section of the research work it was mentioned that
the main advantage of the current method in comparison with the simulation solutions, was that it was not
required any special skills for building a digital simulation model in order to see what will happen and make
an efficient decision making for maintenance and production issues.

Another approach derived from the literature to increase the productivity of manufacturing systems was
through production monitoring systems according to Shiva et al. (2017). In the article the authors have
used a problem-solving time production monitoring system (PMS) i.e. real time PMS at a pen
manufacturing company to control the consumption of raw materials for the purpose of avoiding
overconsumption phenomena inside the system. More precisely, it was mentioned that the consumption
of the material inside the system was dependent from five particular parameters. These parameters were
the processing temperature of the ink, the injection speed, the injection pressure, the injection time and
finally the cooling time. It is declared inside the current scientific work that the proper setting of the
parameters can lead to considerable reduction of overconsumption and thus improving also the
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productivity of the overall system. One application of the before mentioned method of PMS was capable
of reducing the cost of consumption by 58% which in turn led to productivity improvement for the entire
process. In conclusion, the article states that the application of the PMS in a production system, will
positively contribute to the enhancement of the overall productivity [9].

2.3 LITERATURE STUDY FOR EFFECTS IN SOCIAL SUSTAINABILITY

An integral part of the literature study was the investigation of the effects of increasing productivity (or
efficiency) in industry to the economy of the entire society. After an extensive and thorough investigation
of the available scientific literature, it was found a research paper which tried to provide an answer to the
important research question of whether or not the increase of employment in industry is positively
correlated with the increase in the levels of productivity [10]. This question is of paramount importance for
the scope of this thesis and for the society in general, as it exposes a major reason why the society needs
to constantly try to increase the levels of productivity by using all the means that they are available. After
an extensive research to the data acquired from multiple sectors of the economy including agricultural,
mining, industrial and fishing sector, for the period of 1880 until 1930, it was found that there is a positive
correlation in the increase of employment during these years. It is important also to mention that at that
time, several other professions that are complementary to the industrial production such as transportation,
clerical occupation and professional accounting services had increased their level of employment by six
or even seven times more comparing with the initial one they had. Also the public sector had been grown
due to the increased levels of productivity in industry. Also from the increased production output and
efficiency of the equipment in agriculture, it was observed the trend of shifting manpower from agriculture
to production shop floor where the manpower was doubled.

Another recent published research work provides results which support the previous study’s results. More
precisely, the scope of this research study was to present whether or not the results of incorporation of
environmental and social sustainability aspects in the corporate strategy, improves the financial
performance of the organization both in short and in long term [11]. In the conclusion of the research work
it is stated that the improvement of social sustainability of the working environment brings beneficial results
to the increase of productivity inside the organization.

Moreover, in the literature it was found an additional research work from the field of ergonomics. In this
work, a number of ergonomic improvements have been applied to industrial production systems and they
have been proved to bring a notable and in the same time positive impact in the increase of productivity
of the systems in which they were applied to. In the conclusion, it is exposed a positive affiliation of the
productivity improvement through the ergonomic improvements inside those systems with the economic
survival and expansion of the organization in overall [12].

Quite similar results were found to an article which was dedicated to the results of changes in the industrial
world. More specifically, the article uses as example the changes of BMW company. The car manufacturer
applied several major ergonomic improvements to the working environment of the shop floor by investing
a considerable amount of money to the respective changes. This investment finally paid back in terms of
improvement in productivity and lower rate of absenteeism. It is very interesting to highlight that the
relatively high average age of the employees combined with the poor engineering design of the tasks have
led to extremely heavy physical load of the employees which probably was the reason of the high levels
of absenteeism. The current project was implemented by the contribution of team leaders supported by
their respective managers and technical experts and managed to achieve considerable results in
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productivity improvement. In total number 70 changes were able to bring improvement of productivity by
7% [13].

By stretching even further the literature search in the current field, an academic article was found. This
article contains a research work in which an investigation reveals a correlation between the productivity
changes in the industrial sector and its macro - economic effects. The research that was made in the article
focuses on the changes in employment rate regarding with changes in productivity growth in the industrial
sector for a certain period of time. The quantitative results which were needed for the completion of the
research work were collected by using a sampling from industrial plants located in several developing
countries. The results have indicated that the industrial production performance is directly related with the
overall welfare of the society. More specifically, productivity improvements in industrial plants have led to
beneficial results to the economy in overall and vice versa [14].

2.4 DISCUSSION OF THE RESULTS FROM LITERATURE STUDY

2.4.1 OVERVIEW OF THE METHODS FOR PRODUCTIVITY IMPROVEMENTS

As it is clear from the results of the literature study, the dominant methodologies that are proposed by the
academia for improving the productivity of industrial shop floors are the use of algorithmic methodologies
along with simulation methods. Less popular appears to be the use of analytical mathematical methods
derived from operational research, probably due to the fact that these methods are extremely complicated
and computational demanding. Moreover, the theoretical concepts of improving the productivity of the plant
by applying lean theoretical concepts, doesn’t seem to have much success to the industrial world yet.

2.4.2 HOW DISCRETE EVENT SIMULATION HAS BEEN APPLIED

The simulation methodologies that were found in the literature were proved as extremely useful and
efficient tools for detecting the most important parameters that need to be changed inside the production
shop floor for increasing the productivity of the plant. This was made possible due to the capability of the
software tool to run alternative scenarios with different values of several parameters and compute easily
and effectively the results in productivity. The most important barrier for the use of simulation methods in
practice is to find individuals with specialized knowledge of how the simulation methods are being applied.
Also it is important for these individuals to possess the necessary skills for applying this knowledge for
building the digital models of the systems and extract the information which are used to monitor the
changes inside the system.

2.4.3 INCREASE OF PRODUCTIVITY AND SOCIAL SUSTAINABILITY

As it is also mentioned in the results of the literature study, the increase of productivity of the industrial
plants is of paramount importance for the economy of a nation in overall. Apart from the obvious gains of
organizations who owns the production equipment and facilities, the society in overall benefits from the
increase of productivity as it has proved to have a positive correlation with the increase of employment.
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This fact explains also the current trend of the industry to use digital simulation solutions as a mean to
increase the productivity in the production facilities. Also, it clarifies why big industrial organizations
investigate large amounts of money to obtain licenses for these software tools and there is a demand for
people with knowledge and skills to use these new tools.
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3. PRODUCTION SYSTEMS

3.1 PRODUCTION SYSTEM CONCEPT

At this point, since the major part of the work of the thesis is related to the creation and development of
production systems, a definition of the concept of production system would be extremely useful from the
reader’s point of view.

According to the definition of a production system, given by (Bellgran & Safsten, 2010) a production system
can be defined as “a process of creating goods and/or services through a combination of material, work,
and capital. Production can be anything from production of consumer goods, service production in a
consultancy company, music or energy production”[12]. Inside the current literature it is also mentioned
that the production system in most of the times is considered the same as the manufacturing system.

Another definition from the scientific literature for the production systems defines the production system
as “a process that transforms resources into useful products or services”.

More definitions which were found in the same literature for production system was considered as a
transformation system where input (raw materials) are converted to output (product) through processes
[12]. An example of transforming raw material to end products is machining and assembly processes in a
production. Bellgran et al. (2010) mentions in the book that output from particular system may also be
input to another system within the same production system. Production systems can be classified into
systems perspective in order to realize the complexity for development of production systems. A production
system typically consists of personnel, equipment and method where these components in combinations
forms processes and resources to create product and services [12]. The three-different perspective of a
production system given by the same literature are:

¢ Functional Perspective: System is transformation of processes, where input is converted
to output.

e Structural Perspective: System where relation between different elements are defined

e Hierarchical Perspective: System is considered to be sub system of larger system [12].

The structure of production system has passed through several evolution stages throughout the years.
The first form of a production system was constituted by only materials which were passing through several
process (mostly crafts) in order to take the final form of a consumer product. The second form of production
systems was the organization of resources, personnel and machines in a certain manner to carry out
efficient production of consumer goods [12].

With the first industrial revolution which dates to 18" century it first began the organization of production
in factories. During this period the production systems were consisted by simple machines that were using
steam/water as the main power source to run the machines for the production process. The notable
inventions that have been made towards the development of production system to the current form, were
the steam engines, the use of machine tools and the development of equipment’s in textile industry [12].

By the second industrial revolutions which took place during the period of 1900 — 1950 the consumer
behavior changed radically. In order to satisfy the new customer needs, industries developed production
systems in the form of being able to produce consumer goods in large guantities. Electricity was the main
source which used to operate the production’s system equipment in manufacturing plants. A characteristic
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example of such a production system was none other than Henry Ford’s car manufacturer. This system’s
characteristics were the efficiency and accuracy of production in terms of electric power generation [12].

The 3" industrial revolution during which dated from 1950 — 2000 was characterized by the integration of
electronic systems to the function of production system. This shift can be explained due to a change in
consumer behavior where the demand has transformed in mass customization of products. The form of a
modern production system of this era is the one which utilizes computer management system for the
maintenance of production system.

During the last decades, production systems are continuing to be developed and change form. This change
in form is primarily based in technological trends. The most notable example is Germany’s effort to
increase the manufacturing capacity with the advanced development of production system which is defined
as the 4" industrial revolution or alternatively is widely known as “Industrie 4.0”. Internet of things (loT)
has made significant impact in the development of production system [15].

3.2 PRODUCTIVITY OF A PRODUCTION SYSTEM

At this point it is very meaningful to set a definition as it is existed in the literature of what exactly the
productivity is. In the research work of (Bellgran & Safsten, 2010), the productivity is defined as “an
absolute measure, stating the relation between what is achieved in production and the efforts required in
achieving this” [12]. In the same literature a mathematical formula that defines productivity is the following:

Productivity = (Output) /(Input)[12].

In many cases inside the literature the definition of productivity tends to coincide with the efficiency of a
production system.

As it is mentioned inside the scientific literature (Bellgran & Safsten, 2010), the productivity improvement
of a production system, is the second major step for the development of a production system[12].

A more thorough definition of productivity was also found in scientific literature of production systems. In
this research publication the author proposes an alternative definition of productivity other than as output
over input. The companies measuring productivity will define the output and input based on the type of
application that must be measured. In the article the author suggests that at all levels productivity can be
improved through better methods, increased performance and utilization, which he expresses in the form
of equation below:

Productivity = Method (M) x Performance (P) x Utilization (U)

The term method refers to the intended productivity rate, the term of performance refers to the speed
through which operations can be carried out in relation to ideal cycle time and the term of utilization refers
to the actual time spent in relation to the total planned time. By having accurately defined these three
factors, one can measure the current productivity derived from the existing operations and by improving
the same factors an increased productivity can be reached for operations in production system. [16]

Another more simplified definition of productivity that has found in the literature is the following. Productivity
is usually defined as output over input[13].

At national level, the productivity can be defined as the gross domestic product per working hour[13].
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As an extension to this part, it was considered useful to proceed a little further to the metrics of productivity
of a production system. A research work in the current field highlights the need for creating advanced
productivity metrics that are able to measure various parameters in production, and to help companies
improve and optimize the productivity in order to stay competitive in the market. In this research a dynamic
performance of a manufacturing system was analyzed using simulation analysis. At this point it is stated
that simulation analysis is the most reliable method which is able to produce accurate and reliable results
for such a study. The authors of the article have developed effective metrics that helps to calculate and
analyze, the equipment and system’s productivity for complex manufacturing system. These developed
metrics are: the overall equipment effectiveness (OEE) and the overall throughput effectiveness (OTE) for
meticulous quantitative measure of the equipment and system’s productivity. These measurements have
application in complex manufacturing systems. Those KPIs were integrated to a simulation software called
ProModel as built-in functions in the software to facilitate the study of equipment and system productivity
for analyzing the productivity improvement opportunities. The same software tool was also utilized for the
analysis of the real-world case study where simulation analysis was carried out. Concluding, these KPIs
are capable of providing an effective tool to industrial organizations for improving their manufacturing
effectiveness in the respective production activities. Significantly this research study has given out virtual
approach to represent the factory level productivity and look for productivity improvement opportunities
[17].

