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Abstract 

Today’s economic conditions force companies and organizations to work more 

effectively in their processes due to different reasons.  Especially; after the Second World 
War, owing to the changing business perception and strong competition between 

companies, new terms such as productivity, flexible systems, efficiency, and lean came 

into industrial engineering discipline. However, these kinds of terms also brought a new 
question. How are they reached?  At that point, discrete event simulation has been used as 

an effective method to give an answer to this question.  

From this perspective; this project focuses on discrete event simulation and its role in real 
industrial processes. The main interest of this paper is discrete event simulation, but in 

this study we also tried to give some detailed information about other types of simulations 

such as continuous and discrete rate.  

Basically, we can say that this paper consists of several parts.  

In the beginning of this paper, the reader can find some theoretical information about 

simulation itself and the requirements for implementing it on real processes.  

Secondly, we tried to explain different types of simulations and the reason why we used 

discrete event simulation instead of continuous or discrete rate in our case study. 

Furthermore, one of the main areas of this research is to inform the reader about how 

computer support is used as a simulation tool by today’s companies. To do this, a 

powerful software, Extendsim8, is described in detail.  The reader is able to find all the 
information about how to create discrete event models in this software. 

In case study part, we are able to find the results of the five months work that we did 

between February and June at GKNDriveline Köping AB in Sweden. In these five 

months, we had been busy with analyzing an assembly line, collecting data, creating a 

simulation model, discussion with workers and engineers and doing some tests such as 
validation & verification. In this part, the reader can find all the information about the 

production line and the simulation model. 

In conclusion, reader can find the results of the project at the end with the visualization of 

future state. As it will be discussed repeatedly in the paper, validation is one of the 

important steps in a simulation project. Therefore, in order to see the reliability of our 
simulation model, different calculations and tests were made. Last of all, some of results 

will be shown by graphs and tables in order to give better insight to reader.  

 

 

Keywords: Discrete Event simulation, production, assembly lines, resource utilization, 
validation  
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1. INTRODUCTION 

This thesis report focuses on an automotive driveline component’s assembly line at GKN 

Driveline Köping AB in Sweden. It comprises a simulation study with the purpose of 

performing improvements on this assembly process. 

This paper primarily consists of two parts: Theoretical framework about simulation and 

the Case Study. 

In the first place, the reader will be informed about the Simulation concept with the help 

of previous studies. This part constitutes the theoretical framework of this paper. 

The case study begins with 6-8 weeks of work at GKN Driveline factory which basically 

covers different analysis on this assembly process such as getting detailed information 

(i.e. shut down frequency, the procedure of handling the raw material, cycle and repairing 
times) and defining the problems that occurs through the line. Secondly; a flexible 

simulation model will be created with Extendsim8 software in order to observe the 

outputs of this process according to different parameters.  Finally, several solutions will 
be presented for the problems of the production line. 

In brief, this case study is composed of four following areas: 

 Defining simulation, explaining the methods and giving theoretical information 

about it 

 Analyzing the process and creating suggestions in order to improve the 

productivity of line 

 Building a flexible simulation model 

 Evaluation of the results of simulation 

In conclusion, it can be said that; in this paper we used the six sigma tools which are; 

 

Defining, Measuring, Analysing, Improving and Controlling. 
 

1.1 Background 

During the last 30 years, it is easy to see that the competition between manufacturing 

companies has increased rapidly. This increase has also brought new problems and 

requirements with itself. For instance; the necessity of reducing costs in processes forced 

companies to outsource their productions from far-east countries especially from China. 

At this point; discrete event simulation became a new way out for companies in order to 

reach optimum operational conditions. Even though its importance has not been realized  

by industries, this powerful tool gives a good basis for managers to analyze the resource 

distribution and the capability of their processes. Babulak and Wang define the discrete 

simulation as “the most effective decision support tool” in production processes (Babulak 

and Wang 2010). 

Discrete event simulation is used to imitate a real process in order to see how the process 

can be affected by different conditions and test some ideas without risking the real 

process.  When initiating a simulation of a process; the user can make an approximation 

on the process, which can be improved gradually in time with refinements based on the 

real process.  

On the other hand; the computer systems has been one of the most important element in 

discrete event simulation. The software support made it easy for user to transform the 

processes to computer screen and see the behaviours of the process under different 

conditions. This support enables user to modify the system without changing the real 
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process. It means we do not have to change locations of machines or change workers 

numbers in order to improve the productivity of process. Therefore, it reduces costs in 

terms of time and monetary! 

In brief, the purpose with simulation is to create a model of a real or imaginable process 

and to make different kind of test on it without actual risks. By doing the test, there is a 

possibility to understand the behaviour of the process under different circumstances. As 

an example; if a company wants to have a new facility in order to expand their 

productions, simulation can be a useful tool for them to see if the investment will be 

profitable. In addition, an approximation of the production capacity can be done by the 

simulation run. (Smith 1998) 

 

          1.2 Company 

GKN Driveline is the world's leading supplier of driveline systems and solutions for the 

automotive industry. GKN Driveline is a global company that develops, manufactures and 

supplies a wide range of powertrain systems to the world's leading vehicle manufacturers. 

GKNs powertrains supplies products to the smallest, simple cars and also most 

sophisticated vehicles of the highest premium class that requires the very best handling. 

GKN Driveline is a leading global manufacturer of CV joint systems, AWD systems, 

Trans Axle Systems and e-Drive Systems. GKN Driveline is in business with more 

than 57 locations in more than 23 countries all over the world. 

 

 GKN Driveline Köping AB, with 

headquarters in Köping, is a leading 

manufacturer of all-wheel-drive system, 

with customers such as Volvo, Land Rover, 

Ford and BMW. GKN Driveline Köping 

AB has approximately 800 employees and a 

long history. The company was founded in 

1856 as “Köpingsmekaniskaverkstad” and 

owned by Getrag AB, Volvo Cars and Dana 

until 30 September 201. GKN Driveline 

Köping AB had already started at the 

beginning of the last century developing 

advanced gears for gearboxes.  

         

 

Fig 1: Products from GKN Driveline Köping AB    

In 1996 the first four wheels drives system have been developed in the company. The 

development of all-wheel-drive system is based on an advanced technology design and 
realized through a highly automated and efficient manufacturing. In 2012, the turnover of 

the company was 2.4 billion SEK. 

 
GKN Driveline Köping AB operates under GKN PLC which’s headquarter is in United 

Kingdom. GKN Plc has different organizations as follows; 

           GKN Aerospace: Aerostructures, Engine Products, Propulsion Systems 

           GKN Driveline: Driveshafts, Freight Services, Autostructures,  Cylinde liners,  

           GKN Land Systems: Power Management, PowerTrain Systems & Services  

           GKN Powder Metallurgy: Sinter Metals, Hoeganaes 

 

http://en.wikipedia.org/wiki/GKN_Driveline
http://en.wikipedia.org/wiki/Cylinder_liner
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1.3 Problem Statement 

Today’s manufacturing companies have to reach an acceptable productivity level on their 

processes in consequence of continually increasing competition in the industry.  In order 

to do this; the existing problems must be eliminated, best operational conditions must be 

found and a continuous improvement philosophy has to be internalized.  

In this frame, this project is prepared with a view to improve the mechanism of an 

automotive driveline product’s assembly line at GKN Driveline Köping AB. Because of 

these facts this line had to be analysed. A few problems and details prevent the company 

from reaching an optimum production rate. In brief we can describe the problems as 

follows; 

 The variation of the production volume: The first and probably the main problem of 

this assembly line is the variation of the production rate which leads to less 

productivity and waste increase. If we check the weekly output rate we find a big 

variation which can be up to 500 products. This is very high if we know that the daily 

production rate is about 500 products for 2 shifts. 

 Bottlenecks: There are several bottlenecks that occur along the line. These 

bottlenecks cause serious reductions on production rate.  Normally, (if there is no 

problem along the line) the theoretical total cycle time is about 26 minutes. However, 

due to these bottlenecks the total cycle takes up to 45 minutes. 

 The optimal distribution of workers and pallets along the line:  The company does 

not have adequate information about the effects of changing different parameters such 

as pallets and worker numbers. 

 

1.4 Aims of The Project & Research Questions 

In this chapter, the aims of this project will be presented. The objective of this work can 

be divided into two groups as follows; 

 Creating a flexible simulation model and determining best operating 

conditions:  Due to request from the company, a flexible simulation model will be 

built. It means the model has to be used also on other assembly lines with minor 

changes. In addition to this, with the help of this simulation model, the best 
operating conditions such as optimum numbers of workers and pallets will be 

determined. 

 Improving the productivity of the line by creating solutions to problems which 

appear through the process:  This study report also was prepared in order to find 
solutions to different kinds of problems - such as low production outputs or failures 

- which arise through the assembly line. After that, the main objective of this study 

will be improving the efficiency of this assembly line with these solutions. 

Meanwhile, we will answer these following questions in order to reach the aim of this 
paper; 

 Where, why, when and how the problems occur? 

 How and why is discrete event simulation used with computer support in the aim 
of improving the productivity of a production process? 

 What kinds of parameters have an impact on the optimum operational condition of 

this assembly line? 
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1.5   Limitations 

The limitations can be determined as follows; 

 This project does not bring new methods or concepts in production development. 

As underlined before, this project only covers the implementation of existing tools 

on an assembly line at GKNDriveline Köping AB. 

 Discrete event simulation is the only ‘simulation type’ that used in this study in 

order to perform the production development. In addition, we will use “only” 

Extendsim8 software for the simulation purpose and visualize the layout of the 
assembly line with 3D Create software. 

 This project does not use any programming language (i.e. Java) that is used within 

discrete event simulation. We will give only brief description about it. 

 The model doesn’t calculate the effect of material shortages due to the 

recommendation from the company.  
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2. RESEARCH METHODOLOGY 

This chapter describes the methods and theories that are used in this research paper.  

First of all, we will base our study on the existing research types in literature. After that a 
review of sources/tools that are used in the ‘Theoretical Framework’ will be presented. 

The methods of collecting data and evaluating the results of case study – which covers the 

significant portion of this paper - will be clarified under Data collection & Evaluation of 

Results topic. 

2.1 The Research Types in Literature 

Research papers can be in various forms and prepared with two different approaches: 

Qualitative research collects data which is not numerical. It means this method produces 

observations and descriptions of both behaviour and motivation. Qualitative researches 

are interested in how or why things happen and they can be defined as ‘subjective’. In this 

approach, the data is collected by performing diary accounts, open-ended questionnaires, 
unstructured interviews or unstructured observations. Therefore, the data analysis is non-

statistical. 

Quantitative research is another approach in research methodology. This method uses 
numerical data. It uses any method (such as experiments, observations, questionnaires) 

that can be turned into statistical information. As it is said; it is mostly about numbers and 

researchers believe that findings must be at least in 95% confidence interval in order to 
reach a valid result. Moreover, in a quantitative paper measurement takes an important 

place because it acts as a bridge between empirical observation and mathematical 

expressions. 

 

2.2 Research Process 

This paper, as it is mentioned earlier, is more focused on a concrete study instead of 
researching new methods or discussing relation between notions. This means that this 

study analyses an existing process at a company and aims to develop its mechanism. 

From this point of view; we can define this paper as a quantitative research because of 
several factors. For instance, the methods that were used for evaluation of results, 

historical data (that was used as an input) and different calculations on statistical 

information make our case study a ‘quantitative research’.  

However, in some aspects we see some qualitative research samples in our paper such as 

the methods that were used to build the theoretical framework. In addition to this; the 

discussions with engineers that were held during meetings and performed observations 

around the assembly line can be examples for the ‘qualitative’ part of this paper. 
 

2.3 Literature Assessment 

In a research paper, theoretical framework can be defined as a group of related ideas that 

provides guidance to a research project or business endeavour (WebFinance Inc.). In the 

theoretical part, the simulation concept is defined with its all aspects such as types, 

advantages & disadvantages, the way of creating a simulation model and so forth. Besides 
the clarification of simulation notion; the computer tool that we used in this study will be 

described in order to give a better understanding to the readers who do not have any 

knowledge about the relation between computer support and discrete event simulation. 

Therefore; in order to bring out the theoretical part; different articles and journals about 

discrete event simulation, assembly processes and process developments will be searched 

by using Google Search Engine and databases on the internet such as Sciencedirect, IEEE 
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and Springerlink. Besides scientific articles; Extendsim8 User guide (the software which 

will be used for the simulation) will be a useful source for the simulation model.  

Furthermore, previous PhD thesis studies will be a reference for this work 

2.4 Data collection & Evaluation of Results 

The case study is mainly based on creating a simulation model and suggesting new ideas 

to improve the productivity of the processes under study. However before them, 
numerous things must be analysed in order to understand the mechanisms of the assembly 

line. For instance; the workers and their working conditions, problems, product 

specifications, cycle times and so on. Therefore, the analysis of this assembly line - which 
is basically collecting data and performing observations - was performed by having 

discussions with workers, sharing ideas with managers and other people at the company.  

Collecting inputs: This step can be defined as a ‘quantitative research’ and the first step 
of our project. As written earlier, we spent about 20 weeks in the factory and mostly we 

had been busy with collecting information from different sources.  

In fact, it is possible to split this study into 2-3 periods of time. In the first phase of this 

work, which is from February to April, we worked 7 hours per day and tried to analyse 
the assembly process in details. In this period of time, we performed different actions in 

order to reach the most accurate data. For instance, we; 

 calculated the time to produce one item on more than 30 products. 

 recorded times for each station which involves waiting, machine – worker times, 

and movements. 

 observed the utilization of workers and possible problems through the line. 

 checked the numbers of failed products and shutdowns. 

