
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Decision Support for new Process 
Design via Discrete-event Simulation 

 

Bachelor Degree Project in Industrial Engineering  
30 ECTS 
Autumn 2019 
 
Jesper Nilsson 
Steven Shamoun 
 
Supervisor: Miranda Kedbäck 
Examiner: Ainhoa Goienetxea 
 

       
  

  
 

  
  





Jesper Nilsson School of Engineering Science 2020-01-30 
Steven Shamoun 

i 
 



Jesper Nilsson School of Engineering Science 2020-01-30 
Steven Shamoun 

ii 
 

Acknowledgements 
This thesis has been conducted at Furhoffs Rostfria AB in Skövde. First of all we like to give big thanks 
to Furhoffs Rostfria AB for the opportunity provided to conduct our bachelor thesis in their company. 
The company has always been helpful, welcoming and provided space to write and work from the com-
pany location.  

We also want to aim special thanks to Emil Gustavsson, our supervisor from the company. Emil has 
been exceptionally helpful and made himself available to give the best possible support from the com-
pany and having spent time together to extract key data and discussion throughout the project devel-
opment has been very interesting. 

Finally, we like to give thanks to our university supervisor Miranda Kedbäck, for the support throughout 
this thesis project and to our examiner Ainhoa Goienetxea for being there in our times of need. 

  



Jesper Nilsson School of Engineering Science 2020-01-30 
Steven Shamoun 

iii 
 

Abstract 
As a result of the technical breakthrough of modern age, manufacturing organisations are put through 
immense pressure to continually improve their internal processes with the purpose of economic growth 
in order to stay competitive in the global market. Thus, making trial and error obsolete in the real world 
systems, in relation to calculated decision making. This thesis aims to facilitate the decision making 
basis for the partner companies’ future production design by measuring its expected productivity with 
the purpose to further strengthen the collaboration with the customer, by the use of discrete-event 
simulation. 

AB Furhoffs Rostfria is a family-owned company with its base in Skövde that manufactures and pro-
cesses stainless steel products and specialises in three central departments, plumbing, kitchen, and 
subcontracting products. This thesis focus is within the production of heat shields in the department of 
subcontracting products as they are projecting an annual increase of 20%. 

The project was initialised with a pre-study phase that includes the theoretical framework, covering all 
main subjects to be presented along with analysing relevant literature studies for valuable insight into 
previous studies within the same field. Following a method and execution phase was carried out coher-
ently with creating a simulation model and data collection. Different scenarios in the simulation model 
have been presented to the partner company along with wastes that have been observed within the 
production flow during Gemba. 

The different scenarios in the simulation model included, for instance, the production of both bigger 
and smaller batch sizes for each variant to analyse how that factor correlates with the product lead 
time and to also find out what the most optimal batch sizes would be for the respective variant in order 
to build full pallets. The future state production was evaluated and the results reduced the mean lead 
time by roughly 59% compared to the current state production. 
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1. Introduction 
This chapter provides insight into the background and problem description for this thesis, along with 
the aim, objectives, focus, and delimitation. 

1.1 Background 
AB Furhoffs Rostfria is a family-owned company founded in 1899 by Carl Furhoff with its base in 
Skövde. Furhoffs manufactures and processes stainless steel products and specialises in three central 
departments Plumbing, kitchen, and subcontracting products. Furhoffs characterises its products with 
high quality and delivery precision (Furhoffs 2019). 

The company continuously strives to be competitive in the market by continually developing its prod-
ucts and continuously improving its production processes to generate increased profitability and com-
petitiveness.  

This thesis focus is within the production of heat shields in the department of subcontracting products. 
This project intends to aid Furhoffs with strategic decision support for the future development of the 
process at the manufacturing plant. In assisting with strategic support decisions with changes in a man-
ufacturing process, simulation has proven to be an essential tool for manufacturing engineers (Banks, 
Carsson, Nelson, and Nicol 2009). 

1.2 Problem Description 
The production of heat shields in the company's subcontracting production is expected to increase 
exponentially by 20% annually. With the increase resulting in a significant load to the current produc-
tion process and need to improve the process. The product is available in 16 different variants that are 
currently packaged and shipped in separate pallets to the customer. The products are shipped in pal-
lets with large air spaces upon delivery to the customer. The customer then packages the received 
products into kits and seeks a solution together with Furhoffs where the products are already packed 
in kits upon delivery. 

Within the production flow of the 16 variants of heat shields, a washing process will be substituting 
the currently used grazing process. The washing process is intended to process all 16 variants of heat 
shields, unlike the current grazing process which only processes seven variants of heat shields. Also, 
unlike the ongoing grazing process, which handles a variety of products more than just the heat shields, 
the washing machine will be designated to only process the heat shield segment. 

1.3 Aim and Objectives 
The main objective of this thesis project is to create decision support by a productivity standpoint for 
a new process design with the use of discrete-event simulation. To achieve useful decision support, AB 
Furhoffs Rostfria requests will be taken into account, including analysing batch sizes, lead-time, stock 
levels, and future production volumes in the new process design. 

Sub-objectives 

• Collect data and perform time studies for the simulation model 
• Collect data for a future kit station for the simulation model 
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• Identify wastes based on the lean concept in the production flow 
• Create a simulation model for future design 
• Evaluate improvement suggestions in the simulation model 

1.4 Focus and Delimitation 
The scope and limitation of this thesis contain: 

• Only production of the 16 products belonging to the heat shields in the subcontracting pro-
duction department will be simulated 

• Influence of materials into the department is not included in the project 
• Improvement proposals should be analysed according to the improvement to streamline the 

production flow 
• Detailed economic calculations will not be part of the project 
• Implementation of the improvement proposals will not be implemented 

1.5 Summary Introduction 
Chapter 1 starts with a presentation of the company AB Furhoffs Rostfria and their background. The 
addressed problems being presented, focus, and delimitation to stay within and the aim and objectives 
for this thesis.  

