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Abstract
This thesis has been performed in collaboration with Volvo Cars Engine in Skövde, Sweden and Zhangjiakou, China in order to receive a bachelor degree in automation engineering from the University of Skövde.
The project focuses on analyzing the capacity of a future production line by using discrete event simulation.
The production line is built in two different discrete event simulation software, FACTS analyzer and Plant
Simulation. The focus of the study will be to compare the output results from the two software in order to
give recommendations for which software to use in similar cases. This is done in order for Volvo Cars
Corporation to have as a basis for further work in similar cases. The aim of the work is to verify the planned
capacity of the new production line and to perform a leadership study with Chinese engineers in order to
find out how they view the Swedish leadership and how this can be adapted to China and the Chinese
culture and give recommendations for future work.
The results of the capacity analysis show that the goals of parts produced can be reached for both planned
capacities but also that there are potential constraints that have been identified in the system. The results of
the leadership study also show that the overall approach should be slightly adapted to be better suited for
the Chinese culture. The comparison of the two simulation software suggests that FACTS Analyzer is suitable to use when less complex logic or systems are represented, however when building more complex
models consisting of more complex logic Plant Simulation is more suitable.

Keywords
Discrete Event Simulation, Capacity Studies, Leadership, Cultural differences, Production systems, Plant
Simulation and FACTS analyzer
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Abbreviations
MTTR

Mean Time to Repair

TH

Throughput, the average output of a production process per time unit (e.g. parts per hour)

LT

Lead time, time between entering and exiting the system

WIP

Work-In-Process, the inventory between the start and end point of a production routing

CT

Cycle Time, the time the product spent in the system

OP

Operation

CEP

China Engine Plant

SkEP

Skövde Engine Plant
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Chapter 1 - Introduction

1. Introduction
Introduction to chapter 1
In this chapter a brief company presentation will be given and the aims and the objectives will be presented.
It will also describe how the project relates to sustainable development and the methodology used.

Company presentation
In 1927 the first Volvo car was built in Gothenburg, Sweden. Since then the company has expanded their
market to offices around the world and are at the moment building cars in four different countries: Sweden,
Belgium, China and a smaller assembly factory in Malaysia. Volvo Cars Group (Volvo Cars) is, since 2010,
owned by Zhejiang Geely Holding (Geely Holding) in China. The Chinese market has in a short period of
time become the fastest growing market for Volvo Cars. During the first half of 2014 the sales for the
Chinese market went up with 34.3 % (compared to the same period in 2013), in practice this means that
China, nowadays, is the single biggest market.
Zhangjiakou
In 2012 construction of the new Volvo Engine Plant in Zhangjiakou started, a year later construction was
finished and in October 2013 production began and the first engine was produced. The production started
at a slow pace but as the demand increased the factory kept growing and more people were hired in order
to handle the increased production. At the current moment the planning of the new production lines is
almost finished and the installation is about to begin. By 2016 the goal is that the plant should be able to
produce 200 000 engines per year, and these engines will installed in Volvo and Geely cars made for the
Chinese market. During this phase the Zhangjiakou plant will install new production lines for crankshafts,
cylinder blocks and cylinder heads along with assembly lines, the expansion will lead to increased workload
and need of people. (Volvo Cars Cooperation, 2014)

Background
Volvo Cars Engine will in the near future build a new production line in their facility in China and would
therefore like to identify potential problems in early stages in order to minimize any additional costs. In
order to analyze the production line’s performance Volvo Cars would like to perform a simulation study in
order to verify the capacity of the line, identify constraints and generate input for future improvement work.
A productions lines performance is normally measured in three dimensions physical features, physical components and protocols for employers. This thesis will focus on the two last dimensions physical components
and protocols for employers.
In the early stages of the study the interaction between the Swedish project managers and the Chinese
engineers will be observed in order to study how they react and respond to Swedish leadership. After the
observation period interviews with the Chinese engineers will be held in order to establish their points of
view. This study is performed to recommend guidelines for how the approach, communication and education should be adapted to the Chinese culture.
Hence, this final year project will focus on two aspects, the first part will focus on the upcoming production
line and the second part will focus on the impact on the human aspect. The main purpose with this final
project is to provide the production engineers in China with simulation models and to support their planning
and improvement work.
Jessica Fahlgren and Andreas Telander
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Aims and objectives
The main purpose with this thesis is to create and build a simulation model of the cylinder head line in
China. It will be built in two different simulation software FACTS Analyzer and Plant Simulation since the
company would like to evaluate the usage of the software due to the differences in the complexity of the
software. The simulation study is executed in order to analyze and verify the capacity of the new production
line before it is built. The secondary purpose of the thesis project is to perform a leadership study to investigate the differences between Swedish and Chinese leadership in order to improve the communication and
integration between the personnel at the China Engine Plant (CEP), and depending on the outcomes provide suitable recommendations for further work. In the following list the goals and objectives are specified
for both the simulation and leadership study.
Goals and objectives for the Simulation study






Build simulation models of the cylinder head line in China in FACTS and Plant Simulation.
Analyze the capacity of the line both for base configuration (step 1) and later modification with
volume increase (step 2)
Identify constraints in the system
- Investigate capacity losses due to tool changes and measuring
- Study the effect of different variant mixes on the production
- Analyze the capacity effects of machine availability being lower than planned (due to shortcomings in maintenance, operator experience etc.)
- Show utilization of coordinate measuring machines
Compare the Plant simulation and the FACTS model
- What were the differences, advantages, disadvantages with the usage of each software?
- Which software was better; results vs. complexity?
- Any recommendations for the future?

Goals and objectives for the Human aspect study




Identify the differences in leadership between Swedish and Chinese culture
- How is the current approach perceived by the Chinese engineers?
- Is it a valid approach or should it be adapted more for the Chinese culture?
Is it a two way communication?
- Does the Chinese engineers participate actively in discussions concerning work improvements
etc.?
Establish guidelines for education and how to approach and communicate over the cultural differences.

Limitations
The aims and objectives for the simulation model serves as a limitation for this thesis and areas that fall
outside of this will not be studied or analyzed. Since a standardized library for objects in Plant Simulation is
provided by Volvo Cars Engine none or very little programming should be required. Furthermore no economic calculations will be made or taken into consideration. Limitations specific to each software can be
found in Chapter 5.
The human aspect in this project will be carried out by interviews following a questionnaire. Areas that is
outside this questionnaire will not be considered or analyzed.

Sustainable development
Sustainable development is a term commonly used today and it is important to acknowledge that the term
is an ideal; something for humanity to work towards. The term was first published in a report from 1987 by
Jessica Fahlgren and Andreas Telander
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the UN and defined as: “Sustainable development is development that meets the needs of the present without compromising
the ability of future generations to meet their own needs”.
Sustainable development is often considered to be based around three dimensions, environmental-, socialand economical aspects. These three dimensions are often represented by three circles (one for each dimension) which are fitted together to represent and show the connection between the areas, see Figure 1. Sustainable development can be seen as a development that takes into account all areas and thus lies in the area
that overlaps between the three circles. In reality it can be difficult to find solutions that simultaneously
meets the objectives in all areas, then the focus has to be finding the best compromise solution (Gröndahl
& Svanström, 2011).
In the industry there are several tools and methods to
create a more sustainable development (Gröndahl &
Svanström, 2011). Nowadays, simulation is used as a
new tool in order to simulate a production line, work
stations and other areas in the industry. It is a tool used
to draw conclusions about different scenarios without
having to interfere with the production or to find out if
a future system will work as planned. Simulation as a
tool gives the possibility to adjust any errors, in existing
or planned systems, which could have a large effect on
the economical-, environmental- or social aspect.
(Banks, 2010)

Figure 1 - Sustainable development circles,
interpreted from Gröndahl & Svanström (2011)

Sustainable development is consider in this project through identifying problems and errors in an early stage
which gives the company the possibility to reduce unnecessary costs due to late changes. It is also possible
to reduce waste of material and resources e.g. avoiding an extra unnecessary machine in the production line
which also would be good for the environment. The social aspect in this thesis would help the company
improve their communication between the different cultures which provides a base for social sustainability.

Research methodology
The methodology or work process of the project should be seen as a tool to achieve the objectives. It is a
wide concept and provides a foundation for systematic and planned work, it is commonly used in the field
of social- and natural research. In social research it is normal to divide the method into two approaches,
deductive and inductive. For the deductive method the focus is on collecting empirical data and creating a
hypothesis. For the inductive method the focus is on collecting empirical data first and after this draw
conclusions. The methods used to collect the data can be either qualitative or quantitative. The quantitative
methodology is based on collecting large amounts of data that can be translated into numbers or quantities
and thereafter can be analyzed. In the qualitative methodology the data is usually interpreted by the researcher and examples of uses are interviews with open-ended questions or observations. (Holme & Solvang, 1997) When studying cultural differences a combination of interviews and observations are very often
used (Silverman, 2006). In natural science the use of experimental methods is very common; the focus is
on collecting data and then perform experiments and then analysis of the results (Bell, 2006).
This report is divided into two parts where one is building a simulation model and the other to study and
evaluate the impact of cultural differences for leadership. Thus, the methodology adopted in this thesis
utilize has to be used for the different parts. The simulation model is constructed following the 12 steps of
a simulation study that are described in section 2.3. The 12 steps are used in order to construct a model with
Jessica Fahlgren and Andreas Telander
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a high face validity that can more easily be verified and thus the results will be reliable. The cultural differences will be studied by conducting qualitative interviews with the Chinese engineers working at CEP. The
results of these interviews will be used as the base from which generalizations and conclusions will be drawn
following the inductive approach. Figure 2 illustrates how the time plan, more detailed see Appendices, and
the methodology integrates during the thesis project.

Figure 2 - Research methodology
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Disposition
The thesis is divided into nine different chapters illustrated in Figure 3. The figure also shows how the
different chapters are connected and what they contain.
Chapter 1 - Introduction

In Chapter 1 the reader is given an introduction to
the thesis, the company and the aims and objectives
for the project.

Chapter 2 – Frame of reference

Chapter 2 provides a theoretical background for the
thesis work.

Chapter 3 – Literature review

Chapter 3 provides a foundation of relevant research and case studies for both simulation and the
leadership study.

Chapter 4 – Description of cylinder head line

Chapter 4 to 6 describes how the production line is
designed, built, verified and validated.

Chapter 5 – Description of simulation
models and leadership study
Chapter 6 – Verification and validation
Chapter 7 – Experiments

Chapter 7 describe the experiment plan that was
used for this thesis.

Chapter 8 – Results and analysis

Chapter 8 presents the result and analysis from the
experiments performed in chapter 7.

Chapter 9 – Discussion

Based on earlier chapters conclusions and an evaluation of the work performed during this thesis

Chapter 10 – Conclusion and future work

Chapter 10 presents the conclusion and final recommendations for future work

Figure 3 - Disposition
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Frame of reference
Introduction to chapter 2
This chapter will present basic information relevant to the project. The frame of reference is a text oriented
chapter describing literature that could be found in books and scientific papers on the subjects of simulation,
leadership and cultural differences. The aim is to provide a solid base for readers without relevant knowledge
in order for the reader to follow and understand the following chapters in this thesis.

Simulation
Banks, et. al., (2010) defines simulation as” the imitation of the operation of a real-world process or a system
over time”. The simulation generates artificial data which is used in order to evaluate and analyze the actual
system. Once a model has been validated it can be used to study how certain changes would affect a real
production system. Simulation can also be used to predict how a new system would perform, and this can
be a very useful tool in order to identify constraints of a planned system at an early phase.
Systems can be divided into two categories: discrete or continuous. Although no system is completely discrete or continuous, one of the two is usually predominant. Discrete events change only at specific points
in time whereas continuous events, as the name suggests, change continuously over time. The amount of
customers in a store is an example of a discrete variable; it only changes when either a customer walks into
the store or when an old customer leaves. Most production systems are discrete systems, and discrete event
simulation is then the modeling of such systems in which the variables only change at certain points in time.
(Banks, et. al., 2010)
Simulation is a good and very useful tool, however there are not only positive aspects about it and this
following sections will present some advantages, disadvantages and pitfalls of simulation (Law, 2014 and
Banks, et. al., 2010).
An advantage when using simulations is the possibility to construct and investigate complex systems that
cannot be described by using mathematical models, simulation can be used to study a system over a large
period of time, for instance a year, in a matter of minutes or hours depending on the complexity of the
model. By building a fictional model of the system it is possible to test different proposed designs and
compare them without making any changes to the actual system, which also makes it easier to control the
conditions for the different tests or experiments. Simulation can also be used to estimate the performance
of an existing system and how it reacts to certain changes.
There are also disadvantages in using simulation for example, a simulation model only produces an estimate
of a system’s true behavior depending on the input parameters. Therefore several independent simulation
runs of the model has to be made for the input parameters that are studied. Since a large amount of numbers
and data is produced it is easy to overvalue the study’s results and if the model is not properly validated then
the results will not be reliable even if they appear to be. Another disadvantage is that in many cases it is very
time consuming and expensive to develop a simulation model.
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Law, (2014), Banks, et. al., (2010) and Laroque, et. al., (2012) mention a number of pitfalls that the analyst
should be conscious and vary of when building a simulation model and these are:


Well defined goals and objectives are not set at the beginning of the simulation study. If it is not
clear how or for what the model should be used and what it should answer then it is difficult to
build a good model.



Inappropriate level of model detail. If a model is too simple it might not be able to provide reliable
data and if the model is too complex then it will take very long to build.



Not involving the whole project team from the start and not communicating continuously with
management. Communication is very important both with the project team and with management
in order to keep track of the progress and to build a good, valid and accepted simulation model.



Failure to collect good input data and use of incorrect data. If the input data is bad then the results
will be bad as well even if the model is built correctly. Using the wrong probability distribution for
the data will also affect the output data.



It is very important to use the right simulation software for the simulation model. If programming
is needed for the model then a software that supports programming should be used. However the
simpler software that does not support programming still require the same level of technical competence and it is important to keep this in mind and not assume that since they are simpler the level
of competence is lower.



Not making sure that the model is in a steady-state before running experiments and not accounting
for this in the results.



Basing analysis and comparisons on too few replications and assuming the results are sufficient and
true.

Steps in simulation study
Although there is no clear standard for how to work in a simulation project they are usually divided into
phases or steps. Banks, et. al., (2010) present guidelines for how this could be divided in a twelve step model,
see Figure 4.
The steps are briefly described below:
Problem formulation
Every study should begin with a definition of the problem or a definition of what should be analyzed. It is
then very important that there is a consensus of the understanding of the problem between the ordering
company/person and the analyst performing the simulation. Once the problem is understood the project
can move on to the next step.
Setting of objectives and overall project plan
Now the different objectives of the project are set and from these several questions can be formulated which
should be answered by the simulation. In this step it is also determined weather simulation is the correct
method to solve or answer the different problems. If it is determined that simulation is the appropriate
method a project plan is formed that states what different alternatives should be tested and how these will
be evaluated. It should also include the number of people that will be involved, the cost, the time required
as well as the expected results at the end of each stage.
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Model conceptualization
A good guideline for this step is to start small and build
a simple model that works and then after this elaborate
the model into a more complex one if needed. The
model should not be more complicated than what is
required to fulfill the intended purpose. It is also a
good idea to involve the model users in this phase both
in order to increase the quality of the model but also
to gain face validity for the model.
Data collection
Having a good set of input data is very important in
order to get good results from the simulation model.
A general rule is that if the input data is bad then the
output data and the results will be bad as well. Acquiring good input data is often very time-consuming and
it is therefore important to begin as early as possible.
Sometimes the input data has to be analyzed and fitted
to a probability distribution which then can be used for
the model. This can be a problematic step as data can
appear to fit many distributions and then it is important to identify and use the correct distribution.
The input data can also be used to validate the model.
Model translation
The amount and quality of data determines the complexity of the simulation model and programming required to complete this, which in turn determines the
simulation software that needs to be used. In general
the simulation software is powerful and flexible but the
level of complexity it can handle varies and it is therefore important to identify what is required in order to
build the model and after this select the most appropriate software.