Besides, the historical data which was given to us by the production manager of the 

company was very helpful during creating the simulation model. This historical data was 

recorded for more than one year and included the numbers of defects products, the 
reasons and numbers of expected – unexpected shutdowns, the production rates for each 

day, the demands and so forth. 

Secondly, we also received information from engineers and workers at the company. We 

had many discussions during the project time and attended several meetings which were 
held every week. During these meetings, we got the chance to talk with white-collar 

people and shared our ideas about the mechanism of the assembly line. In addition to this, 

before the company presentation, we presented our findings and gave them some 
information about the simulation concept. 

Results: In the results part, different kinds of outputs were collected from Extendsim 

software.  

First of all, it was possible to see the cycle times, utilization rates for each worker, 

shutdown frequencies and so forth. The simulation runs were performed at least 10 times 

for 5 weeks period with different workers and pallets numbers. In addition to main ones, 

as it can be seen also in Chapter 5, different values such as mean, variance and standard 
deviations were calculated to get a better insight about the results. 

 

 

Furthermore, in order to compare the findings for each option (such as workers and 

pallets numbers) and choose the best alternative different analyses on results were carried 
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out. For instance, we examined the utilization rates of workers, the cycle times and the 

production rates for each alternative. The details can be found in Chapter 6. 

In order to evaluate these findings, we followed some validation techniques. For instance; 
we compared the results with the data we got from the company both the historical and 

the calculations we performed. After that; we organized our data in a proper way and did 

some calculations in order to see the deviations and average numbers for each parameter. 
Finally, the chi-square test was performed to check the reliability of the model. 

On the other hand, during the observations around the assembly line, we determined 

many problems such as lack of material and shutdowns. Therefore, we created some 

suggestions in order to fix the problems that exist through the model. Then, we also tried 
to illustrate them on 3D pictures in order to give better understanding to the reader and 

engineers at the company. This work also can be seen in AppendixB. 
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          3. THEORETICAL FRAMEWORK 

3.1 Definitions in Simulation 

Simulation can be defined as a method or an application which imitates real systems 
processes. It means simulation is used to design a model and perform different actions on 

it in order to illustrate how this real system may work under different conditions (Imagine 

That Inc. 2007). Therefore, it can be said that the main reason behind the need of using 

simulation is to understand and improve the systems or processes. Because of this feature, 
simulation is a widely used method (usually via computer systems) and can be seen in 

various industries from aviation to manufacturing. 

Accordingly (Wainer 2009), a system can be defined as an artificial or natural entity, real 
or abstract that is a part of a given reality constrained by an environment. A system can 

be defined also as a set of components which are organized in order to reach a common 

goal. 

On the other hand, we can define a model as a representation of a given system which 
helps us to understand it. A model can be in different forms. For instance; a model can be 

a physical model such as a car or a conceptual model which is created only in mind. 

Besides that, a model can also show different behaviours. As an example, a construction 
plan of a building and a simulation model of a production process differ from each other 

at some points. The first type of modelling is a particular example to static models and 

they do not exhibit changes in time. In contrast, dynamic models such as a simulation 
model, modifies itself according to conditions and different factors.  

An event, which has an important role discrete event simulation, can be defined as a 
change in the state of a model. As it will be expressed later on, a discrete event model 

modifies itself when an event happens and keeps that state until next event. At that point, 

we can describe a model’s state the values of attributes of a model which exist in a certain 
time interval. 

3.2 History of Simulation 

Simulation methods have been used by people for a long time. Even in the ending of 18
th

 

century, it is possible to see simulation method’s footprints.  We may split the 

development of simulation methods in parts from different perspectives such as the 
utilization of computer softwares and languages, types of simulation models or 

application domains and communities of interests. However, it is generally accepted that 

the Monte-Carlo method was originated in 1777 from Buffon’s ‘needle experiment’ 
which was carried out with throwing needles onto a plane with equally spaced parallel 

lines in order to estimate the  value. After that, Laplace developed this experiment with 
some corrections. Furthermore, simulation made its most important development after 

Second World War. The SimScript software which was based on FORTRAN language 

developed in 1963. It had a simple interface and utilized a set of forms for model 
definition, model initialization, and report generation. This period continued until the 

development of SIMULA software in 1981. Kristen Nygaard and Ole-Johan Dahl with a 

new language form created this software and it has been one of most remarkable language 

in programming history. (Goldsman et al. 2009) 

Finally, with the support of different technologies like 3D, simulation softwares has gone 
forward. Today, simulation techniques are used in different areas from aviation to 

manufacturing and there are numerous softwares in market with various features. 

Extendsim, Dymola, Arena, Matlab, Modelica can be given as a typical example to 

simulation softwares. 
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3.3 The Simulation Approach 

It is clear that we need simulation techniques due to different reasons. First of all, 

processes involve variations which means -whether it is predictable or not – a change 
always may take place somewhere in it. For instance, let’s consider a manufacturing 

process. If we increase or decrease the total numbers of workers in a process or the 

distance between operations, these changes may also affect the production rate. In 

addition, a shortage of a raw material, as an unpredictable variation, may also cause 
unexpected results. Secondly, processes are interconnected. In most cases, it is possible to 

say that each component works with other ones. For instance, similarly with the previous 

one, if we increase one of a machine capacity in an assembly process, probably we will 
also be busy with finding a solution for a bottleneck just after that machine. Finally, one 

more reason could be the complexity in processes. As an example, if we think a supply 

chain process, there will be a supplier, a wholesaler and a customer. The customer orders 
some products according to demand from wholesaler. At that point, a small variation on 

the demand between wholesaler and customer will also affect the production rate of the 

supplier (Robinson 2003).  

In conclusion, all these reasons force users to use simulation in their operations. We can 

prepare ourselves the results of unpredictable variations, see process performance under 

different conditions and compare possible different scenarios. 

3.4 The Advantages - Disadvantages of Simulation 

In the previous section, a brief definition of simulation and the purposes of using it were 

given. In this part, the advantages and disadvantages of using simulation techniques will 

be discussed. 

As it is discussed before, simulation brings many advantages with itself. The following 
factors tell us why we should use simulation in our processes (Robinson 2003). 

1. Costs are reduced: For instance; with simulation, we do not have to shut the processes 
in order to implement new ideas or re-design everything if the implementations reduce 

the performance of the system. Because, these kinds of problems can increase costs 
significantly and minimize customer satisfaction. 

2. Time wastes are reduced: With simulation, it takes shorter time to make variations on 
operations. As an example; even if it happens in a small area, moving one machine from 

one point to another point or getting a feedback from an improvement takes much more 

time on real system experiments. 

3. Controlling: In order to create different alternatives for our process, we should be able 
to control it under different conditions. For example, if we do not use simulation, we 

cannot prepare ourselves to unexpected shutdowns or control the arrival of patients at a 

hospital. 

4.  No Real System: Sometimes, it could be possible to create a simulation model before 
establishing a process line. We can develop the process line on a computer screen - with 

less time and cost- and create different scenarios easily under different conditions.  

After the discussion of the advantages of simulation, it is also possible to mention some 

disadvantages about simulation. According to (Robinson 2003), we can see several 

problems with simulation techniques. 
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1. Investment: First of all, simulation software’s may need a considerable investment 

from the beginning. Such as, the one that is used in this study- Extendsim8- costs up to 

$9000.  

2. New Consultants: Companies may need to employ new consultants (who have 
expertise on simulation) to perform simulation projects. This issue also can be solved by 

giving simulation education to employees within the company.  

3. Time: Simulation projects can take longer times than it is expected and may need 

significant amount of data results. 

4. Is it true? : Simulation has many benefits but it is not guaranteed that all results that 

are taken from simulation will be right. At that time validation comes forward which will 

be discussed in this paper later. 

3.5 How to Create a Simulation Model  

According to (Banks et al. 2000), we can build an outline in the aim of creating a 

simulation model. This plan consists of nine steps. 

1. Formulation of Problem: In order to begin a simulation, it is crucial to define the 

problem in detail and to formulate in a way that also the reader can understand. 

2. Defining objectives and building a plan: The objectives should be well-defined 
before beginning the simulation.  In addition, the plan which can guide us during the 

project also must be built. 

3. Creating the Model: In order to avoid wastes in terms of time or monetary, it is 

beneficial to create a simple plan at first stage and improve it continuously. 

4. Data Collection: If the aim is to get accurate results at the end, then we have to collect 
data in detail and use them correctly as an input. Both at the beginning and during 

creating the model, it is efficient to get data as much as possible. For instance, for a 

manufacturing process, the data can be cycle times, failure frequencies, number of 

defected products, some probability equations and so forth. 

5. Verification and Validation: In brief, validation puts forward a question. Is it the right 
model? It investigates if the created model compatible with real process. In contrast, 

verification is interested if we build the model in the right way. This step will be 

discussed more at 2.1.3 Validation&Verification 

6. Experimental Design: It is also important to try different scenarios and to observe the 

length and number of runs in a model. The more simulation run brings better accuracy. 

7. Production Runs and Analysis: Different analysis has to be made during simulation 
runs in order to see the model performance. Different statistical methods and theories are 

used in this step. 
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Fig 2: The outline of Creating a Simulation Model (Banks et.al 2000) 

8. Simulation Runs: Similarly with 6
th
 step, it is good to know if we need more runs in 

order to get accuracy. But, we should also know that more runs take more time. 

9. Documentation/Presentation: It is clear that everyone is not an expertise about 
simulation. Even many engineers may not have any clue about simulation models. For 

this reason, we should prepare an adequate documentation in order to make it 

understandable by all people. 

3.6 Validation & Verification 

Validation & Verification is one of an important step in creating a model. The problems 
are investigated by these methods may seem similar but basically they focus on different 

things. In brief, according to (Wainer 2009), Validation is the process which checks the 

model if it is a correct representation of the real world. A valid model cannot be 

distinguished from the real system within the experimental frame. In comparison, 
Verification controls the model if it is built correctly and a verified model forms its 

behaviour according to the model’s specification. In other words, it is a method of 

ensuring that if the created model has been transferred into a computer model with 
adequate accuracy (Davis 1992). 
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There are several types of validations (Robinson, 2003); 

 

Conceptual Model Validation: This validation checks the model if it contains all 
necessary details of the real process and tests it if the details are sufficiently correct in 

order to reach the objective.  

Data Validation: It is controlling the data if they are accurate and agrees with the real 

system. 

Verification & White-Box Validation: Verification concept can be considered as a subset 

of validation. Therefore, despite verification and white-box validation methods are 
basically different; both these two concepts are implemented continuously during 

simulation. However, as mentioned earlier, verification is interested in the structure of 

model rather than comparing it with the real process.  For this reason, in order to verify 
our model, it can be better to evaluate it with small pieces. As an example, we can reduce 

the workers number to an ‘irrelevant’ point to see the change of output value and test the 

accuracy of our model. Similarly, eliminating some parts of process or comparing the 

outputs with our expectations can be a useful way to verify a model.  

On the other side, white-box validation investigates the model thoroughly if it has 

sufficient accuracy in the aim of reaching the objective. Additionally, verification needs 

only the modeller but in comparison white-box validation, besides modeller, also requires 

everyone who has knowledge about the real process. 

Black-Box Validation:  As it is seen from the name, it is the opposite of white-box 
validation and controls the model in macro perspective in order to see if it generally 

meets the requirements of the real system. This can be implemented in two ways. The 

model can be compared with the real process or with another model such as if there is no 

real system yet. 

 

Fig 3: Validation and verification concepts in a simulation project (Landry et al. 1983) 
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The first one, comparing it with real system is done with using the data we get from real 

system such as cycle time or shutdowns and the ones we take from simulation runs. 

However, we cannot be sure the reliability of data and it can be different in another time 
interval. Therefore, it is good to use a wider time period. The second way is done when 

there is no real data. That time we can use a mathematical model even it is not possible to 

get a similar data as simulation. 

Experimentation Validation: It is controlling the experimental procedures if they are 
sufficiently correct. These procedures could be run-length, the number of repeats and 

sensitivity analysis. 

Solution Validation: It is similar with black-box validation, but it only checks the final 

results and tries to see if they are agree with the objectives in hand. 

After explaining the validation & verification, we should also look for the weaknesses of 

these notions. 

In the first place, we cannot validate a model in all perspectives. It means it is not 
possible to say that if a model is valid for a purpose, then it is valid also for other 

purposes. For example, a manufacturing process can be validated for testing but it does 

not mean that its results will also be valid. In other words, it can be said that there is no 

general validation and the model has to be proved that it is valid for the required purpose. 

Similarly as it is in our case study, validation is mostly performed with comparing the 
results with real system. However, sometimes we create simulation models for a future 

process. For example, we may plan to establish a new assembly line. Therefore, there will 

be no real system that can be used for comparison. 

The other possible problem is emphasized by (Checkland et al. 1981) and can be defined 
as the differences of people perspectives. For instance, let’s take a sales process. The 

salesman see it as a means of earning money but in contrast the buyer give priority the 

quality of product or buying it with lower price. Therefore, the interpretation depends on 

where you look. 

The next problem could be the reliability of real system data. It is an important point 
because when validation is done we have to have an accurate data that we can compare 

with model outputs. As an example we can take a production process. The cycle time of 

this process in first five weeks can be different from the next five weeks. Therefore, we 
should keep in mind that that data is just a sample and it can be different from the one we 

have.  