2. Theoretical Framework 
In this chapter, the related theoretical framework will be presented. With the purpose of attaining a 
more profound understanding of subjects related to this thesis. The theoretical references divide into 
three main topics, with simulation, Lean and, time studies, which will be executed throughout this the-
sis.  

2.1 Simulation 
Banks et al. (2009) claim that simulation has a wide range of use, even within specific applications such 
as manufacturing. Banks et al. (2009) describe simulations to be an emulation of an existing system or 
process over a chosen amount of time. Simulation systems also occur to be categorised as discrete or 
continuous. Systems are rarely full out discrete nor continuous, and therefore the system classifies to 
be either discrete or continuous depending on the predominant factors (Banks et al. 2009). 

2.1.1 Discrete-Event Simulation 
Discrete-event simulation (DES) refers to the type of simulation where the state variables only change 
at a discrete set of points in time (Banks et al. 2009). Discrete-event simulation (DES) shows how the 
modelling system evolves over time occur over time. Different events occur over time and can change 
the systems state. DES could, in practice, be accomplished by hand calculation. Though, the quantity 
of data required to emulate most real systems is considerable, it is suggested that discrete-event sim-
ulation should only be done from a computer device (Law 2014). 

2.1.2 Reasoning for Simulation 
Robinson (2014) explains that simulation is just one of many tools used to analyse and improve various 
systems, for instance, manufacturing systems. Direct changes to the real systems or with the use of 
other modelling tools are alternatives to be considered that could substitute the simulation approach. 
Robinson (2014) argues the advantages and disadvantages of simulation modelling are: 
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Advantages of using simulation 

• Cost: changes affecting the real system could lead to significant expenses, especially when the 
end result is unknown and could change for the worse  

• Time: evaluating the changes made to a real system could take months to validate if not longer 
depending on the magnitude of the changes 

• Non-existing system: A non-existing system could be simulated to compare alternative solu-
tions, in which simulation allows for better decision making 

Disadvantages of using simulation 

• Expertise: simulation modelling is very comprehensive, it requires educated users 
• Price: simulation software licenses are expensive which should be taken into consideration 

and could result in employing consultants who also are expensive 
• Data: simulation models are dependent on significant amounts of data which is not always 

available, building a sufficient model could, in this case, be very time-consuming 

2.1.3 Steps Throughout a Simulation Project 
Banks et al. (2009) present an exceptional model, as seen in figure 1 with well-defined guidelines for 
how to operate thoroughly when making a simulation study. 

Problem 
formulation

Setting of 
objectives and 
overall project 

plan

Data collectionModel 
conceptualization

Model translation

Verified?

No

Validated?

YesNo No

Experimental 
design

Production runs 
and analysis

Yes

More runs?

Documentation 
and reporting

Yes

Yes

Implementation

No

 
Figure 1. 12 Steps in a simulation study inspired by Banks et al. (2009) 

 

Problem formulation 
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Banks et al. (2009) claim that all simulation studies should be introduced with a statement and that it 
either could be written by the policymakers or the analyst. Either way, it is crucial for both parties that 
the statement is formulated clearly. If the analyst expressed the statement, it is the policymaker’s re-
sponsibility to make sure that the problem is fully understood and vice versa. Proceeding in the study, 
the statement may be redefined if new observations or information are introduced (Banks et al. 2009). 

Setting of objectives and overall project plan 

At this stage, the analyst should reconsider using simulation for the given project and factor in all other 
methodologies that could provide solutions for the assigned tasks and objectives. If the simulation 
methodology is considered to be superior in comparison to the different methods, then the overall 
project plan should be further concretised regarding the simulation model (Banks et al. 2009). 

Model conceptualisation 

Banks et al. (2009) refer to model creation as art rather than science. There are no strict guidelines for 
how a model should be conceptualised considering every different occasion it might apply. However, 
there are general guidelines that should be taken into consideration; Banks et al. (2009) claim that 
starting with a simple model is a superior approach rather than initiating a complex model. Also, the 
modelling complexity should not exceed what is required for a specific task. 

To avoid communications errors and invalid assumptions, it is important to simplify and clarify the 
summaries of data with a written assumptions document, also known as a conceptual model. This 
document contains assumptions and shows a representation of the graphic, mathematical and logical 
in the model (Law 2014 & Sargent 2014). 

The conceptual model gives a vision of how the system should be modelled and should contain several 
aspects as listed (Law 2014): 

• An overview that addresses specific issues, model input, and project goals 
• Process flow 
• Description of each subsystem and their interaction 
• Limitation in the simulation model 
• Sources of relevant information and data 
• Summaries of data 
• Simplifying assumptions 

The conceptual model should be sufficient for creating the simulation computer model. (Law 2014) 

Data collection 

Collecting data is an essential part of model creation and should not be taken lightly. It is important to 
start collecting data as soon as possible due to the large portion of the time that it requires. The type 
of data needed is dependent on the objectives of the study and as the complexity of the model in-
creases, so does the data elements required. There is a continuous interplay between the data collec-
tion and model creation, thus making it an ongoing project and not a one-time concern (Banks et al. 
2009). 