Another tool for the measurement of the productivity was found in the research literature. The method of
overall line effectiveness (OLE) in a continuous production process manufacturing system will help
companies find potential productivity improvement areas. Nachiappan et al. (2005) developed a framework
to model a manufacturing systems where ‘n’ number machines in series are present. A research study
was carried out and it was based on a computer simulation analysis to evaluate the OLE for a production
line manufacturing systems. A method like the one that was used can help companies to detect the
bottleneck machines and to identify as accurate as possible the potential productivity improvement areas.
The combined use of OLE with computer simulation analysis is more useful for a world class manufacturing
companies to study their production processes. With these tools they identify inefficiencies in their
processes and in the same time they obtain useful insights of their processes improvement capabilities
and therefore to increase the productivity in their respective manufacturing system [18].

3.3 PROPOSED METHODS FOR INCREASING PRODUCTIVITY

In the existing literature for the production systems, was identified many strategies for increasing the
productivity of an industrial production system.

One proposed method is the elimination of the disturbances inside the system as a valid strategy for
improving the productivity of a plant [19]. As disturbances inside the system can be perceived any
unpredictable interruption during the execution of the production process. One major disturbance is the
failure of the production equipment such as failure of CNC machines, Robotic equipment etc.

Another proposed strategy for the improvement of efficiency of the industrial units is the elimination of the
defects of the products from the design phase [19]. As defects, it is reasonable to define any property of
the product that it is not align with the product specifications as they were defined by the customer demand.

As a feasible proposal from academic research work for the increase of productivity is also the increase
of automation level inside the production units [20] [21]. With this way, it was recorded a productivity
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increase by ten times, in comparison with the method which utilizes manual work. Furthermore, an
additional strategy for the improvement of productivity is the detection of the bottleneck part of the
production flow [20]. The reduction of the scrap rate and the reduction of the rejection rate from the
customer are several other strategies that can be used to increase considerably the productivity rate of an
industrial plant [20].

Moreover, from another aspect, the productivity inside a production plant is also affected greatly by the
psychosocial environment of the shop floor, as they have a large impact on the motivation and engagement
of the employee with his/her task [20]. Therefore, another proposed strategy for the increase of productivity
is the improvement of the ergonomics [20] of the workplace and the balancing of the workload between
the operators in the workplace. Additionally, the improvement of the working standard itself, for utilizing
better the capacity of the technological equipment that it is available [20].

From the psychological perspective of the employees, a research proposes as a strategy for the increase
of productivity, the increase of motivation of the employees with awards [22].

Alternatively, another strategical proposal for the increase of productivity from the scientific literature
focuses on the existing capacity of the industrial plants and more precisely on the utilization of the existing
machinery and staff[16]. In the same research study the focus is shifted to the indoor of the industrial shop
floor of an organization and more precisely to the staff and machinery. It is stated that a tremendous
increase to the levels of productivity are feasible to be achieved only by improving the skill of the existing
staff in order to follow the standard of work more accurately. The previous can be translated as faster pace
of work of the labour and accurate conformity to the standard.

From the same study, the second area of focus for the productivity improvement strategy is the utilization
of the machinery [23]. By increasing the capacity of the machinery, meaning to make the equipment
capable of handling larger parts of the production, the productivity can also be raised dramatically. This
second option has one major drawback and this is the fact, the production process is made vulnerable to
disturbances.

In the literature it was also found as a viable strategy for the increase of productivity, the composition of a
team of production engineers inside the production system, whose responsibilities will be improvements
in the system and securing the production flow as well [24].

The implementation of lean strategies like 5S inside the industrial manufacturing cells, has been found as
another strategy for the improvement of productivity of production systems [25].

More suggestions from the scientific literature for applied strategies of productivity improvement in
manufacturing systems are the detection of shifting bottleneck machine [26].

Several theoretical strategies proposed by academia for productivity improvement have been identified in
the literature such as TQM [27]. More information about this kind of strategies, are available to the reader
from the respective literature.

By diving even deeper in the scientific literature it was found an article that presents several practical
strategies for increasing the capacity and thus improving the productivity of the production systems of
industrial organizations. The authors have developed 25 practical strategies for industrial companies to
apply and improve the capacity of the industrial systems with the end goal of increasing the overall
productivity of the system. The set of strategies were developed by using well established methodologies
such as Theory of Constraints, Lean Manufacturing and Total Predictive Maintenance. When these
strategies are applied they lead to increase of capacity and to productivity improvements as well, by

18



condition the constraints are existed within the factory’s boundaries. In the article it is also suggested that
these particular strategies can be utilized by industrial companies which produce manufacturing products
independently of the order in which they are produced. Those strategies can be used also independently
or in combination. Briefly the 25 strategies that are proposed by the current literature are presented below
[28]:

1. Strategy 1: Eliminate all periods of time lost in the bottleneck. This means that an hour lost
on bottleneck is an hour lost in the whole system and being bottleneck should operate 24
hours a day.

2. Strategy 2: Improved processing times per unit. Perform continuous improvement actions
in the working methods and the optimum use of the potential of the equipment.

3. Strategy 3: Deliver improvements in the power system engineer. The goal should be to
synchronize the timing of food resources with the speed of processing of the resource
itself, seeking continuous system flow.

4. Strategy 4: Improve the quality control system. The initiatives should ensure that there is
no defective part is processed in the bottleneck, which can be obtained by adopting a
100% inspection immediately before the bottleneck.

5. Strategy 5: Making the contracting out or outsourcing of work from the bottleneck. In other
words, implies subcontract or outsource part of production that was previously done by its
bottleneck resource in order to purchase additional capacity.

6. Strategy 6: Buy additional capacity. You can obtain the following ways: buying new
machine, hiring new workers to the bottleneck, using overtime for workers in the bottleneck
or adding shifts to production.

7. Strategy 7: Relocation of the operations previously performed in the neck for other non-
bottleneck machines that are operating with a surplus of capacity. The goal at this point is
to divide the operation of the bottleneck in smaller sub-operations and redistribute them.

8. Strategy 8: Make improvements in the maintenance of machine bottleneck and critical
system resources. The objective of improving the maintenance of machine bottleneck is
to increase the coefficient of utilization (TEEP) and the availability of the critical resources
in manufacturing.

9. Strategy 9: Conduct analysis and layout changes. At this point, it is suggested to apply
the concepts of lean thinking mobile layout and simulate scenarios proposed using the
technique of computer simulation to aid in decision making, apart from the results of the
simulation.

10. Strategy 10: Implement the algorithm Drum-Buffer-Rope (DBR) system. The use of the
DBR aims to operate on the factory floor to the five steps of process improvement of TOC,
synchronizes the system from the bottleneck and protects the capacity of the bottleneck
using the buffer immediately prior to the drum.
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11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Strategy 11: Raise the TEEP of the resource bottleneck. His discussion is central to the
capacity calculation because it determines the theoretical and not practical capacity of the
equipment.

Strategy 12: Increase the availability (A) of the resource bottleneck. This strategy can be
implemented as follows: MTBF raising and reducing the MTTR of the equipment.

Strategy 13: Oriented approach to product development. The concept here is to develop
new products or components that would not overload of the factory but instead, aiming to
exploit the gaps in the capacity of non-bottleneck resources.

Strategy 14: Modify existing products or components in order to reduce the processing
time on bottleneck resource factory. Joint action between the area of Process Engineering
and Product Engineering Company seeking to modify the concept of products focusing on
the bottleneck; tend to generate good which alter.

Strategy 15: Conduct analysis and improvement of the bottleneck applying the
subsystems and techniques of TPS. These suggestions, which are extremely popular in
the scientific literature of production systems denote: Zero Defects, Standard Operation,
SMED (Single-Minute Exchange of Die), Flow Synchronization and Continuous
Improvement are good improvement strategies. The goal is to extend the TOC, the
benefits that Lean approaches provide.

Strategy 16: Conduct analysis of restriction from seven losses in the TPS. The
combination of the elimination of seven losses in the operation can generate earnings
capacity in the bottleneck. It is recommended that this analysis is made by a
multidisciplinary group involving the operators of the processes analyzed.

Strategy 17: Conduct analysis of improvement in the ergonomic point of view of the
operation. Time and motion study, derived from scientific management are recommended.

Strategy 18: Make improvements in the production system in overall. In this case indicates
the application of the principles of synchronous manufacturing, based on the five focusing
steps of TOC.

Strategy 19: Evaluate the application of first principle of TOC that says to not focus in the
balancing of the capacities instead change focus to the synchronization of the flow.

Strategy 20: Evaluate the application of second principle TOC that says, the Value of the
marginal time in the bottleneck resource is equal to the rate of profit of the products
processed for the bottleneck. That is, one hour earns in the bottleneck represents one
hour earns all in the system.

Strategy 21: Apply the third principle TOC that says the marginal value of time in a

resource bottleneck is not negligible. So, the focus of improvement actions must be
directed towards the restrictions of the system.
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22.

23.

24.

25.

Strategy 22: To consider the fourth principle of TOC which states that the level of use of
a resource is not controlled by the restriction of the system. In principle, the idea is that
the decision on the use of non-bottleneck must be made by analyzing the resource
bottleneck.

Strategy 23: Apply the fifth principle of TOC which states that the resources must be used
and not only activated. The use concept mentions the activation of resources that
contribute positively to the performance of the company that is generating profits for the
Company.

Strategy 24: Apply the sixth principle of TPS which states that the transferences of
products inside the system do not need to be, and many times must not be, equal to the
total processes. The fewer transferences of the products in the manufacturing system
present considerable advantages in production process such as: it helps to keep the
synchronization of the production, it reduces the total amount of time of crossing of the
products and also it helps to identify more quickly the defects of product quality or
intermediate parts.

Strategy 25: Apply the seventh principle that says the process batch should be variable.
The process batch should be variable along with the route of the manufacturing activities
over time. It is reasonable to assume that the number of processes can vary throughout
the route of manufacturing activities due to the impact of the statistical fluctuations of the
system and the different capacities of the resources.

At this point, the reader can observe easily that these methods have been more or less been

proposed by other scientific literature concerning the field of productivity improvements.
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4. DISCRETE EVENT SIMULATION OF INDUSTRIAL SYSTEM

The current software is a powerful 3D simulation tool but at the same time it is also a completely
new software tool which was released by Delmia in 2015. As the tool was not provided in the
curriculum of the MPPEN, the students was mandatory to invest a considerable amount of time
in training with the new tool, so they are able to build the necessary competences to execute the
appropriate tasks, that were proposed by the supervisor. The main sources of training were
documentation in the form of powerpoint slides and online documentation material that was
provided by Dassault from the company’s official website. Additionally, a seminar offered by
Dassault in Paris was attended by the participants, so more training material was gathered for the
Plant Simulation App that existed inside the software’s application toolkit and it was going to be
used for the completion of the thesis project. For the purpose of completing this thesis project this
is the most important App and in the same time the one with the least existing documentation for
the users.

4.1 DELIMITATIONS OF THE DES APPLICATION

The current simulation model that is primarily used as a benchmark for the implementation of the
improvement actions for the increase of productivity inside the system, includes several
limitations.

During the execution of the simulation of the digital system, it is assumed that the product is being
produced by fulfilling the specification of the customer and it does not present any quality issues.

4.2 3D EXPERIENCE APPS

The 3D Experience software functions by using a number of different Apps which are referred to
different aspects of the production systems designing. In the current project were used primarily
the Apps from the IEN role. More precisely, were used the Apps of Plant Layout Design and the
Factory Flow Simulation. Additionally, the Apps of Manufacturing Item Definition and Process
Planning from the Process Planner role along with the Equipment Design App which was part of
the Shop Floor Equipment Engineer role were used for the completion of the task.