We know that it is very beneficial to apply validation repeatedly in order to get more 

accurate results. At this point, the other problem can be a very simple: Lack of time. It 

means validation & verification is a process which takes time, that’s why we may not 

have enough time to do it.  

The last problem can be the validation itself. The reason is we can never be %100 sure 

with it. It can only be a confidence which can be put in this model. But, as it is 

emphasized before the more validation is done the more accuracy will be gain. 

In conclusion, although it is not completely possible to create %100 accurate model, these 
methods are used in the aim of reaching the optimum one. Therefore; it is easy to say that, 

comparing the results with the real experiments and developing it continuously brings 

most feasible model at the end. The more verification&validation is made, the more 
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accuracy will be gained even if the model is not completely same with the real system 

process.  

Requirements for a Validation of a Model: As it can be seen on the previous section, 

validation is done in order to check the model if it meets some requirements. These 

requirements mainly come from real system and may cover these following demands; 

 Validity:  The results of the simulation model must be accurate and meet with the 

real system’s ones. There are several techniques that can help to judge the 

correctness of the model. 

 Usefulness:  Despite the description above, we can get some results which do not 

help us to solve the problem that model was built for. For example the results do 

not correspond to the objective or do not fulfill the expectations. 

 Acceptance of the model: A model is accepted when the results of the model is 

understood by the decision maker 

 Efficiency. 

The Chi-Square Method for Validation 

 

The chi-square test is implemented to determine whether there is a significant difference 

between the expected frequencies and the observed frequencies in one or more categories. 

This test has some requirements such as quantitative data, independent observations, 
adequate sample size (at least 10), simple random sample, data in a frequency form and 

so forth. 

  ; Where  : is the Chi-square value; O: - The observed values, E: - the 

Expected value 

                                                                    
The X

2
 value is used in order to determine the reliability of the model. To do this, we find 

firstly the right row according to number of repeat which corresponds ‘ Degrees of 

freedom’  and then the column where the X
2
 value stands. After all, the point where the 

row and column met, will be our reliability. For instance; if we have 15 set of data and a 
X

 2 
value of 6, we get a reliability between %99 and 95%. 

 

 
Table 1: Chi-square distribution table 
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3.7 Modelling Types in Simulation 

According to (Imagine That Inc. 2007), a simulation model could be seen as digital 

prototype of a process or system. It has to be a simple version of the system in order to 
give users efficiency, reliability and convenience and focus the most important points.  

 

We can split simulation models into three parts as follows according to scope of the real 

system; 
 

 Continuous, 

 Discrete Event, 

 Discrete Rate. 

 

As discussed earlier, it is vital to use the right modelling method when beginning the 
simulation. This decision can be made by analyzing the real process. The requirements 

for each modelling will be discussed in next section. 

 
Moreover, we can add more simulation modelling methods to these ones. For example; in 

last years, monte-carlo, state-action and agent based models are started to use for 

simulation 

 
3.7.1 Continuous Simulation 

 
Continuous simulation - as it is understood from the name – examines continuous 

processes. It means the changes of time in events can happen countless in time. In other 

words, the time step is fixed in the beginning and the increments between these steps are 

equal. It can also be said that continuous simulation focuses on flow of values instead of 
items or quantities. In Fig 4, it is clearly seen that the volume may change in time but the 

flow is always continuous.  

 
 

Fig 4: Continuous Simulation 
 

Continuous simulation techniques use approximation method which means taking small 

steps in order to detect the changes in processes. For instance, a flow of oil passing 

through of a pipe can be given as an example for it. We take small time intervals ( t) 
through process and notice the changes in state. Shorter time intervals give better results 
because approximation will be more accurate but it also causes slower simulation run and 

requires more time. The approximation method is shown in Fig5. 

 



Discrete Event Simulation of An Assembly Line 

 

Mälardalen University & GKN Driveline Köping AB Page 21 

 

 
Fig 5: The approximation in continuous simulation (Robinson, 2003) 

 
In addition to this time perspective, Continuous models (CM) differs from other 

simulation methods with being homogeneous and following only the FIFO rule. This 

difference also will be explained in next parts. 
 

First time in 1952, U.S navy used this simulation in order to solve the cost problem which 

occurs during flight-testing of missiles. Since that day, Continuous simulation has been 

used for 60-70 years in different industries such as in; 
 

Science; Biology, Biotech, Chemistry, Ecology, Genetics, Mathematics, Medicine, 

Pharmaceuticals, Physics 
 

Engineering; Aerospace, Agricultural, Automotive, Control Systems, Electronic, 

Environmental, Forestry, Material Science, Mechanical, Mining, Nuclear, Petroleum 
Business, Social Sciences, 

 

Business; Finance, Information Technology, Inventory Management, Human Resources, 

Operation 
 

Social Sciences; Economics, Gender Studies, Migration, Psychology, Social Dynamics, 

Urban Studies 
 

Today, we can find different computer software’s for Continuous simulations. For 

instance; ExtendSim, SimcadPro, VisSim, ChemicalworkBench, ACSL and acslX and so 
forth. 

 

3.7.2 Discrete Event Simulation (DES) 

 
In today’s world, technological and industrial developments force organizations to change 

and develop themselves especially in the context of operations.  Since processes become 
more complex, they need more dynamism and flexibility. Therefore, it becomes very 

important to understand the processes from the beginning to the end with all details. 

 

Similarly with the other systems, production processes require different methods, analysis 
and solutions by virtue of increasing competition in the market. At this point, discrete 

event simulation has become one of the prominent methods in complex production 

processes. 
 

Since the first generation of FORTRAN programming language in 1960s, discrete event 

simulation methodologies have been preferred by production industries with an 

increasing utilization rate. Especially from the beginning of 21
st
 century, the 



Discrete Event Simulation of An Assembly Line 

 

Mälardalen University & GKN Driveline Köping AB Page 22 

 

developments of advance software’s and 3D visualisations bring different benefits to 

users. Discrete event simulation offers a wide –view of a system and makes it easier for 

users to see the possible effects of changes. For instance;  repositioning of machines, 
changing worker numbers, arrangement on shifts or cycle times directly effects the 

performance and results of processes. For this reason, in order to have a control on entire 

process, DES stands as an essential methodology (Caggiano 2010). 
 

Moreover, as it is also discussed before; companies need simulation techniques in order 

to analyze their processes. However, we can put forward a question. What can they get 

with simulation besides analyzing of a system? It is easy to say that discrete event 
simulation can be used also as an optimization method. It provides cost and time 

reduction, increases customer satisfaction and product quality, creates solutions to supply 

and delivery problems, and improves area utilization and so forth. In short, we can 
summarize the areas where discrete event simulation can be used; (Wang and Nooh 1995) 

 

 Design and evaluation of new manufacturing processes, 

 Performance improvement of existing manufacturing processes, 

 Establishment of optimum operational policies, 

 An algorithm (or engine) to support production planning and scheduling. 

 

Discrete Event Simulation (DES) Approach 

 

Discrete event simulation differs from continuous approach in terms of time perspective. 

In a discrete event model, time changes from one event to another one and time intervals 
can be unequal. In other words, in a continuous model the more passing time effects the 

values, but in a discrete event model, system state changes only when an event happens 

and it is not directly affected by time.  
 

A manufacturing process or a call center could be an appropriate example for discrete 

event approaches. For instance, let’s think a call center which takes customer requests and 
sends an employer to perform a work.  

 

Time Event 
2 Customer called and 1

st
  employer is sent 

4 Customer called and 2
nd

 employer is sent 

5 Customer called and 3
rd

 employer is sent 

9 Customer called and 4
th
 employer is sent 

13 Customer called and 5
th
 employer is sent 

20 Customer called and 6
th
 employer is sent 

Table 2: Call centre Process 

 

Besides the time perspective, discrete event models have some distinct points when it is 
compared with continuous ones. Discrete event approach interested in items or entities 

instead of values which flows through a model. Moreover, the flow does not have to be 

homogenous and each item in the process has unique characteristics. For this reason, in a 
DES, items can follow different rules such as FIFO, LIFO, Priority, Time-delayed or 

customized order. 

 

We also have the advantage to track each entity in discrete event models such as 
determining the cycle time, utilization, quality and so on (Imagine That Inc. 2007). 

 

Discrete event simulation models are used in various areas. First of all, most of the 
manufacturing processes can be modelled by discrete event simulation. For example; in 

assembly processes (which is the case of this paper), inventory and resource planning, 
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scheduling, capacity planning and so on. Furthermore, especially in last year’s; service, 

telecommunication and logistic sectors take the advantage of discrete event simulation in 

their processes.  
 

After this brief information, discrete event simulation is discussed more on following 

pages with Extendsim8 software. 
 

3.7.3 Discrete Rate Simulation 

 

Discrete rate simulation can be defined as a hybrid type of simulation and exposes the 
features of both previous simulation types. In other words, discrete rate models simulate 

flows like continuous models, but it changes values when an event happens like discrete 

event models. For instance, most of production processes are modelled in discrete event 
way, but a high-speed production can be transformed to a discrete rate model. Likewise 

continuous models, discrete rate models only follow FIFO rule and time interval is 

dependent to events.  
 

Discrete rate simulation can be implemented in numerous areas. We can list them as 

follow (Imagine That Inc. 2007); 

 

 Mining  

 Electric power transmissions  

 Petrochemical  

 Manufacturing  

 Water Treatment Pharmaceutical  

 Metallurgy  

 

Fig6 illustrates the time based difference between modelling types; 
 

 
              Continuous Models                     Discrete Event Model       Discrete Rate Models 

 

Fig 6: Modelling Types 
 

 

As it seen on the figure discrete event and rate models have same time interval variability, 

but the distinctive point comes from the process types that they focus.  
 

        3.8 Different Concepts and the Future of Simulation 

 
Simulation has – as indicated before -a wide utilization area from manufacturing to 

aviation. Even in space shuttles and urban planning, we can see the tracks of simulation 
methods. However, at this point it is better to say something about the future of 

simulation.  

                                                                                               
(Jain 1999) says that; especially, the manufacturing industry uses simulation models in 

their processes from design to operation and this utilization - from design to operation- 

also creates a life cycle for simulation model parallel to the real system life cycle. 

However, still industry is not aware of the importance of it and that’s why it is not 
practised sufficiently. Despite that, in future simulation models will be developed as the 

concept of a system develops and work parallel with the real system. It means when there 

is a change on the real system; there will be an update on the simulation model. 
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According to (Holst 2001), if we take simulation conferences as a source, the focus will 

be over these areas;  

 
3.8.1 Model size and complexity: It could be said that, model size and complexity will 

grow in next year’s. Probably, we will only see the power of computer as a determinative 

factor and we see that the development of hardware technology will let to build very big 
and complex simulation models in future. 

 

3.8.2 Verification and validation techniques: (Law 2000) argues that we do not see 

much development in last year’s in terms of validation of simulation models. He believes 
that because of inherent problems of the validation of modified or new systems, model 

validation will be not be a popular area that is focused by researchers. To solve this 

problem, we may collect several independent sets of input from the real system and to 
compute a performance measure from each set. 

 

3.8.3 Optimization: Simulation does not mean optimization but often it is used a way of 
it. In a simulation model, the inputs and data are called factors and the outputs are called 

responses. For example, in a production process, factors could be the workers or 

machines and responses could be cycle time, work-in progress...In contrast, when we talk 

about optimization, factors become decision variables and responses become objective 
function and constraints.

 
So, the important thing

 
is here, to choose the factor which has 

the most effect on responses. It could be said that, if we want to reduce a cycle time of a 

process or improve work-in progress, we have to get some factors by simulation methods.  
 

According the description above, optimization takes an important place in simulation. 

Therefore, in last year’s, we see several simulation softwares which have also 

optimization features and in future, the relation between optimization and simulation will 
be tighter with the development of these kinds of softwares. 

 

3.8.4 Parallel and distributed simulation: Parallel and distributed simulation systems 
which are preferred by users because of several reasons mainly based on distribution of a 

simulation program(s) over multiple computers. Parallel discrete event simulation is 

concerned with the execution of simulation programs on multiprocessor computing 
platforms.  Distributed simulation is concerned with  the  execution  of  simulations  on  

geographically distributed  computers  interconnected  via  a  local  area and or wide area 

network (Fujimoto 1999).  

 
In future, we will use more often these kinds of concepts owing to several reasons. First 

of all, PADS, reduces execution time of processes. Because splitting the processes under 

several sub-processes makes the simulation quicker. Secondly, with PADS, users which 
are located in different areas have the opportunity to work together without travelling to 

another place. So, it reduces travel expenses. Besides, it is so often that, different 

companies may work on the same or similar projects/products. Hence, with PADS, users 
from different locations can work on the same simulators without installing the all 

simulation models on their own computers. Finally, PADS also gives a failure tolerance 

to users such as if one processor fails, another may continue it. 

 
3.8.5 Internet-based simulation: It is clear that, simulation techniques are very 

important tool for users who wants to analyze and improve their processes. However, 

simulation as a tool has also some weaknesses. According to (Shen 2000) we can list 
these weaknesses in this following way; 

 

 Lack of portability: Each simulation model uses own simulation language, so if we 

use it in another one we also have to learn its language. 
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 Lack of interoperability: Each simulation programme has its own language and host. 

Therefore, it may cause problems if we use the model in another programme. 

 Difficulty in execution over the Internet and the Web:  Mostly, it is not easy to move 

the simulation models to internet. 

