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Abstract 

Manufacturing System Improvement with 

Discrete Event Simulation 

Erik Gerdin and Rebecca Rifve 

 

 

Due to a global increase in competitiveness in manufacturing, 

companies strive to increase the effectiveness of their manufacturing 

systems. The new industrial revolution, Industry 4.0, is a consequence in 

motion to aid in creating improved manufacturing systems. A common 

tool within Industry 4.0 is simulation, where one could simulate changes 

in a virtual representation of a real world system. Discrete Event 

Simulation (DES) is a tool that has been widely adopted within 

industries to test manufacturing system changes virtually before 

implementing them physically. However, there is a need to discover the 

advantages, disadvantages and barriers to the application of simulation 

modeling in industry, as well as how to show the value with using the 

technique.  

 

A case study at the global manufacturing company Atlas Copco's plant 

In Tierp, Sweden has been undertaken with the purpose of using DES to 

aid a manufacturing plant in improving a manual manufacturing system, 

and how this could develop the current approach to a more long-term 

and sustainable one. Process mapping have been used to facilitate 

better understanding of the system prior to simulation modeling, as a 

manual system proved to be difficult to map otherwise. The results of 

this study points to that simulation can provide advantages of that 

decisions regarding implementation of system improvements could 

have better basis for being taken, simulation can be used to test system 

changes virtually to prevent eventual implementation problems, and 

simulation can be used as a tool to generate long-term solutions. 

However, disadvantages and barriers were identified as resistance from 

management in difficulties to convince the value of using simulation, 

extensive modeling competency required, and lack of the right 

prerequisites makes simulation modeling implementation more difficult. 

Further research should focus on uncovering the difficulties and barriers 

to the implementation of simulation modeling in industry, as this was 

not widely discussed in existing literature. 
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The virtual aspect of industry 

Manufacturing companies are facing an ever-changing competitive environment. What 

can they do to better compete against their competitors and to enhance their position 

on the market? Adopting Industry 4.0 is the next step for many of these companies to be 

able to produce at a higher rate and to meet customer demand. Within Industry 4.0 

there are different tools, and one of them is simulation. This tool makes it possible for 

manufacturing companies to test changes and improvements to their manufacturing 

systems virtually before possibly implementing them physically. Despite these benefits 

with simulation however, the approach is not straightforward for various reasons.  

When working as a production technician or engineer, a lot of the daily work is about to 

solve things that is of acute character so that the daily manufacturing operations are not 

disrupted. But it is also important to have a more long-term thinking to make the 

operations become more sustainable and competitive. Simulation have been proven to 

be a useful tool to contribute to a more long-term thinking, in the sense that it is 

possible to test different system concepts virtually and thereby how it will affect the 

system without interrupting the daily work. It is also useful in the sense that simulation 

results could be used as a basis for investment decision and where to focus 

improvement efforts.  

A case study was conducted at the assembly department of Atlas Copco Industrial 

Technique AB in Tierp, Sweden. The assembly department is characterized by entirely 

manual manufacturing systems and is taking its initial steps towards Industry 4.0. The 

purpose of the study is to investigate how simulation could aid a manufacturing plant in 

improving a manufacturing system, and by using this, how it could develop the current 

approach to a more long-term and sustainable one. To fulfil the purpose, it was 

investigated how the plant could use simulation modeling as a fact based, long-term 

solution generating approach and how it could be advantageous, but it was also 

discovered to have some disadvantages and barriers to the implementation of 

simulation modeling on a manufacturing system in this case’s setting. This study will 

contribute with knowledge that simulation can be used on entirely manual 

manufacturing systems and the results generated by the models could be used to base 

investment decisions on, be used to test system changes virtually to reduce 

implementation problems, and used as a tool for long-term system concepts. However, 

disadvantages and barriers were discovered to be of resistance from management, 

modeling competency issues, and lack of correct prerequisites for simulation 

implementation. These latter factors have to be dealt with to make the implementation 

as smooth as possible.  
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1. Introduction 

To be able to understand what this master thesis is about a brief introduction has been 

made. It begins with the general background to the area of the problem, followed by the 

problem itself. Then, the aim and research questions for this thesis are outlined with 

limitations that have been made. Lastly, the outline for the report is gone through. 

1.1. Background 

Manufacturing companies are today facing an ever changing competitive environment, 

where actors continuously strive for competitive advantage. This has led to that the 

pace of manufacturing is pushed up, and in order for companies to keep staying 

competitive, it is essential for their manufacturing systems to be controlled optimally to 

keep costs down and productivity up (Jayachitra and Prasad 2010). As a consequence, 

the concept of Industry 4.0 has emerged recently, with the aim to develop an industry to 

increase resource efficiency through digitalization, so it is able to launch products at a 

faster pace which in turn makes it more flexible (Stăncioiu 2017). For instance, 

implementation of Industry 4.0 creates intelligent factories that use cyber-physical 

systems that monitor the physical environment to create a virtual copy. Simulation is a 

part of Industry 4.0 that becomes a valuable tool that can use this system in order to 

optimize the design and functionality of the manufacturing system, in parallel with 

either product development or the daily operations. This becomes especially important 

today, as decisions regarding manufacturing system changes are often based on 

“experience and intuition rather than on quantitative predictions” (Struck and Hensen 

2007), which makes the results of manufacturing system changes hard to predict. Kumar 

and Phrommathed (2006) demonstrates that process mapping, data analysis and 

computer simulation can be beneficial to reduce the risk of that a redesigned 

manufacturing system could become ineffective in the physical world. “New changes, 

procedures, information flows etc. can be examined without interrupting the smooth 

working of real systems” (Sharma 2015). Further, to be able to construct simulation 

models with a balanced workload, line balancing is worth noticing to be able to 

distribute the total workload on the stations of the line for the manufacturing of 

products (Becker and Scholl 2004). Also, with the same objective as simulation, the lean 

philosophy is also driven by “how to better design and improve processes making the 

companies more competitive” (Uriarte et al. 2015). Two of the eight tenets of this 

philosophy is standardized work, i.e. to define current best practice that can be used as 

a benchmark for improvement, and process stability, i.e. to establish demand standards 

in equipment reliability, employee knowledge and skill, production quality control etc. 

(Detty and Yingling 2000). These tools are also worth considering when constructing 

optimal performing simulation models.  
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1.2. Problem definition 

Even though simulation has proven to be useful when it comes to implement 

manufacturing system improvements, there are still companies that have not yet 

adopted this technique for various reasons. There is a fundamental problem of 

skepticism towards the implementation of simulation within industries, stemming from 

that people on different organizational levels cannot see the value with it, as they have 

not seen successful applications or that they have seen unsuccessful ones (McGinnis and 

Rose 2017). They further point to that there are modeling competency issues related to 

simulation, that it requires a considerable level of expertise to construct a moderately 

complicated manufacturing model, and also that the availability of data related to lack 

of management’s funding to support data collection. Fowler and Rose (2004) further 

conclude that “greater acceptance of modeling and simulation within industry” is one of 

the big challenges with simulation.  

1.3. Aim 

This study will investigate how simulation can be used to improve a manual assembly 

(manufacturing) system in a manufacturing plant, to show the value of the technique. By 

doing this, improvements could be validated and tested virtually before implemented 

practically to test outcomes instead of experience them. The management needs to be 

convinced that simulation can be of value for the plant; value being to develop solutions 

that work in the long-term and how to gain the competence to keep doing so. 

The purpose of the study is therefore to look if, and if so, how simulation could aid 

a manufacturing plant in improving a manufacturing system, and also how it could 

develop the current approach to a more long-term and sustainable one. 

1.4. Research questions 

RQ1: In what way can simulation aid manufacturing plants to move from intuition-based 

short-term solutions, to fact-based long-term solutions to improve their manufacturing 

systems? 

RQ2: What advantages and disadvantages would simulation bring to them?  

RQ3: What barriers would simulation face in a company where this kind of approach is 

still quite new?  
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1.5. Delimitations 

The correlation between the physical and the virtual manufacturing system will most 

definitely not reach 100%, as the current work methodology and structure of processes 

is rather complicated. Therefore, the case has to be based on some assumptions about 

how these processes are conducted and structured to be able to construct a functional 

simulation model. Also, as the assembly system is entirely manual which leads to that 

the human factor will play a big role and in turn make it hard to program various human 

choices. Lastly, the research area of simulation of entirely manual systems is rather 

limited, as it tends to focus on automated systems or systems with 

machining/processing of material. Therefore, this study will not be able to deliver a 

definite answer on that this technique will work to the same degree as these systems. 

However, it will hopefully reveal a future area of interest. 

1.6. Outline 

This master thesis will start off with describing the theoretical background of it with 

common concepts and theories that was brought up by a literature survey. After this, 

the method that has been undertaken to conduct this master thesis will be described, so 

the reader can see what steps that have been carried out to get the results. Then the 

reader will go through the empirical findings, starting with a current situation analysis to 

get an idea and to feel the context of the case, followed by the empirical material of the 

current state and improved state simulation models. The results are then analyzed 

related to the research questions and set into relevant theory. Lastly, the whole work is 

discussed, both from the perspective of the findings and from a methodological 

perspective. 
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2. Theoretical Background 

A literature survey was carried out prior to the execution of the case study on the 

subject of developing manufacturing systems, in order to understand central concepts 

and common pitfalls within the field. The concepts described in this chapter are central 

to this study and will be the foundation for this thesis. 

2.1. Industry 4.0 

“It is a significant transformation of the entire industrial production by merging digital 

and internet technologies to conventional industry” (Stăncioiu, 2017) 

Industry 4.0 is the next step for many industries to take, to be able to keep their 

competitive strength towards their competitors; one could say that this is the new 

reality for industries. One third of companies around the world have already started 

their Industry 4.0 journey and within the next 5 years this number will probably increase 

to 72% (Stăncioiu, 2017). When it comes to the definition of Industry 4.0, Lasi et al. 

(2014) describes “Industry 4.0” as changes in manufacturing systems that are mainly IT 

driven. One important thing to take into consideration when it comes to Industry 4.0 is 

that the developments are not just technical; it will affect the organization as well. 

 The General Manager of Teka, Erwin Telöken, discuss in an interview by Laser 

Technik Journal (2017) about the importance of investment in digitalization. He means 

that without investing in digitalization, you cannot be seen as a fully-fledged participant 

in Industry 4.0. If a company does not participant in the development towards Industry 

4.0 it will end up in that the company itself has to accept a lot of competitive 

disadvantages, he implied. Earlier within the industry it was important to secure danger 

areas of machines by putting up electronic or mechanical fences, but this boundary is 

blurred more and more. Erwin Telöken talks about this development and he means that 

when it comes to Industry 4.0, it becomes more necessary that human, machines and 

various logistic systems can work besides each other and also together, without being a 

risk of hurt each other (Laser Technik Journal 2017). He also implies that “...Industry 4.0 

itself does not represent a profit.” It should rather work as a precursor for new products 

or for example product-related services, improved work and production processes. It 

could also help to decrease costs of the own production, as well as an increase in 

turnover because of new or optimized products. 

Big data and analytics, Cybersecurity, The cloud, Green IT, The Industrial Internet 

of Things, Autonomous robots/systems, Simulation modeling, Horizontal and vertical 

system integration through new standards, Additive manufacturing and Augmented 

reality are all key concepts that enable technologies and development trends within 

Industry 4.0 (Rodič, 2017). One could use simulation as a tool for decision support to 
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allow validation and testing for systems and individual elements of systems, and 

solution development (Rodič, 2017). Historically, if manufacturers wanted to test if a 

new (or developed) system worked effectively and efficiently, they had to use trial and 

error to see how the system behaved, which would result in disturbances of the system 

in question. The concept of Industry 4.0 introduces virtualization to create a digital 

representation of the physical environment (a digital twin), where concepts could be 

modelled and tested (Gilchrist 2016). This would enable manufacturers to implement 

manufacturing system development with better accuracy and focus. 

2.2. Discrete Event Simulation  

“Discrete Event Simulation (DES) in particular has been widely applied to model and 

optimise complex manufacturing systems and assembly lines. DES is particularly well 

suited for modelling manufacturing systems as DES can explicitly model the variation 

within manufacturing systems using probability distributions. DES is thus capable of 

answering key operational questions relating to throughput, resource allocation, 

utilization and supply and demand.” (Prajapat and Tiwari 2017) 

To be able to review procedures, changes, information flows etc. without interrupting 

the real manufacturing system becomes more and more important. Sharma (2015) has 

developed a simulation model that studies a system when it is in working mode and also 

how this system will evolve over time. He claims that “a fully developed and validated 

model can answer a variety of questions about real systems”. Simulation can also be 

defined as a powerful tool when it comes to analysis of design for new manufacturing 

systems and rebuilding existing systems, but also because that the simulation could 

propose changes when it comes to operating rules (Jamil and Razali 2015). 

The general behavior of a discrete event simulation can be described as following; 

it starts with an initial state and when an event occur the system will directly change to 

a new state. This behavior will then continue over a time considering that it will stop 

within a state for duration of time (Mansharamani 1997). “Of all the simulation 

techniques, DES is the one which models the operation of a system as a discrete 

sequence of events in time. Each event occurs at a particular instant in time and marks a 

change of state in the system” (Sharma 2015).  

2.2.1. General approach for DES 

To be able to understand more broadly what DES is, one must look into how the trends 

are within the subject area. An extensive literature review has been conducted on the 

area of DES for assembly applications optimization to be able to identify this, where the 

authors have grouped and listed 52 articles on the subject into different domains, object 

functions, model formulation, and optimization methodology (Prajapat and Tiwari 

(2017). They conclude that general production systems, time-based and throughput 
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objectives, commercial software applications, and what-if scenarios were most common 

for domain, object function, model, and optimization methodology respectively. The 

article as a whole serves as a good up-to-date article of key trends and applications on 

the area of DES. Mansharamani (1997) have also reviewed the field of DES in terms of 

specifications of discrete event simulation, simulation methodology, simulation 

languages, data structures for event management, and front to back support in 

simulation packages. He concluded that the main methodologies of DES from a 

programmer’s viewpoint, is event scheduling, activity scanning, and process interaction. 

However, this case study will not look into the programming details of DES, but 

Mansharami’s work could be of value for others studying this field. 

Sharma (2015) provides a comprehensive study about what DES is and how one 

could go on about constructing one. He proposes a model which readers could adopt in 

order to successfully construct a simulation study via 8 steps; problem formulation, set 

objectives and plan, conceptual model, collect data, create simulation model, 

experimental design, production runs and analysis, and documentation & report. The 

study also provides a case example to illustrate the application of DES onto a single-

server queue that is a classic DES example. 

In order to be able to construct a simulation model, one must first gain knowledge 

of how the actual system to be simulated looks like. To gain this knowledge there are 

some tools to characterize an operation, such as characteristics for high- and low-

volume serial production (Ziarnetsky et al. 2014). They provide aspects to think about 

when modelling a system for a simulation, which they developed building blocks for 

simulation models for assembly lines. Then they apply these building blocks onto a real 

case to validate the model, and conclude that these could be used to successfully 

simulate the real case system to demonstrate the importance of inventory 

management. Further in line with work to be done prior to simulation, Weigert and 

Henlich (2009) have proposed how various graphing methodologies could be applied in 

order to better understand assembly systems. Their main work is regarding in how these 

graphs could be simulated using DES software, but in this case study their graphing 

methodologies is more of interest. 

2.2.2. Advantages and Disadvantages with DES 

Sharma (2015) describes advantages and disadvantages about using the DES technique, 

with advantages such as that simulation allows the study and experimentation of a 

(complex) system, and enables feasibility testing of how a phenomena could occur, and 

with disadvantages such as special training required for constructing a simulation model, 

and due to the fact that simulation is often associated with randomness. Also, using DES 

is preferably done in large areas because it does not interrupt the existing operations 

(Jamil and Razali 2015). The latter study also depicts some weaknesses with simulation, 
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such as it is fully imitating hundred percent of the production line’s inconsistent 

variables, and that it does not take the human error or skills into account as it is 

considered more as qualitative than quantitative data.  

Detty and Yingling (2000) looked into the benefits with discrete event simulation 

and why it could be useful for companies. Some of the advantages that they mention 

are that simulation makes it possible to show the benefits with lean manufacturing 

throughout the whole system and can give a good picture of how the new system could 

look like in the future, which in turn can be useful information for the management. 

Jamil and Razali (2015) also mention some benefits in their article and they talk about 

that using simulation can save time within the line balancing process, and that fact-

model simulation has led to an increase in line balancing ratio, which in turn has led to 

improvement in work efficiency. 

2.2.3. DES case applications 

There are many case studies that have been performed on the area of DES. Kumar and 

Phrommathed (2006) used the DES Arena 7.0 software to simulate critical operations in 

a paper sheet cutting operation. Their method consisted of 4 steps; process mapping, 

data collection and resource utilization analysis, redesign process, and implementation 

and evaluation, in that order. They concluded that using simulation in combination with 

process mapping and data analysis was beneficial in terms of reducing the risk of that 

the redesigned critical operations in the manufacturing system could become 

ineffective. The results indicated that with the usage of these techniques they got higher 

machine utilization resulting in shorter lead times and more free time for operators to 

do quality inspections etc. 

Ziarnetsky et al. (2014) conducted a case study based on their previously 

developed building blocks for simulation for an aircraft manufacturer, to be able to 

optimize inventory management. They simulated 210 days of production, using 

AutoSched AP with 4 weeks of warm-up period to exclude initialization effects, and 

concluded that simulation is a good tool to visualize and experiment with various 

scenarios to come up with an optimal solution. 

Jamil and Razali (2015) did a simulation study where they focus on line balancing 

of a mixed-model assembly line. First they mapped the process flow in detail followed 

by time studies of the manufacturing system, with help of the gathered data they set up 

a model of the line by using simulation. They used ProModel software for their 

simulation study. Later on they compared their simulation results with the real system, 

and with this comparison they could show that the current line efficiency is not 

optimized because of blockage and idle time. To eliminate the cause they did a what-if 

analysis, and from this they did a new layout where they balanced the line by adding 
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buffers in purpose of avoid blockage. To reduce idle time they added manpower to 

stations in purpose to reduce process time.  

 Another case application has used DES to be able to develop an optimal sequence 

for mixed model production (Dewa and Chidzuu 2013). They have demonstrated a 

methodology that integrates queueing theory with simulation to be able to handle 

bottlenecks in production the best way possible. When constructing the simulation 

model in the simulation software Showflow, they first used the assembly plant facility 

layout to keep it realistic. Historical data was compared to the simulated data and 

deviated only with five percent, and results indicated that using the simulation as a 

basis, a bottleneck analysis can be conducted which in turn could be the basis for 

decisions for optimal bottleneck management. 

 Detty and Yingling (2000) try to quantify the benefits of lean manufacturing using 

simulation techniques. They used discrete event simulation software to develop 

simulation models for the existing and the proposed lean system and concluded that 

DES is a good tool to help quantify benefits of lean manufacturing. They propose that 

using their approach in the article, the reader can gain credible estimates of savings on 

shop-floor level with lean principles. 