Figure 4 - Steps in a simulation study, interpreted
from Banks, et. al., (2010)
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Verified?
This step focuses on making sure that the simulation
model behaves as expected following the logic and
structure by which the model is built. This is something that should be done continuously while the
model is being built in order to detect and correct
anomalies early. If this is not done then extensive and
time consuming changes may have to be made. If the
logical structure and the input parameters are correctly
represented in the model then the verification is completed. In order to judge this common sense is often
used.
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Validated?
Validation of the model is done by comparing the results of the model with the real-world data. This is done
over and over until the accuracy of the model is deemed to be acceptable. This is something that has to be
completed before any experiments with the simulation model are conducted.
Experimental design
In this phase the steady state analysis is done in order to determine the warmup period that the model needs
before it is stable and generates reliable output data. The simulation horizon is also determined based on
the warmup period. When this is done a replication analysis is made in order to determine the amount of
simulations that is needed. After this the experimental plan is set and decided specifying which experiments
that will be conducted and how they will be performed.
Production runs and analysis
In this step the simulation runs are completed and analyzed according to the questions from step one and
two. These can then be compared in order to determine which the best solution according to set parameters
is.
More runs?
After an analysis of the simulations that have been run the analyst determines if more runs are needed and
what the design of the new experiments should be.
Documentation and reporting
Documentation for a simulation model can be divided into two types: program and progress. Program
documentation is important if the model will be used by someone else at a later stage. It will greatly help
the new analyst understand the model and how it works. It is also important for further studies where the
relations between input and output parameters are studied. Progress reports are useful in order to follow
the decision making and chronology of the work and it can later be used as a guideline of how to conduct
future simulation work. It is also important during the course of the work as it makes it easy to follow up
and make sure that the project progress as planned. At the end of a simulation project it is also important
to make a final report where the results of the analysis and the different experiments conducted and their
results are presented.
Implementation
The final of the twelve steps is the implementation of the chosen solution and the success of this step
depends on how well the previous eleven steps have been performed. It also depends on how much the
model users have been involved in the process, it will be easier to make changes if the model users understands and agrees on the proposed changes.

Verification and Validation
One of the biggest problems when building a simulation model is to determine if the model is an accurate
representation of the real system (Law, 2014). Therefore the step of validation and verification is very important to guarantee that the model built is a good representation of the actual system. Because of this a
more detailed explanation of the two terms follows in this section.
Verification – Has the model been built correctly?
A model is deemed to be verified when the model performs as expected and behaves in the same way as
the real system. This has a lot to do with how well the list of assumptions and simplifications have been
translated into a computer program. (Law, 2014)
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Validation – Has the right model been built?
Since decisions regarding changes to the actual system are based on the results from a simulation it is very
important to validate the model. Even though a model can appear realistic at first this is not always true and
the results has to be closely investigated and reviewed before any decisions are made. (Banks, et. al., 2010)
Banks, et. al., (2010) mentions a couple of techniques to use in order to gain a high validity of the model.
One is to include and consult people with knowledge of the system that is being simulated, and also to use
any previous research, studies, observations and experience and compare it to the results gathered. Another
one is to perform statistical tests on the input data for homogeneity, randomness and for goodness of fit
for the probability distributions used. The model output should also be compared with the real system
output and the results should be the same or similar. It is important for the builder of the model to choose
which techniques are appropriate to use in order to assure that the model is credible and accurate.
Law (2014) also lists six different techniques that can be used in order to validate the model and the first
technique is to collect high-quality information and data of the system. This can be done by either talking
to experts on the matter, observing the system in real life, using results from similar studies or using personal
experience and intuition. The second technique is to interact with the manager on a regular basis in order
to increase the credibility of the model and if the manager accepts the list of assumptions for the model
then the validity of the model is much higher. The third technique is to maintain a written assumptions
document in order to keep track of all assumptions and simplifications. This can later be used and presented
to experts at the company and if they approve then it will be a good start for building a valid model. The
fourth technique is to validate components of the model by using quantitative techniques and this deals
with testing the validity of individual components of the model. If for instance a probability distribution has
been fitted to a set of data then goodness-of-fit tests should be run in order to determine that the right
distribution is used. The fifth technique is to validate the output from the overall simulation model and this
can be done by comparing the results from an existing system with the result from the simulation model,
by talking to experts and have them determine if the output is feasible or by comparing the results with
results from another model for the same system. The sixth and final technique is using an animation of the
system that is easy to recognize and this can be an effective way to enhance the credibility of the model and
to find invalid model assumptions.

Data analysis
To ensure a reliable performance measurement it is very important to build a valid and verified model and
in order to do this the input data is very important. The output data will represent the production performance, therefore it is essential to analyze key areas such as replication analysis, warm-up time and simulation
horizon, which is based on warm-up and steady state.

Input data
A critical stage in every project is the data collection, the information is the base for creating a valid and
realistic simulation model. During this phase it is important to be selective and thorough. (Banks, et. al.,
2010, Law, 2014)
In the book Discrete-Event System Simulation by Banks, et. al., (2010) four general stages are defined when
input analysis is performed.
1)
2)
3)
4)

Data collection for the decided system
Identify a probability distribution that represent the input data correctly
Calculate and define the probability distribution
Evaluate the selected distribution and the associated parameters through various tests
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For this project the input data is provided by Volvo Cars and since the production line is not built yet there
is no actual data to fit to probability distribution. Therefore, step 2 to 4 will not be described further.
When collecting the input data the literature describes several different approaches and difficulties. One of
the biggest challenges when building a simulation model is finding and collecting input data and identify
input probability distribution (Banks, et. al., 2010). As mentioned before several authors have described the
collection process. The data that is available and relevant for the project may determine which process that
should be used. McHaney (1991) and Law (2014) describes five processes; observation, estimation, interpolation, projection and expertise. These five will be explained briefly in the list below.
1) Observation

If a system similar to the one of interest already exist, observe and
collect data from that system for use when building the model

2) Estimation

If there is no existing model for the system, it may be necessary to
estimate values for input data. This approach is less scientific but
provides valuable insight for the system.

3) Interpolation

If a system similar to the one of interest already exist, it is possible to
observe the input data and interpolated for use into a model that
shares the same characteristics.

4) Projection

The input data is derived from future projections.

5) Expertise

In many cases the only input data available is based on one expert’s
opinion.

Output data
The output analysis is based on the values generated from the simulation model such as throughput (TH),
lead time (LT) and work in process (WIP). The purpose of the analysis is to study how changes in the input
parameters affect the different output parameters and this can be used to determine which parameters affects the system most. The analysis could be used to compare different systems or decide the systems’
capacity. (Banks, et. al., 2010)
When simulation is used as a tool to create a model it is important to measure the performance as accurate
as possible. This requires decisions regarding three areas: warm-up, run-length and number of replications
needed in the model.

Warm-up time and Steady State
Most manufacturing systems and production lines need a warm-up time when they are restarted after a long
stop or when the line has been emptied. The warm-up time is the time it takes for the system to become
stable where both the WIP and the TH are steady and do not vary much. This, of course, is also true for
simulation models and there are a number of methods that can be used in order to determine the warm-up
time that is needed. These can be divided into the five following categories, as suggested by Robinson (2004).
1) Graphical methods: warm-up length is decided by examining the time-series output of statistics of
interest
2) Heuristic approaches: use simple rules to determine warm-up length
3) Statistical methods
4) Initialization bias tests: check whether the early data in the time series is biasing the calculation of
statistics of interest
Jessica Fahlgren and Andreas Telander
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5) Hybrid methods: combinations of an initialization bias test and another truncation method to decide on warm-up length
Currie & Cheng (2013) describes one of the graphical methods called Welch’s method. This method is very
popular because it is very straightforward and simple to use. It gives a clear picture of the transient period,
which is the time period before the system enters a steady state. According to the method a minimum of 5
replications-, should be run and the results are then plotted in a graph. Once the graph is drawn it is easy to
see the transient period and the warm-up time can be determined. Figure 5 shows a graph plotted in Plant
Simulation where a steady state is reached after approximately 200 hours. However, “with more variable
data, the decision over the duration of the warm-up can be less clear cut.” (Currie & Cheng, 2013)

Figure 5 - Determine steady state

Choosing the number of Replications
After a simulation model is built it is important to determine the number of replications needed for the
output data to be valid. There are two main factors that will limit the possible number; the first limitation
will be computing time and the second the cost. (Hoad, et al., 2007)
The literature defines three main methods to find n, which is the number of replication needed:




Rule of Thumb (Law and McComas, 1991)
Graphical Method (Robinson, 2004)
Confidence Interval (Robinson 2004, Law 2014, Banks, et. al., 2010)

The confidence interval method focus on how large the tolerate error, estimated on the true mean, in the
model could be according to the developer, which sets the value. Replications are then run and the confidence interval is constructed around the sequential means, until the set precision (tolerate error) is reached,
see Figure 6. The main advantage of using this approach is that it relies upon statistical interference to
determine n; a large disadvantage with this method is that it is difficult to use since many simulation user
lack the knowledge and skills to apply it. It is important to note that a simulation experiment with only one
replication is not reliable, when containing stochastic data. (Hoad, et. al., 2007)
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Figure 6 - Choosing the number of replications, interpreted from Hoad, et. al., (2007)

Production and manufacturing systems
According to Groover (2010) it is possible to distinguish two different definitions for manufacturing systems. The first one, the technical definition, determines manufacturing as the application of physical and
chemical processes to alter the shape, properties, and/or appearance of a given starting material in order to
make parts or products. The second one, the economical definition, determines manufacturing as the transformation of materials into goods of greater value by refining the material through one or more processing
and/or assembly operations (OP). As the literature illustrates the term manufacturing systems is quite wide.
The following section will focus on presenting relevant manufacturing systems for this thesis with focus on
the cylinder head line. There are two types of classifications for industries: process industries, e.g. food and
beverages, and discrete production industries, e.g. cars and aircrafts. These two categories branches into two
types of production: continuous production and batch production.
The production could later be divided into quantity production e.g. low, medium or high. Example on low
production quantity is so called “job shops” where products are customized and specialized for the customer, ex. airplanes. Medium production quantity is normally branched into batch production and cellular
manufacturing. Batch production produces two or more variants in sequences. Different setup times between these leads to disturbances between the variants and in the production. Cellular manufacturing produce, as batch production, two or more variants in a sequence but without any significant difference in setup
times which create a more stable production. High production quantity is branched into quantity production
and flow line production. Quantity production is dedicated to the manufacturing of one product meanwhile
flow line production produce more than one product that requires multiple processing or assembly steps,
e.g. car assembly lines (Groover, 2010).
In a manufacturing system there are four components that form the system.
1) Production machines
2) Material handling systems
3) Systems to coordinate and/or control the components
4) Human workers that operate and manage the systems
Material handling systems are branched into two basic categories: manual and mechanized. The manual
transport systems are often used to move units between stations by the workers, this is done without the
aid of powered conveyors. The mechanized transport system uses powered conveyors, gantries etc. to move
the units. (Hågeryd, Björklund & Lenner, 2002)
Jessica Fahlgren and Andreas Telander
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The literature defines an automated production line as a manufacturing system of multiple workstations that
are connected by a material handling system that transfers parts from one station to the next with a fixed
path. This is suitable to use when there is a high product demand, when the production consist of multiple
operations and the product design is stable and sustainable. Automated manufacturing systems is normally
divided into three basic types, fixed-, programmable- and flexible automation. The fixed automation is used
in machining transfer lines, the programmable is used in industrial robots and PLCs and the flexible is used
for machining operations. Even though, a production line have several automated systems it also consist of
manual manufacturing systems which require manual labor. (Groover, 2010)

Primary constraints of production performance
In every production system there is always possibilities for improvement but there is also constraints in the
production. The following section will present the primary constraints in a production systems performance.
In Lean production a methodology is identified to reveal different constraints in the production, these constraints affect and reduce the performance efficiency of the factory. By working with continuous and systematical improvements it is possible to limit (and sometimes remove) the negative impact on the production. The methodology provides several different tools to facilitate identification and elimination of constraints, one common tool is the five focus steps. The tool consists of five steps that work in a continuous cycle,
see Figure 7. Each step in the cycle represent a process to identify and remove constraints (i.e. bottlenecks)
from the production system. (Vorne Industries Inc, 2013)
The five focus steps could briefly be explained as following:
1) Identify: Reveal and identify current constraints
2) Exploit: Perform improvements with existing resources
3) Subordinate: Review the activities and make sure that they
support the needs of the constraints
1

4) Elevate: Elevate the first 3 steps and the result, is the bottleneck still there or has it been successfully removed? If not,
consider further actions to eliminate it (capital investments
could be required).
5) Repeat: The method is a continuous cycle. Therefore,
once a bottleneck is solved the next in line should now be in
focus. This step is used as a reminder that the cycle never
stops.
Figure 7 - The five focus steps, interpreted from
Vorne Industries Inc, (2013)

Overall Equipment Effectiveness
Overall Equipment Effectiveness (OEE) describe the effectiveness for a manufacturing operation i.e. how
it is utilized. When calculating OEE there are three factors that affect the OEE value, these are availability,
performance and quality, see Figure 8. (Vorne Industries Inc, 2013)

Jessica Fahlgren and Andreas Telander

14 |

Department of Technology and Science
University of Skövde

Chapter 2 - Frame of reference

Figure 8 - Overall Equipment Effectiveness, interpreted from Vorne Industries Inc, (2013)

Availability is calculated as the ratio of operating time to planned production time, see Equation 1. The
availability factor includes all the stops that is in the planned production (i.e. the Down Time Loss).
𝑂𝑝𝑒𝑟𝑎𝑡𝑖𝑛𝑔 𝑇𝑖𝑚𝑒
𝑃𝑙𝑎𝑛𝑛𝑒𝑑 𝑃𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑜𝑛 𝑇𝑖𝑚𝑒
Equation 1 - Availability

The performance factor manages the Speed Loss i.e. when the planned production operates at reduced
speed. It is calculated by Equation 2 - Performance factor.
(𝐼𝑑𝑒𝑎𝑙 𝐶𝑦𝑐𝑙𝑒 𝑇𝑖𝑚𝑒 × 𝑇𝑜𝑡𝑎𝑙 𝑃𝑟𝑜𝑑𝑢𝑐𝑒𝑑 𝑃𝑖𝑒𝑐𝑒𝑠)
𝑂𝑝𝑒𝑟𝑎𝑡𝑖𝑛𝑔 𝑇𝑖𝑚𝑒
Equation 2 - Performance factor

The third factor the quality factor manages the loss of quality in the production. This is calculated by
Equation 3.
𝐺𝑜𝑜𝑑 𝑃𝑖𝑒𝑐𝑒𝑠
𝑇𝑜𝑡𝑎𝑙 𝑃𝑖𝑒𝑐𝑒𝑠
Equation 3 - Quality

The three factors is summarized into OEE which measures the actual production time, by including all
losses; Down Time Loss, Speed Loss and Quality Loss. This could be reduced to Equation 4.
𝐴𝑣𝑎𝑖𝑙𝑎𝑏𝑖𝑙𝑖𝑦 × 𝑃𝑒𝑟𝑓𝑜𝑟𝑚𝑎𝑛𝑐𝑒 × 𝑄𝑢𝑎𝑙𝑖𝑡𝑦
Equation 4 - OEE
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OEE is a useful benchmarking tool to compare the performance in a given production/industry. The result
of an OEE measurement is a display of how good the production is working, illustrated in Figure 9. (Hagberg & Henriksson, 2010)

Figure 9 - Illustration of OEE measurement, interpreted from Hagberg & Henriksson, (2010)

Bottleneck
Roser, Nakano & Tanaka, (2003) defines a bottleneck as “a machine whose throughput affects the overall
system throughput, and the magnitude of the bottleneck as the magnitude of the effect of the machine
throughput onto the system throughput”. All production systems are constrained by at least one bottleneck
(Roser, Nakano & Tanaka, 2002). Finding and improving the bottleneck will help improve the whole system.
However it can be difficult to find the bottlenecks and depending on what happens in the system the bottleneck can shift from one machine to another.
Lima, Chwif & Barreto, (2008) classifies three different kinds of bottlenecks: Simple Bottlenecks, Multiple
Bottlenecks and Shifting Bottlenecks. In a scenario where there is a simple bottleneck there is only one
machine that is considered the bottleneck for the whole time period. In the case of multiple bottlenecks
there are two or more bottlenecks but these are also fixed for the entire time period. The last scenario is the
shifting bottlenecks and this means that the bottleneck is shifting from one machine to another depending
on what happens in the system. This is often the case for complex production systems and depending on
the portion of time a machine is considered the bottleneck the machines can be divided into primary, secondary, tertiary etc. bottlenecks

2.7.2.1 Bottleneck detection
The main challenge is to find and identify the bottleneck, this section will focus on previous research and
studies done in the area. Through reports and literature, six methods for detecting bottlenecks were of
interest for this project.
1) Average active duration method
Roser, Nakano & Tanaka (2002) describes a method (average active method) to detect and monitor bottlenecks in both a steady state and in an inactive steady state (to be able to see the random variation). The
method is based on the duration a machine is active without any interruptions. This is done by grouping
activities together and forming two groups: active state or inactive state, see Figure 10. A machine is in an
active state when it is working, is in repair/serviced or changing tools and in an inactive state when it is
waiting/blocked. The method compares the active periods for each machine and the machine with the
lowest average is most likely the bottleneck in the system.
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Figure 10 - Bottleneck detection; Average active duration method,
interpreted from Roser, Nakano & Tanaka (2002)

2) The Momentary Bottleneck / Shifting bottleneck Detection
Roser, Nakano & Tanaka (2002) also analyses the problems with momentary bottlenecks and how to detect
these. Similar to the average active method this method also divides the machines into active and inactive
states, but this method also considers the overlaps of the active state between the different machines. The
authors determine that the longer a machine is in an active state the more likely it is to disturb other machines
in the production line i.e. the longer period leads to longer blocked operations in the production, since this
will be the largest constraint a.k.a. the largest bottleneck. This method focuses on determining which machine in the production line is the sole- or part of a shifting bottleneck and when it occurs. In an attempt to
illustrate an example, seen in Figure 11, two machines, M1 and M2, are in an active state during a short
period of time. Both machines are active at the same time t, but M1 is initially the sole bottleneck since it
has a longer active period. However, after a while M2 is active and then has the longest active period, this
leads to that M2 now also is a bottleneck in the system. During this period (when the machines overlap) the
bottleneck shifts from M1 to M2.