 
In future, internet based simulation will be a solution for these problems. First of all, 

when we talk about the internet based simulation, we have to mention about the 

combination of Java – which is one of most popular programming language in computer 
world - and Internet.  

 

Java closely resembles the C and C++ object-oriented programming languages with a 
few alterations, such as the removal of pointers, specifically intended to make Java more 

robust. Java further simplifies use for the end user, as well as the programmer, by 

supporting graphical user interfaces and a number of menu formats. The result is a 
simple, efficient, platform-independent programming language that is ideal for creating 

Internet based program. (Kobza et al. 1998) 

 

Internet based simulation brings with itself some advantages when it is combined with 
Java in order to eliminate the weaknesses that are stated before. 

 

 Wide accessibility: enables the user to run the model from multiple locations without 

requiring additional hardware, software... 

 Controlled access:  enables the user to protect the model against unexpected change 

and duplication. 

 Efficient maintenance: gives the opportunity to user fixing errors and making 

modifications. 

 Increased integration: with Java compatible browsers, users do not need to use any 

other software. 

 Product sales: enables the user to reach the customers easier. 

 Business Performance: enables the user to reach the latest information. 

3.8.6 Human behaviour and uncertainty modelling:  Human behaviour models are 

created by presenting the behaviours of a single person or group of people on a computer 

based model. With this definition of human behaviour modelling, there are some 

techniques to simulate human behaviours and it could be said that discrete event 
simulation is one of the best way for it. However, the models which have independent and 

self-directed entities, makes discrete event simulation a bit weak when there is a need to 

work on large-scale systems. 
 

Human behaviour models are used widely in military operations for several purposes. 

According to (Pew et al. 1999) there are some simulations connected with human 
behaviours; 

 

 Training simulations are used to simulate individual or team behaviours,  

 Mission rehearsal simulations are used to prepare specific missions,  

 Analysis simulations are used to evaluate alternative weapon systems, staffing 

requirements, doctrine, and tactics, 

 Acquisition simulations are used to support acquisition decisions based on the 

anticipated performance of weapons systems, 

 Joint force analysis simulations are used to address questions associated with 

improving the command, control, and communications interoperability of joint 

forces. 
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On the other hand, we know that discrete event simulation works with a cause-effect 

relationship and with it we easily analyze and improve, see the current situation and 

results of processes. But sometimes we may not have enough information about our 
model. So that means there is something ‘uncertain’ with the model. As a word, 

uncertainty means as a lack of precise knowledge as to what the truth is, whether 

qualitative or quantitative. (NRC 1996) 

We can take climate prediction as an example for uncertainty in models. It is clear that 
there are some bounds on temperature, but it is not always easy to estimate it. To solve 

this problem, we can use some information such as previous observations, the factors 

which has an effect on climate (for example; volcano eruptions, greenhouse gases) or 

human influences as an input. But still, we cannot be %100 sure with the results. 

3.8.7 Integration of DES with ERP and Other Systems: Before telling the relation 
between simulation techniques and ERP systems, it is better to know what does an ERP 

stand for? 

 
Enterprise Resource Planning (ERP) is an administration system which helps 

organizations to manage their goods and service productions and to use their resources 

such as machines or materials productively. In ERP systems, all the departments in 

companies integrated in a system. So, it makes so easy for users to control their all 
operations such as finance, HR, manufacturing, storage. 

 

Here, we can also talk about the integration of ERP and simulation systems. As it was 
stated above, ERP systems control many systems, so it includes so much data. That’s why 

it provides a good input for simulation models. An example where ERP data has been 

integrated with a simulation model is a printing company who used ERP data, such as 
inventory, demand, and due dates, in a simulation model to determine the required level 

of process detail in a printing process. (Harper 2007). Another example is a discrete event 

simulation model can be used for the daily workload of a department in a hospital. 

 
In addition, a system which is used for following the manufacturing processes from raw 

material phase to the storage, called MRP, also could be integrated with simulation 

models. According to (Battista et al. 2011) when we mention about lead times and/or 
safety stocks in manufacturing, MRP integration in simulators may be useful to keep into 

account random variables in an analytical model, determining the effects of factors such 

as forecast errors and processes variability, eventually allowing to dynamically compute 

the relative effects on key performance measures  

 

3.9 Computer Aided Simulation 
 

As stated previously, we see the first computer support in the beginning of 1960s with 

programming languages SIMULA and GPSS. After, particularly with growing computer 

technology, simulation methods met new methods and interfaces. Since 1980, visual 
interactive simulation has been utilized by users.  

Visual interactive simulation (VIS) has a visual display showing which can be defined as 
an animation of the model]. For instance; we can locate workers, machines, conveyors or 

buffers easily in a manufacturing process with the help of VIS.  Furthermore, the models 
which are created with visually gives better understanding and make it easier to perform 

Validation&Verification or interactive experimentation.  

Now, there are many options in market when a simulation model is prompted. Therefore, 

it is important to choose the most appropriate one. Sometimes, the process type can play 
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an important role in this selection or the software flexibility and capability can come in 

the first place. In order to choose the best alternative, we may follow a plan as follows 

(Robinson 2003); 

1. Define the Model Requirements: The process/system must be defined.  The 

constraints, permissions and other details have to be known. 

2. Software options: Getting the list of appropriate softwares with our process may 

shorten the time. The information about the softwares can be taken from internet or the 

producers of them. 

3. Establish evaluation criteria: After narrowing the software options to four-five, we 

can evaluate them with some criteria. We can list several criteria as following table;  

Hardware/software 

requirements 

Reporting and output 

analysis features 

Ease of model 
development 

Probable run-speed 

Can a model be built 

and run in small 

steps? 

Number of random 

number streams 

available 

Maximum model size Frequency of 

software upgrades 

Availability of 3D 

animation 

Price of software 

Input data and 

analysis features 

Ability to perform 

multiple replications 

Table 3: Criteria of Software Selection 

4. Evaluate the Software with Criteria:  It is important to control softwares if they meet 

our requirements. To do it; we can look into literature, take the opinions of experts, read 

user-guides of programmes or talk with directly producers. 

5. Software Selection: Even there are many criteria; we should take the most crucial ones 

for our process. For example, the language of software can have more importance than 
3D feature for us. Therefore, giving weights to each criteria and doing some calculations 

might help us in the selection step. As an example; in this paper, Extendsim8 software is 

used because its capability in assembly processes. 

3.10 Extendsim8 Software 

Extendsim is powerful multi-purpose simulation software and produced by Imagine That 

Inc. It enables to create dynamic models of various processes at high level capability. 

Extendsim8, which is the last version of this simulation software, has an ability to 

develop different types of models such as continuous, discrete event and discrete rate. 

Basically, Extendsim8 work with blocks and connections. An item or a value comes to a 
block and with performing different actions, it moves to another block with via 

connections. Each block has an own action name and also can be labelled by different 

words such as machining, milling, assembly and so on. 

Moreover, Extendsim8 has another useful feature which is assigning unique attributes to 

each item. Attributes consist of a name that characterizes the item and a value that 
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indicates some dimension of the named characteristic. After this brief information, they 

will be explained in detail later in this paper. 

 
The User guide of the software – which gives broad information about Extendsim8-, 

states the some capabilities of the programme as follows (Imagine That Inc. 2007) ; 

 

 Blocks have a very extensive capability in modelling, 

 A customizable graphical interface helps us to understand the relationships in the 

modelled system, 

 2D and realistic 3D animation options, 

 Dialogs, Notebooks, and an integrated database for changing model values, 

 Developed optimization, Monte Carlo, batch-mode, and sensitivity analysis options, 

 Full connectivity and interactivity with other programs and platforms, 

 An equation editor for creating custom-compiled equations, 

 Build and run models remotely, either from an ExtendSim block or from another 

application, 

 Blocks can send messages to other blocks interactively for subprocessing. 

 
In order to have an adequate knowledge about this software some parts of Extendsim8 

will be introduced next stage. However, the reason that it covers much information, only 

the discrete event modelling which is the case of this paper will be explained with the 

help of Extendsim8 UserGuide. 

 

 
 

Fig 7: The interface of the Extendsim8 

 

3.10.1 Discrete Event Modelling in Extendsim8 

 

As stated earlier, discrete event models use items in Extendsim8. These items need 
different specifications in order to be differentiated in the simulation. At that point, we 

define different information to items such as attributes, properties and quantities. 

 
Attributes are used in order to distinguish items from each other. For instance, we may 

use an attribute to determine a process time, route and type of a material and so on. In 

Extendsim8, there are three different attributes. The first one is value attribute which 

consists of a real number, the second one is string attribute which similarly holds a real 
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number but is represented by a text and DB address attribute which contains a string or a 

number and connected to a database. 

 
Priorities are - likewise attributes- assigned to items. It gives users the possibility of 

processing items based on their priorities. By priorities, it is possible to create a job order 

and process certain items before other ones. 
 

Lastly, we have also Quantities which create differentiation between items. If we say an 

item’s quantity is 1 – the default value- then it means it is a single entity. Otherwise, it 

represents a group. The items in groups must be considered in a different way when 
compared with single entities. Because, through process, they may move in a group but 

when it is required we need different actions such as batching or unbatching. This feature 

also affects other assigned information such as attributes and priorities. 
 

Furthermore, we know that discrete event simulation consists of different elements such 

as people, equipment, material and so forth. At this point, we name them as ‘items’ in 
Extendsim. Besides items; activities and events are also the main actors of this type of 

modelling in this software. 

 

3.10.2 Libraries in Extendsim8 

 

In Extendsim8, as specified before, we are able to create different type of simulation 

models such as continuous, discrete event and discrete rate. However, each of these 
models uses different libraries in this software. For this reason, we have six libraries in 

Extendsim8: 

 

 Animation 2d&3d 

 Item 

 Plotter 

 Rate 

 Utilities  

 Value 

 

In Extendsim8, item library is used for creating discrete event models. There many 

different blocks in this library and serve as an operation, an activity or a resource. These 

blocks are used mostly in manufacturing, material handling, transportation and similar 
operations.  

 

In addition to these item library blocks, value library is also used in discrete event models 
likewise in this paper’s case. They are used more in order to design data management and 

model-specific tasks in discrete event models. Even it is not so often, users may need to 

create some advance blocks. Extendsim8 gives us a flexibility of design our own blocks 

which is called “MYO” for “Make Your Own” in the programme. However, in this study, 
this option was never used.  

 

This paper focused more on item and value library because of the reasons above. Despite 
that, some of blocks that used in discrete event models and located in other groups also 

will be presented  

 
The Executive Block: This block control and does event scheduling in discrete event 

models. Executive block is a must for discrete event models and must be placed on the 

left-up side of the model. 
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Fig 8: Executive Block Symbol 

 

Executive block has some capabilities which have direct affect on the model. For 

instance, it is possible to stop the simulation when the model reaches a certain value. 
Additionally, it enables to control all attributes in the model and display all the blocks 

which are connected with them. 

 

3.10.2.1 The Item Library 
 

Discrete event models are usually created with the item library blocks. These blocks are 

grouped in 8 different titles. We can list them as follows; 
 

 Activities, 

 Batching, 

 Data Access, 

 Information, 

 Properties, 

 Queues, 

 Resources,  

 Routing. 

 

Activities:  In activities group, we can see four different block types. These are: 
 

Activity: It is one of primary blocks in Extendsim8. It holds one or more items and passes 

them out based on the process time and arrival time for each item. We define process 

time, maximum items in process, shutdown values and other specific details on this 
block. 

 

Convey item: It is used to carry items from one point to another one. 
 

Transport: Similarly ‘Convey item’ transports items according to their speed and the 

distance between points. 
 

Workstation: It is a developed version of activity block. It serves as a workstation and has 

a capability to process and queue items. It is also possible to connect it with resources. 

 

 
 

Fig 9: Blocks in Activities Group respectively Activity, Convey Item, Transport and 

Workstation 

 
Batching: These blocks are used for the items in groups. These two blocks can be seen as 

opposite. 

 
Batch: This block joins items - which come from different sources- to a single entity. 
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                                       Fig 10: Batch and Unbatch Blocks 

 

Unbatch: Differently from batch block, splits group of items to single entities or less sized 

groups. 
 

Data Access: The blocks in this group perform the communication between the model 

and Extendsim databases. It means they are used to exchange model data with a data 
structure which exists in an internal or external source.  The source can be an Extendsim 

database and a Microsoft Excel or a text file. It is also important to know that, the data is 

only updated when an item arrives to these blocks. 

 
We have two blocks in this group. 

 

Read (I): It reads data from one or more locations in a source when an item arrives. It is 
also possible to define more than one data source. 

 

Write (I): This block writes data to one or more locations in a database when an item 
arrives. It is also possible to define more than writing location with adding rows on the 

block table. 

 

 
 

 

 
       Read(I)            

Write(I) 

 

 

Fig 11:  Blocks in Data Access and Interface of Write Block 
 

Information: There are four blocks in this group and they are used in order to record 

different types of statistics of a model.  
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Cost by Item: This block helps us to know the cost of the cost accumulators that pass 

through it. We are able to calculate average and total costs of a certain item which visits 

this block. 

 

Cost Stats: Similarly as previous one it also focuses on costs but it records all the costs 

without connecting to any other block. 

 

History: It gives us different types of statistics of both defined attributes and other kind 

of information such as arrival times. Likewise cost stats, it is enough to place this block 

somewhere in the model. 
 

Information: This is one of the important blocks in this software. It views different kind 

of information such as the number of passed items through this block, time between items 
and cycle time. We can calculate the cycle time both from beginning to the end and also 

between certain blocks. 