Model translation 
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The model translation is a result of all the data collection and calculations compiled virtually into a 
computer format. The user has at this stage the choice to utilise available simulation software such as 
SIMUL8, AnyLogic, FACTS Analyzer, or to program the model in simulation languages such as GPSS/H 
(Banks et al. 2009). 

Verified? 

The central part of the verification step is to evaluate the conceptual model. This is including system 
structure, parameter values, etcetera, did the conceptual model accurately match with the actual sim-
ulation model built? The conceptual model has to be correctly translated into the simulation model in 
order to pass this step, Banks et al. (2009) argue this step to be mostly solved using common sense 
(Banks et al. 2009). 

Verification is the transferred quality of the data and documentation that is available, whether the 
translations been correctly performed.  To validate a system, the data put into the model first needs 
to be verified. To verify simulation models, several techniques can be applied as listed (Law 2014): 

• Have the program reviewed by more than one person 
• Compare if output is reasonable with a variety of settings 
• Observe the run animation of the modelled system 
• Compare historically (desired) mean and variance values, to computed simulation data, mean 

and variance  
• Use of commercial simulation software to reduce hand programming 

Validated? 

Validation is a repetitive process that implicates comparing the simulation model to the actual system. 
The simulation model needs to be adjusted and improved until it is deemed acceptable (Banks et al. 
2009). 

Validation is determining the credibility of the simulation model, if the particular objectives in the study 
are representative of the actual system. The foundation of a valid simulation model is the collection of 
high-quality data and information about the actual system. The information needed for a manufactur-
ing system should be required at the source. Information can be obtained from machine operators, 
manufacturing engineers, production planners, maintenance personnel, machines, carriers and from 
the layouts blueprint. Some data can be collected from historical records from similar existing pro-
cesses, and some data needs to be collected with time studies (Law 2014). 

Verifying and validating a simulation model is a concern regard to determining whether the results 
from the model are credible and useful to address the issues of the topic (Sargent 2014). 

The simulation model is an approximation of the real system, and cannot ever be absolutely valid to 
the actual system. With more time spent to validate a system, the more validated the overall system 
will be. However, the more time spent, the higher the cost in building the model, therefore it is not 
desired to achieve near-absolute validation. The famous quote from Professor George E.P. Box says 
“All models are wrong, but some models are useful” (Law 2014, p. 259), which means it is not possible 
to translate every detail in a system to the model, however, some models can still be useful in decision 
making. The simulation model should always be developed for specific reasons and purposes, and 
should not be more detailed than necessary for the model to be useful in locating the concerns of 
interest (Law 2014). 
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Experimental design 

Alternative models to be simulated must be clarified. Decisions regarding the length of the simulation 
run and the number of replications for each run has to be specified for each design (Banks et al. 2009). 

Production runs and analysis 

Running the different simulations models and analysing them in contrast to each other (Banks et al. 
2009). 

More runs? 

After analysing the results from the production runs, the analyst should determine if the amount of 
runs is sufficient or whether or not additional runs need to be considered (Banks et al. 2009). 

Documentation and reporting 

Documentation is significant, which Banks et al. (2009) have divided into both progress and program 
documentation. When or if the simulation model gets used for future work, documentation is a foun-
dation that greatly facilitates both the creator and other users (Banks et al. 2009). 

Implementation 

The implementation success may vary depending on various factors; one crucial factor is how the pre-
vious 11 steps have been exercised. Another essential factor is the model users’ commitment through-
out the whole model building process. The user must have full comprehension of the entirety of the 
model to truly understand its outputs, which Banks et al. (2009) claims to enhance the possibility for 
vigorous implementations (Banks et al. 2009). 

2.1.4 Steady State  
The techniques used to achieve steady-state is most often called warming up the model, which refers 
to the deletion of the initial data. The idea with warm-up time is to delete the initial data observations 
until the system reaches a steady-state, since the initial data observation may not be representative 
of the steady-state demeanour (Law 2014). 

2.1.5 Replication Analysis 
To avoid fallacious conclusions that can lead to bad decisions, it is essential to compare the simulation 
model in different replications to receive different and representative outcomes. The difficulty of com-
paring two discrete-event simulation systems is because the output data is stochastic; therefore, only 
one run of each simulation configuration will give unreliable results of the comparing of stochastic 
simulation models (Law 2014). 

2.1.6 Confidence Interval 
According to Law (2014), it is common to have a confidence interval between 90-99 % in the manufac-
turing industry.  

To estimate the confidence-interval mathematically, suppose the long-time mean for a cycle is θ with 

the long-time variance of . Now let estimate θ and let �̅�𝑋 be representative. With R represent the 
number of replication, the normal distribution, which assumes �̅�𝑋, gives the usual confidence interval. 
The confidence-interval estimation is represented in formula 1 (Banks et al. 2005). 
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Formula 1. Confidence-interval Estimation interpreted from Banks et al. (2005) 

 

2.1.7 Process Design 
Simulation is a powerful tool with several benefits regarding process developing. Alternative process 
design can be experimented within the simulation model. Different configurations and alterations can 
be analysed and give insights to the system performance. Regularly, it is less expensive and time con-
suming to build and experiment with new designs in a simulation model rather than examining com-
parable experiments to the real manufacturing process (Wang 1998). 