Figure 11 - Bottleneck detection; Shifting bottleneck Detection,
interpreted from Roser, Nakano & Tanaka (2002)

3) The average bottleneck
In the previous example the authors showed the possibility to determine bottlenecks by looking at the
production at any instant of time. However, in many cases it is more interesting to analyze a period of
time. Figure 12 illustrates (with the help of previous example) a chart and the bottleneck distribution
between the different machines. The chart shows that M1 is the primary bottleneck and that M2 is the
secondary bottleneck, this means that the largest improvement could be achieved by improving the
throughput for M1. (Roser, Nakano & Tanaka, 2002)
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Figure 12 - Bottleneck detection; Average bottleneck,
interpreted from Roser, Nakano & Tanaka (2002)

4) Utilization factor
By looking at the utilization factor it is possible to reveal the possible bottleneck/s in the production
system, the one with the highest utilization is the potential bottleneck. (Roser, Nakano & Tanaka, 2002)
5) Queue size (in front of a machine)
It is possible to reveal a bottleneck by measuring the queue size in front of a machine, the machine with
the longest queue should be the bottleneck. (Roser, Nakano & Tanaka, 2002)
6) Waiting time (in front of a machine)
The bottleneck is determined in the same way as has been described earlier (see queue size), the difference is that the measurement is on how long a product is waiting before a machine. (Lima, Chwif &
Barreto, 2008)

Dimensions of manufacturing
There is a very common belief that the performance rate in manufacturing is measured in two dimension,
physical features (e.g. location, size and layout of the factory) and physical components housed within the
factory (e.g. machines, equipment, inventories etc.). Many managers confine their interest and decisions
based on these two dimensions, but in reality the performance rate should be measured in three dimensions.
The third dimensions encompasses the protocols (e.g. policies, procedures and practices) employed, whereas
the first two focuses more on the factory capacity. The focus is on how to manage and run the production/factory. (Ignizio, 2009)
When focusing on improving the performance for the manufacturing it is important to acknowledge that
there is no exact formula, but it could be defined as a collaboration between science- and art of manufacturing (the theory of constrains, OEE, lean manufacturing etc.) along with management and leadership. By
taking all these elements into consideration the success of factory performance improvement could be
greatly increased. (Ignizio, 2009)
As all theories there are also some limits, or as the author defines it “enemies”, when measuring the performance for a factory, see Figure 13.
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Figure 13 - Limitations in the production performance, interpreted from Ignizio (2009)

The enemies are described briefly in the list below.
1) Complexity
The complexity of each dimension affect the performance.
2) Variability
In LT along with effective time.
3) Lackluster leadership As the term suggests lackluster leadership covers the performance from
the leaders and how this affect the performance of the production.
Complexity and variability are features that are easy to measure and see in a simulation model whereas
lackluster leadership is something that cannot be easily measured. Therefore, the human aspect should
also be taken into consideration.

Software
During the final project two software will be used to create and analyze the simulation model. The software
used will be FACTS Analyzer (FACTS) and Plant Simulation.

FACTS Analyzer
FACTS is a simulation software developed at the University of Skövde. It is designed with a graphical user
interface that is simple and easy to use which speeds up model building. A case study done at Volvo Cars
in Skövde showed a great difference in the time it took to build a model using a commercial simulation
software and using FACTS. It took four weeks to build the model with the commercial simulation package
but only 40 minutes using FACTS, and another case showed similar results where it took 45 minutes to
build using FACTS and two months with a commercial software. (Moris, Ng & Svensson, 2008)
It should be noted however that FACTS is also somewhat limited and that no programming can be done in
the software. For this reason it might not be sufficient if the model is very complex, detailed and requires
programming. However FACTS can be used as a starting point in order to study the behavior of a system.

Plant Simulation
Plant Simulation is developed by Siemens PLM software. The software features graphic and integrated
modelling, object-oriented, simulation and animation of systems. The software consists of more features
than FACTS which gives the possibility to build and simulate more complex systems. Since it is more complex it requires more knowledge about the software to be able to use it.
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The software offers a large flexibility and a large advantage with using Plant Simulation is the possibility to
upload and reload data from excel files into the software to set data for different processing times, tool
change etc. (Sim Plan AG, 2013)

Human Resources
This section will present relevant literature for the human aspect in this thesis. The key areas are social
sustainability and differences between Sweden and China regarding culture and leadership.

Social Sustainability
It is very common to argue that social sustainability only covers social questions (e.g. ethics and personal
morality) and could not be explained through natural or social sciences. But due to the complexity of the
human behavior and relationships it is possible to study the social interaction between the human beings.
Scientific knowledge is very important when planning for social sustainability, given that the global social
system is gradually eroding. (Robèrt, et. al., 2012)
Social sustainability puts specific emphasis on the social aspect of society where focus is on relational connections, both among individuals and between people and their organizations/institutions. When studying
the social aspect it is important to perform the study on more than one individual, since one’s actions are
not representative for everyone. Therefore, it is important to study a group of people to be able to understand how and why they organize themselves into organizations, formal groups, institutions etc. This type
of organization could be described and summarized to the term social system. The social system is based
on trust, norms and ability of people to work together in groups. (Robèrt, et. al., 2012)

Interview techniques
When performing interviews it is important to analyze and reflect on what the purpose is with the questions
and whom the questions are aimed for. In the book Intervjuteknik by Häger (2007) there is a list of items to
think about before and during an interview.
The first step in a successful interview is to create confidence for the person conducting the interview. This
could be done with the help of an open and inviting approach; make the interviewed person feel secure and
confident in the interviewer. According to Häger (2007) it is also important to reflect on the formulation of
the questions that will be asked; if it is an open or a closed question (the type will set ground for the whole
interview). Open questions means that they are asked so that the interviewed person can answer freely and
closed question means that it is yes or no questions. By being well prepared (with questions, knowledge etc.)
and with a humble approach it is more likely to succeed with the goal/s for the interview. (Häger, 2007)

Organizations and culture
There are big cultural differences between China and Sweden and it is imperative for Swedish companies
that want to establish themselves on the Chinese market to be aware of these differences. With a knowledge
of these differences companies can better prepare and try to adapt for the cultural chock that is inevitable
to happen.
In the book Organisationer och Kulturer (2011) Hofstede, Hofstede & Minkov present results from comprehensive studies regarding cultural differences and how they affect the values, goals and ideals of a population. The authors have gathered and analyzed research from over 70 countries during the past 30 years and
summarized their conclusions and findings in this book. The authors also offer advice on how to deal with
the cultural differences and how to act in situation where cultural conflicts can emerge.
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Hofstede, Hofstede & Minkov (2011) compare culture to a computer program or computer software that
is programmed over time while growing up. The authors define culture as “the collective mental programming that separates the people from a certain group or category from others.1” This programming consist
of patterns of thoughts, feelings, ways to act etc. which is all formed depending on the social context in
which the person has grown up. Culture is something that is learned from the social environment rather
than passed along through the genes. There are some elements that are learned and others that are inherited.
There is a basic code, the human nature, that all human beings share and that is passed along through the
genes. This is a set of basic emotions and needs that can be viewed as “the operating system” of all humans.
Human nature is a universal trait and culture a group specific, however there is also an individual level which
is the personality of a person. The personality is formed from the environment in which a person grows up
but it is also formed depending on inherited qualities from both parents. The three different levels can be
seen in Figure 14.

Figure 14 - Cultural pyramid, interpreted from Hofstede, Hofstede & Minkov (2011)

When talking about management and leadership cultures it is also important to realize that this is closely
linked and formed from the general culture of a country or region. Therefore in order to understand the
business culture of a foreign company the culture in the country where they originate from has to be studied
and understood. The decisions they take will be founded on the beliefs that are dominant and accepted in
their society and thus a business decision that makes sense to a Chinese manager might seem completely
unjustified to a Swedish manager. In order to understand Chinese culture it is important to take into consideration how the Chinese state has been ruled in forms of emperors etc. It was not until Mao’s2 death in
1976 that the modernization era started in China (which is still ongoing). This modernization has shown a
shift in the political direction and an opening up to the western world.

Leadership
When speaking about leadership it is important to acknowledge that management and leadership often is
hard to separate since they are two activities practiced integrated. Both management and leadership possesses a position of authority; management slightly higher than a leader. (Strannegård & Jönsson, 2014)

1

Den kollektiva mentala programmering som särskiljer de människor som tillhör en viss grupp eller kategori från andra
Mao Zedong – He was the first president for China between 1954-1959, but continued as the chairman of the communist
party and the dictator of China until his death 1976.
2
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Confucianism in leadership
The main goal of leadership is to influence people so that they can finish the set tasks and missions. Leadership is an important part of any successful organization and it can also be used as a measuring factor for
the organization’s performance. In the Chinese society Confucianism3 has a central role and this is also true
for Chinese corporate leaders. In fact, “empirical evidences have indicated that Confucianism philosophy is
perceived as the most important factor in contributing and shaping Chinese business leadership practices
around the world”. (Law, Migin & Mohammad, 2014)
One of the main concerns for leadership is organizing and managing human resources in order to reach the
goals of the organization. In Confucianism leadership is viewed as an art of social interaction where cautiousness in behavior and speech, forgiveness and self-discipline are important aspects. Following this will
prevent conflicts between people while also developing and building individual virtues and leadership behavior. (Law, Migin & Mohammad, 2014)

Employees and other cultures
Studies show that employees from different cultures experience leaders and leadership in different ways. It
is easy to disregard the influence of culture but it is also easy to strongly point out differences when working
in a different country. In Ledarskapsboken chapter 10 by Eriksson-Zetterquist (2014) an example is illustrated
with a merger between a Dutch and a German company. There was a clear difference between the different
leadership styles; German leaders were more authoritarian whereas the Dutch leadership were more consensus based. This example illustrate a big difference in the leadership approaches even though they are
neighboring countries with similar culture and lifestyles. Therefore, it is not unreasonable to assume that
the differences in the leadership approach is even bigger between countries with different cultures and lifestyles.

Differences between Sweden and China
In the book Edukation som social intergration by From and Holmgren (2002) several studies were conducted
on how students in China and Sweden perceive and analyze knowledge retrieved in educational form. A
significant different was found in the way Swedish students consider the given knowledge and how the
Chinese students consider knowledge. The Swedes saw knowledge as something stable and static meanwhile
the Chinese saw knowledge as something changeable linked to exercises and efforts.
In many aspects the school structure in each country has a similar authoritarian leadership role (seen in the
teacher role etc.) and its surroundings (classrooms, etc.). The authors found that the Swedish students during
their education worked more individual than the Chinese students.
At a lecture (A. Muigai, personal communication, February 3, 2015) presented differences between cultures
and when looking at the differences between individualism in Sweden and China, it is possible to distinguish
one clear difference. Swedish individuals tend to focus more on and around themselves, whereas the Chinese
individuals are more focused on being part of a social group and places more importance on this. To illustrate this a summarized view is presented in Table 1.

3

Philosophy that emphasizes personal and governmental morality, social relationships, sincerity and justice
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Table 1 - Cultural differences between Sweden and China,
interpreted from personal communication with A. Muigai (3 February, 2015)

Situation

Sweden

China

Time and interpersonal relationships

It is important to follow schedules
and deadlines, interpersonal relationships are subordinated to time.

Plans change frequently and time is
subordinated to interpersonal relationships, e.g. avoid making to detailed plans to far ahead.

Status in the society

In the western society the status is
based on their achievements

In the Chinese society the status is
based on their age, class membership, gender or education

Behavior and emotions

People normally behave according
to the rules, laws, norms and abstract values within a given society.
Swedish people tend to give a collected and sometimes cold (emotional) impression.

In the business world Chinese people tend to have a more casual approach (time meeting behavior,
preparation etc.). In general it is
very important to not “lose face” in
front of others.

Individualism vs collectivism

More focus on the individual needs
and achievements

The collective is more important
than the individual. The focus is on
what is best for the group rather
than what is best for the individual.
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Literature review
Introduction to chapter 3
This chapter presents a literature review of previous studies done in the field of discrete event simulation
and its application in real world systems. It will also describe case studies done in differences between Sweden and China in the areas of cultural studies, leadership and education. In the end of this chapter, a discussion is done on how the different studies are relevant to this thesis.
The articles and studies have been collected from various databases such as; ScienceDirect, Winter Simulation Conference Archive, IEEE Xplore, World Values Survey and literature from the local library, University of Skövde. The searches in the databases have been both in Swedish and English. Keywords used is
Discrete Event Simulation, Capacity Studies, Leadership, Cultural differences, Production systems.
In 1995, Hollocks presented a study performed in the manufacturing industry revealing the benefits of using
simulation as a decision making tool, based on a review of 16 published case studies. The case studies were
divided into five application areas: Facilities, productivity, resourcing, training and operations. The studies
were after that analyzed in each field, where for this thesis productivity with three case studies were of main
interest.
The first case study was performed at Scott Paper were simulation was used as to ensure a smooth and
continuous process flow in order to gain maximum capacity of the operations in the production line. By
using simulation the company identified small improvement areas that would produce significant gains in
an overall perspective.
The second case study was performed at US automobile equipment supplier, simulation was used due to
tightening profit margins and growing competition. This forced the company to search for new alternatives
where they could lower their cost and increase the productivity. Simulation was used to evaluate ideas before
executing them. The usage of simulation was reported beneficial, including a 30% improvement in the production line’s output.
The third case study performed in the area of productivity was conducted at NCR Corporation. Here simulation was used in order to reduce cost along with increasing the productivity. By using simulation as a tool
the company were able to reduce the inventory and a Just-in-time program was implemented. The simulation also showed that an upcoming planned investment was unnecessary, which led to a large saving.
All these case studies illustrate the wide use of simulation as a tool, since the report was published in 1995
the software has kept being developed and the user knowledge has increased. The report also shows how
usage of simulation as a tool is connected back to sustainable development, seen in section 1.6.

Discrete Event Simulation
As mentioned in section 2.2, simulation could be divided into two types of categories, with several subcategories, two of these are discrete event simulation (DES) and system dynamics (SD).
Tako and Robinson (2012) published an article about the application of DES and SD in a logistics and
supply chain context. The paper aims to explore the differences between these and the application areas
(mainly in logistics and supply chain management). To find similarities and differences between DES and
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SD the authors reviewed 127 journals, published between 1996 and 2006, highlighting the pros and cons of
each method and for which applications they were best suited. The study compared the use of DES and SD
in strategic, tactical and operational simulation methods. Tako and Robinson (2012) argue that DES and
SD could be used in all these methods, since they are usually built to analyze a systems behavior over time
and compare the performance under different conditions. However, the study revealed that SD is a more
suitable choice when less details is required and DES is better suited for modelling more complex systems.
In a more recent study, by Negahban and Smith (2014), the authors presented a more comprehensive review
by comparing and reviewing 290 papers/journals, published between 2002 and mid-2013, in the area of
DES. The aim of the review is that the results of the study should be used to support decision making in
future research. The focus of the papers/journals is the use and application of DES in manufacturing systems and how it can be used in order to analyze various operation problems such as constraints and capacity.
The study shows that DES is suitable to use when building a new production line/factory. DES shows
potential areas for improvement since it provides the possibilities to evaluate the different layout alternatives
before building, and also reveal the benefits of using DES as a tool when designing a material handling
system (MHS). This also means that the layout can be improved at an early stage which helps reduce manufacturing costs and also improves system performance. Reducing manufacturing costs and material waste
is a part of sustainable development, see section 1.6, which is an important factor when building a new
production line.