2.2.4. FACTS Analyzer as a DES software 

There are a number of softwares that can be used to simulate discrete event systems. 

FACTS Analyzer is a modeling framework that provides the necessary features to make 

DES easier to use and speed up the modeling and experimentation process (Urenda 

Moris et al. 2008). It provides a unique graphical unit interface (GUI) that makes it easy 

to quickly model conceptual system designs and evaluate them. The user can construct 

models via drag and dropping modeling objects into the modeling window. Further, 

flows can be constructed to connect these objects. It also has an inbuilt optimization 

engine that could be used to optimize decision variables to find many different 

“optimal” settings for complex systems.  

 FACTS Analyzer comes with a valuable option to connect processes/operations to 

EPT-based data input, where this concept “embeds all disturbances and includes cycle 

time variations” (Ibid). The EPT distribution captures all the disturbances which make it a 

valuable concept when it comes to manual processing times. So instead of having to 

evaluate and measure how much disturbance and cycle time variability a manual system 

could have, the EPT encapsulates these factors and thus is a more “effective” 

distribution.  
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2.2.5. Organizational aspects of simulation in general 

When studying the history of simulation, one question that often emerges every year of 

the Winter Simulation Conference is “Why isn’t there a greater application of simulation 

in industry?” (McGinnis and Rose 2017) One of the root-causes to this is the 

organizational issues. Even though simulation has showed to be of great value to 

industries and that people within the organization understand the value with it, you will 

also find people that are sceptic about it. Also, modeling competency is seen as an issue 

as large complicated models requires deep knowledge of the tool and constant practice 

to sustain. Further, more data is an issue as a management that does not see the value 

of simulation will not spend money to enable the necessary data collection, leading to 

worse data availability and/or quality. 

 Fowler and Rose (2004) have looked into the challenges of simulation and lists 

“greater acceptance of modeling and simulation within industry” as one of the big 

challenges. They mean that modelers often spend much time to convince management 

the need of simulation. Management tends to see simulation as a tool that replaces 

other approaches, but this is not the case as simulation itself does not improve the 

performance of a manufacturing system. Instead, simulation modelers should focus on 

convincing management that simulation could be used as a complement to other 

approaches (e.g. lean manufacturing, six sigma, just-in-time manufacturing, total quality 

management etc.) to realize these other approaches’ potential impact virtually to 

answer questions about them (Ibid). 

2.4. Process Mapping 

”The benefits of process mapping include simplified workflow, reduced cycle time, 

lowered costs, and improved job satisfaction.” (Kalman 2002)  

Process mapping is a tool that makes simulation models easier to construct. A process 

map is a diagrammatic representation of an activity’s sequence of actions, and this map 

is a helping tool to be able to visualize and explain all steps of a process with graphical 

illustrations (Heher and Chen 2017). Process mapping is both an analytical tool and 

process intervention that can be used to improve human performance by reducing error 

variance, and is suited for both radical and incremental change. When it comes to 

process mapping as an analytical tool, it is a form of a task analysis method to visually 

diagram how various work activities are performed (Kalman 2002). As a process 

intervention, it is a form of action learning; when executing a process mapping initiative, 

the involved parts become aware of their own relationships in the whole, and therefore 

become a catalyst for change. A general phrase is that an organization is limited by the 

effectiveness of its processes and thereby cannot exceed the effectiveness of these. 
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2.4.1. Process Mapping Techniques 

There are various techniques in process mapping one could use in order to gain control 

and an overview of a process. Each of these techniques offers a different view and 

perspective of the process. Kalman (2002) briefly describes six techniques that could be 

used to map a process, with images demonstrating examples of how they could look. 

● Block Diagram is a technique that provides a quick insight and overview of the 

process sequence. 

● Decision (ANSI) Flowchart is a standardized technique that uses decision steps 

for the process to take alternative process steps. 

● Functional Flowcharts show departments relationships between each other 

within the organization. 

● Quality Process Language Diagram show how information interacts with a 

process. 

● Operation charts, i.e. time and motion charts distinguish value added and non-

value added steps in a process. 

● String diagrams/geographical flowcharts show the physical flow of work 

activities. 

2.4.2. General approach to Process Mapping 

An up to date online article was published in 2017 that brings up a general approach in 

how to construct a process map from scratch (Heher and Chen 2017). They have 

developed a 6 step model that describes what to do when creating a process map. 

Step 1: Select the product and define the scope 

If a process mapping initiative is started without a clear definition of the scope, the map 

could become very complex. Therefore it is necessary to answer questions in order to 

avoid unnecessary work, and questions could be; what process will we look at? Where 

does the work start and end? Level of detail needed in the chart? 

Step 2: Identify stakeholders and engage frontline staff 

Representatives from each involved area should be invited to be a part of the process 

map. Frontline staff, in particular, should be encouraged to participate as they hold 

valuable information about how the workflow is conducted, because they are the 

people closest to it. 

Step 3: Conduct a brainstorming session with sticky notes 

Schedule a session where every stakeholder could brainstorm ideas, with the purpose of 

that everyone included should be able to recall and write down all steps that may 

happen in the workflow. Each sticky note could represent one step/activity that takes 

place in the process. When all activities have been written down, next step is to arrange 
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them in the right order to see how they are “flowing” through the process. Important 

here is that consensus is reached about the final chain of activities. 

Step 4: Validate the draft process by walking the “gemba” 

Gemba is a lean terminology referring to “the real place”. To walk the “gemba” 

therefore means to walk where the real work is conducted. Direct observations of the 

actual workflow will be of help to validate the process map. This “gemba” walk could be 

performed repeatedly to capture eventual variations in the process.  

Step 5: Finalize the process map into electronic version 

When the map is finalized it should be converted to electronic format. MS Visio is 

recommended for complex systems, but also because it is one of the most popular 

mapping tools. 

Step 6: Evaluate the current workflow and form plans for next steps 

Looking at the process map, identify problems with the process that might be needed to 

look into. If needed, cycle times or value streams could be analyzed based on the map. 

The process map could also be a basis for plans for quality improvement.  

2.4.3. Process Flow Mapping 

When studying literature on process mapping, there are various ways authors treat the 

phenomenon. Some phrase it instead as process flow mapping (Renger et al. 2016), that 

is similar to traditional process mapping but with some modifications. “Process flow 

mapping uses qualitative interviews with subject matter experts (SMEs) and detailed 

observation reports to capture the system process so questions regarding its efficiencies 

can be identified” (Renger et al. 2016). Although there are some modifications to the 

approach, the purpose of the process mapping stays the same. However, the technique 

of process flow mapping instead leans towards taking the help of SMEs to figure out the 

process procedure through qualitative interviews. Renger et al. (2016) started with 

mapping the beginning and the end boundaries of the process, with the first step of the 

process linked. Then they filled the potential process gaps by asking “Did anything 

happen between these steps?” and “What’s next?”. In the end, they would get a process 

map of the process as detailed the SMEs would describe it. 

2.4.4. Value Stream Mapping 

When it comes to process mapping, value stream mapping (VSM) is often mentioned. 

“Value stream mapping is an enterprise improvement tool to help in visualizing the 

entire production process, representing both material and information flow” (Singh et 

al. 2011). VSM is used to observe material flow in real time from the supplier to 

customer and to visualize losses in the process, which is done by using symbols to 

construct the process visually and clearly (Forno et al. 2014). This is done in three basic 
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steps; construction of a current state map, construction of a future state map, and 

development of an action plan.  

 Much literature praise the benefits of VSM and what wonders it have made to the 

industry, but few authors bring up the complexity in applying it onto a real case. Howell 

(2013) writes about a condensed approach in how to successfully apply VSM, but only 

lists its benefits; nothing about the negative aspects of the tool. He means that as long 

as you are acquainted with the VSM icons it is simple to construct maps that depicts the 

process, because the resources on the topic are so plenty. Indeed, there are a lot of 

articles bringing up real case benefits of VSM, see Atieh et al. (2016), Singh et al. (2011), 

Parthanadee and Buddhakulsomsiri (2014). However, there are some authors that have 

identified some shortcomings with using VSM. Braglia et al. (2006) means that VSM can 

only be applied to straight single flow systems, because when a manufacturing process 

is complex with e.g. flows merging together, VSM cannot be used in the straightforward 

manner that some authors claim. “... when not applied correctly, VSM can complicate 

the identification of waste, lead to misinterpretations and assessment mistakes, and 

undermine the implementation of future improvements” (Forno et al. 2014). So if the 

investigated process proves to be of a complex nature VSM might not be the best 

alternative. Instead, more easily applicable tools could be of interest. 

2.5. Line Balancing 

In the case described in this paper, line balancing is something that has to be taken into 

consideration when converting to assembly lines from manual unorganized 

workstations. “Assembly lines are flow oriented production systems which are still typical 

to the industrial production of high quantity standardized commodities and even gain 

importance in low volume production of customized products” (Becker and Scholl 2006). 

Line balancing is used to better distribute work load/work tasks between different 

stations that could be something to have in mind when designing simulation models. To 

come up with manufacturing system improvements it is necessary to think about how to 

balance the solutions. Boysen et al. (2009) formulates assembly line balancing as two 

planning problems that is usually treated within research; first, assembly line balancing 

as a long- to mid-term planning problem which wants to group and assign all assembly 

operations along the stations of the production assembly line, with their corresponding 

required resources. Second, the problem of short-term sequencing of mixed-model 

assembly lines is assigning the entire model-mix to the production cycles in the planning 

horizon. To further understand the different types of assembly lines, Becker and Scholl 

(2006) have classified assembly lines into three different categories; single model, multi-

model and mixed-model. They have based these classification on different assembly line 

characteristics, and each characteristic bring different problems that can be addressed 

with different techniques as long as you are able to correctly identify what type of 
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assembly line you are dealing with. Their extensive literature survey lists these common 

characteristics and how to address them, along with layout concepts to solve complex 

problems. 

 The core problem of assembly line balancing is related to assigning the specified 

assembly operations to the stations of the assembly line with their required resources 

(Boysen et al. 2007). In their study, they provide a classification scheme to minimize the 

gap between real configuration problems and the status of research, to help 

practitioners to classify their solutions of assembly line balancing problems. But if a 

suitable solution is found, various technical or organizational aspects needs to be taken 

into consideration to retrieve a solution involving a feasible sequence (Boysen et al. 

2009). 

2.5.1. Case applications of line balancing 

When it comes to improving assembly operations in general, there are some studies 

that come across the problem of line imbalance of existing production lines.  Jamil and 

Razali (2016) did a preliminary study of a case in their work and concluded that the 

production rate did not satisfy the customer demand, and that the line was experiencing 

low efficiency. The root cause of this was that it was a blockage in the system because of 

imbalance in production cycle time, and it was observed that the line cycle time was 

lesser than the cycle time of the workstation. To address this they used two common 

approaches; “First, reducing the task time or processing time that have been assigned to 

all workstations to suit and not exceed the cycle time that has been given. Second is 

minimizing the highest workload assigned to a specific workstation when the number of 

workstation and line cycle time are fixed” (Jamil and Razali 2016). It showed that with 

minor improvements, line balancing would give positive impact on the production line. 

2.5.2. Ethics in line balancing 

There is also an ethical aspect to consider namely equality of workload assignments. 

Rachamadugu and Talbot (1991) presented a different view on the assembly line 

balancing problem with the worker in focus. They mean that uneven assignments are 

viewed as unfair and usually calls for that they want more pay as they work more than 

others, which would result in compensatory actions from management. This motivated 

them to develop workload-smoothing procedures with the aim to improving the 

equality of workload assignments. The method they applied to the problem yielded 

improvements in all categories studied, for the characteristics of dominant solutions 

that was identified. 
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2.6. Lean 

“The lean approach provides firms with a framework and a set of principles to identify 

and eliminate unnecessary sources of variability and to improve the performance of their 

production” (Bokhorst and Slomp 2010) 

As simulation itself is not seen as a technique to improve manufacturing systems (see 

section 2.2.5. Organizational aspects of simulation in general), lean has been considered 

to be able to develop effective solutions. It has become very common that industries 

implement the lean philosophy into their operations, as it is comprehensive and 

comprises structuring, operating, controlling, managing and continuously improving 

industrial production systems. The lean philosophy is derived from the Toyota Motor 

Company in Japan were they established the Toyota Production System (TPS). Many 

companies have embraced TPS and converted it into their own systems, so one could 

say that the philosophy is now well established within the manufacturing world. The 

main purpose with the philosophy is to shorten the time between supplier and customer 

by eliminating waste, i.e. things that are unnecessary and do not contribute to the value 

creation (Sahoo et al. 2008). “In order to become lean, an organization must implement 

an integrated approach from the supplier to the customer” (Sahoo et al. 2008). Process 

stability, Level production, Standardized work, Just-in-time, Production stop policy, 

Quality-at-the-source, Continuous Improvement, and Visual control are all key concepts 

within the lean philosophy (Detty and Yingling 2000). Lean also contains several control 

principles such as takt time control and pull control. The advantage with the pull control 

system is that this could limit the amount of work in progress (WIP) that can be in the 

system. The advantage with takt time control is instead that it makes it possible to 

timing departing jobs (Bokhorst and Slomp 2010). They imply via their simulation study 

that lean elements “could lead to good performance in high-variety, low-volume 

production units”. 

2.6.1. Lean, simulation and optimization 

Uriarte et al. (2015) state in their article that there are many benefits with lean for 

system improvement but they also state that it has some weaknesses. These authors 

propose that simulation could be a good complement to handle the shortcomings with 

the lean philosophy. They claim that organizations could improve their performance in a 

more efficient way by integrating simulation within the lean toolbox and let it be a key 

tool. Miller et al. (2010) also wrote about similar dilemmas in their article “A case study 

of lean, sustainable manufacturing”, where they mean that lean is a powerful tool for 

companies and is really helpful and can make a great contribution to the development 

of the companies. But they also state that with simulation, lean could be even more 

powerful. 
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 Optimization is a relatively new concept compared to lean and simulation. Lately it 

has been more and more common to combine simulation and optimization but lean is 

still not included in this context. However, these three concepts together could be useful 

for companies. To combine simulation and optimization tools could help decision-

makers to quickly decide the most optimal system configuration, even for facilities that 

are pretty complex (Uriarte et al. 2015). Another important part that is mentioned in 

their article is about barriers that can arise when integrating lean, simulation and 

optimization within real cases. These barriers are required expertise, losing the gemba, 

reaction to change, terminology, Involvement of managers, previous negative 

experiences and generation breach, and reliability. Some disadvantages with lean are 

that the philosophy does not consider variation, lack of dynamicity, and the philosophy 

is not so good when it comes to evaluation of a non-existing process before 

implementation. Therefore Uriarte et al. (2015) claim that adding simulation and 

optimization into the lean toolbox could strengthen it and optimization itself offers 

optimal solutions that can help decision makers to take better decisions. 

2.6.2. Lean and simulation case examples 

Duanmu and Taaffe (2007) writes about simulation in combination with lean tools, 

where they mean that simulation is a useful tool when it comes to research about 

parallel and continuous flow manufacturing. In their case study they demonstrate with 

the help of simulation, that to be able to reach a throughput improvement for the 

manufacturing flow that have a complex structure, a combination of simulation and takt 

time analysis will be required. They also claim that buffers give a throughput 

improvement as well, but not to forget is that buffers increase the work in progress. But 

when it comes to a pull system and a lean system, additional buffers will be of low help. 

 Gurumurthy and Kodali (2011) did a simulation study in the purpose of showing 

the management of the company how the organization could look like after 

implementing lean management within the organization, and also how this could affect 

the performance measures of the organization. The result from their study was that the 

productivity was improved, and that the inventory, cycle time, floor space and 

manpower etc. was reduced. Another result was that this simulation models turned out 

to be helpful for managers as well as engineers, because now they could see and feel 

how their manufacturing system could look like in the future. 
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3. Method 

This section will be dedicated to the method that this master thesis has undertaken so 

that the reader can get a sense of the background of the results. Firstly, the design of 

study is described so that the reader can understand what type of research this thesis is 

about. Then the method for the data collection will be gone through with the different 

techniques that have been utilized, followed by a section with how data has been 

analyzed and what it has been used for. This method section ends with a brief 

mentioning of the reliability, validity and ethical considerations of this thesis work. 

3.1. Design of study  

To be able to answer the research questions, it was necessary to construct a case to test 

how simulation could in fact aid the plant. The results of the simulation models will be 

able to contribute to answers on RQ1 and partly on RQ2, as the models will depict with 

results how the usage of this technique could benefit them at the plant in moving 

towards more fact-based decisions regarding the change of manufacturing systems. The 

case itself will be done as a task within the plant that in turn could aid in answering RQ2 

and RQ3. As the study aims to understand a manufacturing system in a particular 

context for a specific plant, and as the study will look at 

this like one single case, this master thesis will use a case 

study methodology. Bryman and Bell (2011) means that 

a case study is characterized by conducting a “detailed 

and intensive analysis of a single case”, which is indeed 

what this master thesis is about; it is focused on a shop 

floor level investigation of a manufacturing system. The 

study will contain several elements that are typical for 

the case study design as well, such as the semi-

structured interviews and participant observations, but 

also unstructured observations and document studies. 

 The study aims to use simulation to aid the plant in 

improving a manufacturing system and to demonstrate 

how this technique can help them develop their current 

approach to improving manufacturing systems, and the 

approach to it have been quite mixed. Partly, the design 

of the study have been influenced by how previous 

research have been conducted, making the study 

somewhat deductive, using previous theory to come up 

with how to structure the study. The deductive work 

methodology was mainly regarding Process Mapping, 

Figure 1: Conceptual approach to this 
master thesis. Literature was discovered 
to create the framework needed for the 
case study, which dictated the data 
collection approach, which in turn 
changed the theoretical framework if 
needed. Data was then analyzed and 
results were discussed. 
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where theory could be directly applied to be able to map the manufacturing system with 

the collected data from the observations and interviews. However, as the reviewed 

theory cannot directly be applied to this case as hypotheses and the content of the 

study is not articulated before the investigation starts, an inductive work methodology is 

better suited (Ibid), and therefore the study will mainly take on an inductive approach. 

The findings from the data collection lay the foundation for the simulations, which will 

generate answers to the research questions (see section 1.4. Research questions), 

generating new theory within the field of this study. There is a third way of conducting 

research that is namely the abductive research process, which is neither inductive nor 

deductive. Instead, the abductive research process aims to “understand the new 

phenomenon and to suggest new theory in the form of new hypotheses and 

propositions” (Kovács and Spens 2005). This process is characterized of beginning with 

deviating observations of a real life phenomenon, where theory is matched continuously 

until a new theory is suggested with its final conclusions and application. These 

characteristics fits well in with the design of this study, where the work is often based on 

some kind of pattern that has been derived from prior theoretical knowledge, and 

where the empirical field continuously developed simultaneously as the theoretical field 

is refined. However, as this case study only takes on a hybrid approach to a minor 

extent, it is mostly inductive. 

 The formulation of problems and understanding of the system dictated the theory 

that was chosen to tackle the problem. During the course of the case study, the 

theoretical areas have changed somewhat as some theory was not fit for the particular 

system. The process has been an iterative one, where theory has been revised so that it 

fits best for the investigated manufacturing plant as well as the investigated system. 