2.1.8 Sustainability and Simulation 
Mulder, Ferrer & Lente (2011) claim sustainable development to be the greatest challenge of our time. 
Mulder et al. (2011) quote the famous definition for sustainable development by Brundtland Commis-
sion in 1987, “Sustainable development is a development that meets the needs of the present without 
compromising the ability of future generations to meet their own needs.“. Circularecology (2019) state 
that social, economic and environmental factors must be in equal balance as portrayed in figure 2 in 
order to achieve sustainability. 

 
Figure 2. Sustainability definition interpreted by Circularecology (2019) 

Circularecology (2019) explain the following aspects of sustainability briefly as: 

• Social sustainability requires that businesses identify and manage their impact on people, 
both negative and positive 

• Economic sustainability means that companies or countries handle their resources both re-
sponsibly and efficiently to maintain profits 

• Environment sustainability aims toward the consumption of our natural resources; it is crucial 
that our natural resources are being consumed at a rate that is deemed sustainable 
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Boulonne et al. (2010) state that DES is an efficient tool for production development in favour of sus-
tainable development. During the process of model creation, Boulonne et al. (2010) claim that many 
resources can be saved, such as labour, time and energy, which is in favour of both economic and 
environmental sustainability. In addition to saving resources by using DES, Rydén (2007) claim that 
improving process technologies is in favour of sustainable development and also reducing wastes 
within the production processes. It is crucial that the goals are realistic but also in acceptable condi-
tions for the people who work with them (Rydén 2007). 

2.2 Lean 
The very heart of the Lean concept is to eliminate waste (Muda) along with well-developed methods 
for continuous improvement. In lean thinking, there are defined steps that can inspire companies to a 
success story, which is to identify the value stream, use a pulling flow, strive for excellence and build a 
culture for continuous improvement. Lean production focuses on short lead times and eliminating non-
value added steps in the process, leading to the best quality and lowest cost while increasing safety 
and raising morale (Liker 2003). 

2.2.1 Gemba 
Gemba refers to the place where the activity takes place and means to go and see in the location where 
the work is executed.  Gemba is used to understand the process and to find out potential problems 
and their root causes, in order to answer this, it is essential to overlook the actual workstation/process. 
In Japan the term Gemba originates from Taiichi Ohno´s Genchi Genbutsu which according to Liker 
(2004) directly translates to “going to the place to see the actual situation for understanding” (Liker 
2004). 

2.2.2 7+1 Waste 
In order to increase production efficiency, Ohno (1988) lists seven wastes to identify and reduce in the 
process. The idea is to eliminate meaningless activities by identifying excess workforce, waiting times 
and utilise the labour effectively with value-added work (Ohno 1988). 

Bicheno et al. (2011) describes the seven wastes: 

Overproduction 

Taiichi Ohno was convinced that overproduction is the most prominent form of waste in production. 
The overproduction directly leads to more extended lead time (LT) and stock-time. Hence, because of 
the limited resources of transport and electricity in 1950 Japan no waste in overproduction could be 
allowed. To avoid overproduction, Taiichi Ohno used the Just in Time system.  

Waiting 

Waiting is probably the next worst kind of waste. Waiting can be identified when operators wait for 
monitors, a machine, material in line, late deliveries, and when tools are occupied.  

Transport 

Transporting materials around is a waste that cannot be entirely eliminated. It is important to reduce 
the number of handling and transportations of products since the probability of damaged goods in-
crease with proportion. It is also an activity which does not add value to the customer. 
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Processing 

Wrongfully process for the product is compared with the use of a wrong tool for a task, like a hammer 
to be used as a nutcracker. Ideally, the smallest machine that can handle the flow should be imple-
mented and rather than investing in one large machine every five years, investments of one small 
machine every year can help to avoid bottlenecks and reduce LT. The smaller machines are usually 
easier to repair, and maintenance does not affect the entire plant as a bigger machine would do.  

Stock inventory 

There are three types of stocks, raw material, work in process (WIP) and customer stock. Stocks are 
bad from a lean perspective because they hid quality problems that occur in the process; also, high 
stocks tend to increase LT. Quality problems with defect products may not consider being as critical 
when having other products in stock. 

Stocks are wastes, such as WIP, customer stocks and raw material stocks and affect other Ohno´s 
wastes such as waiting, defective products and overproduction (Liker 2009). 

Traditionally stock-cost and stock value includes (Bicheno 2009): 

• Capital cost  
• Risk-cost 
• Warehouse cost, including used space, salary, damage goods and material handling in the 

warehouse 

Some industries recognise some of these costs. The lean approach goes way beyond the traditional 
way of summarising stock-cost. Apart from stock and buffers occupying space on the production site, 
it also compromises with a compact layout, which leads to worse communication and more material-
handling. When producing large quantity batches, the risk for defects costs increases considerably; 
hence, big batches after inspection might need to be reworked, and the discovery of the problem is 
often in line with the size of the batch. To counteract with waste as stocks, the company should pro-
duce small batches in line with customer demands (Bicheno 2009). 

In batch production, some companies have an safety stock level and an ordering point to handle risk 
and insecurity for any delayed products to the customer. From a Lean perspective, this is considered 
waste. However, delayed products could lead to catastrophic events and loss of customers. Still, there 
are more efficient ways to handle risk for delayed product, apart from safety-stock level. One way is 
to calculate a safety-time rather than safety-level (Bicheno 2009). 

Movement 

Unnecessary movements usually arise from an inefficient layout. With high demands on ergonomics 
for each workstation and eliminating bad ergonomics such as bending, moving long distances, leaning 
to reach and pick components directly results in removing unnecessary movements. These indirectly 
increase the quality and productivity too. 