4.2.1 MANUFACTURED ITEM DEFINITION APP

The current App of the 3D Experience software is used for the definition of the product that is
going to be produced inside the designed production system. The App is designed for the
definition of sophisticated products which in many cases are complex assemblies constituted by
other subassemblies.
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The definition of each product inside the App is executed by using the option of “Scope Definition”.
The Manufactured Item Definition (MID), uses a structure of product flows, in the form of
predecessor nodes, in order to sort the source of each product component in the design.
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T P Assembly_Drill System A

@ Assembly_Drill_System A.1
=@  Cordless_Drill-1114 A.1 (Cordless_Drill-1114.1)
I @  Intemnal_Fquipment-1106 A1 (Fquipment. 1)
=& e
~®  He eft Side-1116 A1 (Housing Left Side.1)
&

¥ Manufacturing Assembly00001967 A1 (Manufacturing Assembly0001967
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-8l General System00001949 A1

Figure 1: Definition of the type of Predecessor in MID App.

Then by using the Assembly Management functionality, the software makes the user capable of
determining which parts of the subassembly are going to be included in the current Predecessor.
The same procedure is being followed until the product is being defined to its basic components.
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4.2.2 PROCESS PLANNING APP

The Process Planning (PP) App, helps the user to create a manufacturing plan for the production
of a complex product. This product is usually the result of a sophisticated assembly. This PP app,
is created to design the stages, in which the final product is going to be produced.
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Figure 2 Definition of a complex product in PP

In the PP, it is possible to manage the work sequence that are needed for the product to be
created in the form of a Gantt Chart.
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Figure 3 Managing Work Sequence in Gannt Chart in PP

Moreover, the user has the capability of balancing the workload inside the system.
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4.2.3 PLANT LAYOUT DESIGN APP

The Plant Layout Design (PLD) App, provides the user with the capability of building a precise
and accurate 3D representation of the actual production system, which is going to be used in the
next step of the simulation process. The PLD provides a large database in the form of a catalog
which exists online and it is equipped with 3D parts of different types of conveyors, CNC
machines, Industrial Robots, Product Parts, Fences etc. The user is capable of selecting any of
these 3D items to build the digital representation of the production facility inside the software.
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Figure 5: Production System in Plant Layout Design

The insertion of each type of equipment inside the model is being done, by accessing the correct
catalog or by searching the desired item by using the search function.
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Figure 6: Selection of 3D Item for the System
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The plan layout design App, also provides the user with the capability of inserting a certain 2D
layout in the form of a drawing, and use this as a base for placing fences, machines, conveyors
and buffers in the desirable locations inside the layout.
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Figure 7: Fence Construction For Production System
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4.2.4 EQUIPMENT DESIGN APP

The Equipment Design (ED) App is utilized in the software for defining the route of the products
inside the system. It is an integral tool which is required for the definition of the flow direction of
the products on the conveyors. Another important functionality of this App is that you can assign
the form of different sections in the case the user want to insert a more complex type of conveyor
in the system. Example of this type of conveyor is the curved conveyor type.
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Figure 8: Definition of Different Sections of Curved Conveyor in ED App

Additionally, in this certain App, the definition of the multiple connector ports of the conveyors is
executed. These ports are used later in the PLD App for quick connection of the conveyor with
the rest of the network.
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Figure 9: Connector Port Definition
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4.2.5 FACTORY FLOW SIMULATION APP

In the Factory Flow Simulation (FFS) App, the user is able to perform a 3D simulation of the Digital
Mock Up (DMU) of the production system that was created in the PLD. For the complete
simulation to be fully initiated a sequence of tasks is mandatory to be performed. The sequence
of these tasks includes the insertion of the type of the product that is going to be produced inside
the system.
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Figure 10 Product input in FFS

Then the direction of the product flow in the conveyors must be also defined before the execution
of the simulation as it was mentioned in the previous paragraph of ED App.

@ zoexpeRENCE -

= 3DEXPERIENCE | DELMIA Equipm:

PPR Context00010605

+~ Corveyor 2 A1 (Conveyor s

Figure 11 Definition of the Flow Direction in the conveyors.
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After, the insertion of the workers in the layout follows and the definition of the proper positions
of grabbing and placing the products between the buffers and machines.
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Figure 12: Insert Worker and Assign Product Pick Up Position

Then it is mandatory to define the production flow inside the system along with the relevant
product transformations that are executed inside the system.
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Figure 13: Defined Product Flow
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Figure 14: Insertion of Decision Zone

Afterwards, the simulation of the 3D production flow can be executed in three different forms. A
discrete event simulation, a dynamic simulation type 1 and dynamic simulation type 2. These
three different simulation types are explained in the master thesis project of Bernerus and
Karlsson (Bernerus & Karlsson, 2016) [29].

4.2.6 METHODOLOGY OF BUILDING THE SIMULATION SYSTEM TO THE SOFTWARE

As it has become quite clear, how the software uses different Apps to build the system, it is not
very clear at this point how these Apps are combined together, in order to finally build the desired
model of the production system.

The first stage in the process of building the system, is to use the MID App. As it have already
been explained in detail in the previous paragraph, the current App produces a map of the final
shape of the product and all the sub parts which are going to be used for the creation of the
current product.

Next in sequence comes the use of PP App. The difference of this App with the MID, is that it is
used to create a classification of the process that are going to be executed in order to produce
the product.

Once the plan of how the production is going to be structured is completed, then it is time to start
building the 3D digital mock up with the PLD App. The 3D objects of the equipment, storages and
employees, are inserted from respective libraries, labelled as “Catalogs”. The current App is used
combined with the ED App. The late App, is used for the definition of several parts inside the
system such as the conveyors.
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Finally, for the execution of the simulation model and for the purpose of obtaining the results that
are requested by the experiments, the FFS App is used. In the current App, the details about the
functionality of the system are defined. Example of such details are failure and repair rates of the
machines as well as task assignments to the employees inside the system.

The entire sequence of the respective Apps that are used inside the software is presented in the
following flow diagram:

PLD

N

Figure 15: Flow Diagram of the Apps of the 3D Experience.
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4.3 3D SIMULATION TASK

As it was mentioned earlier the practical part of this thesis project, is the demonstration of the
capabilities of the current software, by applying it on an industrial production system. As a suitable
industrial system, it was selected a coffee factory. This current industrial system, uses its
equipment, to fill cups with coffee and then package the cups that were produced in the previous
stage in a larger plastic pack of five pieces in total. The current system, was built from scratch
inside the DELMIA software by using the available 3D Equipment that exist in the online server’s
database. For the 3D representation of the system, the user tried to attach the 3D objects
together, as accurately as possible so the final simulation will be closer to the real system.

4.3.1 THE INDUSTRIAL PRODUCTION SYSTEM

The current coffee factory system, produces two different types of coffee products. These two
different types refers to coffee products of different flavors. The two different products are denoted
inside the system as products (cups or packages) with different colors (orange for the first type
and purple for the second type). The same color coding is being applied to the plastic packaging
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as also for distinguishing the two separate products. Therefore, the implemented production
system, is a parallel system with two independent lines. Inside the system there are two main
machines which they are used for the filling and the packaging of the coffee cups. In every line,
there are two machines in sequence. The first machine executes the task of filling the cups and
the second executes the task of making the plastic packaging of the five cups. The transportation
of the products inside the production system is being implemented by using a conveyor line. The
two parallel lines are connected together to a single line, where the product is being transferred
in two different terminals. In the end of each terminal, one employee takes the packaging and put
it on a table.

The products are moving inside the system with the use of conveyor lines. There is only one type
of conveyor inside the system and every product of the system is being moved with the same
conveyor type.

In the current system, 4 employees are currently working and the task requirement is to transfer
the products from each terminal to a final buffer. The main task of two of the employees is to
transfer the product from the pallet to each respective machine and the other is to repair the
failures whenever those occur in the machines of the system. One employee is responsible for
repairing the failures of one line and the other is responsible for repairing the failures from the
parallel line. The rest two employees, have been placed in the end of each respective terminal
and they are responsible for transferring the end products to the sink buffers (in the form of two
carriers). The gender of the employees has no effect in the execution’s efficiency of the task. For
the purpose of the execution of the simulation task, 4 human manikins belonging to the 75
percentile were selected. Those manikin models are aligned with the anthropometric
characteristic of the average European citizen.

The 3D product types are existed inside the system upon a pallet. One employee takes the
product from the respective pallet and then place it inside the respective machine (as it was
mentioned earlier in the previous paragraph).

The flow of the production goes as follows. In the first parallel line of the system, the coffee cup
with the orange color, is being inserted inside the first machine. In the first machine, the task of
filling the cup is being simulated by assigning a certain cycle time in the specification of the
equipment. Then the filled cup is being transferred to the second machine, where it waits for 4
more cups to be produced from the previous machine, (until 5 in total are collected to the second
machine). It is important to mention that the coffee cups are transported from one machine to the
other with the help of the conveyor lines. With the same method as before, the packs of 5 cups
are being produced and they are forwarded to the terminal for each respective coffee product.
The exact same process is followed by, also in the second parallel line of the system. In the next
part of the conveyor system, the packs of each coffee type are mixed together and they are
separated later when they reach their respective terminal.
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Figure 16:Production System Without the Flow Definition.
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Figure 17:Production System with the Flow Definition

Moreover, in the equipment of the system, there is also very common the occurrence of failures
of the machines.

4.3.2 INUSTRIAL SYSTEM’S SPECIFICATIONS

For the simulation of the production system, it is necessary to determine several relevant data
relatively to the function of the equipment. The specifications of the system are the following:

Cycle time for the first machine in each line: 3s
Cycle time for the second machine in each line: 5s

MTTF: 100s
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Time Distribution for failure occurrence time: Normal Distribution
Mean Time: 10s

Deviation: 5s

MTTR: 10s

Time Distribution for repair time: Normal Distribution

Mean Time: 1s

Deviation: 1s

Number of Available Products in the system: Practically Unlimited
Cart Capacity (Final Buffer): Practically Unlimited

Total Simulation Time: 8 h (1 Shift).

4.3.3 ASSUMPTIONS OF THE MODEL

As itis obvious from the system, the user have made several major assumptions for the execution
of the simulation. The first major assumption is that CNC machines execute the tasks of filling the
cups with coffee and producing the packs of coffee cups. This simplification has been made
obviously, because there is a lack of a precise 3D model of the machinery which executes the
before mentioned tasks. The easiest way for the current software to represent a machinery
equipment of this kind, is by using the 3D model of a CNC machine. The second major assumption
in the current model is that the cycle times for each product are constant and deterministic.
Furthermore, another assumption that has been made is that the products are moved from one
conveyor to another intact and without any losses. In other words that means there is no stuck
occurrence of a product in any of the parts of the conveyor line. Additionally, it is assumed that
the distributions of repair times and failure times are constant and invariable by the passing of the
simulation time. Moreover, it is assumed that the separation of the coffee packs is perfectly
executed without any mistakes, and that the workers are executing their tasks perfectly without
the occurrence of any flaw. Also, it is assumed that the performance of the employees remains
stable and constant, during the entire simulation period. Of course, as it was mentioned in the
previous paragraph, the capacity of the source (pallet) and the sink (cart buffer), is unlimited. In
addition, a set of important assumptions that have been made is that the equipment of the
production system function independently to one another, the failures are dependent only to the
overall production time (which means that when the machine is not operative, it does not affect
the overall efficiency of the equipment at all) and that each machine has the same failure and
repair rates. It is important to clarify also, that when a failure occurs in one of the machines inside
the system and the machine is already processing one product, after the repair of the failure the
product is not sent to the scrap, on contrary it is sent to the next stage of the production process.
Phenomena of blockage and starvation in the equipment do not exist in the current simulation
model.
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4.3.4 LIMITATIONS OF THE SIMULATION PROCESS

One important limitation of the current thesis work, is the absence of any software skill, concerning
the initialization, programming and use of any robot equipment, inside the software. Since the
automation of the modern production systems, is closely related to the use of robotic equipment,
then that means, inside the system was not able to simulate effectively 3D application of
automated robotic equipment.

4.3.5 APPLICATION OF DIFFERENT SCENARIOS FOR PRODUCTIVITY IMPROVEMENT

In the paragraph of 3.3 there is a summary of 10 different strategies that can be applied inside an
industrial system for improving its productivity. At this point the purpose is to try to incorporate these
different strategies in the software by trying to translate them into quantitative conditions and insert
them into the 3D Experience FFS Application. For benchmarking, a simulation of the initial model with
the specifications which were already mentioned in paragraph 4.4.2 was executed. The results of the
system’s simulation have been registered and saved in the form of an excel file. Relevant data
statistics concerning the total production output, the availability of the equipment, the frequency of the
failures, the WIP, the availability of the workers and many other KPIs were recorded for comparing
them with the respective KPIs came from future modifications of the initial system.