Moreover, during the course of the study continuous simple observations and shorter 

unstructured interviews have been held in order to develop the improved model in 

accordance to what actors wants from the system, and also to validate the simulation 

models so they are feasible/correct. It is important to understand that the collected data 

have only been used to create the simulation models, and it is the finalized models that 

have been analyzed and compared to each other. 

 All data collected have been used to understand the investigated manufacturing 

system, as well as understand how different actors connected to the system behave 

within it. The main source of data has been used to be able to construct the simulation 

models of the real world system virtually, but the rest of the data has been used in order 

to improve the system in accordance to what different actors wants from the system.  

 The empirical data that has been collected is both of a quantitative and of a 

qualitative nature. The first part of the data collection was by conducting document 

studies in order to have sufficient information about product mix and trends, to be able 

to have data that could be used in the comparison between the different simulation 
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models. So the first part of the data collection was of a quantitative nature and 

independent of the source of information, as it is objective as the data was of real plant 

output, as well as prediction based on real plant output.  

 The second part of the data collection, and also the main source of data, was 

through qualitative interviews and observations. This data was the foundation to 

understand the manufacturing system and was used to provide all necessary 

information about it to be able to construct the simulation models, but also to get 

valuable insight to answer RQ2 and RQ3. Barriers to the implementation of simulation 

arose through observations and the interviews, plus that observations provided with 

insight in advantages and disadvantages with the technique. The data was also 

complemented with the authors’ own experience from working at the investigated 

plant. These observations and interviews were more subjective by nature and affected 

by the observed and/or interviewed persons’ own experiences and interpretation of the 

various situations that emerged within the system. They cover employees current work 

conditions, what they like to improve, and how they view the various improvement 

suggestions. Actors within the system tend to work in their own way and not in a 

structured and standardized manner, which left the data around the work methodology 

rather open for interpretation by the observer. The design of this study then became 

based on an interpretation of data in order to construct valid simulation models, which 

then makes the design of the study more based on an interpretation perspective. 

Therefore, natural science models and logic cannot explain the work methodology and 

how actors within the system behave, which instead has to be evaluated from the 

actors’ social actions. However, the data regarding how the system works were the 

actors own interpretation of how they should, and how they are working, which 

therefore can be interpreted to be an objective view of how the work is conducted. 

When it comes to the interviews, they were based on the actors interpretations of how 

the system works and how the management acts, and might have to be contrasted 

between different actors, depending on their position.  

 The collected data was considered and used to construct the simulation models of 

the current state, improved state, and current approach. The construction methodology 

of the simulation models provided with answers to RQ2 and RQ3, as the approach that 

the authors have undertaken would be expected to be similar to the approach of 

someone at the plant if the implementation of the technique would happen. A current 

approach model was created and problems were identified, problems that an improved 

model could tackle, that led to the construction of the improved state model. The 

simulations were the main source of data analysis and the main results of this case 

study. The simulation results made it possible to paint a picture of a before and after 

scenario, making it possible to demonstrate the impact of the usage of simulation, that 

in turn made it possible to answer RQ1, and in a sense RQ2 as well.   
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 The question about the case study and generalization have motivated much 

discussion, as the goal of a case study is to “concentrate in the uniqueness of the case 

and to develop a deep understanding of its complexity” (Bryman and Bell 2011). This is 

very much the case in this work, as the simulation models are constructed on the basis 

of how the manufacturing system looks and works at the investigated plant, making the 

solutions local in its nature. However, it is important for this case that the results do not 

create sub-optimized solutions that only work on this particular manufacturing system, 

but rather can be adapted to other systems within the plant. 

 The study end with analysis of results, to evaluate if the research questions indeed 

have been answered, as well as related to other theory. The whole master thesis work is 

then discussed from a findings and a methodological perspective, to understand the 

authors’ view on the work and the implications of it. Lastly, the work is concluded based 

on the findings of the case study. 

3.2. Data collection 

This section will bring up the various techniques for data collection that have been used 

to conduct the case study of this master thesis. Each subsection will first describe how 

the technique is used according to theory, and then how it has been used in the case 

study itself. A literature review was used in order to establish a firm theoretical 

framework that the case study could be based upon. Document studies were then 

performed to gain initial information about the manufacturing system and its products. 

This information provided the basis for the interviews, which was made to reveal 

information about the work methodology of the assembly process within the 

manufacturing system, as well as information about the operators’ point of view on the 

system. Lastly, observations were made in order to further collect data about system 

variables, as well as observing operator behavior. These observations made it possible 

to gain knowledge of potential barriers, advantages, and disadvantages with applying 

simulation on the system.   

3.2.1. Literature review  

The chosen method to find relevant theory to conduct this master thesis was a narrative 

literature review, which focuses on generating understanding instead of to accumulate 

knowledge (Bryman and Bell 2011). The reasoning behind this was that the aim of the 

review of the topic area was to gain an impression of what techniques that were used to 

tackle similar problems, which theoretical frameworks were used, what the outcome of 

various studies was, and so on. However, it is stated that this approach can be 

problematic in inductive research as theory is the outcome of the study, making it hard 

to anticipate problems with the initial thought out theory to be important (Ibid). 



 
Master Thesis: MANUFACTURING SYSTEM IMPROVEMENT 

21 

 

Therefore, a crucial part of the literature was to refine it if the view of the theory shifts 

with the results of the analysis of collected data. 

 Bryman and Bell (2011) does not provide a specified step guide to how to conduct 

a narrative review, but rather some guidelines to get the most out of your reading. It 

begins with having some sort of reference towards the area of interest that leads to 

keywords that can be used to define the boundaries of it. Business dictionaries can be of 

help to establish these keywords. The keywords defined are to be noted and used to 

search online bibliographic databases for literature. When interesting literature is found 

the titles and the abstracts are to be checked for relevance, and if they are relevant, 

notes are taken and a search begins for more interesting literature. 

 The literature review in this master thesis has used Uppsala University’s access to 

databases to search for relevant articles. Initially, the keywords used were related to the 

task that the investigated plant provided, namely Virtual Manufacturing, Lean, 

Simulation, and Value Stream Mapping. The keywords were refined as the 

understanding of literature for this area was gained. The initial literature review, prior to 

the start of the investigation, was then based on Discrete Event Simulation, Value 

Stream Mapping, Industry 4.0, Lean, Line Balancing, Operator Cycle Time Variability, and 

Virtual Commissioning.  

 As the case work moved on, it was realized at different occasions that some theory 

might not be able to be applied to the investigated manufacturing system at the plant. 

These theories were then discarded and replaced by one other theory that was more 

applicable to the case, or simply just discarded. Process Mapping replaced Value Stream 

Mapping, Operator Cycle Time Variability was discarded because of lack of relevance in 

reviewed articles, and Virtual Commissioning was discarded as reviewed articles were 

related to automated systems and not manual systems. 

 All the final keywords were not exclusively used as stated, but also tested in 

combination with each other to widen the understanding if these theoretical areas 

overlap each other. For instance, Discrete Event Simulation could be combined with 

Lean or Line Balancing. Final keywords were Discrete Event Simulation, Industry 4.0, 

Lean, Line Balancing, and Process Mapping.  

3.2.2. Document studies  

Organizational documents, either public or not public, could provide a researcher with 

valuable information about the company’s background (Bryman and Bell 2011). In case 

study research it can be used to build up a description of the organization itself. These 

documents could include public ones such as annual reports, reports to shareholders, 

mission statements, advertisements etc., or private ones such as organizational charts, 

memos, company newsletters, company regulations, and so on.  
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 Document studies have been performed in this case study mainly on statistical 

documents, namely sales and trend statistics. These have been reviewed to understand 

the production mix in the manufacturing system and have been regarding prognostic 

sales figures for the year (2018), as well as historical production figures for previous year 

(2017). These documents were accessed through the company’s own private database. 

 One expressed issue with organizational documents is that they might not depict 

the underlying reality in the organization, and must therefore be examined with regard 

to the context in which they were produced and to whom (Bryman and Bell 2011). 

However, as the document studies have only been conducted on historical deliveries 

and forecasted sales, they could be viewed as objective as they depict historical as well 

as prognostic figures based on historical figures. 

3.2.3. Interviews  

Qualitative interviews have been used to gain rich and detailed answers about how the 

manufacturing system works from the shop floor personnel point of view. Using this 

technique, any interview guidelines can be departed from if deemed necessary to 

highlight issues or matters that the interviewee finds important. Therefore it is 

necessary as the interviewer to be flexible in asking questions and to respond to the 

direction that the interviewee is taking. The interviewee may also be interviewed on 

more than one occasion, depending on how the study is outlined (Ibid). 

Table 1: Interviewed persons in the interviews. As the assembly group has five people in total working in 
the group, only two people were chosen for the interviews (the ones with the most experience). 

Interviewed person Position Experience  Occasions 

Person 1 Operator Coordinator 5 years 1 semi-struct. & 
several unstruct. 

Person 2 Operator 5 years Several unstruct. 

 

Qualitative interviewing has two major types of interview approach, unstructured 

interviews and semi-structured interviews. Unstructured interviews might involve a 

single question that the interviewer asks which the interviewee can answer freely, but 

which the interviewer responds to the points of interest (Ibid). In the case study, 

unstructured interviews were used on several occasions to create understanding about 

their work situation. A few questions were prepared but otherwise the operator could 

talk freely. The reason to why unstructured interviews was chosen was to let the 

operator share his/her own thoughts and not be stuck in a prepared answer, and also so 

that the interviewer could not affect the answers of the interview person. Questions as 

“What do you like with how the group work today?”, “What can be improved?”, etc. was 

asked. The information from the interviews was taken into consideration when 

improvements of the system was developed, and again when the improved model was 
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verified. Unstructured interviews were also used when validating if the developed 

current model was representative. 

Semi-structured interviews instead use a list of questions on some topics that the 

researcher wants to cover but the interviewee can respond with some leeway (Ibid). 

Questions might not follow the intended path and some questions not outlined could be 

asked following what the interviewee responds. Semi-structured interviews were used 

in this case study in combination with observation, in order to gain understanding about 

how the work methodology was regarding the assembly process of products within the 

manufacturing system. Questions such as “What do you do next?, What is different 

between product X and product Y?” was asked to map the assembly processes, but also 

to observe assembly work methodology. 

3.2.4. Observations 

Observations can be done in several ways. The major types of observation research 

approaches that have been used in this study are participant observation, structured 

observation and non-participant observation. There are also two main approaches to do 

these different kinds of observations, namely overt, where the observer explains to the 

setting what the observer intends to carry out, or covert, where the observer does not 

disclose that he/she is a researcher (Bryman and Bell 2011). For this study, it was well 

explained to all actors involved the intention with it when it came to all different 

observations. It was also explained that this case study was initiated for all actors’ best 

interest and that they should behave naturally. Of course, the observed behavior might 

have been adjusted because of this and it is difficult to estimate the observer’s impact 

on what is found (Ibid). 

Table 2: Observations and their characteristics during the course of the case study. 

Observation type Running 
time 

Number of 
observations 

Observations of… 

Participant obs. Continuously 
during case 

- Actors’ attitude towards the 
case work 

Structured obs. 1 week 1 (total 1 week) Work methodology of how 
operators assembled products 

Non-participant 
obs. 

1 week 2 (total 2 weeks) Manufacturing system 
variables for the simulation 
model 

 

Participant observation is when the observer joins in the social setting of interest, 

where the observer wants to observe actors behavior within that setting and how they 

affect their environment and behavior (Ibid). The observer participates in the setting 

where he/she is observing and does this to different degrees. In this master thesis, the 

authors have taken on the role as production engineers at the investigated plant and 
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they have participated as such in the case study to improve the manufacturing system. 

However, the authors do not actively participate in the observed setting of the 

manufacturing plant, but they do participate as organizational members of the plant. 

This was in particular done to understand how management reacted to the work that 

was being conducted, to see how this kind of case could have been met if others would 

have done the same. 

Structured observations, or systematic observations, are instead that the observer 

formulates rules for the observation and recording of behavior (Bryman and Bell 2011). 

Participants are therefore observed using these rules, often called observation schedule. 

This kind of technique was used in conjunction with the semi-structured interviews to 

ask, observe, and record the behavior when looking at operators assembling products. 

The schedule was set up to record each assembly step that the operator conducted in 

the assembly process, e.g. fetch part A and assemble it with part B using four screws.  

Non-participant observations are when the observer just observes and does not 

participate in what is going on in the setting observed (Ibid). This technique was used to 

observe how long each step identified from the structured observations took for the 

operators to do, i.e. to clock the different cycle times for the steps. The data generated 

from these observations was the process parameters that were used in the simulation 

models. Non-participant observations were also carried out in order to understand the 

behavior of operators within the system, as a third party observer.  

3.3. Data analysis 

This section will describe how the 

collected data have been used and 

what it has been used for. It will be 

divided into the major steps that have 

been undertaken in order to perform 

this case study. First, the initial steps to 

constructing the current state 

simulation model are described, 

namely the process mapping of the 

manufacturing system. Then the 

method to construct the various 

simulation models is described. Lastly, 

it is described how the results of the 

simulation are analyzed. 

  
Figure 2: The data analysis approach and its connection 
to the research questions. 
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3.3.1. Process mapping 

In order to understand the process(es) that are under investigation, mapping the 

process with the right mapping technique was of interest. Process mapping is a 

recommended method when one would want to define systems’ processes (Renger et 

al. 2016). The literature pointed towards using Value Stream Mapping as the mapping 

technique (see Atieh et al. 2016, Gurumurthy and Kodali 2011, Parthanadee and 

Buddhakulsomsiri 2014), which was the initial step to map the operations. However, this 

approach was replaced due to the inability to be applied to the manufacturing system as 

it was of a complex nature with complex flows. VSM tends to be difficult to use on a 

complex system as some processes might involve more processes and sub processes 

(Forno et al. 2014). This makes VSM hard to apply to systems that have no simple 

straight flow (Braglia et al. 2006). Therefore, the general approach was instead derived 

from Renger, McPherson, Kontz-Bartels and Becker’s (2016) work “Process Flow 

Mapping for Systems Improvement: Lessons Learned”. A Subject Matter Expert (SME) 

was identified, interviewed and observed. From the data, the assembly process and the 

manufacturing area were mapped using MS Visio. The assembly process was mapped 

with material and work flow through the system.  

3.3.2. Current state simulation and validation 

The choice of software for the simulation was FACTS Analyzer 3.0.2 on the 

recommendation from the subject reader of this master thesis, as he is researching 

within the field of simulation and optimization.  

 The assembly process map (see section 3.3.1. Process mapping) was converted to 

a simulation model using the software’s simulation objects. Data regarding cycle times 

were added to the processes within the simulation model, as well as other parameters 

that were discovered through the interviews, such as error rates, rework times, and 

product order sequences.  

 The finished simulation model was compared to the assembly process map to see 

if the flows were behaving in the same manner. The model was gone through with the 

operators to validate if it was representative. Lastly, after the model was validated, the 

model was loaded with a continuous product order sequence that was also used in the 

improved mode to enable fair comparison. 

3.3.3. Improved simulation model and verification 

Problems were identified from the current state simulation model in combination with 

the operators’ input from the interviews, and these problems were solved with a 

concept/design for a new improved simulation model that was constructed with a 

manual approach. The improved simulation model was also gone through with the 

operators, to verify if the model was feasible for implementation or not. 



 
3. Method 

 

26 

 

3.3.4. Evaluation of results 

The results of the different simulation models were compared to each other and 

conclusions were drawn. The results were gone through with their relation to the 

research questions, to see if the purpose of the study has been fulfilled. The improved 

model’s results were compared to the current state model, and the benefits were 

quantified to gain measurements to motivate management. 

 The data from the interviews and observations were also analyzed to understand 

the advantages, disadvantages, and barriers with simulation modeling of a manual 

manufacturing system. These provided answers to the things that the simulation models 

themselves could not answer, to factors around the work methodology of simulation 

modeling.  

3.4. Reliability 

The consistency of measures is called reliability, and have three factors involved in 

determining if a measure is reliable, namely stability, internal reliability, and inter-

observer consistency (Bryman and Bell 2011). Stability means if a measure is stable over 

time, e.g. if a measure is taken to a group at two different points in time, the results 

from these measures will have little variation. Internal Reliability is concerned with if 

respondents’ score on indicators tend to be influenced by their scoring of others. Inter-

observer consistency is related to subjective judgment in observations where more than 

one observer is involved in the observation activities, where a lack of consistency could 

arise from how the different observers could have recorded behavior.  

 In this case study reliability might be moderate as it is of a qualitative nature 

having unstructured data. When it comes to stability, the data might vary depending on 

e.g. how the interviewer asks questions, if the interviewer is a social person or not, and 

so on. It was noticed that the operators were difficult to interview, in the sense of 

getting information out from them. As an interviewer, one had to “draw” out answers 

from time to time, as the operators were quite restrictive in answering questions. This in 

turn could make the study difficult to replicate in the exact same manner. However, it is 

not deemed to be unlikely to get similar results if the collected data would vary a little.  

 Another issue of reliability could be regarding the interviews. Also related to the 

qualitative nature of this case study, different persons observe different things based on 

their own characteristics, but also that the interpretation of qualitative data will be 

influenced by the subjective learning’s of the researcher (Ibid). This is especially the case 

for the authors, as both have worked previously at the investigated plant and are 

therefore well acquainted with both the shop floor personnel, as well as the 

management. If other researchers would undertake this case study with no prior 

experience of operating within the investigated plant, they might observe different 
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behaviors and events within the system as they might not have sufficient knowledge of 

where to look. 

3.5. Validity 

Validity is a research criteria focused on if a measure of a concept really measures that 

concept (Bryman and Bell 2011). There are three types of validity; measurement validity, 

which focus on if the measurement really reflects what it intend to; internal validity, 

which focus on if a variable casually affects another variable without the impact of any 

other variable; external validity, which concerns if the results of the study can be 

generalized to a broader context; and ecological validity, which concerns if the findings 

are applicable to people’s everyday life.  

 The most prominent factor regarding validity and case study research is regarding 

the external validity, or in other words generalization, which have generated a great 

deal of discussion (Ibid). As earlier mentioned, this case study focused on developing 

deep understanding of the particular manufacturing system and the improvement of it, 

which is something that generates local solutions to the problem tied to the particular 

plant. Generalization then becomes quite weak, as every plant might differ from another 

in terms of how they operate. However, the aim of this case study was not to create a 

general framework for how industries could go on about conducting a case like this, but 

rather how this case could help plant improve their own manufacturing systems. 

3.6. Ethical considerations 

When reviewing the procedure for the thesis, some ethical implications could emerge. 

These have to be taken into consideration to address the fact that various decisions 

could have ethical implications on different people and roles of the organization. Some 

might have bigger impact than others, and some might be harder to address than 

others. The most prominent ethical factor in this case study is regarding lack of informed 

consent, when the observer takes on a covert role and observes the setting secretly 

(Ibid). But the factor of harm to participant could also play a role when observing, as it 

could create stress, but also that the improvement efforts could result in impact on 

future employment.  