Application in real world systems
To demonstrate the use of DES in a real world system several case studies have been reviewed. Two of the
case studies describes the use of simulation in the health sector whereas the rest are focused on the industrial
sector. They all show different ways that DES can be used to analyze various scenarios.
Ballard and Kuhl (2006) presented a study for determining the maximum capacity in the surgical suite operating room at a hospital with the help of a simulation model. The aim of the simulation study was to reveal
how the time distribution for patients were. Before the simulation study was conducted the hospital calculated the efficiency by analyzing the time operating rooms were occupied and the time they were not occupied. A big issue with this measurement was that elements outside the actual operation was not calculated
into the efficiency. When the simulation model was constructed it was created to be adjustable to different
wards and even other hospitals, by simply making changes to the input data. With the help of the simulation
model the efficiency and capacity of the hospital was measured. Some of the input parameters that were
studied were resources and number of surgeries and how it affected the outcome.
Several studies have been performed in the field of simulation in hospital environments, Chemweno, et. al.,
(2014) performed a study at a hospital ward to analyze the movement/path of the patients by using DES.
The study was performed to analyze the impact of potential changes in the hospitals policies on patient
waiting. Data from the patients were gathered from the hospital database and used as a basis for developing
the simulation model. From the data five different simulation scenarios were formulated and structured.
The results from the simulation runs were later compared with “business-as-usual” cases, the result from
the comparison gave the hospital knowledge on the effect of changing the policies on patient waiting. Due
to the stochastic and variable complexity of individual patients a queuing system had to be used when building the model which meant that DES was the most appropriate modeling technique.
In 2011, Sharda and Bury presented an article written about the usage of DES for simulation process industries. The article described three cases studies, each one focusing on different areas in the process industry.
The goal of the article and the case studies was to reveal how DES could be used in a more non-traditional
way.
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The first case study focuses on identifying components (equipment, machines etc.) that contributes to production losses. The studied production line consisted of 40 subsystems (operations), 250 different types of
component failures and a production of 15 different variants. Based on earlier collected data from the company 36 % of the failure was connected to equipment failure. By building a DES model and using a systematic approach the authors were able, in steps, to identify the effect of different components’ failures. The
results were later analyzed with the Pareto tool, which led to the possibility to identify the failures that had
the most significant impact on the production. The result from the analysis were later used as a guideline
for possible simulation scenarios. The simulation modelling for this case study illustrates the capability for
reliability analysis for production systems with the use of DES.
The second case study focused on evaluating improvement opportunities in production. This study was
conducted by building a DES model over a production line of six operations, consisting of loading/unloading, two storages and two operations. The study was performed to evaluate the impact of different improvements done in the DES model. The authors focused on two main areas for improvement, increasing the
buffer size in front of the first operation and implementing automatic transfer between the different operations. By running experiments with different parameters the authors found that an improvement for the
buffer size would have a small, but significant, effect on the TH for the production, but adding automatic
transfer between the different operations would not have a significant effect.
The third case study focused on evaluating a production line’s capacity with the use of key variables such as
failure modes and operational constraints in the system. The objective for the study was to determine if
implementing a new operation would have the desired effect on the production. The authors built a DES
model of the production line and ran several tests to determine the effect of the changes. The result of the
experiments revealed that adding a new operation into the production would increase the capacity while not
lowering the capability of the production line.
In 2013, Khalili and Zahedi published a simulation study performed to analyze the production capacity at a
mattress company, the goal of the study was to determine if it was possible for the company to expand their
business to other countries. By building up the already existing production line in a DES software the authors were able to determine how the production was working and what needed to be improved. The study
illustrates how the simulation model identify constraints, possible improvements for the production line
along with an overall view of the production. With the result from the study the company retrieved the
information that it would be possible to expand the company until a certain point, after that point the
company needed to improve and change the production if they wanted to expand more. The report illustrates the use of DES when looking at a production line’s performance and the possibilities for companies
when they would like to analyze their capacity.
Several factories around the world do not utilize their production capacity at a satisfactory level. Gopalakrishnan, Skoogh and Laroque (2013) states that one of the major reasons for this is that machine downtimes leads to substantial system losses which reduces the OEE of the factory. In their article the authors
have tested how a prioritization system for repairing the machines in a production line affects the overall
TH of that line. They also made tests where they rebalanced the work areas in order to even out the load
on all the operators. The tests were conducted using DES in the simulation software Automod. The test
was done at a real production line producing parts for car engines. The first thing that was done was a
thorough bottleneck analysis in order to identify the constraints in the system in order to determine the
order of prioritization for the machines. When this was done the tests were conducted and evaluated against
a base model without any prioritization rules and with the original layout of the work areas. The first scenario
was tests with prioritization rules for the repairs and it was tested for two different scenarios with a slight
change in the order between the two. The results showed an increase in TH of 4.6 % and 5.1 % compared
to the base model just by making sure that the bottlenecks of the system were repaired first. The second
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scenario was the test where the work areas had been re-arranged and the work load balanced out. This test
also showed an increase in the overall TH of 4.9 % compared to the base model which also indicates that
properly spreading out the workload can increase the efficiency of a production line with a significant margin. These test show that the productivity of a production line can be increased quite significantly by using
DES to identify bottlenecks and using this information to prioritize the repair order of machines, but also
by using DES to test how re-arranging work areas will affect the TH of a production line.
Al-Aomar (2000) presents an article and a case study in which the impact of different product mixes have
been studied using DES as a tool. The objective of the article was to highlight the importance to conduct
these types of tests in order to support decisions regarding product mixes. The experiments were conducted
to see how adding a new product would affect the current production flow and how different distributions
of these products would affect the production. Experiments were also conducted in order to see if the
current layout could support the changes in production and the increase in volume it would bring. The tests
showed that some small changes had to be implemented within the fictional production line in order to
meet the new demands with the added product and the new desired production distribution but that the
DES model was a good tool to use in order to test the different scenarios. The article also concludes that
DES is a good tool to use because of how easily the different scenarios can be tested.
In a paper by Baines, et.al., (2004) the authors tries to illustrate the problem with managing workers as
resources in manufacturing simulation models. The paper establish that the use of DES for simulation
modelling provides a possibility to build detailed and accurate representations of machines, conveyers and
buffers, meanwhile the operators are only represented in the system as resources. By representing the workers as resources it creates problems when modelling systems with high manual work content. The authors
claim that the human variation causes a large difference, percentage wise, between simulation predictions
and real world performance in manufacturing plants. Therefore, it is important to improve the reliability
and accuracy of simulation predications, this is done by adding the human aspect to the model.
To evaluate the theory two contemporary models, based on human performance, was created and incorporated into a DES model. Their study revealed benefits with representing human behaviors in a more realistic
way where performance varied depending on time of day and age. (Baines, et. al., 2004)
The study reveal an important aspect for future simulation models and the verification of human impact. In
Plant Simulation it is at the moment only possible to illustrate the workers as a resource and in FACTS the
workers are not illustrated. This means that it is important to have the workers impact in mind when analyzing the simulation result.
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The human aspect
In this section the differences between Sweden and China are studied focusing on the aspects culture, leadership and education. The study is performed in order to be able to take the human aspect into consideration
when analyzing the simulation model. The human aspect is also important to study in order to better understand how to adapt leadership and training of new operators when establishing a company abroad.

Studies in cultural differences
Through surveys that started during the 1950s four fundamental areas or dimensions of a culture could be
identified which were later verified in the 1970s by Geert Hofstede through surveys conducted at IBM
offices all around the world. The surveys showed that the dimensions were the same but that the answers
differed depending on the location. The four dimensions were: power distance (from small to large), collectivism vs individualism, femininity vs masculinity and uncertainty avoidance (from weak to strong). During
the late 1980s Hofstede realized that there was a western bias in the survey, since it had been formulated by
scholars from the west the questions were centered on western values. The solution to this was to ask
scholars from China, Hong-Kong and Taiwan to make a list with eastern values. The result was that three
dimensions from the previous surveys correlated with the new one but that the fourth differed. The new
dimension was labeled long term vs short term orientation and it was immediately adopted as a universal
fifth dimension. (Hofstede, Hofstede & Minkov, 2011)
Using nations as a unit for cross-cultural analysis has been a controversial topic since nations are not always
culturally homogenous. However in 2013 Minkov and Hofstede published an article of a study that showed
that Asian, African, Latin American and Anglo groups from in-country regions tended to form nationally
homogenous groups based on survey results from World Value Survey (WVS). After this the research was
extended to European countries as well and analyzing the survey results from the European Social Survey
(ESS) of 2010 they found that regional groups of most European countries tend to group into national
clusters as well. This study further supports the argument that culture is something that is shared at a group
level rather than something individual.
Some of the dimensions need further explaining and starting with distance of power it answers question
about how different countries deal with inequality and it can deal with questions regarding the relationships
between an employee and a manager for example. Collectivism vs individualism is self-explanatory and will
therefore not be explained further. Masculinity and femininity deals with questions concerning performance
and income vs relationships and cooperation where performance and income are viewed as masculine traits
and relationships as feminine. Uncertainty avoidance concerns matters that deal with ambiguity and how
this is handled. Laws, technology and religion are all ways of dealing with the ambiguity and reduce the angst
that uncertainty can cause. Laws help predict how other people will act, technology helps reduce the uncertainty caused by nature and religion helps reduce uncertainty over matters that cannot be explained. Long
term vs short term orientation is defined as if the focus is on either long-term rewards or if the focus is
more on short term benefits or profits. On a more personal level a short term orientation could mean to
avoid an awkward situation for the moment and deal with the consequences later whereas in a long-term
perspective it would have been better to admit a mistake and then move forward. The scores from these
five dimension for both Sweden and China can be seen in Figure 15.
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Figure 15 - Cultural dimensions, interpreted from Hofstede, Hofstede & Minkov 2011)

The score for uncertainty avoidance is very close, and the score for long term vs short term is on the same
focus side, however for the remaining three dimensions Sweden and China are on the opposite sides of the
spectrum. These different dimensions could be seen in different areas of the society e.g. leadership and
education.
Hofstede’s research on cultural dimensions has been the base of most management control studies (MCS)
conducted. The research on MCS is relatively new and it is therefore still an exploratory field that started in
the 1980s (Harrison & McKinnon, 1999). In their article they have made a summary and review of crosscultural research in MCS and gathered it in a table, see Table 2, that describes the cultural dimensions studied, method used, where the study was made and lastly who performed the study. In their article they also
present some critique towards the focus on the cultural dimensions. They found three weaknesses and the
first one was to not consider all cultural dimensions when performing the study but rather focus on a few
and thereby missing out the total cultural impact. The second problem was a tendency to treat all dimensions
as equally important across nations when in fact they are not. The third problem was an assumption that
the value dimensions were uniform across nations. However they also add that the reliance on Hofstede’s
cultural dimensions has made it possible to conduct cross-cultural studies and also further enhanced these.
Table 2 - Cross-cultural studies, interpreted from Harrison & McKinnon (1999)

Authors

Country (Sample Size)

Method

Lincoln, Hanada and
Olson (1981)

U.S.A. (522)

Survey questionnaire

Birnbaum and Wong
(1985)

Hong Kong (93)

Survey questionnaire

Lincoln, Hanada and
McBride (1986)

Japan (51)
U.S.A. (55)

Survey questionnaire
Structured interviews

Snodgrass and Grant
(1986)

Japan (550)
U.S.A. (550)

Survey questionnaire
Structured interviews
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Birnberg and Snodgrass
(1988)
Chow, Shields and
Chan (1991)
Frucot and Shearon
(1991)
Vance et al. (1992)
Harrison (1992)
Harrison (1993)
Ueno and Sekaran
(1992)
Ueno and Wu (1993)

Harrison et al. (1994)
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Japan (550)
U.S.A. (550)

Survey questionnaire
Structured interviews

Harmony and reciprocity,
Co-operation, Group vs
individual, Hierarchy and
dependence

Singapore (96)
U.S.A. (96)

Experiment

Individualism

Mexico (83)

Survey questionnaire

Thailand, Indonesia, Malaysia, U.S.A.
68% of 707 answered
Singapore (115)
Australia (96)
Singapore (115)
Australia (96)
U.S.A. (205)
Japan (247)
U.S.A. (205)
Japan (247)
U.S.A. (104)
Australia (140)
Singapore (65)
Hong Kong (55)

Survey questionnaire
Survey questionnaire
Survey questionnaire
Survey questionnaire
Survey questionnaire

Survey questionnaire

Chow, Kato and Shileds
(1994)

U.S.A. (54)
Japan (39)

Experiment

Lau, Low and Eggleton
(1995)

Singapore (112)

Survey questionnaire

Taiwan (23)
U.S.A. (54)

Open-ended, in-depth interviews

Singapore (125)

Survey questionnaire

Chow, Shield and Wu
(1996)

Taiwan (155)

Survey questionnaire

Chow, Kato and Merchant (1996)

U.S.A. (54)
Japan (28)

Survey questionnaire

Merchant, Chow and
Wu (1995)
O’Connor (1995)

Power distance, Uncertainty avoidance
Uncertainty avoidance,
Power distance, Individualism
Power distance, Individualism
Power distance, Individualism
Individualism, Uncertainty avoidance
Individualism, Uncertainty avoidance
Power distance, Individualism, Confucian dynamism
Power distance, Individualism, Uncertainty avoidance, Masculinity
Power distance, Individualism
Power distance, Collectivism, Confucian dynamism, Uncertainty avoidance, Masculinity
Power distance
Power distance, Individualism, Confucian dynamism, Uncertainty avoidance, Masculinity
Collectivism, Power distance, Uncertainty avoidance

A study performed by Viberg & Grönlund (2013) investigated the attitude towards the use of mobile devices
for second and foreign language learning in higher education. The goal of the study was to investigate if
factors such as age, gender or culture affected this attitude. The study was conducted at two universities,
one in Sweden and one in China. For this study Hofstede’s cultural dimensions were used since they were
believed to affect the attitude towards technology and individual learning. Although the study showed that
Hofstede’s factors could not be used to explain the differences in attitude it shows that the factors can still
be used as a reference when doing an analysis when different cultures are studied and that it is used in both
management and education studies.
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Confucianism and leadership
Law, Migin & Mohammad (2014) presented a study and conclusion regarding the impact of Confucianism
philosophy within the leadership. The authors describes the philosophy as very relation based and the focus
on mutual respect makes employees feel valued, which increases the individual wellbeing and helps to reduce
work related stress. Leadership, according to Confucianism, is seen as an art of social interaction, for example between managers and workers, and it urges cautiousness in both speech and behavior as well as forgiveness and self-discipline in order to prevent conflicts. Confucianism has also been identified as a contributor to the rapid economic growth of for example China. The term long term orientation presented in
the previous study correlates directly to Confucianism philosophy and this has also been monumental for
the economic growth of China since it follows a long term plan disregarding short cuts or quick profits.
The study shows the value and influence of Confucianism philosophy in the leadership and in order for
western companies to understand and establish themselves on the Chinese market it is important to study
and understand the philosophy. However the study also shows that the concept is not unique; elements
from the philosophy can be found in for instance the relation based leadership style that exist in the western
world, for reflection about Confucianism at Volvo see section 8.6.