The results of the simulation process of the initial production system were presented in the excel
spreadsheet (see Appendix).

As it is shown in the report, the total amount of products that have been produced inside the system
is 2057 coffee packages. An important observation based on the above data is that the level of the
production is very balanced between the two lines.

This fact also can be verified by the independent reports of the machines of the two lines. More
precisely, they are presented the reports of the second machines for each line (see Appendix).

As the reader can observe from the above reports for the two machines, the output of each respective
machine is slightly higher than the actual number of products that have been registered inside the
buffers by the end of each terminal. This difference can be explained by the fact that by the end of the
simulation, there were a several number of products in the conveyors that have not been transferred
to the buffers. More precisely by the end of the simulation process, the number of products that exist
on the conveyors is 2 products from the first line (orange coffee packages) and another 2 from the
second line (purple coffee packages).

The different modification scenarios that were applied to the initial system according to the strategies
which were described in the paragraph 3.3, are the following:

= Tryto reduce the disturbances inside the system:

In this case the user tried to reduce the disturbances by reducing the failure rate inside the system.
This case corresponds to the scenario of replacing the equipment with a new equipment which is more

36



robust and reliable. Moreover, the case of decrease of the failure rate can end up by making
substantial improvements in the maintenance strategy of the system. Example of this kind of
maintenance strategy can be more frequent maintenance sessions or improve the way the current
maintenance sessions is being implemented (standard of maintenance application).

In this case, several different scenarios were conducted as experiments and their results were
recorded. In the first scenario the failure rate of first machines was reduced 30%. Meaning that the
new MTTF of the first line of machines will increase and will became 130s instead of 100s. The results
in the productivity of the system are available in the respective report in the Appendix part.

The productivity output can also be seen in the respective output reports for the two last machines
from each respective line (see Appendix).

The next modification that was made, was the decrease of the failure rate of the second line of
machines by 30%. So, in this case the new MTTF of the second row of the machines became 130s
instead of 100s that initially was. The results from this modification scenario are shown in the Appendix
part as well.

Same as in the previous scenarios, the productivity output for each line can be depicted in the reports
of the second machines for each respective line. The reports of the desired equipment, can be found
in the Appendix part for the current simulation scenario.

A third modification scenario was also tested at this point. In this scenario, the failure rate of all the
machinery inside the factory, was reduced by 30%. The result of the combined reduction of the failure
rate of the equipment is available on the respective report in the Appendix part.

The respective outputs of the two last machines of each respective line were shown in the respective
reports (see Appendix).

Same as in the previous case the humber of product outputs for each system was different than the
one that was registered in the buffers of each terminal. The explanation of this phenomenon is the
same as in the previous cases.

»= Introduction of automation inside the production system:

In this scenario, it is made a comparison between the case in which the coffee products are inserted
in the system automatically, without the intervention of the workers and the case in which the workers
are going, receive and finally place the coffee cups in the first machines of each respective line. In the
first case scenario, it is considered that there is an automation mechanism (such as a robotic arm)
that it places the product in the machines almost automatically. The results for this particular scenario
are coincided with the results of the initial system, as the assumption for the initial model was that the
products were inserted in the respective machines automatically.

(See figures 17, 18, 19). So for the purpose of comparison of this current model with the model of
manual transportation of products from the source inside the machines, a model with intermediate
buffers in the beginning of the system containing the assignment of transportation task to the workers
whom also perform the repair operations was created. A simulation of this production system was
implemented inside the 3D Experience software for a shift of 8 hours and the results of the simulation
are presented in the respective spreadsheet report in the Appendix.
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Alternatively, another scenario for automation application, is the replacement of the workers of the
final terminals. Instead of bringing manually the products to the respective carts (final buffers) the user
initiates the transportation of the products automatically, from the end of the terminal to the buffer.
This simplification can represent a simplistic approach of an ideal robotic equipment which is able to
make, with the use of image processing, the recognition of the appropriate color of the product from
the line and finally place it to the respective buffer. Likewise, the results from the simulation of this
particular scenario are presented in the Appendix part of the project.

= Improving the working standard, training the employees and increasing their motivation:

By improving the working standard, and in the same time training the employees and stimulate them
by providing rewards for their extra efforts, the availability of the employees can be increased inside
the system. Since the simulation of the model is being implemented only for a single shift (8 hours), it
is not possible to model the absenteeism. Instead, it is possible to measure the availability of the
employees in the system. Unfortunately in this current software version it is not possible to model the
availability of the employees. But it is possible to increase the speed of executing the respective task.
In the first scenario, the speed of receiving the products by the employees and place them in the
correct terminal was increased by 20%. The change of the speed was implemented only to the
employees of the final terminals as they were the only employees that were executing the
transportation task inside the system. The results which were derived from the simulation model are
presented in the Appendix part.

The respective productivity outcomes from each machine can be found in the same Appendix part
as well.

Moreover, an alternative scenario which reflects better the improvement of the skills of the employees
derived from their training, is the decrease of the repair time of the machines. Same as in the previous
scenarios, it is tested the assumption of decreasing the repair time of the machines by 30 %. The
effects of this reduction to the productivity improvements inside the system are available in the
respective report in the Appendix part.

The outputs from the last machines of each respective lines are available in the Appendix part.

= Bottleneck detection inside the production system:

In this particular scenario, an effort to identify the bottleneck part inside the system (if one was
existing) was made. It is important to clarify at this point that as bottleneck, could be defined any
resource inside the system, whether it is machine, worker, buffer or conveyor.

For identifying the bottleneck, the simulation software provide an additional functionality, which was
able to identify graphically the bottleneck equipment inside the system. The graph depict the total
amount of time which each resource is operative inside the system in the form of a bar graph. As
it was already mentioned in the previous paragraphs, the bottleneck equipment, is defined as the
equipment which is operative for the largest amount of time during the work.

The results from the bottleneck detection inside the system are the followings:
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Figure 18: Graph of the bottleneck detection Function from 3D Experience.
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Figure 19: Graph of the bottleneck detection from 3D Experience.
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As it is obvious from the graphs above, there is no bottleneck resource inside the system. So as it
is easily conceivable, there was no meaning to continue with any simulation of the system with this
particular method.

It is very important to comment, that the bottleneck detection method is very helpful to be executed
preferably at the beginning of the analysis, as it has the ability to indicate which part of the
production system does not operate effectively and to direct the efforts of improving the system
towards the improvement of this current part. For example if an operator is not sufficiently perform
to his/ her tasks, then the improvement efforts can be directed to which extent his/her skills
improvement leads to considerable improvement of the production output of the system.

With the same logic, if a machine inside the system has been detected as the bottleneck of the
system, then the simulation tasks can be directed to what effects will have on productivity an
alternative balancing of the workload between the rest of the equipment in the system.

» Increasing the capacity of the machinery inside the system:

In this particular scenario, it is possible to investigate the effects of a possible equipment change, with
another one of larger capacity. In the current digital model, this scenario can be tested by increasing
the number of products that can be used as input (and naturally also as output) to each machine of
the first line respectively, by producing at the same cycle time. The results of this scenario are shown
in the respective report in the Appendix.

An alternative scenario of capacity increase of the existing equipment is the combined increase
capacity of both of the machines inside the system. More precisely in addition to the increase capacity
of the first machine of each line, a simulation run will be executed in order to investigate which are the
results in productivity output of the entire system, if the output capacity of the second machines for
each line is doubled. This scenario represents the realistic alternative of substituting the existing
machines with new which have a second nozzle and they are able at the same time to fill two times
the number of cups they were filling during the cycle time for the first machines of each line. Same
concept applies also to the second machines, as they can be thought as a replacement with a new
equipment which has a second package workbench besides the existing one, and in the same cycle
time can produce double the amount of the packages that it was capable of producing previously. The
results of this scenario in terms of production output can be seen in the respective section in the
Appendix.

The respective reports which include information for the productivity output of the 2" machines
for each respective lines, are available in the Appendix Part.

4.3.6 RESULTS OF THE SIMULATION EXPERIMENTS
As it was obvious from the results of the output reports came from the paragraph 4.4.5, not all the
recommendation from the academia produced the expected results in productivity improvement that

the reader was expecting. An overview of the productivity increase that came from each particular
scenario is shown in the bar graph below.
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Figure 20: Productivity Increase Overview For the total Production Level for each particular scenario.

The above results were derived by using the initial system’s simulation results as benchmark. The
productivity change was calculated by using the following formula and it is expressed in %
percentage.

% Productivity Change = {[(Total Production Output from the current scenario) — (Total Production
Output from the Initial System)]/ (Total Production Output from the initial system)]} *100. (1)

As it is become obvious from the bar chart above, most of the scenarios for the productivity
improvement led to either zero or negligible change in productivity levels for the industrial plant. More
precisely the scenarios of decreasing the MTTF by 30% for the 15 machines of each line, or the
second machines of each line, or for all the machines of the system, lead to absolutely 0
improvement in productivity output. Same conclusions were derived from the simulation scenarios
of increasing the speed of transferring of the final products (coffee cup packages) by the employees
in the respective final terminals of the system. Similar behavior was observed in the system for the
reduction of the failure rates of the machines by 30% for each machine simulation scenario. As
terminal inside the current report is defined the end position of each production branch before the
final buffers. For clarification purposes the terminal positions for this production system are shown
in the picture below.

41



@ sooeerence

o= -]
3
3DEXPERIENCE | DELMIA Plant Layout Design Prodtex3DSUser01 Prodtex3Dsuse01 @® + A R

X
@
Coffee Factory A.1 [=*]

Loy tooi View " v

*hd-o QEEaw B<£LS[e

Figure 21: Positions of the Terminals inside the system.

Unexpectedly zero change in terms of productivity output was given the scenario of capacity
increase of the 1 machines of the production lines. The logical thinking of an individual that a
possible increase of the capacity of the equipment of the production system would definitely lead to
substantial or at least considerable increase in the production output of the system, does not seem
to be applicable in this particular production system. The expected and obvious result of substantial
productivity increase of the system, was not confirmed by the scenario of capacity increase of all the
machines of the production system. The double capacity of the 2" machine of each production line,
was hot only able to increase the production output of the entire system, on the contrary, it led to
reduction of the production level by 0,048 % (Figure 47). At this point it is made crystal clear why the
industry is investing so heavily in simulation applications. In this particular example, with the use of
simulation results the organization is able to avoid two mistaken investments that could lead to the
financial demise of the company.

The only scenario which led to beneficial results in terms of productivity improvements, was the
increase of automation of the process. The use of an automated process to feed the products in to
the system, in comparison to the alternative option of feeding the products manually (by the
employees) to the machines, has led to the substantial increase of productivity by 62,61% in overall.
This particular scenario was simulated contained the manual carry of the products to the respective
machines. This scenario led to a very low total productivity level of 769 products in the respective
terminals. It is important to remind that the initial system’s specification contains the implicit
assumption that the products are carried immediately from the source to the machines without the
interventions of the workers. So the total production output (as it was stated in the paragraph 4.3.5)
was 2057 products. By using the formula (1) for the calculation of the production output variance, it
is made clear that the subtrahend of the numerator is far greater than the subtracter. This explains
the negative value (- 62,61%) in the bar chart can for this particular scenario. This difference in the
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definitions of the scenarios, has led to this great negative value of the productivity increase
percentage.

The introduction of automation to the final terminals of the system, has not led to a considerable
increase of productivity in overall. The result of this automation was only able to increase the total
production output by 0,048 %.

Furthermore, as it was mentioned also in the previous paragraph, the introduction of the method of
bottleneck detection in the initial’s system simulation, was not able to lead to any meaningful results.
At this point it is made also apparent that the bottleneck of the production system was the manual
transferring tasks of the products to the machines in the beginning of the system. It is safe to make
this assumption cause the scenario of automatic transportation of the products to the machines, lead
to substantial increase of production output of the entire system.