 To begin with, the authors realize that clocking the operators’ individual work 

when assembling might affect the operators negatively, as they will most likely notice 

that they are being watched as the assembly operation is quite complex and needs to be 

watched up close. To address this, the authors would have to gain the operators consent 

to clock them working, but also inform them that they don’t have to act differently, 

work faster etc., but instead just work at normal pace. However, being watched is a 
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complicated thing that will probably affect how a person works, even though they are 

told not to change their behavior. 

 The second ethical implication might be the biggest one which is tied to 

improvements in general. For instance if this study would come up with a certain 

concept that would yield a large amount of efficiency gain but would not be to the 

operators liking or even harmful for them according to themselves, is it ethical to realize 

this concept anyways for the sake of efficiency gain in order to secure an increase in 

efficiency? Then it is a matter of priorities from the management, to either prioritize 

what is best for the company or what is best for the workers. To state some examples of 

this, the improved simulation model could point towards that the operation is over-

staffed and therefore the concept could involve having less operators. Is it ethical to use 

the simulation as a basis for firing people, or what other ground is there to do so? 

Another example could be that the simulation points towards that the operators do not 

work as fast as they are intended to do; how do one deal with this? Is it ethical to force 

people to work faster, if that is what the simulation shows?  

 All in all, the common theme when it comes to the ethical considerations in this 

study was mostly how to address the operators in various decisions throughout the 

work. When it comes to manually clocking other people's work, it was very vital to 

consider that some operators might not want to work under constant supervision, which 

must be respected as it comes to personal integrity in the end. When it comes to the 

improvement implication, it must be considered that some improvements might not be 

wanted by the operators or directly/indirectly harmful for them. Therefore it was 

necessary to take the operators points of view of the issue and resolve it before taking 

action. 
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4. Empirical findings and analysis 

This section will firstly go through a plant description that is meant to set the reader into 

the context of the manufacturing system and the problems with it that this case tries to 

solve, followed by a current situation analysis which brings up the current conditions at 

the plant, attitudes, current way of doing things, and how they assemble products 

within the manufacturing system. After that, it will explain how the current state 

simulation model was constructed and validated. Lastly it will bring up how the 

improved state simulation model was constructed and verified.  

4.1. Plant description 

The case study has been conducted at the assembly department at an Atlas Copco plant 

in Tierp, Sweden that wants to implement some sort of virtual tool for manufacturing 

system development. They are approximately 480 employees that manufactures around 

120 000 products per year and the assembly department consists of about half the 

plant. Lean Manufacturing is a central part of their work and influence the daily work at 

the plant (Atlas Copco AB n.d.). The daily work within the manufacturing systems of the 

assembly department is characterized by entirely manual processes. This case study is 

meant to dig deeper into one of these manufacturing systems, to see how simulation 

could improve this system. Today, much of the production technicians’/engineers’ daily 

work at the plant consists of solving problems fast and short term to be able to keep the 

manufacturing afloat. Thereby, the long-term solutions to improve the systems within 

the plant have been somewhat down-prioritized as these things have kept coming, and a 

more practical way of doing things has been employed. This have led to that they 

struggle to understand how to best improve their systems from a long-term perspective, 

as they are more used to “extinguishing fires” to solve problems. Instead of researching 

on the best practice to do this, they rely on their own intuition and experience to 

improve their systems. But a manufacturing system is far more complex than one could 

imagine, and thereby their improvement initiatives are not yielding the desired results 

for them. This case is constructed to provide them with insight in how simulation can aid 

them to move from this short-term mindset, to realize that the systems are complex and 

requires analytical tools to improve. Further on in this master thesis, the plant in Tierp 

will only be referred to as “the plant”. 

4.2. Current situation analysis 

To understand the situation of the plant and the system, a current situation analysis was 

performed to gain insight and understanding in the daily operations within the 

investigated manufacturing system. It was done to understand the general attitude at 

the plant, get information about the products that it produces, and the current way of 

doing things within the plant and the system. 
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4.2.1. General attitude toward change 

Historically, the plant had to increase productivity in order to stay alive, and they did this 

by the initiative to convert an assembly system to a takted line system. They found 

success with this setup, and started to apply this to other systems within the plant. 

However, the takted line system approach did not fit as well on other systems, and 

thereby did not yield the desired results that they had in mind. In fact, it actually made 

some systems perform worse. Even though systems showed to perform worse with this 

approach, the general mindset at the plant was that this was still the best way to go 

when improving manufacturing systems. 

 When the case was initiated the approach with simulation modeling was faced 

with skepticism by actors involved in the system, which led to that initiatives to convince 

that this way of working would be beneficial had to be focused on. Even when 

presenting what results others had obtained with the usage of simulation in the form of 

prior research, skepticism remained because it could not be seem how the approach 

could be applicable to their kind of systems.  

 The fact that this could be beneficial for them in the long term was something that 

had to be presented in their terms, i.e. in some gains that could be attained with this 

new approach, preferably monetary. This was necessary to do to be able to motivate 

them that this work could have some value for them. After some time had passed it was 

observed that the attitude towards the case got better and better as the case 

progressed. Week-wise progress reports were also sent out to inform the progress of 

the case. At the end of the case work, they started to realize the value with using 

simulation modeling on their manufacturing systems, but they were still skeptical to that 

it was angled towards research and theory. 

4.2.2. Manufacturing system product data 

The next step was to gather some initial data about the products being produced in the 

manufacturing system. Table 3 shows the forecasted volume for the year for the 

different products in the investigated assembly group. Products that are included in the 

study are the ones with a percentage of 1 or higher in the column “Vol. % of tot”, 

therefore product 20-78 is excluded because these products does not have a relevant 

forecasted volume for the year.  The product with the highest percentage value (Product 

1) was chosen as the reference product, to be used as a reference to compare others 

against, as a detailed investigation of all the products included would take too much 

time. Product 18 and 19 are excluded from the study because it is only one operator 

that can assemble these product types, i.e. special low-volume products. “Vol. % of tot” 

is calculated as the forecasted volume for the year divided by the total volume for the 

year. 
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 Table 4 shows the historical deliveries 

from the assembly group in 2017 and are 

displayed per product group (the classification 

of products into product groups can be seen 

in Table 6). The numbers of products 

delivered each four-week period are also 

displayed in Table 4. There the numbers are 

translated into delivered batches of five 

products per product group. Next, the same 

variables are listed but with the vacation 

period w. 29-32 removed, as there is a 

noticeable drop in deliveries during this 

period (see Diagram 2). This period was 

removed due to the fact that the mix would 

otherwise not represent 100% capacity in the 

assembly group. Diagram 1 and 2 provides a 

more graphical interpretation of these figures.  

 In the last table in Table 4 the 

distribution between the different product 

groups are displayed and these numbers are 

used later on as the product mix in both the 

simulation models to obtain comparable 

results.  

 The manufacturing system product data 

was necessary to collect in order to be able to 

construct models with comparable product mixes and sequences. Without this 

information, it would not have been possible to get output data from the models. 

Downloaded from plant database 2018-01-22

TYPE FORECAST_YEAR FIXED_LOT_SIZE Vol. % of tot

Product 1 1087 5 27%

Product 10 300 5 7%

Product 11 492 5 12%

Product 12 300 5 7%

Product 13 372 5 9%

Product 14 312 5 8%

Product 15 204 5 5%

Product 16 108 5 3%

Product 17 120 5 3%

Product 2 93 5 2%

Product 3 92 5 2%

Product 4 84 5 2%

Product 5 70 5 2%

Product 6 69 5 2%

Product 7 54 5 1%

Product 18 48 0 1%

Product 8 47 5 1%

Product 9 47 5 1%

Product 19 24 0 1%

Product 20 18 0 0%

Product 21 16 0 0%

Product 22 12 0 0%

Product 23 10 0 0%

Product 24 8 0 0%

Product 25 8 0 0%

Product 26 8 0 0%

Product 28 8 0 0%

Part 2 0 0%

Product 30 2 0 0%

Product 31 2 0 0%

Product 32 2 0 0%

Product 33 2 0 0%

Product 34 2 0 0%

Product 35 2 0 0%

Product 36 2 0 0%

Product 37 2 0 0%

Accesory 2 0 0%

Table 3: Forecasted sales data for 2018. 
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Table 4: Historical deliveries divided into segments of 4 weeks.  

 

 

 

 

Product group v. 1-4 v. 5-8 v. 9-12 v. 13-16 v. 17-20 v. 21-24 v. 25-28 v. 29-32 v. 33-36 v. 37-40 v. 41-44 v. 45-48 v. 49-52 2017

A1 74 20 69 5 69 86 75 30 15 28 10 10 40 531

A2 21 1 25 27 26 5 4 5 15 60 22 25 21 257

B1 65 34 74 136 92 89 189 63 72 53 14 60 99 1040

B2 95 115 95 58 75 120 93 25 131 60 135 114 38 1154

Average 64 43 66 57 66 75 90 31 58 50 45 52 50 746

Average of avg 57 57 57 57 57 57 57 57 57 57 57 57 57

Sum 255 170 263 226 262 300 361 123 233 201 181 209 198 2982

Product group v. 1-4 v. 5-8 v. 9-12 v. 13-16 v. 17-20 v. 21-24 v. 25-28 v. 29-32 v. 33-36 v. 37-40 v. 41-44 v. 45-48 v. 49-52

A1 15 4 14 1 14 17 15 6 3 6 2 2 8

A2 4 0 5 5 5 1 1 1 3 12 4 5 4

B1 13 7 15 27 18 18 38 13 14 11 3 12 20

B2 19 23 19 12 15 24 19 5 26 12 27 23 8

Product group v. 1-4 v. 5-8 v. 9-12 v. 13-16 v. 17-20 v. 21-24 v. 25-28 v. 33-36 v. 37-40 v. 41-44 v. 45-48 v. 49-52 2017

A1 15 4 14 1 14 17 15 3 6 2 2 8 101

A2 4 0 5 5 5 1 1 3 12 4 5 4 49

B1 13 7 15 27 18 18 38 14 11 3 12 20 196

B2 19 23 19 12 15 24 19 26 12 27 23 8 227

Average 13 9 13 11 13 15 18 12 10 9 11 10 143

Average of avg 12 12 12 12 12 12 12 12 12 12 12 12

Sum 51 34 53 45 52 60 73 46 41 36 42 40 573

Product group 2017 In %

A1 101 18%

A2 49 9%

B1 196 34%

B2 227 40%

Total 573 100%

7

8

20

Deliveries (No. units)

Deliveries (batches of 5 products, calculated)

Deliveries (batches of 5 products, rounded) minus vacation

20 orders distribution

3

2

Diagram 1: Historical deliveries per 4 week segment during 2017. 

Diagram 2: Historical deliveries per 4 week segment during 2017, minus vacation period. 
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4.2.3. Current way of working 

The next thing that was done was to understand the current way of working, and this 

was characterized by non-standardized work procedures and variation in their work 

methodology. It was observed that the operators used the drawing of the product as 

guidelines for the assembly, which enabled the operators to interpret the drawings in 

different ways. These drawings did not have an indication of in which end to begin the 

assembly, so the operator could start in whatever end he/she deemed necessary, as 

long as the required parts for one particular step was assembled before. This left the 

entire assembly process open for interpretation. 

 It was also observed that the operators preferred to save up several orders to be 

able to assemble more at the same time as they thought this was more time efficient, 

because the products had internal parts that had to be glued with long curing times. 

Also tied to leaving material in the middle of the assembly process, was the fact that 

they often started an order even when all the material was not available, so they started 

to assemble the parts that was available but left the assembly of that particular order 

when material was missing, leaving the sub-assembly unfinished until new material 

would come in. This way of working made it hard to predict flows within the process, as 

operators moved here and there depending on what they could work on. 

 Also related to leaving unfinished material within the system, was the fact that 

they sometimes had to leave a started order as a higher prioritized and urgent order 

could come in that had to be prioritized. This was a factor that affected the workflow to 

a large extent, as the operator then had to move between many different orders 

without any structured way of doing so. The entry of higher prioritized orders to the 

system was hard to predict and when they would enter, they could include a large 

number of products disrupting the flow further. This was observed to lead to long wait 

times on the orders that were started before these higher prioritized big orders would 

come in. Also, these big orders could be of the same product type making it even harder 

to distribute the operators between the benches, as each bench was dedicated to one 

type of products, which led to that many operators had to sit at the same bench 

assembling the same type of products. Sometimes they had to sit 3 operators at the 

same bench to handle this big order of same product type, and also each operator could 

work on different parts from order to order. For instance, one operator could work on a 

certain sub-assembly part in order 1, 2 and 3, and another operator could work on 

another sub-assembly for the same orders (see Figure 3). This in turn made the 

workflow even more complex and difficult to follow as the operator number per order 

varied from order to order, but also that the work operators conducted on a specific 

order varied from order to order as well. 
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Figure 3: Example of the principle of operators splitting work tasks over several orders of the same type, at 
the same time. 

When the products were assembled, it was noted that they could assemble 

different sub-assemblies one at a time, and when these assemblies were done, they 

were set aside at the bench as they moved onto the next sub-assembly. This led to that 

some sub-assemblies waited for a long time before they would actually be used again in 

the assembly process. This was observed as a clear waste and that the assembly process 

was unnecessarily linear. 

 Lastly, it was revealed that the products the fifth operator was assembling, was 

going to be terminated from the portfolio, as they were outdated and old products. The 

operator who told this also told that the operator that was assembling these products, 

were in the process of learning to assemble all the other products in the system at the 

time of the study. This enabled the possibility for an increase in operator staff available 

by one for the simulation models. 

Operator Work Methodology 

The assembly process of the reference product was observed to contain many complex 

assembly activities/steps, with some more critical than others. For instance, it was 

important that the surfaces of the parts that were to be glued were carefully cleaned 

before gluing the parts together. The process of getting the information about the 

methodology however, proved to be a complex task because of the previously 

mentioned lack of standardization in their processes. They did not necessarily assemble 

the same product in the same way between different batches. This led to that the SME 

was quite uncertain of some factors of the assembly process, such as cycle times and 

process steps. As an indication to this, it was observed that the SME had the perception 

that each and every product was much different from another in terms of assembly 

activities/steps, but in the end some of them were assembled in the same way. 

Table 5 shows the first part of how the observed operator assembled the 

reference product in detail (see Appendix 3 for part 2 and 3). Each row in the table is 

one assembly step in the total process. The highlighted blocks of activities 1 – 13 are 

steps where it was natural for the operator to start with something new, or in other 

words the next step in the assembly process of the tool. These came naturally as the 
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operator asked “What should I do next?”. These 13 blocks was also clocked to get a 

perception of the cycle times for each step.  

 

Table 6 is an extended version of Table 5 (Appendix 3 more precisely), but now 

only the activity blocks are displayed for the benchmark product, Product 1. Other 

activities for other products can be seen in the column for extra activities. This is a 

sample table and the complete table with all product types can be seen in Appendix 4. 

When grouping the products into different groups, there are two major differences 

between the products when it comes to what assembly steps they have in common. 

These products are either grouped as A or B, but the station on which they were 

assembled was also taken into consideration, indexing these letters 1 or 2. The color-

coding in Table 6 represents how likely the assembly steps are to be generalized into a 

single flow for all of the products, with respect to the assembly time and sequence. 

Green indicates that there is a possibility to do so, and red indicates that it will become 

problematic to generalize between the different product groups A and B, according to 

what was observed. 

 

Table 5: Observed and noted operator work methodology (1).   

No. Step

Time 5 = time 1? 

Y=yes | N=No

Test Time 

(Y/N based)

Cycle Time 

(CT)

1 Glue step for the engine 00:04:04

1 Fetch material for the Motor Y

2 Clean the parts that are to be glued

3 Glue Motor Shaft onto Motor

2 Spring-Package Assembly 00:09:28

1 Fetch material for the Spring-Package Y

2 Assemble Sealing Ring in the track inside of the Spring-Package

3 Grease the Spring-Package inlet 

4 Fetch material for the assemble of Gear Shaft and Bearings Y

5 Press the Bearings onto the Gear Shaft 

6 Fetch material Y

7 Press Locking Ring onto Gear Shaft to lock Bearings

8 Place Gear Shaft assembly in the Spring-Package

9 Fetch material Y

10 Assemble the Locking Ring to lock the Gear Shaft assembly

11 Clean the top of Gear Shaft assembly

12 Fetch material Y

13 Glue the Gear onto the Gear Shaft and wipe away residues

3 Glue Shaft Assembly 00:04:25

1 Fetch material Y

2 Glue inside the shaft

3 Guide and press the Black Shaft(s) in tracks of the Silver Shaft

4 Housing Frame Assembly 00:12:48

1 Fetch material Y

2 Assemble Lamp Cable onto Circuit Board

3 Unscrew Ring from the Circuit Board's Connector

4 Assemble Circuit Board Connector in Housing frame

5 Apply LT243 on Connector threads

6 Screw Ring with tool

7 Fetch material Y

8 Apply red-grease in the threads of the Circuit Board

9 Assemble the Circuit Board to the Housing Frame by screwing the screw and place the guiding pin

5 Lamp-Package Assembly 00:05:27

1 Fetch material Y

2 Assemble Reflector onto Lamp-Package Circuit Board

3 Place Reflector assembly (step above) in Lamp Housing

4 Assemble the Lens in the track of Lamp Housing
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Process Mapping 

The map of the manufacturing system further enlightened that the system was of a 

complex nature. It contains a work-flow that is different from the material-flow, which 

in turn complicated the flow and material handling. The process map further depicts 

how a manual assembly system could look like, where the operator assembles sub-

assemblies that the same operator needs further on in the process. These sub-

assemblies are put aside on the bench, which is illustrated by the triangles in the map 

(see Figure 4). 

Table 6: Observed and noted operator work methodology sharing between different products. This table 
shows a sample of products and the complete table can be seen in Appendix 4.  