Defective product 

It is crucial to find quality defects in an early stage since the cost of a defect product tends to rise the 
longer it takes to detect the default. If any defect product reaches the customer, the cost can multiply. 
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When finding the source for defect products, it is central to prevent new defects, build away the cause 
of the problem and strive towards zero defects. 

2.3 Time Studies 
Freivalds & Niebel (2014) argue that poorly made time standards although being better than no time 
standard may be decisive for the organisation’s future. Poorly made time studies could mean the dif-
ference between succeeding or failing for a business. In reversal, well-performed time standards allow 
for increased efficiency of both equipment and employees (Freivalds & Niebel 2014). 

2.3.1 Stopwatch time studies 
Freivalds & Niebel (2013) state the essential requirements that must be fulfilled for a successful time 
study. Initially, the operator that executes the tasks during the study have to be familiar with the op-
eration in its entirety. Secondly, the method for performing respective tasks in each operation must 
be standardised previous to the study. If these requirements fail to be reached, Freivalds & Niebel 
(2013) explains that the standard times will have little to no value and will act as an additional source 
of mistrust and grievance. 

For improved accuracy of the time study, Freivalds & Niebel (2013) have provided a general list for the 
amount of cycles that should be measured throughout the study for each process, see table 1. 

Table 1. Amounts of cycles inspired by Freivalds & Niebel (2013) 

 

Snapback Method 
Freivalds & Niebel (2013) explain that the snapback method is generally suited for cycles consisting of 
long element values. The times measured are supposed to be noted directly in the study sheet, which 
by consequence requires no clerical time. Additionally, in case the operator executes the elements out 
of sequence, it can efficiently be redirected immediately without the need for any notations (Freivalds 
& Niebel, 2013). However, the margin of error is increased when verifying the time study; the verifica-
tion is made by adding the respective sum of all elements into a total that should match with the overall 
study time (Freivalds & Niebel, 2013). 

Continuous Method 
Just as the name portraits, this method is continuous, which Freivalds & Niebel (2013) refers to record-
ing the whole period of observation without stopping for respective elements. The non-stop recording 
makes the method in favour of collecting element values with short cycle time (CT), even though 
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trained observers are capable of capturing short element values with precision (Freivalds & Niebel 
2013). This method appeals to others as being more reliable because it can show that no time has been 
missed. Relative to the snapback method, the continuous method is more time consuming considering 
the clerical time that is needed for compiling and calculating the study (Freivalds & Niebel 2013). 

Rate Assessment and Standard Time Calculation 
Speed rating is used to evaluate the performance of an operator in terms of work per unit time, the 
operator’s performance is assessed in correlation to a qualified operator doing equal work (Freivalds 
& Niebel, 2013). The operator’s performance rate is determined in percentage in which 100% is 
deemed as the standard performance. A performance rate of 120% would imply that the operator is 
working 20% faster than average (Freivalds & Niebel 2013). These evaluations are hard to make and 
requires an experienced analyst for accurate measures. Freivalds & Niebel (2013) list a few benchmark 
rates to keep in mind when evaluating performance, such as walking at a normal pace is 4.83km/h. 
Freivalds & Niebel (2013) explain that the Rating always should be determined and written down be-
fore looking at the timer since the timer could influence the analyst to rate by the watch, which should 
be avoided (Freivalds & Niebel 2013). 

Followingly, after an evaluation of the operator’s rate has been determined it is time to factor in the 
rating to the mean observed time (OT) to get an normal time (NT) for each element according to for-
mula 1 (Freivalds & Niebel 2013). 

Formula 2. Normal time by Freivalds & Niebel (2013) 

 
R being the performance rating stated in percentage. Freivalds & Niebel (2013) explain that allowances 
have to be taken into calculation for an standard time (ST) according to formula 3, because no operator 
can entirely avoid interruptions and for that reason need extra time. Freivalds & Niebel (2013) have 
categorised these interruptions into three classes; these interruptions include personal disruption such 
as bathroom trips; they also include fatigue and unavoidable delays such as tool breakage. 

Formula 3. Standard Time by Freivalds & Niebel (2013) 

 

2.3.2 Predetermined Time Systems 
Freivalds & Niebel (2013) point out the main aspects of predetermined time systems. First being the 
range of application, it may be used to forecast standard times of an already existing process as well 
as to processes that are yet to be in function. The forecast is made by evaluating all basic motions 
involved with executing a specific task (Freivalds & Niebel 2013). Different systems used to perform 
the study may alternate in accuracy, and although the more accurate systems give indifferent out-
come, they are also more time consuming (Freivalds & Niebel 2013). 

Andersson & Polsten (2013) claim MTM (methods time measurement) to be the most common and 
most developed predetermined time system. In the year 1983, a new version was developed in Swe-
den called sequence-based activity and method analysis (SAM-analys). The main attribute of SAM-
analysis is its simplicity. It consists of manual movements such as picking and placing, SAM-analysis 
measures the time in a unit called factor which is equal to 5 TMU (Time Measurement Unit), 1 TMU 
being 1/ 100 000 hour (Andersson & Polsten 2013). 
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2.4 Theoretical Framework Summary 
The theoretical framework gives a basis and introduction for topics and methods concerning this the-
sis. Furthermore, the caption 2.1.7 Process Design describes the link between process design and de-
velopment via simulation.  

3. Literature Review 
The main goal of this thesis is to provide decision support for redesigning the production process via 
DES. Designated to handle the future increase of production along with kitting. In this chapter the lit-
erature relevant to this thesis will be analysed, providing insight into previous projects. 