For purpose of completion, the graphs which depicts the overall productivity improvements (or
losses) in each terminal of the production system, for every scenario are the followings:
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Figure 22: Productivity Improvements (losses) from the application of different scenarios in the 15t terminal.
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Figure 23: Productivity Improvements (losses) from the application of different scenarios in the 2" terminal of the production
system.
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5. DISCUSSION

By completing the design of experiments for the current thesis project and obtained the results from the
respective tests, which support these experiments, from the simulation software of 3D Experience, several
very important findings were discovered. The first important outcome of the current thesis was that the
scientific methods that are proposed by the academia and are available in the respective scientific
literature, are indeed able to produce beneficial results, in terms of productivity improvements, for the
production systems in which they are applied. Although, it was proved from the results of the simulation
experiments, that a certain limitation exists and fractures the potentiality of beneficial results of these
methods. The most important observation from this application was the fact that not all of them, are able
to produce considerable beneficial results, in the productivity increase for the same production system. It
was made obvious that the intrinsic nature of the production system, have a major influence to the result
which each method can produce. Even more interesting but at the same time extremely dangerous (in
terms of financial investment), was the fact that several methods can even produce negative results
instead of the beneficial ones, which they were expected to produce. This concealed danger can be proved
lethal, especially in the occasion when an investor decides to blindly base his investing decisions in the
scientific literature proposals, without prior have tested them. So, the only reliable way for someone to
identify these dangers and predict the results of his/her actions, is to use the simulation process.
Additionally, it is important to be understood that even the simulation methods have limitations to the
precision of the result that they are able to produce. The simulation techniques are not able to predict
changes in the external environment of the system, such as changes in law regulations, potential changes
in the manpower of the organization or possible equipment degradation, due to insufficient maintenance
strategy etc. So, the results of the simulation scenarios must be treated with extreme caution and become
clear the short “life expectancy” of these results.

Also the accuracy of the results of the simulation process is greatly affected by the capability of the model
to represent the reality as accurate as possible. This is one of the main reasons why this certain thesis
project decided to base its activities on a new 3D simulation software. Probably the importance of precise
representation of the reality by the software was not so obvious in the current flow simulation model, as it
would be in production systems, in which the use of advanced automation equipment (such as industrial
robotic arms) is needed for their function. In these kind of production environments such as aircraft wing
assembly stations, the exact and precise way of how the equipment implements a task and how much
time is needed for every single activity, is of paramount importance for the precise calculation of the
production output and the quality of the work, and it can play an important role in the reduction of
investment risk to these technologies.

As it was made quite obvious, even though individual and independent application of each proposed
method for productivity improvements does not necessarily lead to beneficial results for the increase of
productivity, there is no evidence of what the methods are able to produce in cases when they are used
combined. So potential research capabilities that have been exposed by the current thesis work, are the
application of the scientific methods (which are already proposed in the previous chapters of the thesis
work) combined in pairs, by three or even combined all of them together at the same time. The goal is the
exploration of the possibilities of improvements of the system’s productivity by simulating the current or an
alternative production system.

Additionally, from the paragraph 4.2 it was stated that one major limitation of the current thesis project was
the application of automated equipment such as industrial robotic arm or PLC devices. Application of these
technologies unfortunately were not performed in this project. The limitations of time for the end of the
current project combined with the lack of technical support, were barriers to the capability of the students
to obtain the skill of using this equipment inside the software for an advanced technology application. So,
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another alternative proposal for a future thesis work, was to test the capabilities of the current simulation
software to production systems which contain application of high tech equipment.

Furthermore, from the training and the extensive use of the tool for the completion of the necessary tasks
that were assigned to the thesis workers from the academic staff, it was discovered that the tool is
extremely powerful on providing many useful information about the production output of the system.
Considering also the capabilities of 3D Experience to provide dynamic monitoring information of the
production process, combined with graphical tools that are measuring the KPIs such as WIP, availability
of the equipment, amount of time a worker spends on repairing failures etc, the current software tool
consists a very attractive simulation solution for the industry. Unfortunately, the current software tool
presents limitations to the statistical information that it provides. One example of this omission is the
calculation of the energy consumption of the equipment. In this way the user is not able to provide a holistic
solution about the overall impact of the current proposed solution considering the environmental impacts.
Consequently, the environmental impact is pretty much ignored in the current production solutions that are
proposed by this software solution.

Additionally, from the economic aspect, the current software does not provide the user with the capability
of making calculation of cost (in terms of investment cost) of the relevant equipment or functional cost of
the production process. These data are extremely useful, to support decision making activities for actual
investments in production equipment.
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6. CONCLUSION

From the overall work of the current master thesis, many extremely useful, practical and in the
same time interesting results were derived. From the literature search which was devoted the first
part of this thesis project, it was made a detailed overview of the methods which are proposed
and are currently used from the industry for the increase of productivity of the shop floors. As it
was observed, the simulation methods were one of the most frequently proposed solution for this
endeavor. In parallel, an effort was made to investigate which are the true motives for an entire
society and for the industrial organizations to increase the productivity at the shop floor level. As
it was explained in paragraph 2.4, the increase of productivity benefits both the society, as it leads
to higher employment rates and opportunities for the citizens and the organizations as it leads to
higher profits. The literature part of this thesis is concluded with a review of several of the most
important theoretical proposals from academia, for the increase of productivity for manufacturing
shop floors. These proposals were used as benchmark in the simulation experiments, whose
purpose were to test whether these proposals were able to produce practical results in the
productivity improvement of the industrial plants.

The second part of this thesis work, which was devoted to the use of a 3D Simulation software,
produced extremely important results as well. The execution of the simulation experiments, that
were designed by using the proposals found by the theoretical part, revealed that not all the
productivity improvement strategies, are able to produce beneficial results, in terms of productivity
improvements, for an industrial plant. Additionally, it was proved that several apparent logical
scenarios, that are expected to lead to productivity improvement, are producing the exact opposite
results from the expected ones. A very characteristic example of such a case can be found in
paragraph 4.4.5 and more specifically, in the simulation scenario of increase the capacity of the
machines, inside the production system.
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8. APPENDIX

DATA FROM THE SIMULATION SCENARIOS:

e INITIAL SYSTEM:
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Figure 24:Productivity Level of Initial System.

Simulation Time 25800 Time In Second

Warmup Time 0 Length in Millimeter

Run

roduction

Run Products state Times gTime Average Time

input Produced Consumed Output Assembled / Packed Processing Wait for input Failed
1 5155 1030 5150 5154,183 15568,083 077,734 372 10,142 19,977

Products

Product Waiting Time 1 nitial Input Consumed Produced  Assembled / Packed Output
5 win wax ™
& |prd-interfix to be defined 45904986-00003300.1 5 65,407 12,97 o 5155 5150 0 0 0
17 prd-Interfix to be defined 45904386-00004992.1 0 0 0 o o 0 1030 0 1030
1
19 Operations
21 operaion count processingTime Requirement Time
vin ™ g o ax ™
23 Transform.2 1030 5 5 5 0,288 36 15,1
25 Fai
27 Repai Cont  epairTime Requirement ime

Min Max AV Min Max Avg

Repair.1 504 0,037 3,882 1,08 a o 0

Product Inventory
33 Raw Material Work In Process Finished Product
22 T atn T vin wax ™
35 1 5 3,59 [ 1 a [ o o
36
7 cyde Time
39 |Count Cycle Time

Figure 25: Second Machine of First Line.
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Simulation Time 25800
‘Warmup Time 0

fun1

Production

Run

10|

12 Products

14 Product

16 pra-interfix to be defined 45904986-00003302.1
17 pro-Interfix to be defined 45504986-00004930.1

19 Operations.
21 aperation

23 Transform4

25 Fallures

27 Rapairs

29 Repaird

30

31 Product Inventory
22 Raw Material

34 min

37 Cycle Time

39 Count

Time in Second

Length in Millimeter

Products state Times
Input Produced Consumed  Output Assembled / Packed Processing
5 1031, 5155 1031 0 5155
waiting Time Initial Input Consumed
Min max avg
5 9287 18,144 [ 5155 5158
0 0 0 0 0 [
count Processing Time Requirement Time
Min Max Avg  Min Max
1031 5 5 5 0.288 %
count Repair Time. Requirement Time
win Max Avg M Max
530 037 5032 1086 [} [
Work In Process Finished Product
Max avg win max  Avg win
5 3628 I 0 [
Cycle Time

Figure 26: Second Machine of Second Line.

Max

" gTime Average Time 5|
waitforinput Falled
15279,526 5365474 3671 3,786 13,981
Produced Assembled [ Packed Output
0 [ [
1031 0 1031
14,816
0
avg
0 [
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INCREASE THE MTTFE OF THE FIRST MACHINES OF EACH LINE BY 30%:

Overall Report:

19 system Products ‘State Time:

0 Input Produced Consumed Output Assembled / Packed Processing

21 copyof17 Heemill a_physical 5160 5159 s159 s159 [

22 Copy of 1.738062221908 HeaMill 0_Physical 5155 1030 5150 1020 [

23 Copy of 1.738062221908- ImportedAsNewCoffeeMill-Turn Machine.0_Physical Productooaoot 5160 s159 s159 5159 [

24 Copy of 1.73306: t a_Physical 5155 1030 5150 1030 [

E

26 Storage
system Products content weaiting Time

input Output Max Avg Min Max

Table Cart_1.1 1028 [ 1028 12,548 [

31 Table Cart 1.2 1029 ] 1029 512,721 [

2

32 Worker

3

35 Worker Name Products Transferred  State Times tance Travelled  Utilization

36 idie Processing Travelling

37 Human00D01124.1 [ 14888,942 £ 627,757 949406
HUMEN00001145.1 [ 15285,061 214,832 400,087 9,24E406
HUMan0D01127.1 1028 1867511 [ 712489 5,206405
Humanoo001148.1 1029 21388,537 ] 401,463 3,216406
Conveyor
Conveyor Name Products Transferred State Times Utilization (%)

as wait for input waitto Output  Travelling

45 COnveyor2.2 5159 0 10318 39,992

47 Conveyor2, s158 15884 [ 10316 39,584

48 COnveyor2.s s158 15484 [ 10316 39,984

49 COnveyor2.8 5155 11479,836 4085,825 10234,336 39,668

50 COnveyer2.13 1030 23780 [ 2060 7,988

51 COnveyor2 14 1030 23710 0 2060 7,984

52 conveyerz.1s 1030 zmn ] 2060 7,98

53 COnveyor2 16 1030 2740 [ 2060 7,584

54 Conveyor_Curved.1 1030 24327355 ] 1872,045 5,706

55 -ImportedAshiewcaffeeQus Conveyor_Base_Straigth.1 1030 270 ] 2060 7,984

56 Conveyor_ver.l 1030 zm ] 2060 7,984

57 Camveunr Vart 3 nan EREE s a7 anén EE

s

5152,836

5154,982

(%)

42,368
40,755
27618

17,06

Wait for Input
2790439
15378,855
3230,673
15511,341

Avg

Figure 27: Overall System Production Output for decreasing the failure rate of the first machines.

Machines:

Simulation Time 25800
Warmup Time 0
Run 1

Production

Aun

2 |Products

4 |Product

16 | pro-Interfix to be defined 45304986-00003302.1
7 | prd-Interfix to be defined 45904586-00004590. 1

31 |Product Inventory

33 | Raw Material
34 | Min

Products
Input Produced
1030
waiting Time
Min Max
s 62,301
o [
Count Processing Time
Min
1030 s
Count Repair Time
Min
514 1,199
Max Avg
5 363

[
Time in Second
Length in Millimeter

Cycle Time

) e .
Consumed  Output Assembled / Packed Processing
1030 o
Initial input
Avg
18167 0 5155
o o o
Requirement Time
Max Avg  Min
s s 0,288
Reguirement Time
Wax Avg  Min
2898 1051 o
‘Work In Process
Min Max  Avg
L) 1 o

State Times.