Product 1 Activities

Extra activities tied to 

other products

Prod. 1 Prod. 2 Prod. 3 Prod. 10 Prod. 11

Glue step for engine NA 00:04:04 0:04:04 00:04:04 0:23:00 0:23:00

Glue curing after assembly 00:45:00 00:45:00 00:45:00  -  -

Spring Package Assembly NA 00:09:28 0:09:28 00:09:28 0:18:56 0:18:56

Glue curing after assembly 00:45:00 00:45:00 00:45:00  -  -

Spring package glue curing 

in assembly process  -  -  - 0:45:00 1:30:00

Press bearing holder  -  -  - 0:45:00  -

Glue Shaft Assembly NA 00:04:25 0:04:25 00:04:25  -  -

Transmission Assembly  -  -  - 0:05:00 0:05:00

Housing Frame Assembly NA 00:12:48 00:12:48 00:12:48  -  -

Motor Sleeve Assembly  -  -  - 0:10:00 0:10:00

Lamp Package Assembly NA 00:05:27 00:05:27 00:05:27  -  -

Connector Assembly  -  -  - 0:05:00 0:05:00

Drive Unit Assembly NA 00:18:32 00:18:32 00:18:32 0:15:00 0:15:00

Drive unit glue curing in 

assembly process  -  -  - 1:30:00 0:45:00

End assembly Drive Unit  -  -  - 0:05:00 0:05:00

Part 1 End Assembly NA 00:15:00 00:15:00 00:15:00 0:10:00 0:10:00

Part 2 End Assembly NA 00:26:32 00:21:32 00:21:32 0:25:00 0:25:00

Front Part Assembly NA 00:36:36 00:36:36 00:36:36 00:36:36 00:36:36

Part 3 End Assembly NA 00:07:36 00:07:36 00:07:36 0:10:00 0:10:00

Tool Run In NA 02:00:00 02:00:00 02:00:00 02:00:00 02:00:00

Pre-Testing NA 00:10:45 00:10:45 00:10:45 00:10:45 00:10:45

Testing NA 00:55:10 00:55:10 00:55:10 00:55:10 00:55:10

Grouping A1 A2 A1 B2 B1

Forecast vol.% 27% 2% 2% 7% 12%

Bench Sharing Bench 1 Bench 2 Bench 1 Bench 3 Bench 4

Total % Group A1 30%

Total % Group A2 10%

Total % Group B1 24%

Total % Group B2 30%

Total for A,B & C 96%
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Figure 4: Process maps for the investigated products’ flows. 

 All the product groups’ flows were mapped, and it was seen that A1 and A2 

products had similar flows, and also that B1 and B2. In the maps it can be observed that 

much material (sub-assemblies) are put in a parallel inventory, as they are needed 

further down in the process. The majority of the map consists of assembly related 

activities, and the test sequences at the end of the map are straightforward. 

4.3. Construction of current state simulation model 

The current state simulation model was done with the purpose of translating the 

physical environment of the manufacturing system, to a representative virtual 

simulation model. It was done to have a model that could be analyzed and improved, so 

that the trial and error solution finding could be conducted virtually. This model would 
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later on become a reference to the real manufacturing system’s performance that 

improvement concepts could be compared to. 

4.3.1. Operators’ view on the system 

The operator’s view on the system was taken into consideration when developing the 

current state simulation model, but this information was also considered in the 

improved model. The information listed in this section helped to gain understanding 

about their point of view of the system, as these operators sit on extensive knowledge 

about the system that is valuable in a potential improvement concept. 

 The two interviewed operators are well acquainted with the system as they have 

both worked in the system for ca 5 years since the system was installed, so therefore 

they are deemed as experts of the system. All the operators that work in the system 

today can assemble every product that is included in the study. However, it was noted 

that there is one person that is only dedicated to one sort of products. According to the 

operators, it is good harmony and moral in the group and all operators perform equal 

amount of work during a typical work day. They all work in their own pace and do what 

they feel that they are capable of and they are not locked to specific stations. They 

mean that the way they work today makes the group develop a broad competence base, 

as they can assemble the whole products themselves and help each other to solve 

eventual problems that come up. This way of working is compared to the already 

existing lines where they feel that the most competence is putted on the line’s 

coordinator (who then acts like a line-troubleshooter) rather than the operators that 

work in the line. 

 The operators further told that they were not satisfied with their current layout as 

it were often a lack of work-space. As previously mentioned a big order could lead them 

to sit 1-3 operators on the same bench resulting in space issues. Also, they indicate that 

a better mix of products would be beneficial to avoid products from being unable to be 

worked on due to lack of space. It was wished that the system would be structured in a 

different way to gain a better flow in the process, but also to get the feeling of that the 

work is going forward or not. The operators prefer to assemble the orders in batches of 

5 products, because they think it is more time efficient as you then can fetch material 

for more products at once, to avoid fetching tools for a certain assembly step more than 

once, but also because of the long curing times of glued parts. They could eventually 

think that a one-piece flow could be beneficial if it was possible to assemble modules to 

the main flow, instead of having all assembly steps in the main flow that does not have 

to be there. 

 A big problem in the assembly process was that the glued parts of the products 

often come loose, making the operator have to redo that step and thereby wait another 

45 minutes for it to cure again, adding to the batch’s total time. This leads to long 
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rework times as well as the operators becomes disturbed in the assembly sequence, as 

the glued parts are needed in order to finalize the products. Another problem 

mentioned was that the pegboard was poorly structured, that tools were missed and 

that you borrow from each other’s benches, which in turn led to that they had to go 

search for the right tool during the assembly process. 

 The operators were asked about takt-time control, and their reactions to it were 

that they were quite skeptical. They mean that takt-time would create a constant stress 

which in turn could lead to that you do more mistakes, as you want to be done with the 

work within the takt-time. As some activities within the assembly process are rather 

critical and therefore require longer time and increased accuracy, such as the gluing of 

various parts, it could be difficult to do these activities in the correct manner if they 

would have to do it on takt-time. However, the assembly of modules of the critical parts 

could possibly resolve this issue somewhat they mean. They also mean that the line’s 

that currently use takt-time control today use the concept in the wrong way, as the stop 

time generated by the system is used to name and shame operators rather than lifting 

the underlying problem causing the stop time up to the surface. When asked if there are 

any advantages with takt-time control, they mean it would even the workload between 

stations and that a problem that emerges comes up to the surface so that help is 

attained faster. However, they mention that they would like to work in a line layout 

without working on takt-time, and instead work towards a daily goal.   

 Lastly, operators mean that it was often necessary to walk some distance during 

the assembly process because of that some parts of the products are rather fragile and 

sensitive to scratches and therefore have to be protected with plastic. However, this 

becomes a problem as you cannot bring these bags into the work area of the system, as 

it is electrostatic discharge (ESD) protected as the products are electrical. 

4.3.2. Simplifications of the system 

As the system proved to be of a quite complex nature, with unstructured and 

complicated workflows as well as material flows, some simplifications had to be made to 

be able to construct a functional model. Therefore it was deemed by the authors that 

parts of the workflow had to be simplified according to some assumptions. These 

assumptions were as follows. 

 One order represents a batch of five products, and there can only be one order 

within each sub-process (in the simulation program referred as component) for 

the in the system for a particular product group. This was assumed because that 

there is space for only one person at each bench (and therefore each sub-

process), and overriding this fact is not how they should operate. 

 One operator needs to be available in order to start the assembly sequence. This 

was done to control the input of orders into the system, so that the operators in 



 
4. Empirical findings and analysis 

 

40 

 

the simulation do not start on various activities within the sub-processes before 

the order is started. 

 One operator follow the order throughout the whole assembly process for the 

specific product the operator is working on. This assumption was made in order 

to simplify the simulation by having the operator following a linear flow, rather 

than jumping between benches because waiting time occurs on the first 

assembly process, e.g. that the operator now has to wait for glued parts to cure 

rather than start on another order or move onto another step meanwhile. 

 The operator cycle time variability and disturbances will be represented by the 

EPT distribution that comes with FACTS Analyzer, in order to make data 

collection easier. 

 The seventeen products were renamed to four names. This assumption of that 

the seventeen products only had four different names (depending on their size 

and assembly location) was done as it was deemed unnecessary to know their 

names in detail, as it would only complicate the simulation model further by 

adding more elements to address. 

 It was assumed that material shortage was excluded. This was done to ease 

simulation because that the lack of material delivered from supplier was difficult 

to predict, and also outside the scope of the study. 

 The focus will lie on improving the assembly part of the process. The other parts 

are standardized processes that have to be conducted in this manner to validate 

the products functionality. But these sequences were to be included in the 

simulation models, as they are linked to the products lead time and throughput, 

but they are not improved. 

4.3.3. The current state simulation model 

The whole system consists of one superordinate system (as shown in Figure 5) and 

seven sub-processes, one for each flow that was identified within the assembly group 

and one for the testing sequence (see Appendix 6). The sub-processes were constructed 

as such in order to minimize the complexity of the model to get a better overview of the 

whole. The virtual orders reflect the mix of products that enter the system and are 

picked by the operators and later transferred into the different sub-processes, 

depending on what product the virtual order is for. These orders trigger the start of the 

factual product that is to be produced for that particular virtual order, e.g. a virtual 

order for product A1 is picked up by the operator, who then enters the flow for the 

product A1, which then in turn triggers the entry of the product into the system. The 

virtual orders are consumed (deleted) when the assembly work is done to avoid getting 

result graphs with the lead time for the virtual orders. The factual orders follow the 

main flow throughout the system, while the virtual orders trigger the start of this flow. 
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Figure 5: Current state simulation model superordinate system. For information about the 
sub-systems A1_Small, A1_Large, B1_Small1 & 2, and B2_Large1 & 2 see Appendix 6. 
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 In the system there are 4 operators that work with assembling the products of the 

orders, while 1 operator continuously tests the products that are assembled. The 

current assembly flows begins with that a Virtual Order for a product type (e.g. 

VirtualOrderA1) enters the system, and is then placed in a buffer until there is an 

operator available to start the order. The MaxWIP object further regulates how many 

orders that can exist within the sub-system for respective product type. When an 

operator is available in the system, this operator is assembled with an available order 

that then follows into that order’s sub-system (e.g. OP+VirtualOrderA1 moves to the 

A1_Small Component object). In this object, the first thing that happens is that the 

virtual order is renamed to the actual name of the order (e.g. VirtualOrderA1 is renamed 

to OrderA1), as now the operator starts with the real work on the order. The virtual 

order is only created to trigger the entry of the real order so that the lead time starts 

ticking when the operator starts working on the real order. The assembly process for B1 

and B2 orders is divided into two Component objects respectively, because these orders 

of products are more complex and divided into a pre-assembly process and an end-

assembly process. 

When the activities within these different components have been performed, the 

order is sent to a BatchRunIn station where the order has to run in for two hours. After 

this, the order, that is actually a batch of 5 products (see section 4.3.2. Simplifications of 

the system), moves to the pretest and after that to the test-sequence Component 

object, where it is split to 5 products that are distributed on 4 testing rigs. When all 

these 5 products are tested and done, the products are grouped with the order and the 

order moves on to the packing area and the end of the investigated manufacturing 

system (the packing area is not included). However, the test sequence is not the focus of 

this case study, as the assembly sequence comprises the biggest part of the system. 

 It is important to notice that in this model the number of orders that the system 

produces is set to be 573 that are based on 2017’s deliveries from the manufacturing 

system. So to be able to simulate one year’s production, the year´s production days 

(minus vacation) have been translated to continuous production, to be able to use these 

days to set up an experiment in FACTS Analyzer´s experiment feature, i.e. 24 hours 

simulation horizon in FACTS equals to 3 production days of 8 hours each in real time. 

The running time for the simulation model, to represent 2017´s continuous production 

of these 573 orders, then became 80 days. In order for the model to not overproduce 

products, a timetable was used to deliver virtual orders to the system each 4 week 

period (starting from week 0) in accordance to historical deliveries (see Table 4).  

 An experiment was done on the finished model to investigate the system's 

performance. The results of the experiment can be seen in Table 7. In the Occupation 

graph (see Diagram 3) one can see that OP_Assy is occupied to 60%, meaning that the 

operators are available for work 60% of the total simulation time. By looking at this 
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graph, one could see that material is set aside for longer time than the time it takes to 

assemble. In the Utilization graph (see Diagram 4), it can be observed that the utility 

rate of most objects of the system is rather low, never exceeding 20%. 

Table 7: Current state simulation model results with time-table (predefined order in-flow). 

Type Throughput (orders/hour) Lead time (h) Produced parts (orders) 

Plant  0,298  8,1 573 

Order A1 0,052 6,6 101 

Order A2 0,025 6,7 49 

Order B1 0,102 8,9 196 

Order B2 0,119 10,0 227 

 

Diagram 3: Occupation results for the current state model. The bars indicate to what percentage the listed 
simulation objects (on the x-axis) are occupied during the simulation horizon. 
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4.3.4. Model validation 

The SME assessed the realism of the model, i.e. that the steps in the model are actually 

carried out in the real world as well as in the right sequence. The SME pointed out some 

things to correct to be satisfied. These things included some misinterpreted work 

methodologies or assembly steps that were at the wrong place in the sequence. When 

these were corrected, the SME verified that the model was representative. It was also 

validated that the model generated the same amount of products during a year (80 days 

for a simulation horizon) as the historical data for 2017 when the model used the 

timetable. 

4.3.5. Current state simulation model with continuous order in-flow 

The usage of a timetable to validate the model to the historical data made the models’ 

output limited to that particular number of completed orders (573). This in turn limits 

the throughput of the model that in turn makes this kind of order mix difficult to use to 

compare models. A new continuous mix of orders was set up to have a mix that could be 

compared later on with the improved state simulation model, to illustrate continuous 

demand so that throughput could be assessed better. This order mix was set up as a 

sequence of 20 orders based on a calculated distribution (see Table 4) that continuously 

repeats itself in the model. The results of the model with this new sequence of orders 

can be seen in Table 8. 

 

Diagram 4: Utilization results for the current state model. The bars indicate to what degree different 
operations (listed on the x-axis) are utilized in different ways in the simulation model. 
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Table 8: Current state simulation model results with continuous order in-flow. 

Type Throughput (orders/hour) Lead time (h) Produced parts (orders) 

Plant  0,759  8,8 1440 

Order A1 0,117 6,8 222 

Order A2 0,078 6,6 148 

Order B1 0,275 9,0 522 

Order B2 0,289 10,2 548 

4.4. Construction of improved state simulation model 

The improved state simulation model was constructed with the purpose of depicting 

how a new improved concept of the manufacturing system could look like. It was done 

to address issues with the current state simulation model and improve them. The model 

itself could then be compared to the performance of the current state model, in order to 

distinguish the benefits/gains with the improvements. 

4.4.1. Identified problems and potential solutions to the current state model 

In this section, the results from the current state map were interpreted and evaluated 

by looking at the generated graphs by the simulation program (see Diagram 3 and 4), as 

well as the resulted throughput, lead time and produced parts. By doing this, problems 

were identified and related to general issues. This section will bring up these issues and 

tie various problems that came up during the analysis of the results. Table 9 shows the 

identified problems related to the different system measurements that the model 

generated.  
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Table 9: Analysis of problems related to the current state simulation model’s results. 

System 

Measurement 

Identified problem(s) 

Throughput Connected to factual output of products (limited by delivered products 2017). However, it was 

identified that A1 and A2 got around a third of the throughput as B1 and B2. 

Throughput was rather low, probably connected to that the lead time was rather long, but 

also that the product mix affects the individual throughput for each product (e.g. that a 

product with short lead time and low volume gets lower throughput than a product with long 

lead time and high volume). 

Lead Time B1 and B2 had longer lead time probably because of they had a more complicated assembly 

process. However, the lead times were quite long overall for an assembly operation. 

The sequence for the various assembly flows was deemed to be inefficient, as the various 

steps within an assembly process was structured in a serial manner. Therefore, the lead time 

was closely related to the utilization of each assembly step for respectively product, along 

with the occupation of buffers displaying waiting. 

WIP For this simulation model, this measurement does not tell much about the process itself, 

because that only one order flows through the system at one given point in time for its own 

sequence. It is also affected by the fact that operators and sub-assembly parts are counted 

towards this measure for instance. 

Produced Parts Verifies that the number of orders produced in the simulation model matches with the 

historical yearly delivery for 2017. 

Occupation A major area of problems. 

The operators for the assembly process are only occupied ~40% of the simulated time 

horizon, which could have been related to that they do other activities at these times, such as; 

 work on spare parts; 

 work in other assembly groups due to low amount of incoming orders; 

 or that there was material shortages. 
If it was the latter, it was observed that the operators tend to prepare the assembly steps for 

the order that did not need the material of shortage. If this was the case, it should directly be 

applied to the lead time. This would then be a rough estimate. 

The buffer displaying the test operator’s working time is not of interest, as it only appears 

because this person works parallel with other operations. 

It can also be noted that buffers displaying the wait time for sub-assemblies were also quite 

occupied, ranging from ~35% to ~1%. Ideally this should be close to 0%. 

The buffers displaying the curing time for various parts were also quite high, ranging from 

~19% to ~2%. 

Utilization General problem of low utilization for every operation included in the simulation. 

First impression was that there was much waiting times for all the operations included in the 

simulation. This was probably because that each flow could only hold one operator at one 

given time (and that only 1 order could exist within the system) and that this person works in 

a serial manner. 

In general, the utilization of each operation within the different assembly flows was very low, 

ranging from ~8% to ~0%. However, this could have been linked to that the utilization was 

based on how much time each assembly step takes for the operator, which is manual work 

and not machine work that mass-produces parts over time. 

Batch to run in had a utilization rate of ~16% for all the stations, which could indicate that 

there were more rigs available than it had to be. 

Bottleneck The bottleneck analysis did not provide useful information for this study; hence it has not 

been taken into consideration. It is excluded as operators and virtual orders affect the results. 
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Capacity Issues and potential solutions 

First looks at the finished models’ results indicated that there was underutilized capacity 

within the process; the buffer at OP_Assy is occupied at ~60% throughout the simulated 

year, meaning that the workers are available for work equal to this percentage during 

the simulation horizon. The low utilization of personnel could possibly mean three 

things from the authors’ perspective; the assembly group could produce more with the 

manpower they have (if it is assumed that the 60% occupation in the buffer is available 

operator time, and that there is a demand for more products), that they simply were too 

many in the assembly group, or that they should not work full work weeks. So basically 

this issue is revolving around how to utilize the personnel in the group in the best way 

possible. In the model this could mean to change the time horizon so that it corresponds 

to less total continuous production time. The utilization issue could be solved by simply 

merging flows together, so that stations are shared between flows and therefore 

increase the utilization rate of that particular step, or that the assembly steps would be 

structured in a different manner, so that personnel could cycle through the steps at a 

higher pace. 

Work Sequence Related Issues and potential solutions 

Studying the occupation graphs also revealed that there are long wait times (i.e. that the 

buffer related to component waiting has a high % occupation, ranging from ~35% to 

~1%) for various components. Assembly parts that have a long wait time could be 

connected to that the next step in the process block completed parts from moving to 

the next step. As an example, after the operator has assembled the lamp package 

he/she will just put it on the bench until it is needed for the end assembly, leading to 

unnecessary long wait times as the lamp package could theoretical be used directly after 

it have been assembled. 

 Another problem that could be seen when doing the experiment of the model was 

that sub-assemblies are assembled in a sequence that was not deemed to be optimal. 

Parts that would be used in the end are assembled in the beginning of the assembly 

process and the operators often wait with assemble parts that could be assembled 

earlier, to facilitate the total assembly process for the product. A possible action for this 

kind of problem could be to rearrange the component flow and the operators work-flow 

to decrease the waiting time. One example could be to change the layout so more than 

one operator could be involved in one type of product at the same time.     

 The occupation graph showed a problem that the long curing time for different 

components would affect the total assembly process. Glued parts that have to cure for 

hours were a big problem and affected the lead time for the orders, but also for other 

parts included in the order that is not glued. The time for the components would be 

longer than it has to be and would also affect the wait time on parts that need these 

glued parts. This problem could be solved by excluding these problematic glued parts 
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from the main process flow and construct a separate process flow for these parts 

instead. This process could be parallel with the main process but in this process, parts 

will instead be assembled and laid in a buffer for example, so these critical parts will not 

be a bottleneck in the main process later on. 