3.1 Simulation used to Asses in Future Process Design 
Opacica et al. (2018) use simulation as a tool to assess the decision for new process design to increase 
the throughput of the system. 

The research was based on real production data from a company that´s manufacturing engineered 
wood products such as plywood. The managers of the company believed that in replacing one of the 
machines in the production process, this would eliminate the bottleneck of the system and increase 
the throughput. Results from the simulation model indicated that the bottleneck would only shift po-
sition without any meaningful benefits. After an experiment in the simulation model, another im-
portant finding could be found. The interaction of operators and machines within the system showed 
that with one additional operator and automation of the conveyors, the throughput could improve by 
almost 21% (Opacica et al. 2018). 

Harano et al. (2005) use simulation as a strategic tool to assess in a future investment decision. The 
company Companhia Siderúrgica de Tubarão (CST) is investing to increase production rate with 50%; 
the investment plan is to add new equipment and altering the production process to achieve this goal. 
With the simulation model of the system together with testing improvements and new machinery in 
the process, the company can optimise and test different scenarios to achieve the expected future 
production rate, even before any new machinery is purchased. After several scenarios tested, the sim-
ulation model with added equipment gave positive results with being able to produce and exceed the 
needed production rate. Simulation is a powerful tool that is aiding the engineers at CST to evaluate 
and test systems before they are purchased and put into production (Harano et al. 2005). 
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3.2 Data Collection for Simulation 
In their research publication, Olugo & Wong (2008) describe valid data collection to be a challenging 
but decisive task. The collected data is foundational for a simulation study which as a result defines 
the study´s outcome. Data collection needs therefore be approached with caution to get a solid foun-
dation to work with. Olugo & Wong (2008) claim, therefore, that clarifying the simulation projects 
realistic scope and depth along with its timescales early in the project is significant. 

Rodriguez (2015) claim DES projects to be immensely dependent on data and that on average, 31% of 
the time in a DES project is dedicated to data management. Data collection is mostly a manual proce-
dure that in relation to the projects entirety takes a very long time to collect and compile. Rodriguez 
(2015) quote in his article that the predominant factor for data collection to be recognised as time-
consuming is mostly dependent on the manual effort needed. 

3.3 Simulation as Decision Making Tool 
A paper from Centeno and Carrillo (2001) explain various challenges that can occur when introducing 
simulation as a tool for decision making. Some challenges to successfully introduce simulation as a 
decision-making tool are the existence of useful and reliable data, availability of personnel to describe 
the concerned operations, acceptance by staff, and management expectation. Success in introducing 
simulation will have a substantial effect on the projects fallout (Centeno & Carrillo 2001). 

Typically, the desire to use simulation starts with one person in the company overcoming some article 
about simulation studies or encounters a simulation expert. This person often ends up as the project 
manager if no other Champion for the project is designated. In proceeding with a simulation project, a 
strategic plan needs to be conducted. Questions to answer when deciding a strategic plan include: Is 
there potential for several simulation projects? Which is more cost-effective, hire external consultants 
or educating own simulation competence? The time frame for introducing simulation and potential 
benefits to their system? How susceptible is the management to simulation as a tool? (Centeno & Car-
rillo 2001). 

Unrealistic expectations might lead to dissatisfaction with the simulation when the model does not 
provide with wishful expectation. To avoid this pitfall, the projects Champion needs to inform man-
agement what the simulation can and cannot offer, and also the benefits and disadvantages with sim-
ulation. Educating concerned stakeholders helps with the success of introducing the simulation and 
prepare the Champion to deal with at least four different approaches from staff and management as 
presented below (Centeno & Carrillo 2001). 

• Total scepticism, with approaches like; it will not work, there is no pattern, and things work 
fine just fine 

• Unrealistic expectation; Believes simulation will solve all problems related to the process 
• Uncommitted support; Personnel can see the benefits, but they are convinced there is no time 

or resources to spare in pursuing the study  
• Supportive; Personnel is supporting, cooperative, and see the benefits  

In conclusion, simulation has demonstrated to be an impressive tool for modelling processes in differ-
ent industries. Nonetheless, simulation as a tool is not without risk, and the analyst should be prepared 
to educate personnel, promote clear objectives, realistic time-frame, and carefully plan to prevent 
project failure (Centeno & Carrillo 2001). 
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In two case studies conducted by Schramm, et al. (2008) DES was used to support decision-makers in 
a production system and operation design. The DES is suitable due to helping decision-makers to un-
derstand the impacts of the complex systems. DES considers being especially useful when modelling 
the behaviour of new designs. The experimented design in the case studies provided key intel of the 
system's behaviour (Schramm et al. 2008). 

3.4 Analysis of Literature Review 
The literature shows that when designing new processes, DES can be a powerful tool to asses in deci-
sion making changes to a manufacturing system. DES is used both to identify adverse changes, evaluate 
real improvements, and for evaluating the system with increased strains. The studies also explain the 
apprehensions of using DES as a decision-making tool and the significance of a successful introduction 
of DES for a company’s first time experience to avoid entanglements.  

4. Method 
The chosen methodology was based on the theoretical framework of Banks (2009) 12 steps method to 
complete a simulation model. The execution of these steps required several tools.  

The project methodology of this thesis consists of three phases. Phase one, the pre-study-phase, in-
cludes the settings of problem description, objectives, company background, overall project plan, also 
the theoretical framework and literature review. The content in phase one has already been intro-
duced in earlier chapters. The content in phase one was conducted via interviews, observation, Gemba 
and discussion together with the company and university.  