5152,836

Consumed
5150
o
Max
5
Max
0

Finished Product
Min
0

wait for Input. Failed

15378,855 5268,309
Produced  Assembled / Packsd Output
0 0
1030 0
Avg
14,918
Avg
0
Max Avg
0 0

Figure 28: Productivity output report for the 2" machine of the 1%t Line.

g Time

3,685

1030

g g Time & Timd
Failed
532,561 2555 041
5268,309 3,685 93¢
052,327 2,555 0.8
5133,678 3,681 10,01
State Times Utilization (%)
Empty  Partial
95,141 25704,859
81,476 25718,524

Time Utilization (%]

9,954 199712
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‘Simulation Time 25800 Time in Second
Warmup Time 0 Length in Millimeter
Run1

Run Products

Input Produced Consumed  Qutput Assembled / Packed Processing
s150 1030 [

1 5155 1030
Products

Product Waiting Time Initial Input
Min Max ay

State Times.

Average Processing Time Average Requirement Time  Utilization (%)

wait for Input Failed
15511,341 5123,678 3,681 10,014 19,981

Consumed Produced  Assembled / Packed Output

prd-Interfix to be defined 45504986-00003300. 1 5 64,388 18,165 0 5155 5150

prd-Interfix to be defined 45904986-00004992.1 0 [} 0
Operations

Operation Count Processing Time Requirement Time
Min Max Avg Min

Max Avg

Transform 4 1030 5 5 5 0,288 36,751

Failures
Repairs Count Repair Time Requirement Time
Min Max A Min
Repair.1 518 o 3m 105
Product Inventory
Raw Material ‘Work In Process
Win Max avg Min Max  Avg
1 L) 3,631 o 1

Cycle Time

Count Cycle Time

Finished Product
Min Max
[ [

15,045

Figure 29: Production Output for the 2" Machine of the 2" Production Line.

Workers Reports:

I I I P

Simulation Time 25800 Time in Second
‘Warmup Time 0 Length in Millimeter
Run1
worker
Run products Transferred State Times Distance Travelled unilization (%)
idle Processing Travelling
1 [ 1486842 2303,301 8627.757 SAIE+06 42,368

Figure 30: Repairman 1 —Line 1
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A ] c [ 3 F G H

Simulation Time 25800 Time in Second
Warmup Time 0 Length in Millimeter
Run1
Warker
Run Products Transferred State Times Distance Travelled Utilization (%)
idle Processing Travelling
1 o 15285,081 2114832 400,087 9,246+06, 0,755

Figure 31: Repairman 2 — Line 2

A 8 3 o e f s
1 |simulation Time 25800 Time in Second

2 warmup Time o Length in Millimeter

5 Aun1

4

5

5 worker

7

& Run Products Transferred State Times Distance Travelled Utilization (%)
9 Idle Travelling

L 1 1028 18675,11 712489 5,206406 27,616
n

12 products

13

14 |Praduct Waiting Time Initial Input Output
5 win Max avg

16 prd-interfix to be defined 45904985-00004990.1 4167 4167 4187 [} ma 10
1]

18

19

0

n

n»

3

%

s

%

7

n

s

A

T

2

Figure 32: Terminal Employee 1
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A ] c o 3 3 G " ' ) 3 L N o ® e 3 s T
1 | Simulation Time 25800 Time in Second
2 | warmup Time 0 Length in Millimeter

Run1

Run Products Transferred State Times Distance Travelled Utilization (5}
idle Travelling
0] 1 1025 21386,537  4401,463 3,21E+06 17,06

4
5
& |worker
[
]

12 | Products

14 Product Waiting Time Initial Input Output
5 Min Max Avg
16 | prd-Interfix to be defined 45904986-00004952.1 2572 51 25! ] 1029 1029

Figure 33: Terminal Employee 2

Buffers Reports:

1 |Simulation Time 25800 Time in Second
warmup Time 0 Length in Millimete
Run1

Storage
Run Products Content ‘Waiting Time State Times Utilizatian [%)

Input Output Max Avg  Min Max Avg Empty Partial
1 1028 [ 1028 512,543 [ o o 95,141 25704859 99,631

12 | Products

14 | Product ‘Wating Time Initial | Input Output
s Min Max avg
pre-Interfix to be defined 45804986-00004990.1 [ 0 0 0 1028 0

product Inventary
Raw Material Work In Process Finished Product

Min Max avg Min Max  Avg min Max Avg
[ [ [ 1 102 512,548 o 0 [

|

Figure 34: Buffer 1 — Terminal 1
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Simulation Time 25800 Time in Second

Warmup Time 0 Length in Millimeter

Run1

Storage

Run Products Content
9 Input output Max

12 products

14 product Wwaiting Time

15 Min Max Ave

16 |prd-Interfix to be defined 45904585-00004992.1 0 0

18 | Product Inventory

&
1029 512,721

Initial

20 Raw Material ‘Work In Process

21 min Max Avg Min

Figure 35: Buffer 2 — Terminal 2

Waiting Time

Min

Input

1029

512,721

Max

Output

Finished Product

Min

State Times

Avg Empty
o 0o a1,

Max Avg
o

Utilization (%)

99,684
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INCREASE THE MTTE OF THE SECOND MACHINES OF EACH LINE BY 30%:

Overall:

9 |system

1|copyof1

2 |copy of 1
3 |Copyof 1 i

4|copyof 1 fiaeh
storage

System

0 |Table Cart_1.1
1 |Table car_1.2

Worker

Worker Name
Human00001124.1
Human00001143.1

Human00001127.1
Human00001145.1

Canveyor

3

| conveyor Name
il

& |conveyorz.z
7|conveyorza

& |cOnveyor2.6
9|conveyor2.8

0 |conveyor2.13
1 |conveyorz.1a
2 |conveyor2.15
3 |COnveyor2.16
4 |Conveyor_Curved.1

& |conveyor_vert.1
7 |conveyor_vert.2

-importedAsNewCoffeequs Conveyor_Base_Straigth.1

Machine.0_Physical Productoonoac
Machine.0_Physical Productoonoa
Machine.0_Physical Producto0oa
Machine.0_Physical Product00000C

Products State Times g g Time Average
Input Produced Consumed Output Assembled / Packed Processing Wait for Input Failed
5160 5159 5159 ° 2790439 7532.561 2,555
5155 1030 5150 1030 ° 5152,836 15378,855 526,309 3,685
5160 5159 5159 5159 0 15477 3230673 7092327 2,555
5155 1030 5150 1030 0 5154,982 15511341 5133678 2,681
Products Content Waiting Time State Times Utilization (%)
Input Output Max A Min Max avg Empty Partial
1028 0 1028 512,548 ) 0 0 ssaa 25704,859
1029 ° 1029 512,721 ° 0 o 8147 25718,524
Products TransferredState Timas Distance Travelled U
dle Processing Travelling
a 14868,942. 303,301 8627,757 5,49£406 22,368
0 15285081 114,832 8400,087 5,24406 0,755
1028 18675,11 0 7124,89 5,206406 27,616
1029 21398,537 o 401,453 3,21E406 17.06
Products Transferred State Times Utilization (%)
wait for Input Waitto Output _ Travelling 1
5159 15982 0 10m8 19,99
5158 15484 0 10316 39,964
5158 15484 0 10316 39,964
5155 11479,636. 4085,325 10234338 39,668
1030 23740 0 2060 7984
1030 23740 a 2060 7584
1030 23740 a 2060 7584
1030 23740 a 2060 7584
1030 24327,955 0 472,045 5,706
1030 23740 0 2060 7384
1030 23790 0 2060 7984
1030 23734,753 5,247 2060 7584

Figure 36: Production Output for the scenario of decrease failure rate in the 2 machines for each line.

Machines:

1 simulation Time 25800
2 Warmup Time 0
3 Runl

Production

10 1

Produrts

B
14 Product

15

16 pro-interfix to be defined 45904985-00003302.1
17 pro-interfix to be defined 45904586-00004990.1
1

19 Operatians

21 Operation

Transform.2

Failures

27 Repairs

29 Repair.1

31 Product Inventory

Raw Material
Min

Cycle Time

29 (Count

Time in Second
Length in Millimeter

Products State Times
Input Produced Consumed Output Assembled / Packed Processing Walt for Input Falled
s135 1030 5150 1030 [ 5152836 15378,855 5268,308
Waiting Time nitial Inut Consumed Produced  Assembled / Packed Output
Min Max Avg
5 62,201 18,167 o 5155 s150 [} o
o [ ] [ ] 1030 [}
Count Brocessing Time Requirement Time
Min Max Avg  Min Max Avg
1030 s s s 0,288 % 14,916
Count Repair Time Requirement Time
Min Max Avg  Min Max Avg
514 1193 3,898 1,051 0 0 0
work In Process Finished Product
Max avg min Max  Avg min Max avg
s 3.63 0 1 [ ] [} [}
Cycle Time

Figure 37: Output Report for the 2 Machine of the 15t line of the system.

Average Processing Time Average Requirement Time  Utilization (%)

3,885 5,95 19,572

1030
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Simulation Time 25800

1
2 WarmupTime 0
3 Runi
4

Time in Second
Length in Millimeter

Products State Times
Input Produced Consumed Output Assembled / Packed Processing
1 5155 1030 5150 1030 5154,982

Average Processing Time Average Requiremen

e utilization (%)
wait for Input Failed
15513,341

5133,678 3,681 10,004 19,981

Waiting Time Initial Input
wMin Max avg

Consumed Produced Assembled / Packed Output

& prd-interfix to be defined 45504986-00003300.1 5 64,386 18,169 [ 5155, 5150 0 o [
7 prd-interfix to be defined 45504986-00004992.1 [ o o 0 0 [} 1030 4 1030

g
5 Qperatians
0

1 Operation
2

3 Transtorm.4
4

s Failures

%
7 Repairs
= Repair.1

o

i1 Product Inventory
2

2 Raw Material

“ min

5

%

7 Cycle Time

o Count

Count Processing Time Requirement Time
Min Max Avg  Min Max avg
1030 5 ] 5 0,288 36,751 15,045

Count Repair Time Requirement Time
Min Max Avg  Min Max Avg
518 o 332 1059 ) [ )

Work In Process
Max avg Min Max  Avg
1 5 3,631 [ 1

Avg

Cycle Time

Figure 38: Output Report for the 2" Machine of the 2" line of the system.
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INCREASE THE MTTFE OF ALL THE MACHINES BOTH OF THE LINES BY 30%:

Average Processing Time  Average Requirement Time

Overall:

.

17 | Production

e

12 system Products State Times.

20 Input Produced Consumed Output Assembled / Packed Processing ‘Wait for Input Failed
copyof 1 offeamil Machine.0_Physical 5154 5153 3 5153 () 15459,505 2962358 7378,137

22 | Copy of 1.738062221508-ImportedAsNewCoffeeMill-Turn Machine.0_Physical Product00000¢ 5152 1030 5150 1030 o 5150 15305855 534,145

23 copyof1 e Machine.0_Physical 5160 5159 5159 5159 () 15477 3351052 6971948
o T P = = : o

2E System Products Content Waiting Time State Times

-

37 Human00001124.1 o 14876,145 226742 8656,431 9,526+06 42,341

38 | Human00001149.1 a 15422,61 2172,851 8204,539 9,036+406 40,222

39 Heman00001127.1 1028 18675,11 0 7124,89 5,20E+06 27,616

40 Human00001148.1 1029 21398,562 L) 440,438 3,21E406 17,06

4
42 | Canveyor

43

44 Conveyor Name

43

Products Transferred State Times

wait for input

Utilization {%)

Wit to Output _ Travelling

Average Processing Time Average Requirement Time  Utilization (%)

e |comveyorza 3545 o oo n
7| comveyorza s e v 10004
s |comveyorzs ey 1 o 1004
5 conveyorzé s wene s i
30 conveyorz3 e o o0 oea
$1 [converorz 4 i %0 T84
2 converorz 19 s FEr] J FrrH S04
5 [converore 5 o i e o
4 [comveyor cumveil = v d e
Figure 39: Production Output of the System
Machines:

1 |Simulation Time 25800 Time in Second
2 [warmup Tined Lengthin ilimeter
3 Runl
« —1
;

& Run Products State Times
5 Input Produced Consumed Output Assembled / Packed Processing Wait for Input Failed
s ) o w0 o Soim
b
12 Products
14 Product Waiting Time Initial  Input Consumed Produced Assembled / Packed Dutput
15 Min Max Avg
16 prd-Interfix to be defined 45904586-00003302.1 5 63,389 18,154 0 5152 5150 [ [

17 | prd-Interfix to be defined 45904985-00004990.1 [} 0 [} o o 0 1030 [}

Operations
operstion ot [pracesangTiae nequinement Time

i o g uim e g
Transform.2 1030 5 5 5 0,288 36 14,854
Repairs Count Repair Time Requirement Time

i e 2z in ™ ™
repaica = wem] o . 4

31 Productinventony
2 o e Work nprocess Fiied prodvct
i T han T e e g
35 1 5 3632 o 1 [ 0 L L]

b
39 |Count Cycle Time

Figure 40:

Output for 2nd machine line.
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1 [simulation Time 25300 I Time in Second
2 Warmup Time 0 Length in Millimeter
3 Runl

Run products state Times Average Processing Time Aversge Reguirement Time _Utilization (%)
input Produced Consumed  Output Assembled / Packed Processing Wit for Input Failed
10 1 5157 1031 5155 1031 [ 5155 15674774 4970226 3735 10,248 19,981

14 product ‘Waiting Time Intial  input consumed Produced  Assembled / Packed Dutput
15 Min Max Avg

16 | prok-Interfix to be defined 45904586-00003300.1 5 65,287 18,045 5157 5155 [} 0 o
17  prek-Interfix o be defined 45504585-00004992.1 0 0 LI 0 0 1031 [] 1031
.