Operation Wait Time Issues and potential solutions 

Looking at the graphs for utilization, one could notice that there was time at each 

operation in each sub-process that was categorized as “wait”. This is also connected to 

that the workers were working in a linear manner, as mentioned in Capacity Issues, 

forcing each operation to wait for the operator to be done with previous operation in 

the order, and further leaving the current operation in wait-state after that one had 

been completed. As one of these operations were done, the rest of the time spent 

within the sub-process for that operation would be added as wait for the operation, as 

there could only be one operator within the sub-process at a given point of time. This 

issue was also related to the issue with lead time, as reducing the wait time for each 

step within the assembly process would yield a shorter lead time. To address this issue, 

one might begin with looking into how the work methodology is actually structured. As 

the current way of working was rather linear and unstructured, the graphs does not give 

the whole picture, as it is more connected to the balancing of workload and therefore 

not a fair measurement of utilization. Perhaps it is better to start restructuring the way 

they are working today, to gain a better flow that can be utilized in a better manner. 

Restructuring the way of working by incorporating the similar steps between orders into 

one station could lead to a much better measurement of utilization for that particular 

station. Then, the station could be utilized much more frequent as more flows are 

passing it by, and therefore more people. This would also lead to a less complicated 

process with less individual flows. 

 When interpreting the results from the experiment of the simulation model it is 

important to interpret them in a correct manner, in other words that all measures that 

are reported through the experiment might not be of relevance or even fair for the 

constructed model. This is especially important for an entirely manual manufacturing 

system, as the construction of the current state model used the software’s objects in a 

slightly different way (see Appendix 5 FACTS Analyzer), which in turn might make the 

result indicate something else than intended. Therefore it might be necessary to filter 

results like these, as they could be misleading or unimportant for the model. One 

example of this was that the total WIP of the current state model is affected by the fact 

that virtual orders and operators are treated as variant objects within the system, and 

therefore contribute to the overall WIP even if they should not. 

4.4.2. The improved state simulation model 
The improved simulation model of the manufacturing system builds on the concept of 

breaking out critical activities from the main flow of the assembly process, and instead 
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constructing these as parallel flows to be able to obtain a better flow throughout the 

entire system, to reduce wait times, reduce lead time, and to increase throughput (see 

Figure 6). 

 The assembly of spring packages is a critical activity as it contains several glue 

sequences that have to cure for 45 minutes and have therefore been broken out of the 

main flow. This was also the case for the assembly of the front part, as the assembly 

time for this activity was rather long and does not have to be conducted in the sequence 

it currently is conducted. In fact, it could be assembled anytime during the entire 

assembly process. The assembly of spring packages and the front part is dedicated to 

two operators from the OP_Group1 resource object, and the operators prioritizes to 

assemble spring packages because of the short assembly time but long curing time. 

 Other assembly activities that have been broken out to parallel flows is the 

assembly of the engine, transmission, motor sleeve, connector, shaft, housing frame, 

and lamp package (in other words the pre-assembly parts for the next assembly 

activities). The reason for this was that these parts takes quite short time to assemble on 

their own, but also because that the motor for A orders also has to be glued and cured 

for 45 minutes, and the motor for B orders takes longer time to assemble. It becomes 

more time efficient to build these parts as modules to the main flow because of their 

short assembly time, and also because it then relieves the main flow from further work. 

One operator from the OP_Group2 resource object works in this parallel flow. 
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Figure 6: Improved state simulation model. 
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 The main flow bases on the principle of that when an order is received to the 

system, a virtual order is created (e.g. VirtualOrderA1) in the model. This virtual order 

then represents that the order have entered the assembly system. When an operator is 

available and can start the work on an order, a physical order (e.g. OrderA1) enters the 

system that is assembled with the virtual order, renaming this assembly to the virtual 

order. So basically, the virtual order triggers the entry of the physical order, so that the 

lead time is not measured on the virtual order but instead on the physical order. When 

the order and the virtual order are assembled, it is assembled with a spring package and 

pre-assembly parts that is needed for respective order. An example of this could be that 

a VirtualOrderA1 have triggered the entry of OrderA1 and have been assembled, and 

this is in turn assembled with an A_SpringPackage, an A_Engine, a Shaft, a 

HousingFrame, and a LampPackage. The last four parts are the pre-assembly parts for A 

orders. These different combinations of assembly are configured in the GetAParts and 

GetBParts Assembly object. When these parts have been assembled with the virtual 

order, this assembly is in turn renamed to the order again to make visualization easier of 

where the order is within the system, e.g. VirtualOrderA1 is renamed to OrderA1. The 

order then brings these parts to the end assembly where two operators from the 

OP_Group3 resource object start working on the order. When the end assembly is done, 

the order is moved to run in and the test sequence just like it was in the current state 

model. The MaxWIP object in this model regulates how many orders that can be started 

within the material fetch and the end assembly activities, i.e. this object depicts how 

many orders the operators could start at maximum in OP_Group3. 

 In the improved simulation model the resource object is used to allocate operators 

to different operation objects, as it is better to use as it depicts human behavior in a 

better way, so that they work on the activities that have waited the longest, but also 

that you can add priorities to operations so the operators can focus on a particular one. 

It is also possible to add different competence requirements. In the current state model, 

this source object could not be used as this model became too complex, so source + 

store had to be used instead. 

 It is important to consider that the improved simulation model is simplified 

compared to the current state model, as the flows for all the different assembly parts 

are not included. This was done because it was deemed not necessary in the improved 

model, as they only helped with analyzing the current system. Also, the order sequence 

has been improved compared to the current state model, in other words that the orders 

fill the system in a cyclic manner rather than distributed over a delivery table. This has 

been done to demonstrate the full potential of the improved model. When choosing a 

running time for the simulation models experiment, this figure was based on the same 

as for the current state model, namely 80 days. This was done to see how the new 

system would perform on the same time as the old one. Also, as both the models use 

the same order sequence, the performance of them can be fairly compared.  
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 In the improved model there are five operators that work with assembly and one 

operator that work with testing, as opposed to the current state model where four 

operators worked with assembly and one with testing. The fifth operator have been 

included in the new model, because this operator is working solely with assembling 

products that in the near future will be excluded from the product portfolio, and 

therefore this person will be available for other types of work.                   

 When it come the results of the improved model can be seen in Table 10. In the 

Occupation graph (see Diagram 5) it can be observed that pre-assembly parts are 

available to ~84%, which indicates that the operators performing the end assembly 

seldom have to wait for these parts to be able to start their work on the end assembly. It 

can also be observed in this graph that the spring package assembly activities that were 

connected to many problems in the current state model now are available to 99%. In the 

Utilization graph (see Diagram 6) it can be noticed that OP_Group1 and OP_Group2 

work in a better way, while OP_Group3 is rather unchanged when it comes to utilization 

of operators. Overall, critical components are available most of the time and the 

utilization of the different work stations is higher than in the current state model. 

 
Table 10: Improved state simulation model results. 

Type Throughput (orders/hour) Lead time (h) Produced parts (orders) 

Plant  0,943 5,9 1788 

Order A1 0,141 5,2 268 

Order A2 0,095 5,3 179 

Order B1 0,330 5,7 626 

Order B2 0,377 6,5 715 
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4.4.3. Bottleneck analysis of the improved state simulation model 

The bottleneck analysis of the improved state model (see Diagram 7) can be utilized to 

identify where the major areas of improvement to the model are. As the model is now 

more structured than in the case of the current state simulation model, this feature 

provides more valuable information of the problems of the system. In this case, the 

batch run in, assembly of front part and the testing rigs seems to hold back the system’s 

performance. These areas could be focused on when further developing the simulation 

models that were constructed in this case. 

Diagram 5: Improved state simulation model occupation results. The bars indicate to what degree the 
simulation objects (listed on the x-axis) are occupied during the simulation horizon. 

Diagram 6: Improved state simulation model utilization results. The bars indicate to what degree the 
simulation objects (listed on the x-axis) are utilized in different ways during the simulation horizon. 
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Batch run in bottlenecks 

The bars indicate that the batch run in stations are equally big shifting bottlenecks, 

meaning that they probably overlap each other. These consists today of fixed cycle 

times that the products have to undergo in order to prepare the products for pre-testing 

and testing. As the times are fixed, improvements are suggested to be focused on 

adding more parallel stations that can be utilized to reduce the workload on the 

individual stations. 

Front part assembly bottleneck 

The bar indicates that the front part assembly process is a bottleneck where a majority 

of it is shifting. However, there is a small portion that indicates that this process is a sole 

bottleneck, meaning it is a bottleneck to the whole system on its own. Improvements 

are suggested to be focused on either adding a new station that can work with the 

process, add more manpower working with the process, or reduce the process cycle 

time with a better work methodology. 

 

Testing rig bottlenecks 

The bars indicate that the testing rigs are equally big bottlenecks, both shifting and sole 

bottlenecks. They are indeed mostly shifting, but from all the bottlenecks they have the 

most sole bottleneck percentage, meaning it could be best to focus on them first when 

improving the model. Improvements are suggested to add more parallel rigs to relieve 

workload or reduce testing sequence cycle time.  

Diagram 7: Bottleneck analysis of the improved state simulation model. The bars indicate to what degree 
the different simulation objects (on the x-axis) are bottlenecks to the system. Shifting bottleneck means 
that they overlap with other bottlenecks and sole bottleneck means that they are alone a bottleneck. 
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4.4.4. Concept verification 

The new improved model was assessed with the help of the SME to verify the feasibility 

for possible implementation into their daily operations. Some concerns was developed 

about how the model would react to fast demand shifts as they then have to react fast 

in their order handling. These concerns were particularly about the buffering of material 

that the improved concept builds on. However, as the buffers could be set to a 

minimum of one per variant, and therefore reduce the amount of work in process to a 

minimum, this relieved these concerns. Other than that, it was assessed with the help of 

the SME that the work methodology that the new improved simulation model builds on 

was indeed a way of working that could be realized in practice.  
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5. Analysis of results 

In this section, the results are analyzed from the perspective of the research questions. 

It brings up the relevant results that are relevant for each and one of the questions, and 

sets it into relation to the question to review if the purpose has indeed been answered. 

5.1. Research question 1 

“In what way can simulation aid manufacturing plants to move from intuition-based 

short-term solutions, to fact-based long-term solutions to improve their manufacturing 

systems?” 

The results of this case enable better fact-based decisions regarding manufacturing 

system improvements. For instance, lead time could be reduced considerably and also 

that throughput and produced orders could be increased (see Table 11). These numbers 

are displaying the potential gain with the new system, making decisions regarding the 

implementation of the system easier to motivate. This is something that is confirmed by 

Detty and Yingling (2000) who conclude that the resource and performance measures 

generated by their simulation model of a system with lean manufacturing provides basic 

information that management requires to see the benefits of lean manufacturing. 

Further, Gurumurthy and Kodali (2011) strengthen this with their findings that their 

simulation models proved to be effective for managers and engineers to understand, 

see, and feel how their newly developed system could look like. This could in turn 

indicate that the technique works, and be motivation to change their way of 

implementing manufacturing system improvements. Also, the case organization in 

which Gurumurthy and Kodali (2011) performed their case was taking their initial steps 

towards implementing lean manufacturing, which the improved simulation model was 

displaying the effect of, which further strengthens that simulation is a valuable tool to 

improve their manufacturing systems. Instead of implementing manufacturing system 

improvements on the shop floor right away, simulation, process mapping and data 

analysis could be used (Kumar and Phrommathed 2006).  

Table 11: Quantified gains with the improved model compared to the current state model with the same 
cyclic order sequence.  

Type Throughput (orders/hour) Lead time (h) Produced parts (orders) 

Plant  + 24,2 % - 33,0 % + 24,1 % 

Order A1 + 20,5 % - 23,5 % + 20,7 % 

Order A2 + 21,8 % - 19,7 % + 20,9 % 

Order B1 + 20,0 % - 36,7 % + 19,9 % 

Order B2 + 30,4 % - 36,3 % + 30,5 % 
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The results of this study also indicate that simulation could be used to evaluate an 

improved manufacturing system virtually before implementing it physically, which 

enables the ability to develop more long-term solutions. This confirms the work of 

Kumar and Phrommathed (2006) that computer-based simulation, in combination with 

process mapping, successfully reduces the chance of that the redesigned manufacturing 

system becomes ineffective when implemented in the real world. This is also in line with 

the work of Gurumurthy and Kodali (2011), where their results indicate that the 

investigated plant’s operations can be significantly improved after the implementation 

of Lean Manufacturing. Working in this way, a plant could test and simulate long periods 

of manufacturing time, leading to that the solutions could be tested to work in the long-

term.  

The validation of the current state model contributed to the verification of it to 

the reality, leading to more realistic results for fact-based decisions regarding the 

system. When the model was verified from the SME the work could continue with a 

credible and representative model. This gave the operators an opportunity to contribute 

with their own opinions about the improved system, and thereby they had a chance to 

provide input and feel involved in the process. With the help of the operators’ thoughts 

and opinions it was possible to construct a more realistic and feasible picture of the 

system. In combination with the meticulous manual calculations of the cycle times 

compared to the computer generated ones from the model, this strengthens the realism 

in the model’s representativeness. Detty and Yingling (2000) conclude that simulation 

has the advantage of reflecting site specific circumstances, and the comparison of the 

new system with the present system. This in turn could be viewed as motivation for the 

management to realize that their manufacturing systems could in fact be translated to a 

realistic simulation model, further motivating them to move to this way of working. 

In the improved simulation model it can be observed that there are clear 

advantages of breaking out activity sequences from the main flow into parallel flows, 

rather than placing these activity sequences in a linear way such as in the current state 

model. This way the processes within the sequences in the system become more 

structured and the operators have better instructions of what they should do in each 

flow. This further provides facts about the system that could be used to motivate 

decisions regarding its potential future layout. This could be connected to the tenets of 

standardization and process stability in the lean philosophy (ibid). Further, the 

parallelization can solve the problem with long curing times as these activities now are 

placed outside the main flow and thereby assembled in a better way to be available for 

the main flow. The same benefits are for the pre-assembly parts that now instead are 

assembled and delivered to the main flow, instead of that the operators assembly these 

parts in the main flow, leaving them to wait to be used in a step further ahead in the 

total assembly sequence. This is in line with the concept of parallel tasks, where “tasks 

are assigned to several stations of a serial line which cyclically perform them completely 
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on different workpieces” (Becker and Scholl 2004). This concept makes it able to reduce 

the global cycle time of the system.  

 The bottleneck analysis further provides basis for what improvement efforts to 

focus on for further work, which adds to the value of using simulation as a long term 

solution generating approach. To manage bottlenecks in an optimal manner could 

ensure high workstation utilization, reduce station queues, and station downtime to 

optimize an assembly system (Dewa and Chidzuu 2013). Further, literature points to that 

simulation models that have not explicitly used optimization suggests that further work 

with optimizing the results could be conducted (Prajpat and Tiwari 2017). So in other 

words, optimization efforts could be made on these bottleneck results. 

5.2. Research question 2 

“What advantages and disadvantages would simulation bring to them?“ 

Advantages 

An advantage is that investment decisions regarding the improvement of manufacturing 

systems could have better basis for being taken, as the simulation models can quantify 

the gains from the improvement. Detty and Yingling (2000) conclude that discrete event 

simulation is indeed a tool that can help to quantify benefits (in their case for lean 

solutions). The complexity and high cost of setting up and maintaining manufacturing 

systems makes it necessary to use for instance simulation models, rather than relying on 

experience or habitual ways for performance evaluation and decision making (Fowler 

and Rose 2004). For instance, it could be indicated that lead time is reduced by a certain 

figure and throughput increased with a certain figure. This, in combination with the 

operators’ validation of the models, could strengthen the fact that these numbers could 

very well be realistic as well. This alone provides the methodology of using simulation 

with results that can demonstrate the new models’ performance.  

 Another advantage with simulation is that problems with improvement 

suggestions can be identified at an early stage. As these suggestions can be developed 

into a simulation model of a particular manufacturing system and further tested virtually 

before a physical implementation, problems related to these suggestions can be 

prevented at the early stages in the design process of the system. Sharma (2015) 

conclude in the advantages with simulation that it for instance helps in the formulation 

and verification of solutions, and also the study and experimentation with a complex 

system. The current state model was evaluated and analyzed, so that problems with it 

could be distinguished in an easier way. Solution concepts could then be tested to 

address these problems in a new improved simulation model, which enables the trial 

and error mindset virtually instead of trying the changes out in the real world. This does 

not only save rework time and costs, but also enables that the system could be 

developed in the best way possible before implementation. 
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Disadvantages 

A disadvantage with simulation was that it was a complex task to construct simulation 

models, especially as the manufacturing system proved to be of a complex nature. 

Therefore, it might become difficult for their existing personnel to construct simulation 

models. As implemented manufacturing system changes have occasionally yielded some 

unwanted results, they might not have the right production-technical knowledge to 

improve their manufacturing systems in the best way possible, and therefore it might be 

difficult to adopt simulation modeling straight away for them. This could in turn lead to 

that existing personnel might need training in how to construct and interpret simulation 

models, or that new personnel with the right production-technical knowledge needs to 

be recruited. This is something that has been identified throughout the history of 

simulation, that it is required a considerable amount of expertise in order to construct a 

useful model of a moderately complicated manufacturing system (McGinnis and Rose 

2017). They mean that one cannot be a part-time simulation expert within 

manufacturing and that this is something one would have to work with regularly.  

 A disadvantage was to use simulation on an entirely manual manufacturing 

system, as it proved to be a quite complex system mainly because of the lack of 

standardized work procedures. Manual assembly of products was observed to contain 

many different steps with variation between products. These steps might be difficult to 

standardize in order to gain a common work methodology, so the operators take things 

in their own hands with what they got. For instance, the operators assembled the 

products solely based on a drawing of it, meaning that the work methodology will vary 

from operator to operator. To not have a standardized way of working will complicate 

the mapping of the system, and the flows might vary depending on which operator one 

is observing. As mentioned earlier, one of the key tenets of lean is standardization, to 

have the best practice of doing things outlined and communicated (Detty and Yingling 

2000). This connects lean and simulation in a way, that lean could pave the path for 

easier simulation application. Tools from the lean toolbox can be used as an “input for 

the stages of process mapping and definition of decision variables, range and constraints 

of the simulation and optimization variables” (Uriarte et al. 2015). Further, the lack of 

standardization might be something that is typical for manual assembly. However, this 

was not something commonly discussed in the literature and therefore subjected to 

further research to strengthen. These problems were instead addressed by using 

simplifications so that a functional model could be developed, but should not have been 

necessary if they would have had lean tools implemented from the beginning. 
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5.3. Research question 3 

“What barriers would simulation face in a company where this kind of approach is still 

quite new?” 