Analysis of literature review
The literature reviewed for the simulation study has been selected to show why DES is a good method to
use when performing simulation studies of a production system. The studies show that DES is suitable to
use when building a new production line/factory. DES shows potential areas for improvement since it
provides the possibilities to evaluate the different layout alternatives before building, and also reveal the
benefits of using DES as a tool when designing a material handling system (MHS). This also means that the
layout can be improved at an early stage which helps reduce manufacturing costs and also improves system
performance. Reducing manufacturing costs and material waste is a part of sustainable development, see
section 1.6, which is an important factor when building a new production line. The summaries and reviews
have compared simulation studies done and have reached the conclusion that DES is better suited for complex systems and therefore it is advisable to use this for simulation of the production system described in
this thesis. These case studies were chosen to illustrate the use of DES in real life scenarios of complex
flows. These case studies show that simulation is a wide and useful tool that can be used in several different
fields where a system’s behavior should be analyzed. The studies have used DES in order to test and verify
capacity, expansion possibilities but also to simulate how changes in the input parameters affect the performance of the system. The aim of this thesis is to verify the capacity of the new production line and also to
study how different input parameters such as availability and mean time to repair (MTTR) affect the production, and these case studies motivates the use of DES for this purpose.
The literature for the leadership study has been selected in order to highlight and address the differences
between Sweden and China in both the culture and the leadership. It also focuses on how similar studies
have been done before and a summary of previous studies is presented where the method used and where
it has been conducted is presented. The summary shows that it is very common to use questionnaires or
interviews when performing studies on cultural differences and therefore it motivates the use of interviews
in this thesis. The studies done in the area also show that it is important to understand that the societies
works different and that it is built on different core values. In order to make a valid leadership study these
aspects needs to be taken into consideration, otherwise the writers own perspective could influence the
result. 2004 Baines, et. al., performed a study that combined simulation and the human aspect, the study
reveal the need of a better way of illustrate the humans in simulation modelling. The human effect on the
performance of a production line is well known but despite this there is currently no good way of representing this in a simulation model, the study motivate the need of the human perspective in this thesis.
Jessica Fahlgren and Andreas Telander

31 |

Department of Technology and Science
University of Skövde

4.

Chapter 4 - Description of the cylinder head line

Description of the cylinder head line
Introduction to chapter 4
This chapter will present relevant data for the construction of the cylinder head line. The chapter is intended
to be the basis for the construction of the structure, logic and boundaries of the simulation models. The
production will also be briefly described.

Gather input data
Since the production line is not build yet all input data have been gathered from Volvo Cars and their
suppliers, all data has later been summarized to create the simulation models. The received values from CEP
and the suppliers have been compared to the values, input and output, from Skövde Engine Plant (SkEP)
cylinder head production line. The comparison led to a change in the tool change data, some values for the
tool lives were increased and some were decreased from the original data provided by the supplier. The
necessary input for operations, gantries etc. was provided by engineers both at CEP and SkEP. The building
of the production line is set to start during the first part of 2015, it is supposed to follow the layout found
in Figure 16. The production line will be built in two phases, therefore the simulation models will be constructed in two steps, and these steps are also illustrated in Figure 16 with different colors, green for step 1
and blue for step 2.

Figure 16 - Cylinder Head Line
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Specification of operations
This section will specify different terms that is used further on in the thesis, the explanation is quite basic
i.e. no detailed technical functions will be presented. During step 1 and step 2, the production line will
increase the number of multi-operation stations, at OP-020, -030, -070, -080, -090, -120, -130 and -140,
along with single stations. After each of OP-020, -030, -070, -080, -090, -120, -130 and -140, at the end of
the gantries there is an SPC station located. For a detailed specification see Table 3.
Table 3 - Manufacturing specifications

Operations/Terms

Definition

Multi-operation stations

Performs different types of machining ex. drilling, milling etc. The
operations are equipped with a tool holder that shifts automatically
after which tool to use.

Single-operation stations

Performs different types of testing or washing of variants.

Manual operations stations

OP010, in reality, consist of 5 stations but is combined into one in
both the layout and the simulation models. In all received data from
Volvo Cars the manual stations performs basic assembly, load, inspection, unload and ID-tag marking.

2-spindle

The operations could process two variants at the same time

1-spindle

The operations could process one variant at the same time

Gantry

The gantry retrieves an object from one place and leaves it at another place (e.g. in an empty operation or at the end). All gantries in
the cylinder head line has two grippers, except for the gantry at OP080 that has one. The gripper/s works individually i.e. one gripper/s
hold the variant/s meanwhile the other gripper moves down vertically into the machine and collect or leave a variant.

Gantry buffer

Between OP130 and OP140 there is a gantry buffer because the gantry has two carriages and a place is needed to load and unload the
variants between the different carriages.

SPC stations

After the operation has processed 80 variants or changed tools the
machine automatically sends out one/two variant (depending on
number of spindles) to an SPC station. At the station the variant is
measured and inspected to find any deviations or errors. This is
done manually by an operator. For more information about the
planned measurement, see section 4.2.4.1.

Measure stations
(Common measure areas)

In the production line there are three common measure stations,
two placed together to cover OP070-OP140 and one to cover
OP020-OP030. These work similar as the SPC station. For more information about the planned measurement, see section 4.2.4.1.
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Material handling system
The production line consists of several different material handling systems, each with its own pattern of
movement. Each system will be represented in the simulation models in order to make it more user friendly.
Here a brief explanation of each movement pattern is presented.
The movement pattern for the variants in the gantry is similar in every station. The gantry collects the
variant/s in the beginning of the gantry and moves the variant/s to next empty operation. When moving to
the operation the gantry collects the finished variants in the operation and change to the new ones. The
gantry moves the finished variants to the end and leaves it there.
Between all operation families the variants move at a conveyer. The conveyers have a maximum capacity of
2 cylinder per meter. In each corner of the production line a turntable is located, the turntable turns in a
90˚ angel and moves one variant at a time.
Between all operation families the variants move at a conveyer. The conveyers have a maximum capacity of
2 cylinder heads per meter. In each corner of the production line a turntable is located, the turntable turns
in a 90˚ angel and moves one variant at a time.

Routine stop
During the production there will be some routine stops, these stops are all planed stops which should have
a lower effect on the production than the ones that occurs without warning e.g. system failure.
Tool Change: The tools that are used in machining are changed continuously after a set table. Each tool has
a unique tool life expectancy, which is measured by the number of variants that have been produced. When
the wear time is equal to the value specified in the table an operator should change the tool to a new one.
After changing the tool the first variant/s should be sent out to the following SPC station/common measure
area for a quality control in order to ensure that the change has been done correctly.
Maintenance: Preventive maintenance (PM) is scheduled to take place once a week for 30 minutes and
during this time small regular maintenance tasks, cleaning, lubrication etc., will be performed. Tools with a
very high life time will be planned and scheduled as PM in order to not lose production time. Both these
tasks will follow a set schedule and therefore some of the tasks will not occur every week.
These are both taken into account in the simulation model, tool changes are set to occur according to the
tool change data given in the Plant Simulation model but for the FACTS model it has been added as a
capacity loss in the machines instead. The total time for PM has been added to the shift calendars for both
the Plant Simulation and FACTS model.

Production planning
Described in earlier sections the planned production is divided into two steps, where step 1 starts with a
low production rate and a higher takt time compared to step 2. In step 2, the production rate is increased
by installing extra machines in the line which leads to a reduced takt time (compared to step 1) along with
increasing the planned amount of production days.
The work areas and staffing for cylinder head line is based on information given by CEP. They plan to have
7 work areas and 42 operators and 3 team leaders working in 3-shifts, it will be 14 operators and 1 team
leader per shift. The layout for the work areas are illustrated in Figure 17.
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Figure 17 - Staffing and work area

4.2.4.1 Planned measuring
Measurements of the variants will be performed according to following specification, see Table 4.
Table 4 - Planned measuring

Frequent measuring

Each 80 variant/s is supposed to be sent out to be
measure at the corresponding SPC station by an
operator.

Shift measuring

Once every shift one/two variants of each type is
supposed to be sent out for measurement at the
corresponding SPC station and common measure
area.

Tool change measuring

First piece after a tool change should be sent out
to corresponding SPC station, and for some tools,
to the common measure areas

Weekly measuring

Measuring room

The measurements are planned to be performed at the SPC stations or at the common measure areas,
without interfering the production in such a way that it stops the production. All of the measurements
except for the weekly measuring are modeled in the Plant Simulation model, however since FACTS lacks
the function for measuring these are not taken into consideration in the FACTS model.
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Description of simulation models and leadership study
Introduction to chapter 5
This chapter describes the simulation models’ structure, how they were built along with limitations and
simplifications for the models. The chapter is divided into two main sections, the first focuses on the FACTS
model and the second on the Plant Simulation model. In each section limitations and simplifications specific
for each software is presented. The last section of the chapter will describe the leadership study, how it was
conducted and how the selection process was done.
The following points are the general simplifications that have been made for this project, and these are true
both for the FACTS models and for the Plant Simulation model. 1) The source will never run out of material
and therefore production will never stop for this reason. 2) Even though the shifts differ slightly from day
to day they have been modeled the same for every day in the simulation models. Conveyors are modeled
with 100% availability and will thus never break down. 3) The manual stations have been modeled with 96%
availability and 4% shorter cycle time to introduce a stochastic behavior for these stations, all in accord with
suggestion from Volvo. 4) Scrap and rework will not be included in the simulation models, this can be added
in a later stage as a fixed percentage. 5) Lastly it will always be possible to fix the machines; i.e. long stops
due to breakdowns or missing spare parts are not modeled.

FACTS models
Due to limitations in the software gantries and conveyer lines have been modeled as buffers. Since the gantry
both loads and unloads the machines the processing time for the buffer was increased in order to compensate for this. Another software limitation of FACTS analyzer is that tool changes cannot be added and
therefore these are recalculated as a loss of availability for the machines. The availability was calculated with
excel formulas used by engineers at VCC according to Equation 5 and Equation 6.
𝐿𝑜𝑠𝑠𝑒𝑠 =

𝑆𝑒𝑡𝑢𝑝 𝑡𝑖𝑚𝑒 (ℎ)
(𝐿𝑜𝑤𝑒𝑠𝑡 𝑇𝑜𝑜𝑙 𝐿𝑖𝑓𝑒 ⁄𝑇𝑎𝑘𝑡 (ℎ))
Equation 5 - Tool Change losses

𝐿𝑜𝑠𝑠 𝑝𝑒𝑟 𝑚𝑎𝑐ℎ𝑖𝑛𝑒 =

𝑆𝑢𝑚 𝑜𝑓 𝑙𝑜𝑠𝑠𝑒𝑠 (𝑓𝑜𝑟 𝑒𝑎𝑐ℎ 𝑂𝑃)
𝑇𝑜𝑡𝑎𝑙 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑠𝑝𝑖𝑛𝑑𝑙𝑒𝑠
Equation 6 - Tool Change loss per machine

In the software it is not possible to model machines with more than one spindle and therefore FACTS
assembly objects were added that places two variants of the same type on a pallet before moving it into the
machines that have two spindles. This solution was selected after discussions with Volvo Cars, the two
options presented were either to use assembly or cut the CT to half and it was decided that the assembly
solution was the desired solution for this project. Because of this the size of the buffers that are between
the assembly and disassembly stations were reduced by 50% since there are two variants on every pallet.
When the variants have been disassembled the pallet moves back to a buffer. This is illustrated in
Figure 18, the purple lines indicated the movement for the empty pallet.
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Figure 18 - FACTS multiple spindle solution

In order to simplify the FACTS models the two different production steps have been made as two separate
models, each of these are then saved as three different models with a set availability of 98%, 95% and 90%.
This was done to make the testing of the models easier without having to change the availability numbers
in between, now instead the corresponding model is simply loaded. Later on, more tests were run with
different values of MTTR, 5, 15 and 30 minutes, in order to try out more different scenarios and these
settings were also saved as different models. The SPC stations and the quality control are not modeled in
FACTS since there is no way to do this in the software.
The models were built according to the drawings of the layout supplied by Volvo Cars. Figure 19 shows the
model for step 1, which follows the structure described in Chapter 4. OP families are placed after each other
depending on the gantries movements in order to create a more user friendly model.

Figure 19 - FACTS step 1 model

Plant Simulation models
During the modelling of the Plant Simulation model Volvo Cars Corporation (VCC) standard library, the
plant simulation VCC-standard, was used to facilitate the building of the model along with building it according
to their standards. It is a library of different objects developed by the simulation group at SkEP. The library
is still under development which means that not all objects work according to plan, which has been a limitation during the modelling.
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In Plant Simulation the planned measurements, described in 4.2.4.1, were implemented to the simulation
model. Some adjustments were made to fit the software and model. After tool changes all measurements
are carried out at the common measure areas and not at the SPC station. The weekly measurement at the
measure room is not included in the model due lack of valid input data and the fact that it will have little
effect on the performance of the production line since production would never stop when these parts are
sent out to the measure room and therefore no production would be lost.
The VCC-standard has a standard object for gantries that has been used when building the model. The OP
that the gantries should service is dragged-and-dropped onto the object. After that the position of each OP
and the position of the load/unload for the shuttle is specified into a table file. When this is specified the
sequence for the movement of the shuttle is set, this is done in the same table file. The type of gripper and
number of positions for the shuttle is set in another table file, and it is also specified if the gripper could
load and unload at the same time or not. The number of shuttles that the gantries use can also be specified.
The gantries are controlling the SPC stations and how often parts should be sent out for measurements, the
time and sequence for the measurements is set in different table files (Tool change and SPC). Figure 20 Gantry Plant SimulationFigure 20 illustrates how the gantry object looks in the simulation model when all
the positions have been specified.

Figure 20 - Gantry Plant Simulation

When setting up the tool changes for the model the VCC standard object for tool change was used. It
provides a possibility to set the tool life for each tool in each OP. The object controls the time it takes to
change, if the change is manual or automatic and for which variant the tool is used. After setting up the
table file according to input data the software keeps track on when it is time for a tool change.
Some of the tools are used for both variants, but have a different life time expectancy. Based on the input
data from CEP and SkEP together with limitations in the tool change object, calculations for a new tool life
had to be made. The new tool life expectancy was calculated by using the following equations depending
on if the shortest life time expectancy was for VEP4, see Equation 7, or GEP3, see Equation 8. The
equations were designed by the authors of this thesis and it is designed to recalculate how many cylinder
heads can be produced using each tool. If for example the tool life for GEP3 is three times higher than the
tool life for VEP4 then every three GEP3 cylinder heads produced would count as one VEP4 and this is
how the new tool life is calculated.
(𝐿𝑖𝑓𝑒 𝑉𝐸𝑃4)
(𝑅𝑎𝑡𝑖𝑜 𝑉𝐸𝑃4 + (𝑅𝑎𝑡𝑖𝑜 𝐺𝐸𝑃3 𝑥

𝐿𝑖𝑓𝑒 𝑉𝐸𝑃4
))
𝐿𝑖𝑓𝑒 𝐺𝐸𝑃3

Equation 7 - VEP4 tool change Plant Simulation
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(𝐿𝑖𝑓𝑒 𝐺𝐸𝑃3)

(𝑅𝑎𝑡𝑖𝑜 𝐺𝐸𝑃3 + (𝑅𝑎𝑡𝑖𝑜 𝑉𝐸𝑃4 𝑥

𝐿𝑖𝑓𝑒 𝐺𝐸𝑃3
))
𝐿𝑖𝑓𝑒 𝑉𝐸𝑃4

Equation 8 - GEP3 tool change Plant Simulation

Life= life expectancy
Ratio= Percentage for each variant of the batch size
The tools with a high life expectancy will be changed as a part of PM and therefore all tools with a life expectancy above 30 000 will not be in the simulation. After a tool is changed the first variant/variants
should be sent out for measurements, in order to control that the tool change was done properly. According to specifications some measurements should be done at QC stations and some at the common measure area depending on which tool that had been changed. There is currently no way in the VCC-standard
to model this and therefore all measurements related to tool changes will be done in the common measure
areas.
When setting up the operators in the simulation model, the VCC-operator object was used. This object is
under development and therefore has several limitations. The object works similarly as the gantry object, to
select work areas the OP is dragged-and-dropped into the operator object. The work areas are set-up after
specifications given by CEP, both for staffing and work areas. Figure 21 illustrates the user interface of the
object and how OP (unload) looks when assigned to a work area. The ShiftCalendar is implemented into
the operator object to set-up breaks in the production. To setup a realistic production flow two shift calendars are used, one for manual operations (used in the operator object and manual stations) and one for
automatic operations.

Figure 21 - Operators Plant Simulation

A setback with this object is that all operators are simulated to work and have the exact same speed. When
in fact in real life this is never the case. The walk times between the OP, SPC etc. is at the moment manually set by the programmer, and are therefore only approximations.
The Plant Simulation model was built in two steps within the same model, and in order to change between
the different steps and settings a method and a dropdown menu was implemented, see Figure 22. The settings for each step and availability was fixed into six different table files that corresponds to the dropdown
menu.
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Figure 22 - Dropdown menu Plant Simulation

The model was built with the CAD layout in the background in order to better visualize the production line,
which follows the structure described in Chapter 4, see Figure 23.