 
Fig 12: the Information blocks 

 
Properties: In Extendsim, there are several blocks which perform actions on attributes 

and other properties. The blocks in this group; Get, Set, Query Equation and Equation (I) 

are used to display and modify the properties of items. In brief these blocks are explained 
as follows; 

 

Get:  Displays properties of items such as attributes, priorities and quantities which visit 

this block. The property value is shown in the dialog and output at the value output 
connector. 

 

Set: This block is used in order to attach more priorities on items. 

 

Equation (I): Can be used to calculate the equation of an item when it passes through the 

block 

 

Query Equation (I): When an item reaches this block, it calculates the equation in order 

to rank the records in an ExtendSim database table and based on a ranking rule 

 
 

 

 
 

 
 

 
Fig 13: Properties blocks: Get, Set, 

Equation and Query Equation   

 

 
 

 

 

 
    
 

Fig 14 Set Block Interface 
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Queues: In an Extendsim simulation model, a queue model serves as a buffer or a 

waiting line and keeps items for further processing. As we know, discrete event models 
can follow different kind of order rules such as FIFO, LIFO and other. Beside these rules, 

we can also create order according to priorities, attributes and other user-defined rules by 

these queue blocks. Moreover, in a queue block we can determine how long an item will 
wait until it reneges, or prematurely leaves. 

 

We have three different blocks in this group: 

 
Queue: It simply holds items for a specified time. It may work with a FIFO, LIFO and 

other kind of user defined order rule. 

 
Queue Equation: Similarly it keeps items and releases them according to results of a 

user-defined equation. 

 
Queue Matching: It is useful to use this block when there are different types of items. It 

keeps each item in a separate line and releases them when the group requirement is met. 

 

 

 

 

 

 

 

 

 

 

 

Fig 15: The interface of Queue Block and Symbols of Queue Group Blocks 

 
 

Resources: As it is named, these blocks have a control on resources. For instance, the 

resource could be a worker, manager, pallet, and robot. Utilization of resources takes an 
important place in a simulation model, because it is possible to observe the behaviour of 

process according the change of resources. One of the objectives of simulation projects is 

to see the utilization rates of resources and see the possibilities of reducing them.  

 

 
Fig 16: The Resource Blocks 
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There are six different blocks in this group; 

 

Resource item: It keeps and provides different kind of resources such as pallets, workers 
and materials.  

 

Resource Manager: It enables higher level control on resources. We can manage and 
control the behaviour and utilization of different resources. It is used in order to create, 

modify, view and delete advanced resources, resource pools, resource groups and 

resource transaction logs. 

 
Resource pool: One of the most used block in Extendsim8. It stores resources and 

connected to queue blocks. 

 
Resource pool release: This block must be used if there is queue block connected with a 

resource pool. Because, this block releases resources and makes them available to be used 

again in later processes. 

 

Shift: We use this block in order to create a schedule. 

 

Shutdown: It generates “up” and “down” signals and causes shutdowns in processes with 
time between failure and time to repair input data. 

 

Routing: These blocks are used in order to send items to different destinations or receive 
and control the ones which come from different sources. The ones come from several 

sources can be routed by merging or in a sequential order. On the other hand, the items 

which are going to different destinations can be controlled according to their properties or 

merging and sequential.  We have seven blocks here as follows; 
 

Create: It creates items or values both in the beginning of or through the process. 

 
Exit: Simply, it passes items out of the simulation. 

 

Gate: This block controls the passing of items through a portion of the model. 

 

Catch Item:  Receives items which are sent by a Throw Item block. 

 

Select Item In: Takes inputs from different sources and selects one of them and outputs 
its item. 

 

Select Item Out: The opposite of Select item in. It takes input from one source and 
outputs to several destinations. 

 

Throw Item: Sends items to a Catch Item block. 
 

 

 
Fig 17: Routing blocks respectively: Catch item, Create, Exit, Gate, Select item in and 

Out and Throw Item 
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3.10.2.2 The Other Blocks in the Case Study 

 

Plotter Discrete Event: The plotter blocks are used in order to display the results of 
simulation. It gives different graphs of data up to four values in discrete event models. 

We can see both time and value on the graph and it is possible to determine whether to 

plot values only when they change or to plot all values.  
 

There are more than 10 plotter blocks in Plotter library; however each one is used in 

different ways. In this case of study, ‘Plotter Discrete Event’ block is used due to it is the 

most appropriate one to discrete event models. 

 

Constant [Value Library]: Creates repeatedly a constant value as an output which is 

used in other block as an input. The value is determined in the block. 

 

Simulation Variable [Value Library]: Creates a value of a simulation variable which 

can be a current run number, current step, current time, end time, number of runs, number 
of steps, start time, time step, and random seed.  For instance, in this study it is used in 

order to calculate the cycle time with connecting Set and Information blocks 

 

 
 
 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

. 
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4. THE CASE STUDY 

 
This simulation study began with examining the whole assembly line. The primary 

objectives were to understand the nature of work and define the problems throughout the 

line that may affect the productivity of process.  
 

During the first month we analyzed the process and shared ideas with workers who 

operate in two shifts.  We can easily say that, we had the chance to discuss and ask 

questions to both workers and production engineers.  

 

4.1 The Assembly Line 

 

 
Fig 18 A general overview of the assembly line for the current state 

  
The assembly line consists of three interdependent lines and seven stations.  

 The first line: The main line which have 25 pallets 

 The second line:- The middle line and consists of 9 pallets 

 The third line: The last line and consists of 7 pallets 

(It is also important to emphasize that one of the goal of this simulation is to see the 
effects of changing the number of pallets) 

 

The assembly line is divided in seven stations. Basically, there are six workers on the line 
and also an extra one worker who brings raw materials and other secondary works. One 

of the worker works on both first and sixth operation. 

 
Now, we can describe the operations step by step;  

 

1
st
 Station: As in (Fig.19), the assembly line begins from this station.  

 
The first worker takes the part that is called ‘House’ from the box - on the left of the 

photo- and sticking a serial number from the machine on the right.  
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Secondly, he/she puts the house on the machine which we can see in the middle of the 

photo and then scans the serial number.  
 

The machine measures the dimensions of the house and puts the house on the pallet to the 

production line. Finally, the product leaves the first station and we are able to see that 
house with a serial number and specific dimensions in the database. 

 

  
Fig 19: The First Station 

 

2
nd

 Station:  In this station as shown in (Fig.20) the worker prepares two gears (both 

pinion and differential gears- in Swedish Kronjul -) and gets their measurements.  

 

All measures are transferred to the database and he/she puts all gears on the pallet and 

pushes them to the third station.  

 

After the second Station we have a pallet with house, pinion and differential gears, and all 

have been measured.  

 

 

Fig 20: The second station 
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3
rd

 Station: - In this station as shown in Fig.21, the worker measures the suitable shims 

for the bearings of pinions, differential gears and outside cover of the product. After that, 

the worker puts them all on the pallet.  

 

Finally; when the pallet leaves the third station, it will have an outside cover and shims 

too.  

 
Fig 21: The Third Station 

 

4
th

 Station: This station has more operations and takes a longer time when it is compared 

with the first three ones. Here we have four machines to put different types of bearings 

and oil seals. When the product leaves this station , it is ready to assemble its parts in the 

next station. 

 

 

Fig 22: One of 4
th
 station’s machines 

 

Checkpoint 1: Between the 4
th
 and 5

th
 stations, there is a point to check the compatibility 

between gears and the product.  
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If the product meets with the requirements, it passes this checking point and moves to the 

5
th
station. Otherwise, the line pushes the pallet out as shown in Fig.23 and a light signal 

gives an alarm.  

 
Fig 23: CheckPoint 1 

 

After that, a worker arrives there to take the rejected pallet manually to another station 

which we called manual fixing station.  The problem here is that there is only one place 

for rejected products. Therefore; if the worker comes a bit late and there is another 

rejected product, the entire line stops. 

 

 

 

Fig 24: There is only one available place for rejected pallets  

 

 

5
th

 Station:  In this station, the parts on the pallet are assembled as it seen on Fig25.  
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Here, the worker is busy with multiple operations and can work on three different 

products at the same time. 

 

  

 
Fig25: Fifth Station 

 

After the 5
th
 station, the pallet arrives to a point where the bolts outside the cover are 

tightened. It is done with a specific tightening pressure as shown in Fig.26 below. 

 

 

 
Fig 26: Tightening the Bolts 

 

Checkpoint 2:  Between 5
th

 and 6
th
 stations, we have a point to check the compatibility 

between gears and the product as shown in Fig27.  
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Similarly as checkpoint1, if the product meets with the requirements, it passes this 

checking point and moves to the 6
th
 station. Otherwise, the line will push the pallet out as 

shown in Fig28. Same as previous one, there is only one place for rejected pallets.  

 

                     
Fig27: Checkpoint 2 

 

 
 

Fig28: 2nd rejected pallet point 

 
 

 

6
th

 station: This station is the longest station in the production line. Robot1 is controlling 

the movement of products through the points of station.  

 

This station begins when Robot1 takes the product that comes from the 2
nd

 checking 

point. During this movement the product is separated from its pallet (Pallet goes back to 
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the first station to begin another production cycle). Robot1 takes the product and places it 

to a point of as shown in Fig29. Here the worker merges a part that is called Haldex 

(shown in Fig.30) with the product.  

 

After that, Robot1 carries it to a point for filling it with oil. Finally, Robot1 takes the 

product again and places the product on the second line (the middle line) with another 

pallet. Then, the pallet moves to the rubber pad point where the product is supplied with a 

rubber pad due to the design of the product. The rubber pad point is shown in Fig.31. 

 

 
Fig29: Product arrives to 6

th
 station 

          
Fig30: Haldex point 
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Fig31: Rubber Pad Point 

Final Checkpoint:  After the rubber pad operation, the product reaches the end of the 
middle line. Robot2 shown in Fig32 takes the product from its pallet and places it to the 

final test machine.  

 
The final test machine checks if the product has been made according to specifications of 

GKN Drivelines which are checking the performance and the vibration level and noise 

degree.  Here, we have two probabilities:  

 
First, if the product doesn’t pass the test, it will be rejected from the line and Robot2 will 

take it from final test machine and places it back on the 2
nd

 line and the reject products are 

collected in a box as Fig34. second if the product does pass the test then Robot2 will 
placing the product on the third line with a new pallet which goes to the seventh station. 

 

 
Fig32: Robot2 
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Fig33: Final test machine 

 

 
Fig34: The point of collecting unsuccessful products  

 
7

th
 station: Worker scans the product which passes the final test successfully and packs it 

in the box for shipping to the costumer. Station is shown in Fig35. 

 
Fig35: Station7 
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Manual Fixing station: In this station, the rejected products which come from 1
st
 or 2

nd
 

checking points is taken by a worker in order to fix them. This operation has four steps:  

 

 Disassembling the product, 

 Fixing,  

 Assembling it again, 

 Sending it back to the production line. 

 

 
 

Fig 36: Manual fixing station 

 

4.2 The Simulation of Assembly Line 
 

 
It can be said that, different factors affect the production systems. For instance; number of 

workers, availability of raw materials, number of pallets, expected and unexpected 

shutdowns can be an example for them. Company’s production’s departments have to 
take these factors in account in order to reach optimum results and create a proper future 

state. At this point, simulation can be a useful tool to monitor the behaviors of the process 

under different conditions. 

 
We have divided the production line to eight stations (seven main station + manual 

fixing) and three lines. Although some data is provided by company, we also did some 

calculations (the cycle time, time required for the product to move between stations, 
waiting time and so) in order to have most reliable inputs. For instance, the real cycle 

time was recorded first time by us. In the following part, we can have more information 

about the assembly line. 

 
The line consists of three lines as follows: 

 

The First Line: This is the longest line and moves around five stations from 1
st
 to 5

th
. It 

begins with the first operation when a worker puts a house on a pallet and finishes just 

before the Haldex placing operation which is done by Robot1.When the pallet and 

product is separated from each other, the pallet proceeds its route and starts a new 
production cycle. Normally, there are 25 pallets on this line. 

The Second Line: This line begins the movement when Robot1 takes the product from 

oil filling and places it on a pallet. On this line, products go through two operations which 
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are called putting a rubber pad and testing. At the end, Robot2 takes the product and 

places it to final test machine. After this testing, there are two alternative routes. If the 

product passes the final test, the pallet will move back to first point but if the product 
doesn’t pass the test, the same pallet takes the product to a point where rejected ones are 

collected. Under normal conditions, the pallet number changes between 10 and 12. 

 
The Third line: This line moves between Robot2 and packing operation. Robot2 places 

the product on this line and it moves to the last operation. Normally, we have 10-12 

pallets on this line. 

 

4.2.1 The Description of Simulation Model 

 

First Station: The first line represents the first step of production and it consists of 25 
pallets. The pallets are shown by Resource item block in the model and illustrated on 

Fig37. The resource item block feeds the assembly line with pallets that come directly 

from 6
th
 station where they are separated from product by Robot1. Additionally, the 

resource item is connected with a batch block in order to merge it with the house and start 

a new production cycle. Besides, we see a Set block between the Resource item and 

Batch blocks. The set block is placed there because there is a need to assign attributes to 

each pallet in order to create three different lines. 
 