19 Operations

2

21 Dperation Count Processing Time Requirement Time

2 Min Max Avg  Min Max Avg

23[Transforma 1031 s 5 s 0,288 3 15,198

o

27 |Repairs Count Repair Time Requirement Time.

28 Min Max avg  Min Max Avg

29 Repair.1 458 0111 3,7 1,18 o0 [ [
£l

31 |Product Inventory
33 [Raw Material Work In Process Finished Product

34 Min Max Avg Min Max  Avg Min Max avg

3 1 s 3,608 o 1 o a [ [)

37 Cycle Time.

39 |Count Cycle Time

Figure 41: Output for 2nd Machine Line 2.



MANUAL TRANSFERRING OF THE PRODUCTS IN THE BEGINNING OF THE
SYSTEM:

Overall:

System Products Amived
InZone.2 5160
Production
System Products. State Times Average Processing Time Average Reguirement Time
Input Produced Consumed Output Assembled / Packed Processing Wait for Input Failed
\Copy of 1.738062221908-I mportedAsNewCoffeeMill-Turn Machine.0_Physical Product0D0D0C 0 2169 2169 2169 0 6507,63% 17310,671 1381491 256 6,34
\Copy of 1.738062221908-ImpartedAsNewCoffeeMill-Tumn Machine.0_Physical Product00000C 2168 433 2165 4313 0 2165 20415,697 3219,303 3,641 30,82
\copy of 1.738062221908-ImportedasNewCaffeemill-Turn Machine.o_Physical Productonoooc 16%0 1689 1689 1639 0 5067,697 19582,801 119,501 2,553 8,8
\Copy of 1.738162221908- ImportedAsNewCoaffeeMill-Turn Machine.0_Physical Product0D000C 1689 337 1685 337 0 1685 21943049 2170,951 3,689 42,58
Storage
System Products Content Waiting Time State Times
Input Output Max Avg Min Max avg Empty Partial Full / No Recrder
Dare Move Iron.1 un nn 5 3,193 1,412 99,509 37,939 8, 412 575
Table Cart_1.1 432 0 432 215,408 0 [} 0 12257 25677,473
Dare Move Iron.2 1691 1690 5 3,21 0,384 114,772 48,96 5,016 20,984 BT
|Table Cart_1.2 3371 [ 337 167,724 [ o 0 121,84 25678,16
‘Worker
‘Worker Name Products Transferred State Times Distance Travelled  uUtilization (%)
idie Processing Travelling
Human00001124.1 2170 6051,565 855,928 18792,503 13TEHT 76,544
Mumancoom348.1 1% e o e e
Human00001127.1 432 23410,561 o 2389439 1,74E+06 9,261
Human00001148.1 a7 24236,546 [ 1563,454 1,4E+06 6,06
‘Conveyor
Conveyor Name Products Transferred State Times Utilization (%)
Wait for Input Wait to Output  Travelling

\COnveyor2.2 2169 21462 () 4338 16,814
comeyorza 2160 2462 o s e
\COnveyor2.6 2169 21462 0 4338 16,814
lcomeyor2s nes g s s
Figure 42: Manual Transferring From Source Output Report.
Production
Run Products State Times Average Processing Time Average Requirement Time  Utilization (%)

Input Produced consumed Output Assembled / Packed Processing wait for Input Failed

f ] s a7 o s 20 amst 26

Products
Product waiting Time Initial input Consumed Produced Assembled / Packed Output

in iax e
prd-interfix to be defined 45904986-00003300.1 5 1278 39,644 0 1689 1685 ] () 0
prd-interfix to be defined 45904986-00004992.1 L] o L) 0 ['] o 337 () 337
QOperations
Qperation Count Processing Time Requirement Time

i ax v Min vax s
Transform 4 337 5 5 5 41,854 75,969 64,945
Failures
iz ot rapairTinm haquiramart Tira
oin ™ g in ™ =
Repair.l n 1182 4234 1192 o o ]
Product Inventory
Raw Material ‘Work In Process Finished Product
Min Max Avg Min Max Avg Min Max Avg
1 5 2593 L) 1 0 0 0 o

Cycle Time
Count Cycle Time

an ™ g

337 56,476 136,012 76,387

Figure 43: Second Machine Second Line Output.
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Workers Reports:

Simulation Time 25800 Time in Second
Warmup Time 0 Length in Millimeter
Run 1

‘Worker

Run Products Transferred State Times Distance Travelled Utilization (%)
dle Processing Travelling

10 1 2170 6051569 955,928 18792,503 Lazes07 76,544

1

12 |Products

14 | product Waiting Time inttial  Input output

15 Min Max Avg
16 |prd-Interfix to be defined 45904986-00003302.1 4,097 4,097 4,097 0 2170 2170

Figure 44: Worker 1 First Line

Simulation Time 25800 Time in Second
Warmup Time 0 Length in Millimeter
Run1

worker

Run Products Transferred State Times Distance Travelled Utilization (%)
9 dle Processing Travelling

10 1 1890 amopss 792,027 20307918 1,486407 81,783
12 Praducts

14 | Product Waiting Time sl input output

15 Min Max Avg
16 |prd-Interfix to be defined 45504985-00003300.1 6,133 618 6138 ) 1630 1650

Figure 45: Worker 2 Second Line



simulatien Time 25600 Time in Second
Warmup Time 0 Length in Millimeter
Run1

1
3

4

s

6 Worker
7

a |Run Products Transferred State Times Distance Travelled Utilization (%)
a

idie Travelling
10 1 a2 23410561 2389439 1,746406 3,261
12 Products
14 Product Waiting Time nitial Input Output

15 Min Max avg
16 prd-Interfix to be defined 45904985-00004950.1 33n 332 33:m [ a3 am

Figure 46: Worker 1 Terminal 1

Simulation Time 25300 Time in Second
Warmup Time 0 Length in Millimeter
Run1

Worker

Run Products Transferred State Times Distance Travelled Utilization (%)

9 e Travelling

10 1 27 24206596 1563453 1,146406 606

12 products

14 Product ‘Waiting Time Initial Input Output

15 Min Max avg
16 prek-Interfix to be defined 45304986-00004992.1 2,791 a7 am [ a7 a7

Figure 47: Worker 2 Terminal 2
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Buffer Reports:

Simulation Time 25500
Warmup Time 0
Run1

Time in Second
Length in Millimeter

storage

Run Products

Input

Content

Output Max

an 0

12 |Products

14 |Product

16 |prd-Interfix to be defined 45904385-00004990.1 [ [

16 |Product Inventory

21 Min
2 o o0 [

Min

Figure 48: Buffer 1 - Terminal 1

Simulation Time 25800
Warmup Time 0
Run 1

‘Time in Second
Length in Millimeter

Storage

Run Products
[l Input
10 1

Cantent
Output Max

337 0
12 Products.
14 Product Walting Time

15 Min Max
16 prd-interfix to be defined 45904996-00004992.1 o0 0

Avg,

18 Product inventory

Raw Material
21 Min
22 [ [ o

Min

Figure 49: Buffer 2 - Terminal 2

Work In Process

Work In Process

Waiting Time
Avg Min Max
432 215408 0 LI

Initial _ Input Output

a32 [}

Finished Product
Min Max Avg.
215,408 o o

Max
1 a3

svg

Watting Time

337 157,724 o L]

Initial  Input Output

337 [
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AUTOMATIC TRANSFERRING OF PRODUCTS TO THE TERMINAL BUFFERS:

Overall:

production

System Products

input Praduced

Copy of L738062221508-Imp freeMill- ine.0_Physical 5158 5157
Copy of L738062221508-Imp freeMill- ine.0_Physical 5155 1030
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Copy of L.73506: o Freenill ine.0_physical 5155 1031
Storage

System Products

input output

Table Cart_1.1 1029 0
Table Cart_1.2 1029 0
Worker

Worker Name Products Transferred State Times

idie

Human00001124.1 [3 14355419
Human00001145.1 [ 15279879
Conveyor

Conveyor Name Products Transferred State Times

Wit for Input

conveyor22 5157 15435
Conveyor2 5156 15186,145
|conveyoras 5156 15488
Conveyor2s 5155 11528,884
Conveyor2.13 1030 23720
Conveyor2.1 1030 23720
Conveyor2.15 1030 23720
conveyor2.16 1030 23720
Conveyor Curved.1 1030 20327,355
-ImportedAsNewCoffeeUs Conveyor_Base_Straigth.1 1030 23720
Conveyor_Vert1 1039 2370,100

Consumed Output
5157 5157
5150 1030
5156 5156
5155 1031
Content
Max Avg
1029 512,807
1029 512,831
Processing Travelling
221612 8628,461
2175,403 8343,718

Waitto Output _ Travelling

1472,045
2060
058,396

Figure 50: Output of automatic transferring from terminals to the buffers.

Workers Reports:

Simulation Time 25800 Time in Second

Length in Millimeter
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3 [Run1
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Figure 51: Repairman line 1
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simulation Time 25600
Warmup Time 0
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Worker

idle
10 1 [}

Figure 52: Repairman 2 - Line 2

Machines:

Production
Run Products
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L
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pro-Interfix to be defined 45504386-00003302.1
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o o o a 433 o 433
Processing Time Requirement Time
Min Max Avg  Min Max Avg
5 5 5 29,654 60,775 47.053
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Production

Run Products State Times ge P ngTime Average Time Utilization (%)
Input Produced Consumed Output Assembled / Packed Processing Wait for input Failed
1 5155 1030 5150 1030 o 5151017 15313,902 5335,081 3,699 9,905 19,965
Products
Product Waiting Time Input Consumed Produced Assembled / Packed Output
T P
interfix to be defined 45904986-00003302.1 5 67,006 15,334 o 5155 5150 o L o
nterfix to be defined 45904966-00004390.1 [] [] 0 L] a ] 1030 [] 1030
Operation Count. Processing Time Requirement Time
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Transform.2 1030 5 3 5 0,238 36 14,853
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i e e Tomn = g
cepait p YT P . . 3
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Raw Material ‘Work In Process Finished Product
Min Max Avg Min Max  Avg Min Max hvg
1 5 3,662 0 1 o o 0 0
Cycle Time
Count. Cycle Time
S P
1030 5,288 67,006 25,036
Figure 53: Production of Second Machine from Line 1.
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1 1031 5155 1031 a 5155 15531864 5113,136 3,696 10,057 19,981
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Figure 54: Production of Second Machine from Line 2.
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Buffers Reports:

simulation Time 25800 Time in Second
Warmup Time 0 Length in Millimeter
Runl

storage
8 Run Products Content
] Input Output Max

10 1 1029 [

12 Products

14 Product Waiting Time

15 Min Max Avg

16 pro-Interfix to be defined 45904385-00004390.1 0 [

18 Product Inventory

20 Raw Material Work In Progess

21 Min Max Avg Min
22 0 0

Waiting Time State Times Utilization (36)
Avg M Max Avg Empty  Partial
1029 512,307 0 0 0 83011 25711989 99,659

initial _Input Ooutput

Max  Avg Min Max Ave
1 10 512,807 00 0

Figure 55: Buffer 1 - Automatic Transportation of Products to Terminals

1 | simulation Time 25800 ‘Time in Second
2 |Warmup Time 0 Length in Millimeter
3 |Runl
4
s
& |storage
7
& Run Products Content Wiaiting Time State Times Utilization (%)
) Input Output Max Avg  Min Max Avg Empty Partial
10 1 1029 [ 1025 512,85 o 0 0 78508 25721492 99,696
12 | Products
14 | Product Waiting Time Initial  Input Output
5 Min Max Avg
16 | pre-interfix to be defined 45904386-00004992.1 0 [ [ 0 1029 a
18 |Product Inventary
20 |Raw Material Work In Process Finished Product