Figure 23 - Model Plant Simulation

Personnel and interviews
At the moment the personnel at CEP is around 240 persons and will during the expansion increase to 700
persons, which represents a threefold increase in the upcoming years. To manage this expansion as good as
possible the company is trying to establish mutual work polices over the cultural differences. To help with
this work, interviews will be performed to identify differences in the management styles and training. During
the interviews the persons are also asked to give advice or tips for foreigners who are coming to China for
the first time. Their answer together with observations from CEP will be presented in Chapter 10 as recommendations and guidelines.
A first step in this process was done by attending a management meeting where the participants were asked
to help with the process of selecting Chinese engineers for the interviews. The engineers were chosen from
different departments and of different gender and age. The main part of the interviews were conducted in
English, but some were also conducted in Chinese and in these cases Volvo Cars provided a translator.
20 persons were selected (75 % male and 25 % female) and interviewed for roughly 30 minutes. The interviews were performed with open ended questions about Chinese and Swedish leadership and training, see
Appendix I. The results, presented in Chapter 8, will be used by Volvo Cars for further work with their
employees.
Jessica Fahlgren and Andreas Telander

40 |

Department of Technology and Science
University of Skövde

6.

Chapter 6 - Verification and Validation

Verification and Validation
Introduction to chapter 6
This chapter will describe how the simulation models have been verified and validated. The focus will mainly
be on the verification and that all the input data is correct, since there is no actual line to validate results
against. The main part of the validation was done by discussing the assumptions document used for the
simulation study which is presented later in this section in Table 5.

Verification
In order to make sure that the models are verified all input data have been double checked both in Plant
Simulation and in FACTS. The processing time for all operations have been set according to specifications
provided by the supplier and SkEP. The length of the gantries were measured directly on the CAD drawings
and compared to the specifications provided by the supplier. Processing time for buffers/conveyor lines
were calculated according to their lengths using the planned speed of transportation that was supplied by
SkEP. The capacity for these were also set according to specifications from SkEP. All times for tool changes
and measuring have also been set in accordance with data supplied by SkEP. The staffing, work areas and
shifts have all been set according to data provided by CEP and the utilization graphs show that it is implemented according to plan.
Since there is no measured production data for the line since it is not built yet, setting up the models according to the provided data is deemed to be sufficient to verify the models.

Validation
The simulation models have been validated by using technique one, three and six presented in section 2.4.
How these techniques were implemented is presented in detail here. The input data used for the settings of
the different operations and tables have been double checked and discussed with experts from both SkEP
and CEP and therefore it is viewed as high quality data for the system. The assumptions document, see
Table 5, have been checked and verified by experts from SkEP and the models have been built according
to this document. The model has been built on top of the CAD layout of the system and it animates the
production flow of the system. The model has been shown to engineers at CEP who recognized the layout
which adds credibility and face validity to the model.
Table 5 - List of assumptions

Assumption

Software

The source always has material

FACTS and Plant Simulation

Manual stations have an availability of 96 % and a
reduced CT of 4 % to compensate

FACTS and Plant Simulation

There are always spare parts available

FACTS and Plant Simulation

Scrap and rework is not included in the models

FACTS and Plant Simulation
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Tool changes are calculated as a loss in availability

FACTS

To represent double spindle machines 2 variants
are assembled onto a pallet

FACTS

Buffer sizes between assembly and disassembly
are halved

FACTS

All tools with a life expectancy over 30 000 will be
changed during PM, and are therefore not included in the model

Plant Simulation

All measurements after tool change are done at
the common measure areas

Plant Simulation

Weekly measuring is not included in the model

Plant Simulation

All these steps along with the fact that all the data lies below the maximum capacity and within the calculated
span leads to a valid and credible model and therefore the validation is determined to be complete.
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Experiments
Introduction to chapter 7
This chapter will present a detailed description of the experiments conducted for the simulation study. The
experiments are designed to fulfill the aims and objectives for this thesis.

Experiment plan
Table 6 shows the experiments that will be performed in this thesis. Most experiments will be performed
both in FACTS and in Plant Simulation except for measuring and tool changes since this is not possible to
model in FACTS. All experiments will be conducted for both step 1 and step 2. Before starting the planned
experiments a replication analysis and a steady state analysis will be performed. The focus of the comparison
between the two software will be on the results, mainly focusing on the TH.

Table 6 - Experiment plan

Aims and Objectives
Analyze the capacity
effects of machine
availability being
lower than planned

Used parameters
Availability:
98, 95 and 90 %
MTTR:
5 and 15 min
Availability:
90, 85, 75 %

Worst case scenario
(Performed on request
from CEP)

MTTR:
30 min
Utilization of machines

Identify constraints in
the system

Shift/sole bottleneck
Staffing

Investigate capacity
losses due to tool
changes and
measuring
Study the effect of different variant mixes
on the production

With and without:



tool change
tool change and
measuring
Batch sizes
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How

Software

Change the used parameters of the machines to see how the
TH is affected.

FACTS and Plant
Simulation

Change the used parameters of the machines to see how the
TH is affected.

FACTS

Looked on the different used parameters in
order to identify constraints in the system.

FACTS and Plant
Simulation

By removing the tool
change object and disabling measuring in the
gantries.

Plant Simulation

By changing the distribution of the variants
in the batches.

FACTS and Plant
Simulation
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Results and analysis
Introduction to chapter 8
This chapter will present experiments performed in both FACTS and Plant Simulation. The first section
will focus on the experiments performed in FACTS analyzer and the second will focus on the experiments
performed in Plant Simulation and after this comparison experiments will be made between the two software. The results from the experiments will be analyzed in this chapter. Furthermore, the results and analysis
from the interview study will be handled and presented. The results from the study will be summarized and
combined into final recommendations, found in Chapter 10. All values shown in the different replication
analyses are fictitious and the TH and WiP values in the steady state graphs have been censored.

Preparatory and experimental studies FACTS
For step 1 the warm-up period for the models was determined by using the built in animation functionality
in FACTS, it uses a graphical method much like the one described earlier in section 2.5.3. The steady state
analysis was performed with ten replications and run over a period of 50 days for both step 1 and step 2.
The analysis was done for both WIP and TH and the results for step 1 can be seen in Figure 24. As the
figure shows, the TH is steady almost immediately however the WIP takes a little under 200 hours before it
reaches a steady state and therefore the warm-up time was set to ten days for step 1.

Figure 24 - Steady State FACTS step 1

A replication analysis was also done in order to see the minimum number of replications needed to run with
a confidence interval of 95% and an absolute precision of 2%. The analysis started with ten replications, see
Table 7, and was done for the model with 98% availability. As Table 7 shows it would be enough to run the
experiments with five replications, however since the time to run each replication is very short all experiments were run using ten replications. To summarize the settings for step 1 were ten replications and a
warm-up time of ten days.
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Table 7 - Replication analysis FACTS step 1

Output
TH
WIP
TH
WIP

Confidence
Interval
0,95
0,95
0,95
0,95

Confidence
Num
interval
Number of
replications
(Standard
Absolute
simulations
used
MEAN
STDEV
error)
Relative precision precision
needed
10
80,230
0,173
0,12
0,02
1,605
0,059
10
448,450
4,667
3,34
0,02
8,969
1,386
5
80,296
0,182
0,23
0,02
1,606
0,099
5
444,879
4,948
6,14
0,02
8,898
2,384

Just as for step 1 a graphical method was used to determine the steady state of the model in step 2 and it
was also run over 50 days using ten replications. The analysis was done both for TH and WIP, see Figure
25. Just as in step one the TH is steady almost immediately but the WIP differs between the steps and for
step 2 it is in a steady state after around 100 hours and therefore the warm up period was set to five days.

Figure 25 - Steady State FACTS step 2

The replication analysis was run in the same way as for step 1 with the same settings and this was also done
for the model with 98% availability. Table 8 shows that six replications would be enough but just as for step
1 ten replications were selected for step 2 as well. To summarize the settings for step 2 were ten replications
and a warm-up time of five days.
Table 8 - Replication analysis FACTS step 2

Output
TH
WIP
TH
WIP

Confidence
Interval
0,95
0,95
0,95
0,95

Confidence
Num
interval
Number of
replications
(Standard
Absolute
simulations
used
MEAN
STDEV
error)
Relative precision precision
needed
10
84,534
0,280
0,20
0,02
1,691
0,141
10
367,056
7,757
5,55
0,02
7,341
5,714
6
84,531
0,263
0,28
0,02
1,691
0,160
6
368,949
6,534
6,86
0,02
7,379
5,182

The initially planned experiments to run in FACTS were designed to see how different availability for the
machines would affect the production, but also to identify possible constraints and bottlenecks in the system. The first experiments were run with availability numbers of 98 %, 95 % and 90 % with a set MTTR of
5 minutes. This was done in accordance to specifications from Volvo Cars in Skövde since these are typical
numbers that they use for their simulation studies. This was done both for step 1 and step 2. The initial
tests, 98 % availability, for step 1 indicated clearly that OP170, a washing operation, was the sole bottleneck
of the system 95% of the time, see Figure 26.
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Figure 26 - Bottleneck graph FACTS step 1 – 98 %

The bottleneck analysis is one of the features of FACTS and normally a look at the utilization graph is
needed as well in order to determine which operation is the bottleneck of the system, however in this case
it is very clear that OP170 is the problem. A look at the CTs for the different operations confirm this as
well since the CT for OP170 is almost 2 seconds higher than the operation with the second highest CT.
When the availability was reduced to 90% the graph looks a bit different, see Figure 27, but it stills shows
that OP170 is a problem area although now it is only the sole bottleneck 19% of the time as well as a shifting
bottleneck 42% of the remaining time.

Figure 27 - Bottleneck graph FACTS step 1 - 90 %

The utilization graph, Figure 28, for the machines also supports this and it shows that OP170 is the problem
area because it has the highest utilization of all the operations. However both graphs also indicates that
OP070 and OP120-140, which are served by the same gantry, are potential problem areas as well.

Figure 28 - Utilization graph FACTS step 1 - 90 %
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Since OP170 is the bottleneck a test was run where the availability and MTTR was lowered only for this
operation in order to see how that would affect the TH of the line. The availability was set to 90% and the
MTTR to 15 minutes in the model with 98% availability for the rest of the machines. The results show a
drop in TH of 8%. This further shows how important it is to ensure that OP170 is running at all times.
After the initial experiments were run some additional experiments was performed as well as per requests
from Volvo Cars. These experiments were designed to see how a lower availability and a longer MTTR
would affect the TH of the production line. It is expected that there will be many problems at the start-up
of the production line because of a lack of spare parts for the machines but also because of a lack of experience and competence of the operators. The parameters and results of the different settings can be seen in
Table 9. The OEE at the beginning is expected to be around 35-40% which is in line with what the simulation experiments show; the experiments does not account for quality losses which are estimated to 2 % by
Volvo Cars and therefore the actual OEE will be a bit lower.
Table 9 - Result of experiments with different availability and MTTR in FACTS

Some clarification of the numbers is required for the SPC losses and the experiments with varying availability. The SPC losses are specific to OP120 and OP130 which are loaded/unloaded by the same gantry.
When the variants have been measured they are sent back into the production flow with the result that the
gantry picks these up before unloading a machine which leads to the machine not being unloaded and
therefore a cycle is lost whenever parts comes back in from the SPC station. The estimated capacity loss for
the machines because of this is 5%. For the experiments with different availability the manual stations has
90 % availability, GROB machines and the washers 85 % and the rest of the machines 75 %. These numbers
were specified by engineers from Volvo Cars and similar tests were run for the cylinder block line as well.
As mentioned before the initial experiments were also conducted for step 2 and in this case these were the
only experiments conducted. This is motivated by the fact that when the production goes into this phase
everything will be up and running, there will be spare parts and the operators will be trained as well. Because
of this the main focus of the experiments was done for step 1. Since the takt time for step 2 is lower, and
there are multiple machines that have the takt time as their CT it is harder to identify a specific bottleneck
in the system. Figure 29 shows that there are no real sole bottlenecks but rather that multiple machines are
shifting bottlenecks.
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Figure 29 - Bottleneck graph FACTS step 2 - 98 %

OP170 is no longer a bottleneck at all since an extra washer has been added for step 2. What can be said
though by looking at the utilization of the machines, see Figure 30, is that the breaks will affect the flow
around OP112 since the conveyors here are very short with room for only two cylinder heads both before
and after. This is evident since the operations before are all blocked and the operations after are all waiting.

Figure 30 - Utilization graph FACTS step 2 - 98 %

The fact that no real bottleneck can be identified is not that surprising since the production line is designed
to be balanced and to meet the demand of a high production rate and in this case it will be very important
to keep the MTTR as low as possible in order to avoid disrupting the flow, because at this pace it will be
very hard to catch up on lost production.

Preparatory and experimental studies Plant Simulation
The warm-up period in Plant Simulation was determined by using the steady state object from the VCC
standard library. Just as in FACTS this is a graphical method of determining the transient period and this
one is also run over ten replications over a period of 20 days. This was done for both step 1 and step 2. The
steady state object in Plant Simulation only looks at the TH and therefore this was the only parameter
analyzed when determining the warm-up time. The result can be seen in Figure 31 and the figure shows that
the system reaches a steady state after around 100 hours and therefore the warm-up time was set to five
days for step 1.
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Figure 31 - Steady State, Plant Simulation Step 1

A replication analysis was also performed in order to find the minimum number of replications that were
needed. The parameters used were the same as for the FACTS models, i.e. confidence interval of 95 % and
absolute precision of 2 %. The analysis was initially run over ten replications, see Table 10, and was done
for the model with 98 % availability. The initial run showed that four replications would be enough but a
test with four replications showed that this was not sufficient but that five replications would suffice. A run
with five replication showed that this was sufficient, therefore all the experiments for step 1 were conducted
with a warm-up time of five days and run with five replications.
Table 10 - Replication analysis Plant Simulation Step 1

Output
TH
WIP
TH
WIP
TH
WIP

Confidence
Interval
0,95
0,95
0,95
0,95
0,95
0,95

Confidence
Num
interval
Number of
replications
(Standard
Absolute
simulations
used
MEAN
STDEV
error)
Relative precision precision
needed
10
75,910
0,200
0,14
0,02
1,518
0,089
10
385,371
5,873
4,20
0,02
7,707
2,971
4
75,949
0,265
0,42
0,02
1,519
0,309
4
385,088
5,205
8,28
0,02
7,702
4,625
5
75,933
0,233
0,29
0,02
1,519
0,181
5
385,938
4,892
6,07
0,02
7,719
3,097

A steady state and replication analysis was also done for step 2 using the same methods as for step 1. Again
the built in steady state object was used and it was run over ten replications for 20 days each. As Figure 32
shows the model reaches a steady state after close to 150 hours and therefore the warm-up period was set
to seven days for step 2.
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Figure 32 - Steady State Plant Simulation Step 2

The replication analysis for step 2 was made in the same way as step 1 with a confidence interval of 95 %
and an absolute precision of 2 % and it was also done for the model with 98 % availability. The first test
was run with ten replications and it showed that eight replications would be enough however using only
eight was not sufficient as Table 11 shows. A test with nine replications was done as well and it was determined that nine replications were needed for the experiments. Therefore all experiments for step 2 was run
with a warm-up period of seven days and with nine replications.
Table 11 - Replication analysis Plant Simulation Step 2

Output
TH
WIP
TH
WIP
TH
WIP

Confidence
Interval
0,95
0,95
0,95
0,95
0,95
0,95

Confidence
Num
interval
Number of
replications
(Standard
Absolute
simulations
used
MEAN
STDEV
error)
Relative precision precision
needed
10
94,790
0,394
0,28
0,02
1,896
0,221
10
644,577
15,574
11,14
0,02
12,892
7,469
8
94,816
0,360
0,30
0,02
1,896
0,202
8
646,053
16,184
13,53
0,02
12,921
8,772
9
94,825
0,323
0,25
0,02
1,897
0,155
9
646,028
15,608
12,00
0,02
12,921
7,759

The initially planned experiments to run in Plant Simulation were designed, as for FACTS, to see how
different availability for the machines would affect the production. But also to analyze how the SPC stations,
common measure stations and tool changes affected the production, the main focus here was the effect
from the SPC stations and the common measure stations. Experiments were also conducted to analyze the
effect of the planned staffing for the Cylinder head line.