 

 
 

Fig 37: The Overview of Beginning of Assembly Line 
 

 
 

Fig 38: The Simulation Model- The First Station 
 

 after the batch block, the product goes through queue icon which represents the worker 
in this station. In this queue block we are able to change the queue length and workers 
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similarly as other queue blocks. On the other hand, as it is seen on Fig38, two different 

activity blocks are placed on this station. The reason is - it is also said before - the first 

worker is responsible both the 1
st
 and 6

th
 stations and in order to prevent an overload on 

the 1
st
 worker, we used two blocks one for machine and one for worker time. After all, the 

product visits information block and the cycle time is calculated. 

 
Second Station: Once the product leaves the first station, it goes through the next queue 

icon which represents the queue before the second station. This queue block give us the 

possibility to choose the number of pallets that can wait in the queue before 2
nd

 station 

and to set waiting time that represents the time that product needs to move from 1
st
 to 2

nd
 

station. We set the queue icon here that has a place only for a one pallet and a moving 

time about 5 seconds. After that, the product goes to batch icon which represents the 

batching of pinion gear and the supplies of these items are presumed infinitely. Finally, 
the product goes into processing likewise first operation and reaches information block in 

order to calculate the cycle time of second station. 

 

 
 

Fig 39: The Simulation Model - The Overview of 2nd Station 

 

 
Fig 40: Second Station 

 
Third Station: As we can see in Fig41, the product goes through the queue icon which is 
placed before the third station and this icon is set for two places of waiting. The 

movement takes about 5 seconds from second to third station. Then the product goes into 

queue icon which representing the worker of the third station and followed by activity 

icon which represents the machining of the station as shown in Fig42. At the end, it 
reaches information block in order to calculate the cycle time of this station. 
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Fig 41: The Simulation Model - The Overview of Third Station 

 
Fig 42: The Simulation Model - The third station 

 
Fourth station : A queue icon which is set for two places for length and 30 seconds for 

movement time (here we have a lift to move it up and the pallet takes more time to move 

from 3
rd

 to 4
th
 station). As we see in Fig44, there are four machines in the fourth station 

and a worker is represented one of the queue blocks.  

 

 

 
Fig 43: The overview of Fourth Station 



Discrete Event Simulation of An Assembly Line 

 

Mälardalen University & GKN Driveline Köping AB Page 49 

 

 
Fig 44: The Simulation Model - The fourth station 

 
Moreover, after this station, the product moves towards a queue icon which is set for 20 

seconds and 5 places of queue length just before the 1
st
 checking activity. After that, we 

have a set icon which is adjusted to 95% probability for the products which passes the 
checking and 5% for products which does not pass the 1

st
 checking (these 5% will have 

another path  to the manual fixing station, after fixing , it is sent back again to the line 

before 4
th
 station).  

 
Fifth Station:  After first checking activity, the product goes through station and is 

processed. In this station, we are able to process three products at the same time and in 

average it takes about 42 seconds to finish one item. After that, items leave the fifth 
station and go into the activity of bolts tightening which takes about 45-50 seconds. When 

this operation finished, products move on the line and arrive to second checking point. 

This checking point too is adjusted to 95% probability (due to the calculations we got 
from the company) and the rest of products which cannot pass the checking take another 

route to manual fixing operation. 

 
 

 
Fig 45: The Overview of Fifth Station 

 
Fig 46: the fifth station 

 

Sixth station: As it is shown in Fig 47, this station begins when Robot1 takes the product 

from the pallet. During this unbatching, pallet and product are separated and pallet goes 
back to first station to start a new cycle. In this station, we see placing Haldex part as the 

first process which is followed by oil filling operation. After that, Robot1 takes the 

product again and places it on second line. This movement is illustrated by batch block as 
it seen on Fig48. Finally, the product finishes it cycle in this station with rubber pad and 

final testing operations. This final testing is done with both Robot1 and Robot2. 
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Fig 47: The Simulation Model - The Overview of Sixth Station 

 
Fig 48: The Simulation Model- the sixth station 

 
Seventh station: As shown in Fig 49, queue icon represents the worker in this station.  

After the final test, a set icon distributes products according to a probability of 97% for 

passed products and 3% for non-passed products( this probability had been calculated due 
to the calculations we got from the company).  

Two information icons can be seen for each passed and non-passed products which let us 

have details about the required time for each products and number of products produced 

in the shift. 
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Fig 49: The Simulation Model - Seventh Station 

 
The eighth station (manual fixing station): As shown in Fig50 and Fig51, we divided 

the eighth station into two points:  

 
a- Fixing1: here the worker fixes the products which do not pass the 1

st
 checking point 

and are sent back to starting point of the 4
th
 station as it is in reality. 

b- Fixing2: in this point the worker fixes the products which do not pass the 2nd 

checking point and are sent back to starting point of the 5
th
 station as it is in reality 

 

 
 

Fig 50: The Overview of Fixing Stations 

 

 
Fig 51: The Fixing Stations 
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Resource Pools: These blocks represent the workers that are used in process. 

 

 
Fig 52: Workers 

 

 
 

 

 
 

 

 

 
 

 

 
 

 

 
 

 

 

 
 

 

 
 

 

 
 

 

 

 
 

 

 
 

 

 

 
 

 

 
 

 



Discrete Event Simulation of An Assembly Line 

 

Mälardalen University & GKN Driveline Köping AB Page 53 

 

5. RESULTS 
 

In this part, the general information about the results of this simulation project will be 
given. We ran our simulation model with different scenarios. For instance, we changed 

the number of workers and pallets on each of the three lines, modified the distribution of 

workers and so on. Fig53 illustrates the real output rate for the last 6 weeks. 

 
 

 

 
 

 

 

 
 

 

 
 

 

 
 

Fig 53: Production volume for 6 weeks 

 

The model was run for several times with 10 runs each time. All results which were 
obtained from the model are shown in the tables below and we can see the results for each 

assumption: 

 

Assumption1: 7 Workers 

 

 
Table 4: Assumption1 

Assumption 2: 8 Workers 

               Table 5: Results of Second Assumption 
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Assumption 3: 6 Workers 

Table 6: Results of Third Assumption 

Assumptions for Pallets 

In this assumption the numbers of pallets in the first line were changed from 10 till 30 

pallets and the model was run for 5 times for each option. The result of running the 

simulation is shown on Table 7, 
 

 
 

Table 7: Results of Simulation for Changing Number of Pallets 
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        6. ANALYSIS 
 

In this part an analysis on the results of this simulation project will be performed.  

 

We can see the stations, robots, workers and other elements within the production area on 

the Fig 54 below; 

 

 
Fig 54: The Assembly Line 

 

First of all, a certain plan was followed in order to reach to the most accurate results. This 

plan consists of four steps as follows; 

 

 Collecting historical data that covers one year records , 

 Performing statistical calculations in order to draw a production sketch  and get the 

probability for each production volume value, 

 Performing comparisons, 

 Creating an ideal model ( we assumed that material supply is infinite due to demand 

from company)  

As it can be seen on the previous pages, the results were based on three points: The 

workers, pallets and the bottlenecks.  

For the first one, we changed the worker number and did some observations in order to 

see the differences between the production rates and cycle times. As an example, for the 

production rate we get the results below; 

 2137 pcs/ 5 days with 6 workers 

 2487 pcs/5 days with 7 workers 

 2702 pcs/5 days with 8 workers 

 

If we look at the results from tables 4,5 and 6, we can see that the production rate is 

increasing as number of worker increases. Normally, the real process is currently running 

with 7 workers, therefore we took it as a reference point because it represent the current 

state - the production rate is 2487 item /week but if we add one more worker to the 
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process, we get an 8,6 % increment. In contrast, if we reduce the number to 6, a reduction 

of 14.07% results. 

Furthermore, during our observations, we see that there are; 

 25 pallets on the 1st line, 

 9 pallets on the 2nd line, 

 7 pallets on the 3rd line.  

 

Moreover, bottlenecks stand as a serious problem in our process. As it can be seen from 

the calculations for 7 workers, the cycle times of 4
th
 and 5

th
 station and the utilization 

rates of workers tell us where these bottlenecks occur. According to this information, we 

can say that the first bottleneck takes place between the first measurement and the 5
th

 

station where products wait 5 extra minutes. On the other hand, the second bottleneck 

occurs through the 6
th
 station and it takes up to 7 minutes. We can mention two reasons 

for this problem;  

 

a) The worker works also on the 1
st
 station and  

b) Robots movements 

 

6.1 Analysis of Results 

 

The relation between the current state of process and its results will be discussed. As we 

can see on the previous pages, we reached different findings after each assumption. 

 

Since we have the model, we can estimate the time to produce a specific production 

volume. It can be said that there are many factors that affect the productivity and the 

results of this assembly line. For instance, changing the workers and pallet numbers, 

increasing or decreasing the queue of products before or after the stations, decreasing the 

machining times and adding or removing machines can be given as an example. After this 

brief information, we can calculate the expected production rate of this assembly line. As 

it is stated before, there are five days of work and each day consists of two shifts with 8 

hours working time.  

 

The simulation model was run for 10 times and the average of these 10 results was taken 

as an expected production volume.  Afterwards, the runs were repeated with changing 

different parameters’ values (number of workers and number of pallets) in order to test 

each option. 

 

As we see in the assembly line there are always 8 stations that need a worker to complete 

the task. However, we have to consider that there are some limitations on distribution of 

the workers such as the distance between working stations and the layout of the assembly 

line. In consequence of these reasons we have a few alternatives to distribute the workers 

along the line. Moreover, we ran our simulation model with different scenarios. For 

instance; we changed the number of workers and also the pallets on each of the three 

lines, modified the distribution of workers and so on.  
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The following assumptions follow the same number of pallets as it is in reality. 

Therefore, we have 25 pallets on 1
st
 line, 9 pallets on 2

nd
 and 7 pallets on 3

rd
 line. 

 

           6.1.1 Current State Assumptions 

 
In this assumption the workers are distributed according to conditions of the current state 

which are shown on Table8. (Here, we have to remind the reader that the model was built 

with the assumption that there is no lack of material). 
 

Workers Stations 

Worker1 Station 1 & 6 
Worker2 Station 2 
Worker3 Station 3 
Worker4 Station 4 
Worker5 Station 5 
Worker6 Station 7 
Worker7 Station 8 

(Manual fix.) 
Table 8: Distribution of Workers 

 

Table 9: Production Rates for Selected Weeks 

The real production mean value was 2376 products and in comparison the average value 

from the simulation were 2487 products.  In this table we took into account the last 5 

weeks results because, during this period, there was no lack of material on the production 
line. 

 

In addition to this, simulation model we calculated the time required to produce one item 
as 38.1 min. where in reality it was between (36- 44) and more likely was (39.5). 

According to the model, the utilization of workers is shown on Fig 55 and we see the high 

value of utilization of Worker1 who works both at stations 1 and 6.  
 

 
Fig 55: Utilization of 7 Workers 
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In the model, we can see a bottleneck in station 5 that causes a queue before the same 

station. This bottleneck occurs due to the required machining time which takes more time 

than the previous operations.  
 

Another bottleneck can be seen in station 6. And the reasons are:  

 

 The robot has several tasks and all of them are connected to each other. The robot 

moves the products through several machines in the station according to priority 

which is necessary to complete the work in the station. 

 Using only one worker on 1st and 6th stations causes delays on account of the 

distance between these stations. 

6.1.2 Assumption 2 - Increasing workers 

As shown on Table 10, we separated the 1
st
 and 6

th
 operations which are shown by red 

color. This means that, in this assumption, we used one worker for each operation which 

means 8 workers in total. It can be seen that by increasing the number of workers from 7 

to 8, we get an average production volume of 2702 products/week. When it is compared 
with the current state, this result equals 8.6% increment on production rate which is about 

215 items.  

 

Workers Stations 
Worker1 Station 1 
Worker2 Station 2 
Worker3 Station 3 
Worker4 Station 4 
Worker5 Station 5 
Worker6 Station 6 
Worker7 Station 7 
Worker8 Station 8 

(manual fix.) 
Table 10: Distribution of Workers 

 
Fig 56: Utilization of Workers 

 
At the same time, we observe an increment also on the cycle time (time required to 

produce one item) from 38 to 58 minutes. This increase denotes that even if we use more 

workers and push products more frequently from the 1
st
 station, the products will wait 

more time on the assembly line for the machines along the line. Therefore, this signifies 

that it is not enough to increase only the number of workers in order to optimize this 
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production process.  In other words, we can say that there is a need to decrease the 

machining time required in each station or increase the machines where bottlenecks can 

take place. By this way, better results can be observed. 
 

Additionally; as it is seen on Fig 56, the utilization of the 6
th
 worker remains high by 

virtue of the bottlenecks and the required time to process one item throughout the station. 
However, it is also interesting to see that the utilization of the 1

st
 worker is quite low  

19% . 

 
6.1.3 Assumption 3 - Decreasing workers 

In this distribution, one more worker will work in two stations: Station 2 and 3.  

 

Workers Stations 
Worker1 Station 1 & 6 
Worker2 Station 2 &3  
Worker4 Station 4 
Worker5 Station 5 
Worker6 Station 7 
Worker7 Station 8 

(Manual fix.) 
 Table 11: Distribution of Workers 

 
Fig 57: Utilization of Workers 

 

Here it can be said that we get a significant decrease on production rate from 2487 items 

to 2137 items, by reducing the number of workers to 6. An amount of 367 products less in 
the weekly production volume was observed when it is compared with current state, this 

corresponds to about 14% decrease on the production volume. On the other side, the 

cycle time was increased to 45 min, mostly because of the delays that can occur on 

stations 2 and 3.   
 