Phase two the execution-phase, consists of the conceptual model, data collection, verifying and vali-
dating and lastly experimenting new designs. Phase two overlaps some with phase one, where in a 
conceptual model that is presented under results 5.1 includes necessary steps in phase one.  

 Phase three is the conclusion phase, where the results will be presented. A flow-chart (figure 3) for 
the project methodology was developed to maintain and ease the overview of how the project will be 
engaged. 

To achieve phase one, two and three, key methods as Data collection and DES were used which are 
presented in the following chapters 4.1 and 4.2. 
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Figure 3. Flow-chart for project methodology, with phase 1, 2 and 3 

4.1 Data Collection 

The data collection in this thesis consists of observations, interviews and time studies to collect suffi-
cient data for the simulation model.  

Gemba method was applied with going to the actual place of production to receive an appropriate 
perception of the current state and the process to be designed. Liker (2004) claim that Gemba is an 
excellent method to obtain a fundamental understanding of a process. Gemba was practised with ob-
serving each workstation in the process for heat shields. The workstations included for the process of 
heat shields consist of the Laser, Deburring, Press Break, Washing, and Grazing process, which is de-
tailed under 5.2.1 Conceptual Model & Data collection. 
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For data that has not been deemed reliable nor attainable through interviews, time studies have been 
the method of choice. Law (2014) explained the importance of valid data and its impact on simulation 
studies, and therefore actions have been taken accordingly. All collected data was the foundation for 
the simulation study and was therefore important that all data obtained was deemed reliable. 

For stopwatch time studies, the continuous method was the choice of execution since the studied 
operations mainly consist of cycles containing short elements. Freivalds & Niebel (2013) have ex-
plained the properties of the continuous method, in which they claim it is best suitable for cycles con-
sisting of short elements. 

The continuous time study method was executed and exercised accorded to Freivalds & Niebel (2013) 
guidelines, for instance, no untrained operator was part of the study. After the data was obtained and 
compiled, it was calculated into NT, which takes the operators rated working pace into consideration 
which finally became the ST with the added allowances. Stopwatch time studies for the bending pro-
cess CT can be found in Appendix 1 and for the deburring process in Appendix 2-3. 

Predetermined time studies were performed on workstations that have yet to be built in form of SAM-
analysis. Predetermined time studies main properties as mentioned by Freivalds & Niebel (2013) in-
cludes that operations can be evaluated before its construction and also no trained operator is re-
quired for this study. The ST from SAM-analysis represents the ST in regards to both age and gen-
der. Completed SAM-analysis forms for packaging Kit 1, 2, 3 and 4 in Appendix 4-7. SAM-analysis forms 
for loading and unloading washing-machine in Appendix 8-9. 

To deepening the knowledge about each workstation, interviews of personnel were conducted. With 
the ambition to verify the conception of all workstations, and identify any misconceptions.  

Furthermore, historical data from the Furhoffs production planning system was analysed throughout 
interviews with the company supervisor. The collected data included setup-time, LT, TH, CT and the 
process steps for each variant. 

4.2 Discrete-Event Simulation 
DES was used as a method to generate results for a decision-making basis of a new process design. 
Actions for DES have been taken according to the theoretical framework that earlier have been men-
tioned. Banks et al. (2009) have stated the importance of not rushing straight into the construction 
phase within a simulation project, the author have instead presented a 12-step model as guidelines 
for how to successfully go by a simulation project. When approaching the simulation topic within this 
thesis, the 12-step method was mainly followed with steps of creating a conceptual model included. 
When simulating, there has been frequent communication between the students together with the 
company supervisor as this is important, especially when verifying and validating the model. 

FACTS Analyzer Professional is the software that was used throughout this project when addressing 
DES. Furhoffs desired future state within the production of heat shields was evaluated through the 
chosen method of simulation. FACTS Analyzer is a fitting software for this task since it obtains an inte-
grated solution for decision-support (Evoma 2019).  
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5. Execution 
This chapter presents the execution of the conceptual model, the model translation, the verification 
and validation throughout this thesis together with the experiments conducted. 

5.1 Problem Formulation, Aim and Objectives 

Problem description, aim and objectives are presented in chapter 1.2 and 1.3. These were established 
together with the project team at Furhoffs and the supervisor and examiner of the project at the uni-
versity. 

5.2 Conceptual Model & Data Collection 

The Conceptual model is the foundation for translating the collected data for the DES model. 

A simple overview of the process flow can be seen in both the current and future state design in Figure 
4-5. All 16 variants of heat shields start at the laser cutting machine, and then all variants proceed to 
the deburring machine. At this point, the process followed by different variants differ and are divided 
into different colours. 

 

 
Figure 4. Current Production-Flow. The numbers represent the amount of variants through each flow. 
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Figure 5. Future Production-Flow. The numbers represent the amount of variants through each flow. 

 

Description of each Subsystem and their Interaction 

Laser Cutting Machine 

The laser cutting machine is mainly an automatic process which for the heat shield products cuts a 
2000*1000*0.5 mm stainless steel plate into its desired shape. The processed plates are sent to the 
operator who checks the plates for any defects that may have occurred and then stack the plates into 
an empty pallet. 

This laser cutting machine works parallel with the operator; this means that the machine is working on 
another plate; meanwhile, the operator is working on the processed plates. 

Deburring Machine 

The deburring machine softens the edges of all plates that go through this machine. An operator is 
responsible for the loading and unloading process for this machine. The variants that next will go 
through the grazing process, similarly to the laser cutting machine, will be checked for defects and 
stored into empty pallets. As for the variants that do not enter the proceeding grazing process, those 
variants gets divided into 10s by the operator which then will be storing them into plastic bags before 
sending them to the inventory. 