Experiments to identify constraints in the system
Much like in FACTS the planned initial experiments were designed to see how different setting for availability and MTTR would affect the production but also to identify possible constraints in the system. The
initial set of experiments were run with availability settings of 98 %, 95 % and 90 % and an MTTR of 5
minutes. This was done for both step 1 and for step 2. The experiments were also run both with and without
operators mainly in order to better compare it to the results from FACTS since it is not possible to model
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operators in that software, but also in order to see how the planned staffing affects the production. The
tests for step 1 were the first conducted starting with 98 % availability and much like the experiments in
FACTS the tests shows that OP170 is a possible constraint in the system. Figure 33 shows the utilization
of the machines and it shows that OP170 has the highest active period of all machines followed closely by
OP70 and then OP120-140. Because of how the gantries work and the fact that they stop during breaks
since the flow of material stops OP170 is not the sole main bottleneck of the system.

Figure 33 - Utilization graph Plant Simulation step 1 - 98 %

The same experiments were run for step 2 as well with the same settings. And for this step when multiple
machines have the same CT no real bottleneck can be detected. Figure 34 shows that there are multiple
machines with roughly the same active period and therefore it is very hard to point out a clear bottleneck.

Figure 34 - Utilization graph Plant Simulation step 2 - 98 %

After these initial tests additional tests were run as well both with and without operators. This was done in
order to see how the staffing plan works but also to be able to compare the results better with the results
from FACTS. The tests show that as long as the availability is high the difference between the model with
operators and the one without is not very big, however as soon as the availability drops the discrepancy
becomes bigger and bigger. In step 1 the difference is 2.5 % for the model with 98 % availability and close
to 6.6 % for the model with 90 % availability, see Table 12, which indicates that the current staffing plan
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that has been presented might not be sufficient if the availability is lower than planned. This is even more
clearly shown in step 2 where the difference in OEE goes from 1.4 % for 98 % availability and down to
12.9 % for the model with 90 % availability. These tests show that it will be very important to keep up a
high availability of the equipment otherwise the overall OEE will drop rapidly.
Table 12 - Comparison Plant Simulation with and without operators

Availability
98%
95%
90%
98%
95%
90%

MTTR
5 min
5 min
5 min
5 min
5 min
5 min

Step
1
1
1
2
2
2

Without Operators With Operators DIFF in OEE
90,78%
88,30%
2,48%
82,55%
77,77%
4,78%
71,30%
64,72%
6,58%
80,92%
79,50%
1,41%
76,58%
71,06%
5,52%
69,45%
56,51%
12,94%

Investigation of tool changes and measuring
Part of the scope of this thesis is to test how tool changes and measuring affects the production and therefore tests were run without tool changes and without measuring active. The test was run with availability of
98 % and 90 % for both step 1 and step 2. The test showed a minimal change in the TH, 1.3 % at the most,
and therefore the conclusion is that tool changes and measuring has little or no effect on the production.
13 shows the different values.
Table 13 - Losses in TH due to tool changes and measurement

Capacity loss (TH)
due to TC and QC
98 % Availabillity and 5 MTTR
95 % Availabillity and 5 MTTR
90 % Availabillity and 5 MTTR

Step 1

Step 1

Step 2

Step 2

Without TC

Without TC and QC

Without TC

Without TC and QC

-0,58%
-0,52%
-0,16%

-1,31%
-0,99%
-0,39%

-0,10%
0,04%
0,04%

-0,14%
-0,05%
-0,14%

The tests were run on the final model and was performed by removing the tool change object and/or
deactivating the SPC and QC stations. A look at the work load for the common measuring machines also
show that they are empty for most of the time, around 80 %. Figure 35, shows the utilization of the common
measuring machines and they show that the machines are empty for most of the time, between 81 % and
92 % of the time. This shows that the workload for the machines is low and this further support the results
showing that the loss in TH due to tool changes and measuring is very small.
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Figure 35 - Utilization of measuring stations

Comparison experiments between the software
This section will focus on the different experiments performed in the software in order to compare FACTS
and Plant Simulation. The experiments is connected to the aims and objectives, found in section 1.4. As
described in section 7.2 the experiments have been focused on comparing the results in TH between FACTS
and Plant Simulation and how they differ between step 1 and step 2.
Part of the scope of this thesis is to analyze and compare the results from the two different software used.
Therefor this section will present the different experiments that were conducted in both FACTS and Plant
Simulation. Tests were run with different settings for both MTTR and availability for both step 1 and step
2. The comparison for step 1 can be seen in Figure 36 and the comparison for step 2 can be seen in Figure
37.

Jessica Fahlgren and Andreas Telander

53 |

Chapter 8 - Results and analysis

OEE

Department of Technology and Science
University of Skövde

Availability

Figure 36 - Comparison Step 1

OEE

The graph for step 1 shows that there is a quite large difference between the two software and that FACTS
show a much higher OEE compared to Plant Simulation. This is most likely caused by not being able to
model the gantries properly and therefore the flow is not modeled correctly enough. In Plant Simulation
the gantries stop when there is only one cylinder head waiting to be loaded which causes all the gantries to
stop eventually. In FACTS the machines that are served by gantries are all emptied instead which results in
OP170 continuously getting material even during the breaks, whereas in Plant Simulation it does not. Therefore a test in FACTS were run where all the gantries were stopped during the breaks and this showed a drop
in the TH which made it more in line with the Plant Simulation results.

Availability

Figure 37 - Comparison Step 2

However, the same result cannot be seen for step 2, here the difference between the models is very small
and it is close to 1.2 % for all the different availability settings. The big difference between the two steps is
the CT for the different machines. In step 1 the machines served by the gantries have a CT close to the
highest CT of any machine in the line, whereas in step 2 the CT is lower than the highest by a big margin.
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This means that the gantry logic used in the FACTS models has a much smaller impact on the overall TH
and thus the difference in the results for step 2 is very small.
Another part of the objectives of this thesis was to analyze how a different variant mix would affect the
production. Experiments were performed with different distributions of cylinder heads, see Table 14, for
both step 1 and step 2 with 98 % availability. The product mixed used for all previous experiments have
been 80 % VEP4 and 20% GEP3.
Table 14 - How different distribution affect the TH

The experiments were conducted in both software and the tests show that the product mix have little effect
on the total TH of the production line, which is not very surprising since there is no variant based set-up
time and that the machines with highest CT for both steps have the same CT for both variants. The results
from the experiments in FACTS vary less because no tool changes can be model in the software whereas in
Plant Simulation the different variants use different tools which results in more or less tool changes.

Analysis of the simulation study
This section will analyze the results from the simulation study based on the aims and goals presented in
section 1.4.
The experiments performed for step 1 and step 2 indicate that the losses due to tool change and measuring
are so small that it will not have a big effect on the performance of Cylinder head line.
The simulation models were run with two different variants, VEP4 and GEP3. There is no set-up time
between the different variants and CT for either of them is always lower than the highest CT of the production line, therefore this has little or no effect on the production. This has already been described in
chapter 6, Table 12.
The results from the Plant Simulation models illustrate that the goal of an OEE at 80 % is possible to reach
in step 1 but if the availability is reduced to under 95 % it will be challenging. The results for step 2, illustrates
that the goal will be hard to reach even if the availability is 98 %, if it is reduced to under 98 % it is not
possible to achieve the goal. Therefore it is important to keep the availability at a high and steady level along
with looking at the staffing plan to make sure that it is sufficient and that the workload for some work areas
are not too high.
It is difficult to simulate the behavior of the gantry for OP120-140 since there are multiple SPC stations
here and this disrupts the flow of the production line when details that have been sent out for measuring
enters the system again. In reality this means lost production cycles both when variants are sent out and
when they re-enter. For example when a variant is sent out for measuring in OP120 then OP130 will have
to wait until the next cycle in OP120 is completed before receiving new variants. When the variants re-enter
the production line then the gantry will pick these up and load OP130 meaning that OP120 will be blocked
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until OP130 finishes its cycle. This is the programmed behavior from the supplier and this means that two
cycles will be lost every time a detail is sent out for measuring. By adding a small buffer between the OP120
and OP130 to place the details when they re-enter the system would make sure that the cycle loss is eliminated or mitigated.

Leadership Study
This section will present the results of the leadership study performed at CEP in the form of continuous
text. The results will be analyzed based on the aims, objectives and theoretical framework presented in
sections 1.4, 2.9 and 3.3. The questions from the survey have been combined to the following three main
areas.
 Difference between the management styles
 View of an ideal leader
 Education
During the analysis of the answers from the interviewees no real difference could be found in the answers
of persons from different age or gender and therefore these factors were not taken into consideration for
the final analysis of the interviews. The result and description will be presented according to the order in
the list above. Table 15 shows a summary of the answers from the interviews done at CEP, the summary
highlights the keywords from the answers and a more thorough description is found later in this section.
The results from the interviews does not support the role of Confucianism in the Chinese leadership described in section 2.10.2. The results from this thesis indicate a much bigger focus on the results rather than
the relationship based leadership of Confucianism. This will be further described in the next section where
the differences between the typical Chinese and typical Swedish leadership will be described.
Table 15 - Summary of interviews

Questions from questionnaire

Keywords from answers

Could you describe how you see the typical
Chinese leader? (Characteristics)

Strict, clear hierarchical structure, controls everything

-

What are the pros and cons for the
Chinese leadership?

Could you describe how you see the typical
Swedish leader? (Characteristics)
-

What are the pros and cons for the
Swedish leadership?

Pros: Clear instructions, work more efficiently
Cons: No one will question the leader
Humble, equal, horizontal structure,
self-development, encouraging
Pros: Self-development, encourage discussions
Cons: Sometime inefficient, unclear responsibilities

If you would describe an ideal leader how
would he/she behave?

Combination of pros from the Chinese- and
Swedish leaderships

Have you experienced any misunderstandings
due to language differences?

Yes but none specific examples were give during
the interviews.
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Would you say that it differs much
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Is it a different way of teaching?
(Which do you prefer?)
Computer/cellphone during classes?
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More theoretical in Chinese education, more practical at Volvo. The teacher has a central role in education in China meanwhile at Volvo Cars there is
more focus on group work etc.

Difference between the management styles
The Chinese leadership (or management style) is described as being quite strict with a clear hierarchical
structure. In China the boss is the boss and the position is well respected. The leader usually gains his (or
her) position based on the time they have been at the company. The leader usually determines everything
from which tasks the employees should perform to what yearly bonus they receive, and therefore the employees have no or minimal control over their working conditions. The orders and instructions are very
clear from the leader and everyone is told what to do, when to do it and how to do it. Because of the control
the leader has over his or her employees they rarely say no to the leader or question the decisions, which
has led to a culture of always saying yes when they are asked something. This also means that employees try
to avoid as much as possible to ask the leader things or bring up problems. If a problem is encountered they
might discuss with colleagues and try to go around the problem instead of bringing it up with the leader and
try to solve it.
The interviewed persons brought up a number of good and less good things with this type of leadership
which will be presented here. The good thing with this type of leadership is the clear structure where one
person controls everything and tells everyone what to do, which leads to projects being completed faster.
Since no one questions the decisions or bring up potential problems projects are finished without much
changes during the way. The clear structure also ensures that employees follow the rules and always know
what their responsibilities are and what to do at all times. However, it is also possible to distinguish less
good things with this type of leadership. The leader often wants to show his or her power and that they are
in charge, they give direct orders and they have the right to punish employees by docking parts of their
salary if they make mistakes or errors. The strict supervision and working conditions often causes the employees to feel uncomfortable about their working situation, but they always hide it from the leader. People
are promoted due to time spent in the company and not because of achievements or knowledge in the area.
This in combination with the fact that no one says no to the leader can cause big problems in the cases
when the leaders lacks the required knowledge.
The Swedish or western leadership (management style) is described as being more equal and understanding,
the structure is more horizontal where the leader is more a part of the group rather than the boss. The
leadership focus more on self-development of the employees and discussions are appreciated and encouraged. The Swedish leader is described as humble and often listens to the employee’s opinions and seldom
yells or screams at them. The leader rarely or never force the employers to do something but rather encourage them to complete the tasks.
The interviewed persons feel that the Swedish humble and caring approach is mostly appreciated and preferred in contrast to the Chinese stricter approach. They feel that they are allowed and encouraged to grow
and develop as individuals. In general they think it is good that they could express their opinions, suggestions
and problems without any fear of reprimands. There is often a clear focus on the target and solving problems
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that occur on the way. Even though most of the interviewed persons like the Swedish or western approach
they feel that there are a number of things that are not so good. One of the big issues is that the Swedish
leadership is a little soft and a bit too horizontal, some people ask for a more clear structure where the leader
is a bit more in charge. Because of this the work responsibilities are a bit unclear and the employees are not
always sure what to do or how to do it. The Swedish management prefer to work in groups and therefore
discussion meetings is very common during projects. These meetings often leads to changes during the
projects and although the discussions are appreciated it often means that projects take longer time to finish
compared to Chinese projects.
In order to summarize the differences between the two leadership style the Chinese is said to be very vertical
and strict with a clear hierarchy where the leader/manager is in charge and determines everything. The leader
tells the employees what to do, how to do it and when to do it and this leaves very little space for own
thoughts and ideas for the employees. The Swedish or western leadership is in clear contrast with this and
it is based on a more open approach. The leadership is more horizontal and the leader is a part of the team.
Discussions and suggestions are encouraged and decisions are made together in agreement.

View of an ideal leader
The interviewed persons were asked to describe their view of how an ideal leader should be. Most of the
persons said that it is important that the leader has a good knowledge of the process and company but also
a good knowledge of different competence levels of the employees. The company and the leader should
focus on developing individuals and help them complete tasks by encouraging and challenging them. It is
important to have a good, open and honest communication between the leader and the employees, which
will lead to good working relationships where everyone could speak freely.

Education
Training in China focus more on theoretical knowledge following books etc., and sometimes even not up
to date knowledge. The main focus at universities is to learn general things about the different subjects. The
teacher is always standing in front of the class and the students listen and take notes. They are not supposed
to ask questions since the teacher is always right or not open for questions.
At Volvo Cars the training is more focused on practical and specific knowledge. How the classes are conducted differs depending on the focus of the class, sometimes it is group work, teacher talking, practical
work or work at a computer. Focus here is to gain a deeper understanding and develop as an individual.
During the classes the floor is open for questions. The setback of this training is that many participants have
trouble following the classes when they are in English and therefore tend to seek to their mobile phone or
computer.
Usage of technology (cellphone or computer) during university studies is forbidden unless it is needed for
the course. At Volvo Cars the recommendation is not to bring the cellphone (or place it at mute) or computer. Sometimes employees bring the computer to do work during class since they feel that the work is
more important than the training or because the cant follow the conversations in English.
At Volvo Cars the official working language is English and this is a barrier for many employees. The interviewees explained that sometimes some information is lost along the way and that everything takes a little
bit longer time to carry out. The efficiency of meetings, discussions and conversations is low because of the
language barrier and sometimes it is easier to communicate over e-mail, text etc. instead of face-to-face.
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Advice to foreigners coming to China
During the interviews the persons were asked to give advice and tips to Swedish people going to China for
the first time, and they had several recommendations. Two of the things that most people said was to be
prepared for that things are different in China, the food is different and the culture is different. There is also
a big difference in how the country is run and things western people take for granted are not necessarily
true here. Another general advice they gave was to talk to Swedish people that have already been to China
and ask them for help with some practical tips. It is important to be aware that the English level is normally
very low and that it can be very hard to communicate with Chinese people outside of the company, and
therefore it is very important to be well prepared whenever you want to travel or do something. It is good
to prepare maps and download useful applications to your phone e.g. Pleco, Beijing metro and TripAdvisor.
Be prepared that there are a lot more people in China and that they are often very curious about western
people and that they will look at and try to talk to you, even though they barely know any English.