Furthermore, the utilization values for 6 workers are shown on Fig57. We can see the 

high value for the 2
nd

 worker who works in two stations. This causes also a new 
bottleneck on stations 2 and 3. From these reasons it is very critical to decrease the 

number of workers to less than 7. 

 

          6.1.4 Assumptions for Pallets 

We will see the effects of changing number of pallets which are divided into three lines. 
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In the current state, we have a pallet number of; 

 25 pallets on 1
st
 line,  

 9 pallets on 2
nd 

line, 

 7 pallets on 3
rd

 line. 

 

As can be seen on the results page, we changed the pallets number from 10 to 30 and 

received different production rates, cycle times and utilizations of pallets.  

 
Fig 58 shows the relationship between pallets number and the production rate. It is clear 

that the maximum production rate occurs with a pallets number of 13. We notify also that 

even if we have more than 20 pallets, it will not add a significant value on the production 
rate. It is almost the same mean value.  

 

 

Fig58: Production Rate& Pallets Number. 

 

Fig59: Utilization & Pallets Number 

From the graph in Fig 59, we see the graph of utilization over different pallets numbers. 

This graph gives an idea about the utilization of these pallets along the line. We also 

found that the reasonable value for pallets number is experienced between 15 and 16 
which gives a good flexibility to the workers. In addition to this, the assembly process 

will not stop if we put two-three pallets more in case of any simple delay (it can be 

critical to work with utilization of 95% since the next station can wait for the pallets), so 
the utilization of 15 and 16 seems to be acceptable. 
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Fig60 shows us the relation between the pallets number and the cycle time. As it is shown 

on the graph, the fewer pallets bring the less cycle time which varies between 27-38 

minutes. However, even though this graph shows that the best value is gained when there 
are 10 pallets, we have to think also other parameters such as production rate and 

utilization values. 

 

          

Fig60: Cycle Times& Pallets Number 

From all of these graphs we can conclude to the fact that the good operating condition can 

be obtained with a pallets number of 15-17 that gives the optimum feasible solution for 

the parameters of production rate, cycle time and utilization of pallets. 
 

The Validation Step: In order to perform the validation process, we used several 

techniques like; 

 

Talks with experts: In this project, we spent the first month in the production line having 

discussions with workers who work in two shifts. The discussions were about the entire 
mechanism of the assembly line with all aspects. 

 

In this case there are 3 types of experts: Simulation expert, material experts and decision 
makers. In the company, we met with the second and third types of experts. Especially, 

the decision maker, who is the production manager of this company, helped us during the 

entire project. For instance; during our discussions with the decision maker, we had the 

opportunity to check our results via comparing real system data. 
 

Global inspection:  In our model we had created different scenarios and got reasonable 

values which were very close to the reality such as the positive correlation between 
production volume and the numbers of workers (it means when one variable decreases, 

the other variable also decreases and vice versa). 

 
For instance; as it can be seen on the table below we recorded the times we need at each 

station.  

 
Table12: Times for stations 



Discrete Event Simulation of An Assembly Line 

 

Mälardalen University & GKN Driveline Köping AB Page 62 

 

The table illustrates the product departure time from each station. We took into account 

these values when we had created the simulation model. 

 
On the other hand, we also received some data from the company which covers the 

‘theoretically optimum’ cycle times. That data was generated in a state where there is no 

bottleneck, waiting, problem and so on. Therefore, we had a chance to make two 
comparisons between data sets. 

 

Goodness of fit tests: We performed some tests in order to check the distributions that 

take place in the model.  
 

In our model, we applied the Chi-square test on the cycle times (the time required to 

produce one product). To do this, we had calculated the cycle time of 31 products and 
formed the formulations below. Finally, we compared our findings with the chi-square 

distribution table. 

 
First of all, to check the reliability of our model, we should look on the Table1: Chi-

square distribution table which is placed on the page 16 and find the “n-1” value (which 

is 31-1= 30) at “Degrees of Freedom” column. After that; in order to get the X
2 

– chi-

square value, we can use the equation on page 15. As it can be seen on Table13, we have 
a total chi-square value of 15, 74751 and it corresponds to a value between 0, 99 - 0, 95 

on the distribution table. Finally, after some simple mathematical calculations, we can 

reach an exact value of reliability for our model which is 98, 1%. 
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Table13: Results of Simulation and Chi-Square Calculations 
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7. Problems, Suggestions and Future State Visualization 

 
Suggestion 1:As it is said before, the first worker works both on 1

st
 and 6

th
 operations. 

Due to this reason, we thought that it can be a good idea to reduce the worker time at 1
st
 

operation. To do this, we can put an automated line which can carry four-five products at 
the same time. Then, similarly with current state; we can place a machine on this line and 

another tool for placing the product on the pallet which moves on the main assembly line. 

After this modification, worker comes, sticks 4-5 products at same time without going to 

6
th
 operation and put them all onto line. Then, he/she can go to 6

th
 operation and work 

there for a longer time than before. This change may reduce the worker time which is 

equal to 15 seconds per item. We can see this suggestion’s illustration on the following 

picture; 
 

 
Fig61: The first operation 

 

Suggestion2: The distances between stations cause a lot of unnecessary movement due to 

the location of material around of the lines. This problem forces workers to move round 

about instead of going straightly. In some cases the worker is going to move about 20 

steps instead of 4 steps.  

 
Fig62: The passageway 
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This solution can reduce the movements and also improve the communication between 

workers. The second issue is, the distance between points of packaging the final products 

and failed products. One trip between these points takes about 20*2=40 seconds. If we 

use the same worker between these points, this loss must be considered seriously. 

Therefore we can place these points closer to each other.  

We can see these improvements on following pictures; 

 

 
 

Fig 63 Another view to the passageway 

 
 

Fig 64: The new layout for failed products 

 

 

Suggestion 3: As it can be seen on the Fig 58, we may remove the second robot and 

create a faster line after the 6
th
 operation. It can be done with putting another machine to 

move it between machine and line, and using a small robot (the same one is used now) 
that performs the measurement process. 
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Fig 65: The processes after 6
th
 operation 

 
Moreover; we can use a control sensor in order to stop the line and allocate these rejected 

ones at a point which is closer to 7
th
 worker. Finally, as another advantage coming from 

this solution, we will have 2 lines instead of 3. 

 

 
Fig 66: The overview of Future State 

 

 

Suggestion 4: The lack of material is one of the main problems which causes waste of 
time and decreases the productivity of the assembly line.In order to compare the 

production volume between 2 periods, we give the following tables; 
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Mean 1930 

Variance 13408 

Standard deviation 115.8 

 

 
 

Mean 2376 

Variance 68280 

Standard Deviation 261.3 

 

From this comparison, we see that statistical mean value changes from a mean of 1930 

products/week for the period (week9- week14)  to a mean of 2376 products / week in the 

period (week 15- week 20). The difference is 446 products which is almost the production 

output of the line for one day. In another way we can say that due to the material lack we 

lost one production day. 

 

The solution for this problem can be creating a safety stock in order to prevent shutdowns 

which stop the entire production line. The safety stock can help us to eliminate this 

problem and increase the production volume. 

 

Suggestion 5: The Knowledge of the Workers: Maybe some of us will not see that as a 

problem however this also causes wastes through the line.  The problem is that not all of 

the workers have the same level of knowledge about the production process. 

 

We believe that, all workers should have a certain level of knowledge about how to deal 

with shutdowns. For instance; in the current state, if there is a problem, all the workers 

wait for the group leader to come and solve it. This can be defined as another type of time 

waste. We think that improving the manufacturing culture and knowledge of workers can 

lead to significant improvements such as discovering faults at an earlier stage and saving 

money and time. 

 
Suggestion 6: Waiting queue for rejected products: After first and second checking, 

we have only one place for waiting. Therefore, the entire line stops if we get more than 

one failure during these measurement processes. To solve this problem – at least to 

reduce its effect – we may put one more place for products which have error. 

 
According to our simulation model, if this suggestion is applied we get an improvement 

on the production rate of about 1% - 2%. However, because of the uncertainty on the 

repairing times it is not possible to get an exact result for this suggestion. 
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        8. Conclusions & Recommendations 
 

In this chapter; initially a general evaluation will be done upon the results of this paper 

and afterwards some opinions will be stated for the possible future studies. 

 

8.1 The Evaluation of Case Study 

 

For the process, the first word can be that the mechanism of the production line at ‘GKN 

Driveline Köping AB’ needs some improvement to reach the optimum feasible 

production size.  

 

Therefore, in order to implement continuous improvement philosophy and have a smooth 

production system, we had tried to observe all types of wastes, bottlenecks and shortages 

through the line. Then, we had the opportunity to share our ideas about these problems 

with workers and engineers during the meetings that we had almost every week.   

 

First, we can say that the main problem of this process is the lack of material which 

causes shutdowns on entire line. For instance; this problem can cause %20-30 variation 

on production rate between two week periods. We suggested that this problem can be 

solved by using a safety stock. 

  

Secondly, we have concluded that there are a lot of reasons for shutdowns. The reason 

can be a breakdown on a machine, a robot or a product. It is clear that, although it is not 

possible to eliminate all the shutdowns and have a 100% perfect process, but if we train 

the workers more about the process, we can ‘at least’ reduce the time of repairing and 

numbers of simple shutdowns. 

 

The simulation model was built using Extendsim8. We tried to make it easy to be 

understood by the reader with describing the steps of creating a model in this software 

and the blocks that are used in discrete event simulation. In this model, we implemented 

several scenarios and received different outputs for each option. For instance; we ran the 

model with different worker numbers ranging from six to eight and pallet numbers 

ranging from 15 and 30. However, it should be stated that, the simulation model is 

created with ideal conditions which refers to the fact that we presumed that the flow of 

material is unlimited. Therefore; this model can be developed in a longer time period with 

more input data. 

 

In results part, each scenario is illustrated with graphs and tables to give a clear insight to 

the reader who can find detailed information for each parameter. For instance; the relation 

between the pallets number and production rate and cycle time are shown by line charts 

which give us hints about the potential of this parameter.  

 

Additionally, we applied a chi-square test in order to validate our simulation model and 

reached an acceptable reliability level of 98, 1 %.    

 

All in all, according to our findings, the acceptable production conditions can be as those 

following; 
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 Pallets number: 15-16 pallets for the first line, 8-9 pallets for the second line and 6-8 

pallets for the third line will be acceptable. As it is discussed in analysis part, from all 

aspects (production rate, cycle time, utilizations) 13-14 pallets seems the best option 

but in case of any failed products we believe that adding 2-3 more pallets will be 

beneficial. 

 

In addition, we think that it will be better to apply this scenario on the assembly line 

in order to improve the process and reduce the bottlenecks. To do this, we can, for 

instance, decrease the pallets number gradually from 25 pallets to 22, 20, 18, and 15 

pallets to see the effects of each change. 

 

 Workers number:  For the workers number, we have tried different scenarios from 6 

workers to 8 workers. It is clear that it would not make any sense if we used 5 or less 

workers because workers less than 6 will not be able to operate the machines on the 

line and as a result will not reach the required productions rate. As it can be seen in 

results part, with 6 workers we get a %13 decrease on production rate and cycle time 

increases.  

 

Conversely, with 8 workers, the production rate increases but the cycle time reaches 

60 min. In this case, it seems that the optimum number seems to be 7. However; for 

instance in case of a high demand, the 8 workers option is used.  

 

So that, in brief we can distribute the seven workers in an optimum should be: 

 

 1
st
 and 6

th
 stations  1 Worker  for both stations 

 

 2
nd

,3
rd

,4
th
,5

th
 ,7

th
 and Manual Fixing  1 Worker for each stations (in total : 6 

workers ) 

 
8.2 Research Findings 

 
In this chapter, in addition to the findings shown in the conclusion part, we will try to 

answer the questions that we stated in the beginning of this study.  

 
 Where, why, when and how the problems occur? 

During our work on the assembly line, it was important to define the problems, their root 
causes and how to deal with these problems. We found that the main problem was the 

variation in the production volume. This problem occurs because of the lack of raw 

material at the company. We suggested that building a buffer could be a good idea in 
order to solve this problem.  

The second issue was the bottlenecks. We observed that different reasons cause this 

problem. For instance, the number of pallets in the first line could be a reason for this 
because, according to our simulation model, if we decrease the pallets number, we can 

eliminate this problem and reduce the cycle time. 

Another suggestion was to increase the waiting places before the rejected points after first 

and second checking. By applying this suggestion we can reduce also the bottlenecks 
caused by blocks when we have more than one rejected product at the same moment.  
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Another problem is the worker’s culture and knowledge, since they come forward when 

there is a stop on the line. For each shift there were only one or two workers who were 

able to restart the line after simple stops. This problem can cost a lot of time if the stops 
take more than the required period of time.  We think that improving the knowledge of 

workers has a big potential effect upon productivity goals. 

 

 How and why is discrete event simulation used with computer support in the aim of 

improving the productivity of a production process? 

Discrete event simulation is a powerful tool in production engineering as it can be seen in 

the Chapter 6: Analysis. It reduces the wastes in terms of time and monetary when the 
current state and suggested state are compared. In addition to a process as in this study, 

even if there is no real process, we can still use discrete event simulation in order to 

establish a process with the best possible conditions. Therefore, for both situations, 
discrete event simulation is a very beneficial tool. For instance; we do not have to re-

design a process in case of low productivity, move machines or robots to another place 

change the numbers of pallets or workers directly in a real system and so on. 
Furthermore, the support of computer system is increasing with 3D features which make 

it possible for us to illustrate the simulation models with virtual machines, lines, workers 

and so on. All in all, we believe that the usage of simulation tools will be more popular in 

the future because of these reasons. 