A large barrier that we came across with the usage of simulation was the resistance 

from management. It was observed that it could be difficult for technicians to convince 

management the value of a new way of working with manufacturing system 

improvements. Even if it was possible to give an indication of what outcome that could 

be expected from previous research, skepticism remained regarding if it would work for 

them to the same extent as for the organizations in the literature, and they were not 

convinced that it would work for them in particular. This led to difficulties in showing 

the value with simulation modeling, and this is a fundamental problem which is difficult 

to solve, as skepticism have been seen to evolve because actors have seen unsuccessful 

applications or not seen any successful ones (McGinnis and Rose 2017). This also makes 

it important to have a dialogue with the management, even if all parties are not on the 

same page. Some mean that “modelers often spend much of their time convincing 

management of the needs of these services” when it comes to modeling and simulation 

within manufacturing (Fowler and Rose 2004). If the management is not satisfied with 

the approach that is proposed, it is important that the technician explains the approach 

in terms and words that the management values, such as in this case profits,  

quantifiable gains (preferably monetary), or that it could be used to complement their 

current approach. Simulation should not be used over another approach employed by 

the plant (i.e. lean in this case), but rather be used as a complement that can assess the 

potential improvements to the system with the same approach (ibid), and support in 

identification of where to invest in improvements.  

 Another barrier was regarding that the plant might lack the correct modeling 

competence. To work in this new way mean that the plant need to have personnel with 

the right background to continue to work with simulation modeling. The process map 

made it clear that the system is complex, with flows for both the operator as well as for 

various materials. It also revealed the lack of structure in the work methodology of the 

operators, as they start on assembly activities in a sequence which is not necessary to 

start on in that particular order. A significant level of experience and mentoring has 

been identified as a requirement for a simulation engineer to be competent enough to 

create a useful model (Ibid). This challenge of modeling competency has not diminished 

throughout the simulation history. As of when this case was conducted the plant did not 

have this kind of role employed. However, they could perhaps be trained if possible or 

new personnel could be hired in order to gain competence on how to do this. 

 Lack of structure and standardization of the processes in the system prior to 

simulation modeling showed to be a barrier, as this made the mapping and modeling of 

the system difficult. As they are not working in a standardized manner, the processes 
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within the manufacturing system become less concrete and can differ from operator to 

operator. Also, the observations revealed that the SME did not have a clear perception 

of how much time was spent on various activities within the manufacturing system, and 

not on the cycle time of these activities. But the fact that FACTS Analyzer provided the 

simulation model with the EPT distribution made the data somewhat easier to obtain 

and more representative regarding disturbances and cycle time variations, because the 

EPT builds on operational factory data collected from existing systems (Urenda Moris et 

al. 2008). However, inadequate data availability and/or data quality have been a 

problem in simulation projects throughout more than 50 years of manufacturing 

simulation (McGinnis and Rose 2017). Nevertheless, this leads to that the mapping of 

the system becomes complicated, but still necessary to do in order to model the system. 

Their daily work is influenced by the lean philosophy, but it is evident that some key lean 

tools are not implemented within this system, such as standardization for best practice, 

and process stability in standards for employee knowledge and skill (Detty and Yingling 

2000). If the plant would have been more experienced with lean in this regard or in 

other words that they would have worked in a standardized manner with operator 

specific tasks and skills, they would have better prerequisites to construct simulation 

models as well as having to do fewer simplifications to do the modelling. 
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6. Discussion 

This section will discuss firstly the findings of the study, followed by a discussion of the 

chosen methodology of this master thesis. The findings will be discussed in relation to 

what the authors think about them, as well as what has been identified in other similar 

cases. The method will be discussed based on the advantages and disadvantages with 

the chosen one.  

6.1. Discussion of findings 

Rephrasing the purpose of the study, it was to look if, and if so, how simulation could aid 

this manufacturing plant in improving a manufacturing system, and also how this 

technique could develop their current approach to a more long-term and sustainable 

way. 

 The findings indicate that simulation can be used to evaluate a proposed 

manufacturing system improvement/change virtually, to gain factors that can aid in the 

decision making process about whether or not to invest in the proposed system. If a 

plant would adopt a continuous way of working with simulation modeling of their 

manufacturing systems, this would most likely lead to a new approach with more long-

term solutions. However, the findings also indicate that there are some factors that have 

to be considered if a plant wants to start using simulation modeling. These factors were 

both technical as social; from acceptance and understanding of the value of simulation, 

to technical expertise to utilize simulation to its best potential. These factors are not 

widely discussed in literature, but some authors bring up similar organizational, social 

and competency issues (see McGinnis and Rose 2017, Fowler and Rose 2004). Sharma 

(2015) further elaborates on the disadvantages of simulation, and that it require special 

training to construct simulation models. As this master thesis was faced with many of 

these factors, it will thereby contribute to the field of understanding the application 

problems with simulation of manufacturing systems within manufacturing plants; in this 

case plants that are taking their initial steps toward Industry 4.0. 

 The findings will also contribute to how one could look at manual manufacturing 

systems, and how the modeling of these kinds of systems could look like. As the system 

in the case of this thesis was complex and unstructured, modeling became tough 

compared to how automated/machining systems could be modeled (see Kumar and 

Phrommathed 2006, Jamil and Razali 2016). These systems have mostly seen to be 

comprised of one single flow in one direction with one kind of material. However, in our 

case we had different components traveling through different flows, which in turn were 

different from the work flow from the operator. This might have been a consequence of 

the lack of implementation of lean tools prior to the case execution, but is believed by 
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us to be something that very well could be the fact of manual manufacturing systems 

comprised by many assembly operations. 

 It was realized by us that simulation modeling was rather difficult to apply to the 

specific manufacturing system. It felt that we should have had more training and 

guidance to be able to create a more sophisticated model, especially to construct the 

current state model as this model became detailed and complex. McGinnis and Rose 

(2017) mean that sceptics to the usage of simulation could make the modeler construct 

unnecessary detailed models in an attempt to convince them otherwise. This leads to 

modeling competency issues, as it requires considerable levels of expertise and 

mentoring to construct simulation models; expertise that a typical graduate engineer do 

not possess right out of school. This made us spend much time on the current sate 

model, which made us have to skip the next step of optimizing the model. However, as 

we both have some prior programming background, it was possible for us to construct a 

simpler improved model that could be analyzed and evaluated in an easier manner. 

 When conducting the case study, we came to the understanding that different 

methods might not be applicable to our specific setting. We started off by trying to 

apply VSM to map the system, as this technique was widely adopted in literature to map 

manufacturing systems (see Gurumurthy and Kodaly 2011, Parthanadee and 

Buddhakulsomsiri 2017 for instance). But as the system proved to be of such a complex 

nature, it made the mapping very difficult so we had to choose a different approach. A 

reason for this could be the variability in settings in which cases are conducted within 

this area, that every plant is somewhat different from another, which in turn demands a 

different approach. Aligned with the results of our case study, was the usage of a 

process mapping technique to facilitate understanding of an existing business operation 

(Kumar and Phrommathed 2006).   

6.2. Discussion of method 

This section will discuss the undertaken method to perform this case study. It will bring 

up the strengths and weaknesses that we experienced during the course of the study, as 

well as how well the chosen method fitted the task that was given. 

6.2.1. Case study 

The chosen research method case study fitted the task and provided the work with the 

right conditions to gain great insight and detail in the system to collect data and to 

construct the simulation models. As a case study approach is applied when one would 

like high and detailed understanding of a particular setting, it was beneficial to use this 

method as we wanted to know how the system, and the actors within it, worked on a 

detailed level.  
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 The disadvantages are a consequence of the benefits of great detail and 

understanding of a particular system and its actors, namely the lack of generalizability. 

The results are closely tied to the particular system, as well as the thoughts and opinions 

of the involved actors, making the results of the case study hard to apply to other 

context. For this to be possible, the prerequisites for the plant to be investigated must 

be of the same character to some extent. However, there is no guarantee that this 

would work in another setting that would be similar to this, or maybe it could work in a 

setting totally different from the one in this particular case study.  Although, there is 

previous research that have gotten positive results using a similar approach (see Kumar 

and Phrommathed (2006) for instance), but then it is tied to the conceptual approach of 

using simulation and a set of techniques, rather than a specific method that could be 

followed from beginning to end to get the same results. 

6.2.2. Inductive and deductive method 

The benefits of that the study took on a mostly inductive approach, was that we did not 

have to limit ourselves to a predefined hypothesis, as the deductive approach uses, but 

instead we could investigate how simulation could affect the manufacturing system 

without any prevision of what the outcome could be. However, we realized that with 

the inductive approach came some difficulties to find right and relevant theory for our 

particular case. We had to test a particular method to be able to realize if it worked in 

our case or not, and if it did not it would lead to the investigation of if some other 

method would work. In other words, the way of working became of an experimental 

nature to find applicable theory for the case. 

The deductive approach that was used, namely the process mapping, was only 

used to gain a structured and standardized depiction of the manufacturing system. It 

was then beneficial to use a finished framework to conduct this, as then we could get a 

prevision of what the result might be through looking at previous research with similar 

methodology. However, if the manufacturing system would have been of a more 

automated character, as many of the systems research have been conducted on are, it 

would perhaps have been more beneficial to use a more deductive approach, to verify if 

the application of a tested method of implementing simulation would work or not 

through a hypothesis. Then we could have been able to answer more directly if it work 

or not for them at their particular plant, and if it would have worked, it would have 

contributed to more generalizability to the whole work.   

6.2.3. Qualitative study  

The fact that the study was of a qualitative nature gave us the possibility to understand 

the system and the actors involved on a deeper level. It made it possible for us to better 

understand the system and to be able to construct a personal view of it, leading to that 

the process mapping and the simulation modelling became easier. So instead of using 
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quantitative data to draw conclusions of the system, we could use qualitative data from 

the operators regarding how the system actually works, which in turn made the end 

results more reliable for them at the plant. Also, as this case involves a completely 

manual manufacturing system where the operators are the only resources conducting 

the work, a qualitative approach is well suited as we then could focus on understanding 

human behavior, questions, problem, decisions, and so on, which then facilitated the 

knowledge about the system itself.   

6.2.4. Ethical aspects 

We consider that we have handled the potential ethical conflicts in a good way. Under 

the course of this case work we have always informed everyone involved of what we are 

going to do, what we want to do, and how it will affect them. When we have been down 

on the shop floor with the operators, we have informed them of what we are going to 

do at that time, what the next step in the process would be, and continuously update 

them on how the case continues. We believe that this have made them feel more 

involved in the case, as we have used their information to develop improvements and 

constructed a system that they feel they can work in, without conflicting with the 

expected results by the management. When we developed the improved simulation 

model, we have been opened to suggestions by the operators and made clear that we 

listen to what they say and that we are doing this for them. 

 When we got the case description by the management of the plant, we 

interpreted it differently from how they had initially thought, which in turn led to a 

rather big misunderstanding. However, we believed that our suggestion would be more 

beneficial for them and therefore stood up for our interpretation of the problem, which 

in turn could have led to that the management got a bit shut out from the case study. 

Simply put, a conflict of interest emerged that was needed to be solved through 

compromise. When the management then agreed with our approach and dropped their 

initial thoughts, they had a hard time to see the potential gains with the new approach. 

We tried to solve this problem as well as possible by continuously informing them how 

the case preceded, what we discovered, and how the new system could become. In the 

end, we feel that the management started to see the potential with this case and that 

the attitude towards it became better. 
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7. Conclusions  

Manufacturing companies are facing an ever changing competitive environment with a 

high pace of manufacturing. To cope with this increased demand for high manufacturing 

performance, the concept of Industry 4.0 has emerged to take today’s industry to the 

next level. Simulation is a tool within Industry 4.0 that enables simulation of a 

constructed virtual model of a real time manufacturing system. This virtual model could 

be used to test changes virtually without actually interrupting the daily operations in the 

real physical system. A case study has been conducted at an industrial plant in Tierp, 

Sweden with the purpose to investigate how simulation could aid a manufacturing plant 

in improving a manufacturing system, and how it could develop the current approach to 

a more long-term and sustainable one. To answer the purpose of the study, the research 

questions “in what way can simulation aid manufacturing plants to move from intuition-

based short-term solutions, to fact-based long-term solutions to improve their 

manufacturing systems?”, “what advantages and disadvantages would simulation bring 

to them?”, and “what barriers would simulation face in a company where this kind of 

approach is still quite new?” were developed to guide the work. 

Answering the first question, the results of the case study points to that simulation 

could be used to gain more facts to base decisions regarding manufacturing system 

changes on, as numbers can be obtained with a new concept that displays the potential 

gain with it. Further, it shows that simulation can be used to evaluate and test a 

manufacturing system improvement virtually, which enables the possibility to create 

more long-term solutions for possible future physical implementation. The validation of 

the current state model developed in this case study further strengthens the realism of 

the model, making the results it generates more reliable to base decisions on. The 

improved state model that was developed shows the advantages with a rearrangement 

of processes that further provides facts about how the layout of the new system could 

look like, that in turn could make decisions about the physical layout of the system 

easier. Lastly, the bottleneck analysis of the improved state model showed to be 

valuable in generating facts about how to improve the system further, which in turn 

provides generation of more long term and thought out solutions. 

Answering the second question, an advantage with simulation is that it provides 

decisions with better basis for being taken regarding manufacturing system 

improvements, as the simulation models can quantify the benefits of the improvement. 

Further, problems with improvement suggestions can be identified at an early stage of 

the system design, so that these problems can be avoided in the real world. However, a 

disadvantage with simulation is that it is a complex task to construct simulation models 

as it requires deep knowledge of the tool. This might make it difficult for existing 

personnel to develop simulation models straight away, and plants might therefore need 

to train their existing personnel or recruit new. Also an identified disadvantage was to 
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apply simulation on an entire manual manufacturing system, as a system of this nature 

proved to be complex because of human behavior, but also because of the lack of 

standardized work procedures. 

Answering the last and third question about barriers with implementation of 

simulation, a large identified barrier was the resistance from management. It was 

observed to be difficult to motivate the value with using simulation and to convince that 

this way of working with manufacturing system improvements could be beneficial. This 

is a fundamental problem with simulation that is difficult to solve. Further, modeling 

competence was observed to be a barrier to simulation implementation. To be able to 

work in this way with simulation modeling, a plant need to have personnel with the right 

background to continue the work with this technique, as one cannot be a part time 

simulation engineer. The last barrier identified was the lack of structure and 

standardization of processes in the system prior to simulation modeling. This made the 

modeling and mapping procedures even more difficult to do. To have the right 

prerequisites was therefore seen to ease simulation modeling considerably.  

 All in all, the case in this thesis provides with understanding of the value of using 

simulation modeling to improve manufacturing systems, and tries to further motivate 

why it could be beneficial for industrial plants to use. But it also enlightens the 

application problems for simulation of these systems in a given setting. There is a 

fundamental social/organizational problem to accept the usage of simulation, and it is 

difficult to motivate the usage of simulation modeling when one does not see the value 

in using the technique, as it is common that people cannot see how it can be applied on 

the own operations. However, simulation should be seen as a complement to realize 

other visions that the plant have. 

Further work 

The next step for the case study should be focused on optimizing the model using the 

optimization feature of the simulation software in combination with the identified 

bottlenecks. After that, the next step would be the implementation of the improved 

(and optimized) simulation model to the real world to see how well the results from the 

simulation would correlate to real time results. This would lead to the verification or 

rejection of if this approach with simulation actually works, i.e. if it gives a realistic 

picture of how the system would behave in the real world.  

 This study can also contribute to a new field of interest for researchers. By 

reviewing existing literature, it shows that more research is required within the area of 

implementation barriers and disadvantages to industries that want to implement 

simulation modeling within their plants. Also, it might be of interest to develop how to 

standardize and structure systems to make application of simulation easier, as it was 

observed in this study that simulation application was hindered by the lack of this.  



 

71 

 

References 

Journals, popular science and conference proceedings 

Atieh, A. M., Kaylani, H., Almuhtady, A. and Al-Tamimi, O. (2016), “A value stream 

mapping and simulation hybrid approach: application to glass industry”, The 

International Journal of Advanced Manufacturing Technology, Vol. 84(5), p. 1573-1586 

Becker, C. and Scholl, A. (2006), “A survey on problems and methods in generalized 

assembly line balancing”, European Journal of Operational Research, Vol. 168(3), p. 694-

715 

Bokhorst, J. A. C. and Slomp, J. (2010), “Lean Production Control at a High-Variety, Low-

Volume Parts Manufacturer”, Interfaces, Vol. 40(4), p. 303-312 

Boysen N., Fliedner, M. and Scholl, A. (2009), “Production planning of mixed-model 

assembly lines: overview and extensions”, Production Planning and Control, Vol. 20(5), p. 

455-471 

Boysen, N., Fliedner, M. and Scholl, A. (2007), “A classification of assembly line balancing 

problems”, European Journal of Operational Research, Vol. 183(2), p. 674 - 693 

Braglia, M., Carmignani, G. and Zammori, F. (2006), “A new value stream mapping 

approach for complex production systems”, International Journal of Production 

Research, Vol. 44(18-19), p. 3929-3952  

Bryman, A. and Bell, E. (2011), Business research methods, 3rd ed., Oxford University 

Press, Oxford 

Detty, R. B. and Yingling, J. C. (2000), “Quantifying benefits of conversion to lean 

manufacturing with discrete event simulation: a case study”, International Journal of 

Production Research, Vol. 38(2), p. 429-445 

Dewa, M. and Chidzuu, L. (2013), “Managing Bottlenecks in Manual Automobile 

Assembly Systems Using Discrete Event Simulation”, South African Journal of Industrial 

Engineering, Vol. 24(2), p. 155-166 

Duanmu, J. and Taaffe, K. (2007), “Measuring Manufacturing Throughput Using Takt 

Time Analysis and Simulation”, Proceedings of the 2007 Winter Simulation Conference, 

p. 1633-1640 

Forno, A. J. D., Pereira, F. A., Forcellini, F. A. and Kipper, L. M. (2014), “Value Stream 

Mapping: a study about the problems and challenges found in the literature from the 



 
 

72 

 

past 15 years about application of Lean tools”, The International Journal of Advanced 

Manufacturing Technology, Vol. 72(5), p. 779-790 

Fowler, J. W. and Rose, O. (2004), “Grand Challenges in Modeling and Simulation of 

Complex Manufacturing Systems”, SIMULATION, Vol. 80(9), p. 469-476 

Gilchrist, A. and SpringerLink (Online service) (2016), Industry 4.0: The Industrial Internet 

of Things, Apress, Berkeley, CA. 

Gurumurthy, A. and Kodali, R. (2011), ”Design of lean manufacturing systems using 

value stream mapping with simulation: A case study”, Journal of Manufacturing 

Technology Management, Vol. 22(4), p. 444-473 

Heher, Y. K. and Chen, Y. (2017), “Process mapping: A cornerstone of quality 
improvement”, Cancer Cytopathology, Vol. 125(12), p. 887-890 

Howell, V. W. (2013), “Value Stream Mapping: a Tool for Process Improvement”, 

Ceramic Industry, Vol. 163(8), p. 24-26 

Jamil, M. and Razali, N. M. (2015), “Simulation of Assembly Line Balancing in Automotive 

Component Manufacturing”, IOP Conference Series: Materials Science and Engineering, 

Vol. 114(1), p. 1-8 

Jayachitra, R. and Prasad, P. S. S. (2010), ”Design and selection of facility layout using 

simulation and design of experiments”, Indian Journal of Science and Technology, Vol. 