Analysis of the leadership study
The result from the leadership study indicates that Volvo Cars needs to focus and address the question
about leadership and training at the company. Even though most people were satisfied with the leadership
many felt that the Swedish/western leadership needed to adapt more to the Chinese way with a clearer
structure and hierarchy. Some even expressed the dissatisfaction of implementing the Volvo way and way
of work directly from SkEP without altering it to work better with the Chinese employees and culture.
The interviewed engineers expressed that they liked the open atmosphere with discussions and where everyone can express their opinions, however they also said that this leads to many changes in the projects and
that they take longer time to complete. Some also said that they felt that it was a bit unclear what they should
do and what was expected of them, they said that they would prefer a bit more structure and clearer descriptions of the tasks. A few liked the freedom that they had right now but most shared the opinion that
more structure was needed.
This can be related back to Hofstede’s cultural dimensions that have been described earlier in section 3.3.1.
The results from the surveys help explain why the Chinese engineers feel and act in a certain way. As Figure
15 shows Sweden and China is quite far from each other in some areas and closer in others. For example
the Chinese society is based on having a clear and strict hierarchy and is more focused on performance and
results, so-called masculine traits, and the Swedish society is based on communication and cooperation
which are viewed as feminine traits. These traits is only one of the different indicators on why it is not
possible to implement a way of working directly from Sweden to China, some features need to be adapted.
The first step in changing the way of working is to gain a deeper understanding of how the Chinese society
is constructed, the role of the government and grasp the main features of the culture. An example given
during the interviews was the fact that Chinese people always say yes even though they do not mean yes.
This could be traced back to the strict hierarchy in work companies were you never should say no to the
leader. This example illustrates how things could mean different things in different parts of the world and
how important it is to have knowledge about this.
The language differences were found to influence the approach for work and education. When the employees felt that they had trouble understanding or follow conversations, meetings or training they explained
that they tend to stop listening or start doing other things while they were still in the room. In western eyes
this could be perceived as impolite and rude whereas the Chinese engineers did not feel that this was wrong.
They felt that they were doing something productive with their time rather than just sitting there and listening without understanding the meaning.
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Discussion
Introduction to Chapter 9
In this chapter a discussion of the project, what could have been done differently and the view of the results
from the simulation and leadership study will be made. The modelling assumptions will also be evaluated
and it will be discussed how they might or might not have affected the results. In the end there will also be
some final reflections from the authors regarding the project.

Project progress and simulation modelling
Even though we followed the set time plan we feel that we could have done a better job following the set
methodology for the simulation part of the project. We rushed the experiments without properly validating
the assumptions we had made which resulted in us having to run all experiments again in Plant Simulation.
The last week we realized that the code for controlling the material flow to OP170 in step 1 had stopped
working which led to that all tests for step 1 had to be run again. Luckily we noticed before handing in the
report and we could solve the problem and update the results for step 1. Another thing that we should have
done is to discuss the building of the FACTS model with simulation experts at the University of Skövde in
order to model the gantries in a better and more realistic way in order to get more realistic and better results
from our step 1 FACTS model.
From the beginning the goals and the purpose for the project were very clear which gave a clear structure
for the project plan. The thesis work was planned according to a time plan set in the beginning of the
project. The plan was a rough draft planned on a weekly basis specifying what should be done during which
week, see Appendix II. The time plan was used as a guideline to ensure that the project would be completed
in time. We followed the time plan and most work was done on time but building the Plant Simulation
model took slightly longer than expected and finding relevant case studies for the literature review also took
a bit longer than planned. However, on a whole it was good and when we returned from China we had
completed everything that we had planned. We have worked closely together during the whole project and
during the eight weeks in China even more so. The work in Sweden was normal office hours whereas in
China we hung out all day every day, which made it more intense. Even so the work progressed without
major conflicts.
During the whole project we have worked with the simulation group and production engineers at SkEP
which provided us with the VCC standard for Plant Simulation and relevant data for the production line.
The standard was very useful but whenever a problem occurred we could not solve it ourselves since the
code was encrypted. This meant that we had to send the model to SkEP along with an explanation and print
screen of the error message. Because of the time difference between Sweden and China this took longer
time than it would have if we were in Sweden. We also found that the documentation for the VCC standard
was a bit outdated and some of the explanations were lacking.
The assumptions made affects the results from the simulation study and it should be mentioned that the
actual OEE will be a bit lower because of some of the simplifications presented in section 5.1. There will
most likely occur instances when there will be no material at the beginning of the line and long stops will
occur that stops the production for longer periods of time. Both of these will result in a reduction in OEE
for the production line. There will also be some scrapped parts and other that needs to be reworked which
will also reduce the OEE. These points are difficult to simulate with any reliability and they are therefore
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often not included in the simulation model but it is still important to be aware that they will affect the actual
results of the production line.
The mentality at the start of the project was to build the simulation model as close as possible to the details
and data provided and see what the results tell us. Since it is a completely new production line we assumed
that it would be well planned and balanced from the start and the results show that the production line is
well balanced and that there are no clear bottlenecks in step 2, but in step 1 there are a few problem areas
that need to be addressed. But overall there were no real surprises here. The results from the simulation
study and the potential problems we found are the same issues that engineers from SkEP and CEP had
identified as potential problems without seeing the results from the simulation and therefore our results feel
reliable. During the project the policy for measuring at the common measuring areas changed and significantly less variants are sent to these and therefore the results from these tests showed a very small impact
in the end, whereas it was a point of concern from the beginning of the project. We are satisfied with the
results we got from the study and we hope that our simulation model is used for further analysis and improvement work once the production line is up and running.
When we arrived to China and to CEP we had the impression that the biggest difficulties at the company
would be the cultural differences and the misunderstandings that we thought these would cause. However
after starting our interviews and having spent a couple of weeks at CEP we realized that the biggest issue
was the language barrier. Using English for daily communication is problematic for many people. This
means that a lot of information is lost along the way and that sometimes opinions do not come out during
discussions since people are not comfortable expressing themselves. It is also a big problem since much of
the training and courses are in English and the result of this is simply that the employees do not gain the
desired knowledge. This was a bit of a surprise to us at first but we quickly realized just how low the average
level of English is in China and how hard it is to communicate with anyone outside of CEP. Even the
English majors at the campus where we lived could barely maintain a conversation.

Cultural differences
The Chinese society is built after a clear hierarchy which will affect the way that the Chinese people see
western people. In general western people that comes to China to work will have a higher hierarchy position
than a Chinese worker. This role will mean that they never or rarely question your decision or inform you
if you are wrong or if they found a problem. This behavior is imbedded into their culture. It is also important
to have in mind that the Chinese worker is used to receive clear orders and information, which means that
your information and orders needs to be clear and without unclear information. If you are a women and are
coming to China for the first time, do not be insulted if Chinese people do not greet you by taking your
hand. In China they do not greet women by taking their hand since this is seen as an insult to the women,
by not taking your hand they show that they respect you.
When visiting a restroom in China it is good to be prepared that there is not a WC, and that there is no
paper or soap available at the toilets. Therefore it would be wise to bring paper and maybe some hand
sanitizer. Pay attention to the handle of money and in specific when paying with 100 yuan. The 100-bill is
one of the most counterfeit bill in China, and it is common that people outside China will be exposed to
this. The person’s status in the Chinese society is partly connected to the professional title he possesses,
therefore it is important to receive the business card correctly. It is important to collect the business card
with both hands while maintaining eye contact with the person giving it to you. It is also important to look
the business card over and acknowledge the position of the person giving the card to you. It is also seen as
rude if you put away the business card directly. Last but not least when you as a foreigner comes to China
do not forget to have an open mind and that everything takes time.
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Final reflections from the authors
Finally we would like to say that we are extremely happy that we got the opportunity to travel to China and
to meet so many wonderful people. We have gained a lot of experience both for our upcoming careers and
on a personal level. To summarize, our time in China is something that we will bring with us in life and we
recommend anyone who gets the opportunity to do something similar to take the chance!
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Conclusions and future work
Introduction to chapter 10
This chapter will present the conclusions and final recommendations based upon the results and analysis
from Chapter 8. It will summarize the thesis work and give suggestions for future work for the cylinder
head line, leadership and education at CEP.

Conclusion
Overall the upcoming production line is well planned and balanced which made the analysis quite easy since
there are no major issues with the line. Since there is no actual measured input-data the main focus when
building the simulation models have been to make sure that all the specifications from suppliers and Volvo
Cars have been thoroughly checked in order to build an accurate simulation model.
The simulation model was built and analyzed in two steps in both software. This was done in order to both
analyze the capacity of the planned production and also to identify potential constraints in the system. The
constraints were analyzed investigating parameters that are connected to the aims and objectives of this
thesis. Table 16 briefly explains the impact of the different parameters and these will be further explained
later in this section.
Table 16 - Impact of different parameters

Parameter

Impact

Comment

Availability

High

The effect of lowering the availability has a high effect on the
TH of the production line

MTTR

Medium

When the MTTR is increased
the TH is lowered, does not affect the TH as much as availability does.

Tool changes and measuring

Low

Little or no effect on the TH

Variant mix

Low

Little or no effect on the TH

Analyze the capacity effects of machine availability being lower than planned
This goal has been evaluated by running experiments with availability of 98, 95 and 90 % and an MTTR of
5 and 15 minutes. All of these experiments have also been run both with and without operators in order to
see how the staffing affect the overall TH of the production line for both step 1 and step 2. The results of
the experiments in Plant Simulation, without operators, show that when the availability drops and the MTTR
is increased the TH is affected greatly. Lowering the availability from 98 % to 90 % in step 1 results in a 20
% drop in total OEE with a MTTR of 5 minutes and a total OEE drop of 24 % when the MTTR is 15
minutes. The same experiments for step 2 show an 11 % drop with 5 minutes MTTR and a 16 % drop with
15 minutes MTTR. The experiments with operators show that there is a problem with the proposed staffing
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plan when the availability is lowered. The difference between the models with and without operators when
the availability is 90 % is 6.9 % for step 1 and 13.3 % for step 2 which shows that the planned staffing will
not be sufficient if the availability is reduced, see Table 12 for more details.
Investigate capacity losses due to tool changes and measuring
The results from the experiments show that the capacity loss is around 1 %, see Table 13, which indicate
that the tool change and measuring will not have a significant impact on the production.
The tool change measuring presented in section 5.3 is a solution that was selected because of limitations in
the software. Instead of performing a measuring at an SPC station after a tool change all measurements are
done at the common measuring areas. This solution is not a correct representation of the real production
system. However, measuring directly at the SPC station is quicker than sending the variant/s to the measuring areas but even so the capacity loss is very small. If the measuring would be as in the real production
the impact should be even smaller.
How does different variant mixes affect the production?
Tests with different variant mixes show that the mix have a small impact on the production for step 1 and
almost no effect at all for step 2. As mentioned before this is due to the fact that the machines with highest
CT in step 2 have the same CT for both variants and therefore the impact is minimal. For step 1 the CT for
GEP3 is a little lower than for VEP4 and therefore a small increase of around 2 % in TH can be seen, see
Table 14.
Show utilization of coordinate measuring machines
A look at the statistics of the measuring machines, see Figure 35, show that they are waiting most of the
time, the measure machine for OP020 and OP030 is waiting/empty 92 % of the time whereas the measuring
area for OP070 to OP140 is waiting/empty 81 % of the time. This also helps support and show why the
measuring have little effect on the TH of the production.
Comparison of the models in FACTS and Plant Simulation
As described in section 2.8, the two software have their pros and cons, FACTS is a good tool to use when
the model do not need to be very complex or if the questions that the simulation should answer are not
very complex. It is easy to use and it is not very time consuming to build and test the model. However, if
the questions that should be answered is very complex then the result may not be as accurate as wanted.
For Plant Simulation the exact opposite can be said, it is good to use when building complex models that
need to be very detailed, but therefore it also takes long time to build and test the models. In Plant Simulation
and with the VCC-standard all the objects used in a modern production line can be implemented and therefore it will always be a more accurate representation of the actual production flow.
For this thesis Plant Simulation was the best software to use because of the complexity of the main aims
and goals and of the level of detail required to answer these, however if the problem or question is not very
complex then FACTS is recommended because of how much less time it consumes. Therefore FACTS
could be used as a reference but not to determine the production line’s capacity in this case. The main
problem for this thesis has been to model the gantries in a correct way in FACTS, which is very apparent
for the results from step 1. The fact that it is not possible to simulate tool changes and measuring in FACTS
also makes it less recommended when these are desired, as for this thesis. It is also important to note that
if a FACTS model is built to represent a complex flow then this may need to be verified either against
recorded data or another more advanced software in cases of new production lines.
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Establish guidelines for education and how to approach and communicate over the cultural differences.
During our eight weeks in China we noticed that the technical aspect is very structured and planned but the
communication aspect is lacking. Using English is a barrier for many people and this means that information
is lost along the way and it also means that people do not participate in discussions because they do not feel
comfortable expressing their opinions and they will also not ask questions if they do not understand. This
is of course a major obstacle and a big problem in a multi-national organization and something that needs
to be addressed. Therefore it is important to work on the language level along with offering important
courses in Chinese, if possible. This to ensure that the employees will understand and gain the desired
knowledge. It is also important that the employees understand the purpose of the course and why they
should attend it.
It is important to look over the education plan and think about the teaching pace in the courses, right now
it seems that the pace is too fast and therefore a lot of information is not learned. Taking it slower and
reconnecting more with the students and ask them to explain what the teacher have told them to make sure
that everyone have understood. It is important to be aware that in the Chinese culture you do not ask
questions if you do not understand the teacher or what he or she is explaining.
When arriving to the company it is important to have a clear picture of your responsibility and the work
that needs to be done. Communication is of course very important and try to speak slowly and clearly since
the English level is not always very good. It is also important to know that Chinese people almost always
say yes when asked a question even though they have not understood what is asked or if they actually mean
no. This is related to the culture of always saying yes and never questioning the manager. Lastly the interviewees recommend that you socialize with Chinese colleagues outside of work to get a better understanding
of the culture, gain new friends, get help with the language and have someone that can show you around.

Future Work
Investigate further the possibilities of adding an extra buffer after OP112 and a gantry buffer between
OP120 and OP130. Adding an extra buffer after OP112 would mean that the gantry for OP120-140 will
not stop during breaks and subsequently OP170, the main bottleneck in step 1, will not stop which will
increase the TH. By adding a gantry buffer between OP120 and OP130 it is possible to avoid losing production cycles due to measuring, which is discussed in section 8.5.
It is also important to look over the staffing plan in order to make sure that the overall availability is kept
high in order to keep the workload for the operators reasonable, if the availability drops then the TH drops
rapidly as well.
The suggestions and recommendations from our initial findings are:
Prioritize OP170 at the initial phase since it is the main bottleneck of the system, make sure that the availability is kept high and that it is prioritized for repair. It is also very important to make sure that there are
spare parts available to minimize long stops.
A suggestion to reduce the language barrier would be to have mandatory classes in spoken English where
the employees gets the possibility to practice their vocal skills. This since the English classes at the universities in China only focus on reading and writing.
It is important to try to adapt the Volvo way in order to work better in China, and not try to force the Volvo
way onto China without consideration of the big cultural differences that are present. The goal should still
be to implement the Volvo way but start with an adapted version to begin with and then slowly work
towards the goal.
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Appendix I – Questionnaire Leadership and training
1) Could you describe how you see the typical Chinese leader?
- What are the pros and cons for the Chinese leadership?
2) Could you describe how you see the typical Swedish leader?
- What are the pros and cons for the Swedish leadership?
3) If you would describe an ideal leader how would he/she behave?
4) Have you experienced any misunderstandings due to language differences?
5) Have you had any internal education here at Volvo?
- Yes: - Would you say that it differs much compared to traditional Chinese education?
- Is it a different way of teaching? (Which do you prefer?)
6) If you would give a Swedish person “things to think on” before coming to China, what would
that be?
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Appendix II - Time plan
January to June, 2015 the time plan for the project is following:
January to February

Literature review and simulation modelling in Sweden, Skövde

This period will focus on literature review and preparations for the minor field study. During this stage a
theoretical overview will be created to achieve a stable knowledge base for the project, which will make sure
that all necessary data is compiled and evaluated properly later on. Before the field study, the intention is to
construct a simulation model as a basis for further work. The model is constructed by the end of February
and will be completed during the field study, where the necessary information is compiled.




January 22- February 6
February 1-3
February 9 -27

March to April

Literature review
Startup Meeting MFS
Build simulation model

Analysis and interviews about leadership in China, Zhangjiakou City

This period will focus on studying the differences in leadership due to cultural differences. Setup interviews
with Chinese engineers about their view of leadership and the difference between the Swedish and Chinese
approach. Summarize the material for the human aspect part of the thesis and retrieve the last required
data/information for the simulation model.



March 22
March 27

Half time hand-in of thesis work for the University
Presentation of thesis work for the university

May to June

Summarize material and finish project in Sweden, Skövde

Finishing up the simulation models, evaluate the result and make an improvement analysis. During this final
phase in the project we will focus on evaluating the model and suggest possible improvements. Together
with the result from the field study on the human aspect, guidelines are setup. In the end of May, the work
should be done for proofreading and in beginning of June the final presentation of the work is done.




May 4
May 22
June 5

Summarize and analyze simulation model
Hand-in thesis work to University
Presentation for the University

w.4-5

w.6-7

w.8-9

w.10-11

w.12-13

w.14-15

w.16-17

w.18-19

w.20-21

w.22-23

Activities

Startup
1 Literature review
2 Simulation Model
3 China
4 Documentation
and report writing
5 Preparation of
presentation
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