 

 What kinds of parameters have an impact on the optimum operational condition of this 

assembly line? 

We can mention three different parameters which have a direct effect on production 

process: Pallets number, Workers number and their distribution. 

According to the results that we obtained from the simulation model, decreasing / 

increasing the workers number effects both the production rate and cycle time. In the 
current state we have 7 workers and respectively there are 25, 12 and 9 pallets on the first, 

second and third line respectively. 

If we add one more worker to the line, we observe an increment about 8% in the weekly 
production volume, while decreasing the workers to 6 reduces the production rate about 

14 %. That shows us the risk of reducing the workers number to less than 7 and also shed 

light to future plan that will be created in case of high demands. 

For the pallets, we received an interesting output from the simulation model. Currently, 

we have 25 pallets on the first line, but if we decrease this number to 13-16, we observe 

an increase on the production rate. On the other side, changing the pallets number of 

second and third line does not cause any significant change on the results. 

 

8.3 Recommendations  

 
For a future work, we believe that this assembly line can be developed more. For 

instance, the lack of material problem was not taken into account in our model due to 

demand from the company. To get more accurate results, these kinds of both predicted 
and unpredicted problems can be considered within simulation process in a longer time 

period.  

In addition to this, different tools also can be used in terms of improvement of this 

assembly process. As an example, this simulation model can be integrated with an ERP 
program which can bring different inputs such as inventory level, demand, statistics and 

so on. 



Discrete Event Simulation of An Assembly Line 

 

Mälardalen University & GKN Driveline Köping AB Page 71 

 

List of Figures 

Figure Description Page 

Nr 

Fig 1 Products From GKN Driveline Köping AB 7 
Fig 2 The outline of Creating a Simulation Model 16 
Fig 3 Validation and verification concepts in a simulation project 17 
Fig 4 Continuous Simulation 20 
Fig 5 The approximation in continuous simulation 21 
Fig 6 Modelling Types 23 
Fig 7 The interface of the Extendsim8 28 
Fig 8 Executive Block Symbol 30 
Fig 9 Blocks in Activities Group respectively Activity, Convey Item, Transport and Workstation 30 
Fig 10 Batch and Unbatch Blocks 31 
Fig 11 Blocks in Data Access and Interface of Write Block 31 
Fig 12 the Information blocks 32 
Fig 13 Properties blocks: Get, Set, Equation and Query Equation   32 
Fig 14 Set Block Interface 32 
Fig 15 The interface of Queue Block and Symbols of Queue Group Blocks 33 
Fig 16 The Resource Blocks 33 
Fig 17 Routing blocks respectively: Catch item, Create, Exit, Gate, Select item in and Out and 

Throw Item 34 
Fig 18 A general overview of the assembly line for the current state 36 
Fig 19 The first station of assembly line 37 
Fig 20 The second station of assembly line 37 
Fig 21 The third station of assembly line 38 
Fig 22 One of 4th station’s machines 38 
Fig 23 1st checkpoint operation 39 
Fig 24 Rejected places 39 
Fig 25 Fifth Station 40 
Fig 26 Tightening the Bolts 40 
Fig 27 2nd checkpoint operation 41 
Fig 28 2nd rejected pallet point 41 
Fig 29 Product arrives to 6th station 42 
Fig 30 Haldex point 42 
Fig 31 Rubber Pad Point 43 
Fig 32 Robot2 43 
Fig 33 Final test machine 44 
Fig 34 The point of collecting unsuccessful products 44 
Fig 35 Station7 44 
Fig 36 Manual fixing station 45 
Fig 37 The Overview of Beginning of Assembly Line 46 
Fig 38 The Simulation Model- The First Station 46 
Fig 39 The Simulation Model - The Overview of 2nd Station 47 
Fig 40 The Simulation Model- The Second Station 47 
Fig 41 The Simulation Model - The Overview of Third Station 48 



Discrete Event Simulation of An Assembly Line 

 

Mälardalen University & GKN Driveline Köping AB Page 72 

 

Fig 42 The Simulation Model - The third station 48 
Fig 43 The Simulation Model - The overview of Fourth Station 48 
Fig 44 The Simulation Model - The fourth station 49 
Fig 45 The Simulation Model – The overview of fifth station 49 
Fig 46 The Simulation Model – the fifth station 49 
Fig 47 The Simulation Model - The Overview of Sixth Station 50 
Fig 48 The Simulation Model - The Sixth Station 50 
Fig 49 The Simulation Model - Seventh Station 51 
Fig 50 The Simulation Model -The Overview of Fixing Stations 51 
Fig 51 The Simulation Model -The Fixing Stations 51 
Fig 52 The Simulation Model - The workers 52 
Fig 53 The production volume 52 
Fig 54 The assembly line 55 
Fig 55 Utilizations of Workers – 7 Workers 57 
Fig 56 Utilizations of Workers – 8 Workers 58 
Fig 57 Utilizations of Workers – 6 Workers 59 
Fig 58 Production Rate& Pallets Number 60 
Fig 59 Utilizations& Pallets Number 60 
Fig 60 Cycle Time& Pallets Number 61 
Fig 61 Suggestions- The first operation 63 
Fig 62 Suggestions – Passage way 64 
Fig 63  Another view to the passageway 64 
Fig 64 Suggestions - The new layout for failed products 65 
Fig 65 Suggestions - The processes after 6th operation 65 
Fig 66 Suggestions - The overview of Future State 66 

 

 

 

 

 

 

 

 

 

 



Discrete Event Simulation of An Assembly Line 

 

Mälardalen University & GKN Driveline Köping AB Page 73 

 

List of Tables 

Table Description Page Nr. 

Table1 Chi-square distribution table 19 
Table2 Call center process 22 
Table3 Criteria of Software Selection 27 
Table4 Results of First Assumption 53 
Table5 Results of Second Assumption 53 
Table6 Results of Third Assumption 54 
Table7 Results of Simulation for Changing Number of Pallets 54 
Table8 Distribution of Workers 57 
Table9 Production Rates for Selected Weeks 57 
Table10 Distribution of Workers 58 
Table11 Distribution of Workers 59 
Table12 Times for stations 61 
Table13 Results of Simulation and Chi-Square Calculations 62 

 



Discrete Event Simulation of An Assembly Line 

 

Mälardalen University & GKN Driveline Köping AB Page 74 

 

9. REFERENCES 

 
Babulak E., Wang M. 2010 ‘ Discrete event simulation’, University of the South Pacific, 

Suva, Fiji and Air Industry 

 
Banks, J., Carson, J. S., Nelson, B. L. & Nicol, D. M. 2000, ‘Discrete Event System 

Simulation,’ 3rd edn, Prentice Hall. 

 
Battista C., Stritto G., Iannone R, Schiraldi M., 2011, ‘Integrating MRP in production 

systems simulation tools, Department of Enterprise Engineering’, Tor Vergata University 

of Rome, Via del Politecnico 00133 Roma Italy 

 
Caggiano A. 2010, ‘Digital Factory Concept Implementation for Flexible and 
Reconfigurable Manufacturing Systems Modelling and Analysis’ , UNIVERSITÀ 

DEGLI STUDI DI NAPOLI FEDERICO II 

 
Checkland, P. 1981, ‘Systems Thinking, Systems Practice’, Chichester, UK: Wiley. 

 
Davis, P.K. 1992, "Generalizing concepts of verification, validation, and accreditation 
(VV&A) for military simulation," RAND, October 1992 (to be published as R-4249- 

ACQ) 

 
Fujimoto, RM. 1999, ‘Parallel And Distributed Simulation’, College of Computing, 

Georgia Institute of Technology, Atlanta, GA 3033, U.S.A.  

 
Goldsman D., Nance, R.E. ; Wilson, J.R., ‘A brief history of simulation ‘, Milton Stewart 

Sch. of Ind. & Syst. Eng., Georgia Inst. of Technol., Atlanta, GA, USA . 

 
Harper JT. 2007, ‘Implementation of Simulation For Network Service Delivery Point 

Capacity Analysis, B.S.’, Wright State University. 

 
Holst L. 2004, ‘Discrete-Event Simulation, Operations Analysis and Manufacturing 

System Development’, PhD. Thesis, Department of Mechanical Engineering, Lund 
University, Sweden. 

 
Imagine That Inc. 2007, ‘ExtendSim User guide’, United States of America. 

 
Jain, S. 1999, ‘Simulation in the next millennium’, in Farrington et al. (1999), pp. 1478–
1484. 

 
Landry, M., Malouin, J.L. and Oral, M. 1983, ‘‘Model validation in operations research’ 
’European Journal of Operational Research, 14(3), 207–220 

 
Law A.M., Kelton D. 1991, “Simulation Modelling &Analysis”, McGraw-Hill, ISBN:0-
07-036698-5, United States of America 

 

Law, A. M. 2000,  In Sargent et al. 2000,  Section 4 

 
National Research Council. 1996a: 161 

 
Pew R. and Mavor A. 1996, ‘Modeling Human Behavior and Command Decision 

Making: Representations for Military Simulations’, ISBN: 0-309-52389-3, 432 pages. 

 

http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=p_Authors:.QT.Nance,%20R.E..QT.&searchWithin=p_Author_Ids:37271803700&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=p_Authors:.QT.Wilson,%20J.R..QT.&searchWithin=p_Author_Ids:37275492100&newsearch=true


Discrete Event Simulation of An Assembly Line 

 

Mälardalen University & GKN Driveline Köping AB Page 75 

 

Robinson S. 2003, ‘Simulation: The Practice of Model Development and Use’, John 

Wiley & Sons Ltd, The Atrium, Southern Gate, Chichester, West Sussex PO19 8SQ, 

England. 

 
Shen C. 2000, ‘Discrete-event simulation on the Internet and the Web’ , Computer and 

Information Sciences, University of Delaware, Newark, DE 19716, USA 

 
Smith R.D. 1998 ‘Essential techniques for military modeling and simulation’ , Winter 
Simulation Conference, STAC Inc. Orlando, FL 32765, U.S.A. 

 
Veith T, Kobza J, Koelling PC,1998, ‘World Wide Web-based Simulation’, Int. J. Engng 
Ed.Vol. 14, No. 5, pp. 316-321. 

 
Wainer A.G. 2009, ‘Discrete-Event Modeling and Simulation’ , Taylor & Francis Group 
6000 Broken Sound Parkway NW, Suite 300 Boca Raton, FL 33487-2742. 

 
Wang, M., Sun, G. and Nooh, M. 1995, ‘Application of Simulation to Reduce 

Manufacturing Cycle Time’, In Proceedings of 4th International Microelectronics 

Systems, 95 Conference, Malaysia 

 
WebFinance, Inc. 2013, ‘Definition of theoretical framework’, viewed 10.05.2013, 

http://www.businessdictionary.com/definition/theoretical-framework.html 

 

 

 

http://www.businessdictionary.com/definition/theoretical-framework.html


Discrete Event Simulation of An Assembly Line 

 

Mälardalen University & GKN Driveline Köping AB Page 76 

 

10. APPENDICES 

 
In order to show the expected results of the model we have connected the ExtendSim to 

an excel sheet that gives us more ability to import and export data from and to the 

ExtendSim. As we see in the Fig.A1 the overview of the model, we can see the 
parameters during running of the model and the times and also the final statistical 

calculations that we need. When we run the model, we can see the time required in each 

station in both excel and ExtendSim as shown in Fig.A6 that gives the ability to find 

bottle necks between stations. This will be seen clearly in the excel sheet in a diagram for 
each cycle time and also the total time required to produce one item. 

 

The plotter shows us the final production size in relation with the failed products as 
shown in Fig. A4. Moreover, we can also see the shutdowns during the running and under 

it we can see the results of simulation in the form of expected time to each product to 

leave the production line. 

 
In Fig.A5 we have a similar diagram showing the failed products after the first and 

second checking and also the time that they left the station for repairing.  

 
In the excel sheet we tried to include all the necessary information that we need as a final 

result from our model such as production quantity, cycle time, utilization of workers, 

number of failed items and finally the total failed items. That will be easy for people who 
don’t have knowledge about ExtendSim. It needs only to run the ExtendSim model then 

all diagrams will appear on the screen in addition to the excel sheet. 
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APPENDIX A 

 

  
Fig.A1 A General View Of The Model 
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Fig.A2 The Cycle Time For Each Station During Running 
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Fig. A3 the result on the model during running 
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Fig.A4 The Plotter Diagram Representing The Production Size Due To Time In (Black Line) 

And The Failed Item (Blue Line) 

 



Discrete Event Simulation of An Assembly Line 

 

Mälardalen University & GKN Driveline Köping AB Page 81 

 

                           
 
Fig.A5 The Plotter Diagram Represents The Failed Products After 1st Check (The Brown Line) And 

The Failed Items after The 2nd Check (The Green Line) 
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Fig. A6 the excel sheet 
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3D Visualization 

 
In this section, we will show the 3D illustration of the current state of our assembly line. 

This work was done in order to give better comprehension to engineers and workers at 

company and of course to readers. (The visualization of future state was given in results 

section).  
 

 

          Current State: 

 

         
FigB1: Stations between 1-4 

 

         
  

Fig B2: Stations 6 and 7 
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FigB3: Station 5 

 

 

        
 

FigB4: General overview of assembly line 

 

 

 