3(4), p. 437-446  

Kalman, H. K. (2002), “Process Mapping: Tools, Techniques, & Critical Success Factors”, 

Performance Improvement Quarterly, Vol. 15(4), p. 57-73 

Kovács, G. and Spens, K. M. (2005), “Abductive reasoning in logistics research”, 

International Journal of Physical Distribution & Logistics Management, Vol. 35(2), p. 132-

144 

Kumar, S. and Phrommathed, P. (2006), ”Improving a manufacturing process by 

mapping and simulation of critical operations”, Journal of Manufacturing Technology 

Management, Vol. 17(1), p. 104-132 

Laser Technik Journal (2017), “Industry 4.0: Benefit From Opportunities. Today. 

Tomorrow.”, Laser Technik Journal, Vol. 14(5), p. 12-14 

Lasi, H., Fettke, P., Feld, T. and Hoffman, M. (2014), “Industry 4.0”, Business & 

Information Systems Engineering, Vol. 6(4), p. 239-242 



 

73 

 

Mansharamani, R. (1997), ”An overview of discrete event simulation methodologies and 

implementation”, Sadhana, Vol. 22(5), p. 611-627 

McGinnis, L. F. and Rose, O. (2017), “History and Perspective of Simulation in 

Manufacturing”, Proceedings of the 2017 Winter Simulation Conference, p. 385-397 

Miller, G., Pawloski, J. and Standridge, C. (2010), “A case study of lean, sustainable 

manufacturing”, Journal of Industrial Engineering and Management, Vol. 3(1), p. 11-32 

Parthanadee, P. and Buddhakulsomsiri, J. (2014), “Production efficiency improvement in 

batch production system using value stream mapping and simulation: a case study of the 

roasted and ground coffee industry”, Production Planning & Control, Vol. 25(5), p. 425-

446 

Prajapat, N. and Tiwari, A. (2017), ”A review of assembly optimisation applications using 

discrete event simulation”, International Journal of Computer Integrated Manufacturing, 

Vol. 30(2-3), p. 215-228 

Rachamadugu, R. and Talbot, B. (1991), “Improving the equality of workload 

assignments in assembly lines”, International Journal of Production Research, Vol. 29(3), 

p. 619-633 

Renger, R., McPherson, M., Kontz-Bartels, T. and Becker, K. L. (2016), “Process Flow 
Mapping for Systems Improvement: Lessons Learned”, Canadian Journal of Program 
Evaluation, Vol. 31(1), p. 109-121 

Rodič, B. (2017), “Industry 4.0 and the New Simulation Modelling Paradigm”, 

Organizacija, Vol. 50(3), p. 193-207  

Sahoo, A. K., Singh, N. K., Shankar, R. and Tiwari M. K. (2008), “Lean philosophy: 

implementation in a forging company”, The International Journal of Advanced 

Manufacturing Technology, Vol. 36(5), p. 451-462 

Sharma, P. (2015), ”Discrete-Event Simulation”, International Journal of Scientific & 

Technology Research, Vol. 4(4), p. 136-140  

Singh, B., Garg, S. K. and Sharma, S. K. (2011), “Value stream mapping: literature review 

and implications for Indian industry”, The International Journal of Advanced 

Manufacturing Technology, Vol. 53(5), p. 799-809 

Struck, C. and Hensen, J. L. M. (2007), “On supporting design decisions in conceptual 

design addressing specification uncertainties using performance simulation”, 

Proceedings of the 10th IBPSA Building Simulation Conference, p. 1434-1439  



 
 

74 

 

Stăncioiu, A. (2017), “The Fourth Industrial Revolution “Industry 4.0””, Fiabilitate şi 

Durabilitate – Flexibility & Durability, Vol. 1(19), p. 74-78 

Urenda Moris, M., Ng, A. H. C. and Svensson, J. (2008), “Simplification and Aggregation 

Strategies Applied for Factory Analysis in Conceptual Phase Using Simulation”, 

Proceedings of the 2008 Winter Simulation Conference, p. 1913-1921 

Uriarte, A. G., Moris, M. U., Ng, A. H.C. and Oscarsson, J. (2015), “Lean, Simulation and 

Optimization: A Win-Win Combination”, Proceedings of the 2015 Winter Simulation 

Conference, p. 2227-2238 

Weigert, G. and Henlich, T. (2009), “Simulation-based scheduling of assembly 

operations”, International Journal of Computer Integrated Manufacturing, Vol. 22(4), p. 

325-333 

Ziarnetsky, T., Mönch, L. and Biele, A. (2014), “Simulation of Low-Volume Mixed Model 

Assembly Lines: Modeling Aspects and Case Study”, Proceedings of the 2014 Winter 

Simulation Conference, p. 2101-2112 

Electronic references 

Atlas Copco AB, (2018), “Atlas Copco facts in brief”, AtlasCopco [online], Available at: 

http://viewer.atlascopco.com/Facts_in_brief_2018_ENG/#page/1  

Atlas Copco AB (n.d.), “Sweden Tierp Works Contact: Industrial Technique Tierp works”, 

AtlasCopco [online], Available at: https://www.atlascopco.com/sv-

se/itba/ContactMaster/sweden-tierp-works-contact 

 

http://viewer.atlascopco.com/Facts_in_brief_2018_ENG/#page/1
https://www.atlascopco.com/sv-se/itba/ContactMaster/sweden-tierp-works-contact
https://www.atlascopco.com/sv-se/itba/ContactMaster/sweden-tierp-works-contact


 
 

 

Appendices 

Appendix list 

1. Semi-structured interview questions about assembly flow 

2. Unstructured interview questions 

3. Operator work methodology (pt. 2 & 3) 

4. Operator work methodology sharing between different products (complete table) 

5. FACTS Analyzer 

6. Current state simulation models’ sub-processes 



 

 
 

Appendix 1 – Semi-structured interview questions 

about assembly flow 

Question outline operator work methodology 

Begin with some minor small talk, in order to get on a common ground with the operators. 

 How does the workflow look for you when you assemble the product (in this case 

the reference product: Product 1)? 

 Follow up question after each step; what do you do next? And after that? And 

so on, until the whole work process is known. 

 Do you often have to fetch material that is not available on the bench? 

 Follow up question; does this legwork occur for other products, i.e. is it the 

same material type that has to be fetched for the different products? 

o Follow up question; how would you want to reduce this legwork? 

  

Question outline methodology sharing for products  

Review the work methodology with the operator for each of the products that was chosen 

based on the document studies. Repeat each question for each of the products. 

 Are there any different assembly activities between this product and the reference 

product: Product 1?  

 Follow up question; if so, what are the differences? 

 Ask this for each activity: Are there any difference in cycle time for the assembly 

activity for this product and the reference product: Product 1? (If there was no 

difference, move to the follow up question below). 

 Follow up question; what is the cycle time for the activity? 

  



 
 

 

Appendix 2 – Unstructured interviews questions  

Question outline work place thoughts 

❖ How long have you worked in this system/assembly group? 

❖ How familiar are you with the different kinds of products?  

❖ What do you think is good with how the assembly group looks and how you work 

within it today? 

 Follow up question; how come? 

❖ What do you think is bad with how the assembly group looks and how you work 

within it today? 

 Follow up question; how come? 

❖ What do you consider can be improved with the assembly group, and why? What 

would it yield? 

 Follow up questions during interviews; would it be better with one-piece-

flow? Do you use everything on the benches? 

❖ What is your honest opinion about working in a line with takt time? 

 

 

 

 

 

 

 

 

 

 

 

 



 

 
 

Appendix 3 – Operator work methodology (pt. 2 & 3) 

 

 

 

6 Drive Unit Assembly 00:18:32 00:54:44

1 Fetch material Y

2 Control that the Glue step for the engine is done and the glue has cured N

3 Wipe / blow with pressurized air to remove glue residue N

4 Fetch material Y

5 Change setup for the assembly tool (ABL) Y

6 Apply LT243 in the holes of the Motor

7 Assemble Cap Nut followed by Motor Flange onto the Motor

8 Lock the above assembly with 2 screws (0.1Nm ABL)

9 Wipe glue residues off the Spring-Package Y

10 Control that the glued parts of the Spring-Package has cured Y

11 Brush the splines of the Spring-Package to clean Y

12 Fetch material Y

13 Fetch assembly tool Y

14 Apply red-grease on the threads of the Spring-Package

15 Assemble Transmission(Gear) with Spring-Package

16 Secure that the parts' gears coincide before tighteing by hand N

17 Place Transmission assembly in the anvil and use tool to lock the Transmission with the Spring-Package

18 fetch material Y

19 Place Washer followed by Bearing onto the Transmission

20 Apply red-grease onto the splines of the Motor Flange (which is assembled to the motor)

21 Apply red-grease in the splines of the Shaft Assembly (both ends)

22 Assemble the Shaft Assembly on the Motor Shaft (that is glued to the motor)

23 Assemble the Spring-Package onto Motor Flange so the splines coincide

24 Apply red-grease in the threads of the Drive Unit Housing

25 Assemble the Drive Unit Housing over the Spring-Package+Transmission assembly, onto the Motor

26 Screw together above assembly by hand

27 Assemble Guiding Pin in the track of Housing Frame (Can move to end-assembly)

28 Secure that the Ribbon Cable is aligned with the track of the Drive Unit Housing N

29 Screw the Cap Nut between the Motor and Motor Flange (10Nm tool)

30 Secure that the ribbon Cable is still aligned with the track of the Drive Unit Housing N

7 End Assembly Part 1 00:15:00 01:09:44

1 Assemble Drive Unit in Housing Frame

2 Fetch material Y

3 Apply red-grease on the Drive Unit's front thread

4 Assemble Cover Ring followed by Cap Nut

5 Tighten the Cap Nut (5Nm tool)

6 Assemble the Temperature-Sensor (attatched to the motor) onto the Motor with thermal paste and tape

7 Connect the Ribbon Cable Contact to the Circuit Board in the Housing Frame

8 Connect the Motor Cable Contact to the Circuit Board in the Housing Frame

9 Place the Lamp Cable towards the Temperature-Sensor

8 End Assembly Part 2 00:26:32 01:36:16

1 Fetch material Y

2 Apply red-grease in holes on the Motor Housing

3 Assemble Motor Housing over the Drive Unit

4 Screw 2 screws by hand to lock Housing Frame to Motor Housing + Drive Unit assembly

5 Fetch material Y

6 Connect the Lamp Cable Contact to the Lamp Package's Circuit Board

7 Assemble the Lamp Package onto the Motor Housing and lock with 2 screws

8 Fetch Material Y

9 Apply red-grease to the holes of the Housing Frame

10 Fetch Material Y

11 Assemble the Cover Plate on the Housing Frame and lock with 4 screws (2 on each side)

12 Fetch Material Y

13 Apply red-grease to the holes of the Housing Frame

14 Assemble 2 Guiding Pins in corresponding holes in Housing Frame

15 Assemble the Adapter Plate onto the Housing Frame and lock wit 4 screws (1Nm by hand)



 
 

 

 

  

9 Front Part Assembly 00:36:36 02:12:52

1 Fetch material Y

2 Apply grease LG2 in the Chuck Axle front

3 Push in the Axle Connector into the Chuck Axle front with guiding tool (make sure the holes coincide)

4 Fetch material Y

5 Press the Pin into the hole in the Chuck Axle to lock the Axle Connector (equal distance both sides)

6 Fetch material Y

7 Press Bearing, Spacer, Bearing onto the Sleeve (in that order)

8 Fetch material Y

9 Assemble the Snap Ring to lock Bearing, Spacer, Bearing on Sleeve

10 Fetch material Y

11 Assemble a Spacer on each side of the Wave Spring (Click x2)

12 Fetch material Y

13 Press Bearing in the bottom of Spindle Flange

14 Place Wave Spring assembly in Spindle Flange (above the bearing)

15 Press Bearing 8x14x4 at the top of Spindle Flange (above the Wave Spring assembly)

16 Fetch material Y

17 Press Snap Ring 14x1 to lock Bearing 8x14x4 in Spindle Flange

18 Steer up the total assembly in Spindle Flange by using the Chuck Axle from "wrong end"

19 Grease the Chuck Axle and assemble it in the Spindle Flange

20 Grease the splines of the Sleeve

21 Fetch material Y

22 Place the Compression Spring + Guide Pin (in that order) in Chuck Axle in the Spindle Flange assembly

23 Assemble the Sleeve assembly on the Chuck Axle in the Spindle Flange assembly (splines coincide)

24 Press Snap Ring 14x1 to Lock Sleeve assembly to Spindle Flange

25 Secure that the Axle Chuck spring back N

26 Fetch material Y

27 Apply LT243 on the thread of the Chuck Axle

28 Tighten the Axle Fixing Nut by hand, followed by tool

29 Fetch material Y

30 Apply grease to the holes of the Chuck Axle and assemble the Balls

31 Assemble Compression Spring on the top of Chuck Axle

32 Assemble Slide Sleeve on the Chuck Axle

33 Lock the Slide Sleeve with Chuck Safety Ring

34 Fetch material Y

35 Assemble Grounding Ring (so the brushes touches the Chuck Axle) and lock with Spring Ring 

36 Fetch material Y

37 Assemble the Cap Nut with Spindle Flange (thread through first thread)

10 End Assembly Part 3 00:07:36 02:20:28

1 Apply Grease to the splines of the Cap Nut 

2 Fetch assembly tool Y

3 Align Cap Nut with splines+track, then mount by hand onto Drive Unit

4 After-mount the Cap Nut with tool (5Nm)

5 Mount the Front Part with tool (15Nm)

6 Assemble Sealing Ring against the Cap Nut in Front Part

7 Screw on the Thread Protection on the Front Part by hand

8 Print label for testing and place it on the finished tool

11 Tool Run-In Y 02:00:00 02:00:00 04:20:28

1 Connect the tool to the power source and let free-run for 2h

12 Pre-Testing N 00:02:09 00:10:45 04:31:13

1 Scan the tool and connect it to the power source

2 Mount reference-bit and place tool in rig

3 Start the test

4 Remove tool at test end

13 Testing N but 4=1 00:27:35 00:55:10 05:26:23

1 Rig the testing equipment 00:02:46

2 Run test sequence (Controller 1) 00:13:10

3 Run test sequence (Controller 2) 00:10:50

4 Remove the tool at test end 00:00:14

5 Print tool specific label and place it on the tool 00:00:35

Total time 05:26:23



 

 
 

Appendix 4 – Operator work methodology sharing 

between different products (complete table) 
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Appendix 5 – FACTS Analyzer 

FACTS Analyzer is a simulation and optimization software that use discrete event simulation 

(DES). The modelling feature comprises of a set of objects that depicts different elements 

that can exist within a manufacturing system. It is beneficial if the user have some prior 

programming expertise to use this program, but it is not necessary. FACTS Analyzer is not 

only applicable on manufacturing systems within the industry, but can also be used to 

simulate any logical flow such as an administrative one. 

FACTS Analyzer 3.0.2. have been used to construct the different simulation models in this 

case study. Below, the objects used in the simulation models are described to better 

understand how the model is  constructed. Text in italic is the description of the objects in 

the simulation software, and text not in italic describes how the objects have been treated, 

interpreted and used in the constructed model.   

  Variant    

“Variants are the entities that move in the production flows” 

In the simulation model, variants are objects for virtual orders, started orders, operators, 

materials, and virtual products. All these variants are entities that move through various 

flows in one way or another.   

 Source  

“For controlling how material enter the model.” 

In the simulation model the Source object shows how and where the different variants 

enter the model and the different flows.  

  Sink 

“For controlling how material exit the model.” 

In the simulation model, the Sink object show how a finished order leaves the process, in 

other words that the order is done in the assembly group that have been studied and leave 

for the next step in the whole process (however, the latter is not included in this study). 

Sinks have only been created for the factual orders representing the products that is being 

produced, and this was done to only receive lead time results for the variants regarding 

factual orders.  

 



 

 
 

  Operation 

“Operation for standard processing of material.” 

In the simulation model the Operation object is not treated as standard processing of 

material. It is instead treated as a step within the whole process, e.g. it can depict assembly 

steps where parts are being put together during a period of time, or it can depict testing 

sequences that the operator is conducting on the finished products. 

Buffer 

“Place that holds one or more parts for a minimum time, the sequence of the parts is 

preserved.” 

In the model, Buffer objects have been used in various ways depending on where they are 

placed. Buffer objects in the superordinate system are treated as system boundaries for 

virtual orders to enter the system, so that the MaxWIP objects (see Max WIP for information 

about this object) can regulate how many orders that is within its boundaries. Buffers within 

the sub-processes are either used as system boundaries, wait time indicators, or timed 

curing processes. 

  Store 

“Same as buffer, but sequence of parts is allowed to change.” 

The Store object is used in the simulation model to store the virtual orders that represent 

the product mix for a given period of time. The reason this object was chosen to do so, was 

that virtual orders can be picked by the operators depending on which process that is 

available, and thus creating the most realistic work methodology. 

  Assembly 

“Operation in which two or more parts are joined together. According to an assembly 

description.” 

The Assembly object is in this model used to group either material with material, e.g. 

assemble part X with part Y, or to group material with order/operator. This method was 

chosen because of the complexity of the model; operators were created as variants in the 

system to be able to be grouped with the order in order to enter the product flow for that 

order, and thus creating an “operator availability criteria” to start orders from the order list. 

Another object called Resource could have been used to solve this issue, but that object was 

not compatible with the Component object that was used for the sub-processes. 



 
 

 

  Disassembly 

“Operation in which two or more parts are split.” 

The Disassembly object was used in a similar manner as the Assembly object but reversed; it 

separate material from the order and/or the operator to enable material to flow according 

to a different flow than the order. 

  Component 

“Object that allows the modelling of custom components that could be used in one or more 

locations in the production flow.” 

The Component object has been used in the model to create sub-processes to make the 

whole model more readable. These sub-processes were created as templates so that they 

could be used for processes with similar flows. In the current state model, this object have 

been used to group activities to the bench where they are executed on, to simplify the 

model’s readability. Each component object symbolizes the different benches in the 

manufacturing system. 

  MaxWIP 

“Mechanism that limits that total amount of work in process (WIP) in a part of the entire 
production flow.” 

The MaxWIP object has been used in the model to regulate how many orders that can exist 

within a certain part of the flow. For instance, there is a MaxWIP in the superordinate 

system controlling how many virtual orders there can be within the whole assembly 

process, but there is also a MaxWIP controlling how many factual orders that can exist in 

each of the sub-assembly processes. 

  Resource 

“A resource logic is used to provide resources with specific skills that can be put as 

requirements for tasks like processing, setup and repair, i.e. unless resources with required 

skills are available these tasks can't be performed.” 

The Resource object has been used in the model in the same way as the description of it 

above.    



 

 
 

Appendix 6 - Current state simulation models’ sub-

processes 
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