Min Max avg Min Max  Avg Min Max avg

o o L) 1 1029 512,894 a o o

Figure 56: Buffer 2- Automatic Transportation of Products to Terminals
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INCREASE OF TRANSPORTATION SPEED OF THE EMPLOYEES IN THE

TERMINALS:

Overall:

13 [system Products Arrived
14 InZone.l 5160
15 InZone.2 5160
17 Production
"
19 systemn prodiucts Stae Times "
0 Input Produced Consumed Output Assembled / Packed Processing wait for Input Failed
Copy of 1.738062221908- ImportedAsNewCaffeemill-Turn Machine.0_Physical Productoopoac 5160 5159 5159 5159 0 77 790,439 7532,561
Copy of 1.738062221906- ImportedAsNewCoffeemill-Turn Machine.0_Physical Producto000o¢ 5155 1030 5150 1030 0 5152,836 15378855  5268,309
Copy of 1.738062221308-iImportedAsNewCoffeaiill-Turn Machine.0_Physical Product00000C 5160 5159 5159 5159 L) 15477 3230,654 092,346
Copy of 1.738062221908-ImportedAsNewCoffeeM urn Machine.0_Physical Product00000( 5155 1030 5150 1030 o 5154,982 15511341 5133,678
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18 st Fles content Waiting Time Sate Times
. B output yax o o s e ety parea
10 |Table Cart_1.1 1028 [ 1028 512,567 0 [ 0 95,078
11 |Table Cart_1.2 1029 0 1029 512,732 0 0 0 81,433
32
13 Werker
15 | Worker Name Products Transferred State Times Distance Travelled  Utilization (%)
i idle Procassing Travelling
37 Human00001124.1 o 14868,942 303,301 8627,757 9,43E+06 42,368
38 Human00001149.1 o 15285,061 114,812 8400,107 9,24E+06 40,756
13 Pumancoon1z22 191855 . costs i =l
10 Aumancooon1ans nesron2 o PR sontson 15525
-
12|conveyor
14 | Conveyor Name Products Transferred State Times utilization (%)
5 Wait for Input Wait to Output  Travelling
6 COnveyor2.2 5159 0 10318 39,952
17 COnweyor2 4 5158 15484 0 10316 39,984
12 |comeyorza s1ss s e wmass e
30 COnweyor2.13 1030 23740 [ 2060 7,984
5+ comeyor21s w0 it o 200 7554
Figure 57: Productivity Output for the System
Machines:
Simulation Time 25800 Time in Second
2 \Warmup Time 0 Length in Millimeter
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X
& |Production
Run Products State Times gTime Average Time %)
) Input Produced Consumed Output Assembled / Packed Processing Wait for Input Failed
o 1m T R 25305 s e
5
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-
14 Product Waiting Time Initial  Input consumed Produced  Assembled / Packed Output
s Win e =
16 prd-Interfix to be defined 45904586-00003302.1 5 62,201 18,167 o 5155 5150 0 0 0
17 prd-Interfix 1o be defined 45904986-00004590.1 [} L 0 0 0 [} 1030 0 1030
s
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21 operstion oo [Prowsangine R
2 Min Max AV Min Max Avg
23 reaorm2 w3 s s s o T
—/—
Fallures
Repairs Count Repair Time Requirement Time
han o g o = g
29 Repaird 514 1,199 3,898 1,051 a [ 0
30
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g in ——re o o o
7 oyde ime
39 |count Cycle Time

Figure 58: Productivity Output for the 2"

9 machine of the 1%t line.
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‘simulation Time 25600 Time in second

)
2 Warmup Time @ Length in Millimeter

3 Runt

B

s

5 |Production

3 |Run Products State Times Average Processing TimeAverage Requirement Time  Utilization %)
9 Input Produced Consumed Output Assembled { Packed Processing Wait for Input Fai

10 1 5155 1030 5150 1030 o 154982 15511381 5133678 2681 10018 19,981
"

12 Products

12

14 Product Waiting Time: initial  Input Consumed Produced Assembled / Packed Output

15 Min Max Ave

16 | prd-Interfix to be defined 45904585-00003300.1 B 64,386 18,169, 0 5155 5150 o o o

17 |prd-Interfix to be defined 45904986-00004992.1 0 0 0 0 0 0 1030 [ 1030

18

13| Operations

0

11 |Operation Count Processing Time Requirement Time

2 Min Max g Min Max v

23 Transform.4 1030 5 5| 5 0,288 36,751 15,045

u

25 Failures

17 Repairs Count Repair Time Requirement Time.

1 Min Max A Min Max vy

20/ Repair1 s18 o 332 1088 o o o

#1 |Product Inventory

33 |Raw Matenial Work In Process Finished Product
14 Min Max avg Min Max  Avg Min Max Avg
15 1 s 3,631 [} 1 [ [} [ [

37 |cycle Time
1

19 count cycle Time

Figure 59: Productivity Outcome of the 2" machine from Line 2.

Workers Reports:

simulation Time 25800 Timein Second
Warmup Time 0 Length in Millimeter
funl

Worker

Run Products Transferred State Times
idle Pracessing Travelling
10 1 o 14868,982  2303,301 8627757 9,49E406 42,368

stance Travelled Utilization (%)

Figure 60: Repairman 1 - line 1



Simulation Time 25800 Time in Second
Warmup Time 0 Length in Millimeter
|Run1

worker
Aun Products Transferred State Times Distance Travelled Utilization (%)

s | dle Processing Travelling
10| 1 0 15285061 2114832 §400,107 9,29E406 0,756

Figure 61: Repairman 2 - line 2

Simulation Time 25800 Time in Second
wearmup Time 0 Length in Millimeter
Aun1

worker
Run Products Transferred_ State Times Distance Travelled Utilization (%)

idie Travelling
1028 19149,565 665,435 4,86E406 25,781

12 |Products
13 | Product Waiting Time nitial Input

13 Min Max
16 | pro-interfix to be defined 45904986-00004990.1 4167 4167 4167 o 1028

Figure 62: Terminal Employee 1
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Simulation Time 25800 Time in Second
Warmup Time 0 Length in Millimeter
Run1

1
3
2
5
& |worker
7
8
9

Run Products Transferred State Times ance Travelled Utilization (%)
idle Travelling

10 1 1029 21691,012 4108,588 3006408 15,328
n
12 | Praducts
[E]
14 Product Waiting Time initial Input output
15 min Max. Avg
16 | pra-interfix to be defined 45904566-00004592.1 2572 252 1512 [ 025 1029
[
[f]

Figure 63: Terminal Employee 2

Buffers Reports:

1 Simulation Time 25800 Time In Second
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3 Run
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 Run Products Content Waiting Time State Times utilization (%)
a Input Qutput Max Mg Min Max Avg Empty  Partial
10 1 1028 0 1028 512,567 [ 0 0 9507 2574352 99,631
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14 Product Waiting Time Output

15 win Max avg
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18 Product Inventory

1

20 Raw Material Work In Process Finished Product

21 Min Max Avg Min Max  Avg Min Max Avg
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2
4

Figure 64: Buffer 1 —Terminal 1
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Simulation Time 25800
Warmup Time @
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Storage
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14 | Product

16 | prd-Interfix to be defined 45904986-00004992.1

18 | Product Inventory

20 |Raw Material
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Time in second
Length in Millimeter

Products Content State Times
Input output Max g min max avg Empty  Parual
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Waiting Time Initial  Input Output
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[ o 0 o 1029 [}
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Figure 65: Buffer 2 - Terminal 2

73



DECREASE THE REPAIR TIME OF THE EQUIPMENT:

Overall:

-
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Figure 66: Productivity Output for the System

Machines:
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Figure 67: Productivity output for the 2" machine of the 15t line.
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Figure 68: Productivity Output for the 2nd machine of the 2nd line

Workers Reports:
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Figure 69: Repairman 1 - Line 1
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Figure 70: Repairman 2 - Line 2
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Figure 71: Terminal Worker 1
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Figure 72: Terminal Worker 2
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Figure 73: Buffer 1 - Terminal 1
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Figure 74: Buffer 2 - Terminal 2
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CAPACITY EXPAND OF THE FIRST MACHINES OF EACH LINE:

Overall:

1 Arrival & Dispatch

4 InZone.l

3 system Products Arrived
5160
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6
7 Production
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input Produced Consumed  Cutput
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Copy of 1.738062221308-ImportedAsNewCoffeeMill-Tum Machine.0_Physical Product00000C 5155, 1031 5155 1031
6 Storage
8 System Products Content
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7 COnveyor2.4 5155, 23441155 o 12358,845
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Figure 75: System’s output for the capacity increase scenario of the 15t Machines for each line.
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CAPACITY EXPAND OF THE FIRST MACHINES OF EACH LINE:

Overall:

16

7 Production

18

19 System Products State Times Average Processing Time Average Rec

20 Input Consumed Output Assembled / Packed Processing Wait for Input Wait to Output Failed
Copy of 1.738062221908-ImportedAsNewCoffeeMill-Turn Machine.0_Physical Productooono 5155 5155 5155 0 3053 2035793 296,845 2052224 2559
Copy of 1.728062221908-ImportedAsNewCoffeeMill-Turn Machine.0_Physical Productooono 1030 5150 1030 [ 2575 20523,263 2884 2013337 3,75
Copy of 1.738062221908- ImportedAsNewCoffeeMill-Turn Machine.0_Physical Producto0ono 5155 5155 5155 0 3053 20301,131 296,845 2105,023 2565
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30 Table Cart_1.1 1027 0 1027 515,263 0 0 0 102339 25637,661 99,603

31 Table Cart 1.2 1029 0 1029 505,318 0 0 0 126454 25673546 99,51

33 Worker

34

35 Worker Name Products Transferrad State Times Distance Travelled  Utilization (%)

36 idle Processing Travelling

37 HUMan00001124.1 21757,907 584,727 3457,366 3,80E406 15,667

38 HUMan00001143.1 [ 21665,3¢ 636,97 347,69 3,85E406 16,026

32 HUMaN000O1127.1 1027 18682,043 0 717,957 5,20406 27,589

40 HUman0000L148.1 025 21398,537 0 2401,463 3216406 17,06
Conveyor

44 Conveyor Name Products Transferred State Times Utilization (%)

a5 Wit for Input Wat to Qutput_ Travelling

46 |conveyoraa 5155 23441,155 0 2358,345 9,143 1

47 Conveyorz.a 5155 23441,155 0 358,845 9,143

43 COnveyor2.6 5155 23441,155 0 2358,345 9,143

43 COnveyor2.8 5155 23422,175 15,579 2358,845 9,143

50 COnveyor2.13 1030 241816 0 13184 511

51 COnveyor2.14 1030 244816 0 13184 511

52 COnveyor2.15 1030 204816 0 13134 51

53 COnveyor2.16 030 284815 0 13184 51

54 Conveyor_Curved.1 1030 775,578 0 1020422 3971

Figure 76: Productivity Output for the scenario of increasing the output of both machines for each line in the system.
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Figure 77: Productivity Output for the 2nd Macine of the 1st line of the system.
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Figure 78: Productivity Output for the 2" Machine of the 2" line of the system.
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