Just like the laser cutting machine, all 16 variants of heat shields go through this process. 

Press Break Machine 

Only one variant of heat shields goes through this process; this process bends the heat shields to a 
specific shape which is manually executed by an operator. This variant will proceed through the grazing 
process, which means that the same principles are followed, the operator will check for any defects 
and then store the products into empty pallets. 
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Grazing Process 

The grazing process handles seven variants of heat shields and is the finishing process before sending 
the finished goods into inventory. This process gives the plates a surface treatment which is desired by 
the customer. The heat shields is loaded into a 1080*1800 mm metal cage by an operator, after loading 
the cage is sent to a grazing bath; the plates sit in the bath for 1 hour. After this process, the operator 
unloads the products from the metal cage and just like the deburring process divides the plates into 
10s which is then put into plastic bags before storing them into the inventory. 

(Future) Washing Machine 

A future washing machine is meant to substitute the current grazing process. The grazing process is 
currently used for a variety of products more than only the 16 variants of heat shields which leads to 
a lot of waiting time (waste). Unlike the grazing process, the washing machine will only be intended to 
process the heat shields. The washing machine will also process all 16 variants of heat shields, unlike 
the grazing process that currently only processes seven variants of heat shields. The operator will have 
the same tasks, which include loading and unloading. 

(Future) Kitting Station 

Furhoffs want this process to be implemented as a request from their customer. In this station, it is 
supposed to be an operator that package the plastic bags of 10 heat shields and mix them together 
with other variants of heat shields in a specific kit before sending them to their customer. 

Simplifying Assumption and Limitation 

A detailed document of the simulation model simplifying assumptions and limitations in Appendix 10.  

Sources of Data 

The origins of relevant information and data were gathered through different methods as described in 
the method chapter. 

Summaries of Input Data for Simulation Model 

Summaries of CT and Setup time for each process can be found in Appendix 11. 

Shifts and breaks used in the simulation model are presented in table 2. 
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Table 2. Shifts and breaks 

 

5.3 Model Translation 

The model was built in FACTS Analyzer and a snapshot of the different components of the model is 
shown in figure 6. 

 

Figure 6. Snip of the simulation model for the new process design in FACTS Analyzer 

To achieve a valid steady-state and correct warm-up time, the steady-state analysis was conducted for 
the DES model. See the result of scenario 1.0 in figure 7.  

 

Figure 7. Steady-State Analysis, 670 Hours 10 replications, 300 iterations, Log interval 60 min, a hori-
zon of 365 days, gave 28 days warm-up time for scenario 1.0 
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Simulation settings (figure 8) are set according to one-year production plus the warmup time required 
to achieve steady-state, and the graph is set to 300 iterations and a log interval of 60 minutes. Which 
resulted in a steady-state after about 28 days. 

 

Figure 8. Simulation settings 

The confidence-interval method was used to calculate a valid number of replications needed for the 
configuration of the simulation model. The confident interval was set to 95%. According to Banks 
(2014), the usual precision of confidence interval in simulation for manufacturing system is between 
90-99%. The needed number of replications was calculated to 18 replications as presented in table 3; 
the used amount of replication in the simulation model was set to 18. 

Table 3. Replication Analysis (Confidence Interval Method) 

 

5.4 Verify and Validate 

The model that has been created represent the future production flow, including equipment that is 
not present at this moment which by default makes it impossible to validate completely. The cycle 
times for the future processes derives from SAM-analyses that have been executed by the project 
group within a representative environment along with machine times that have been estimated by the 
supplier. However, the model altogether, including the new processes, has deemed to be verified by 
the company supervisor. The validation process has been troublesome for the future new processes; 
as a result, the production volumes have been compared in the Laser, deburring and press break pro-
cess as presented in chapter 5.5.2. A meeting was held together with the company supervisor where 
the simplification and assumption-list were introduced to validate further the model which have been 
met positively by the company supervisor that deem the results to be within their acceptance range. 
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5.5 Experimentation 
All results presented from the DES model have been generated from FACTS Analyzer results. 

Scenario 1.0 of the DES model includes the new desired process design, including a washing process 
and a kitting station. Four different kits are packed in the kitting station. Dummy variants represent 
the production of all products that are not included in the Shields variants. One year of production is 
to be simulated. Shifts and breaks for the current processes are set according to the current Shifts and 
break that are used nowadays (see table 2). The shift for the new processes is limited to the morning 
shift. In the simulation of scenario 1.0, today's actual production volume has been simulated. The batch 
sizes are constraint to the minimum amount of each variant to fill a single pallet in the kitting station. 
To simulate the expected yearly increase of 20% scenario 1.0 is extended to three different sub sce-
narios 1.1, 1.2 and 1.3 to evaluate the increased production volumes in this model for the following 
years.  

Independently from scenario 1.0, scenario 2.0 evaluates the effect of doubling the batch sizes.   

Independently from scenario 1.0 and 2.0, scenario 3.0 simulates the effect without the kitting station. 

6. Results 
This chapter presents the results from all different scenarios that have been conducted. The main sce-
nario has been chosen and is presented in this chapter along with the future production that has been 
simulated. Lastly the results throughout the lean-perspective and sustainable development are pre-
sented.  

6.1 Different Scenario Results 
Table 4 clearly shows that all scenarios LT improves in the new production flow design compared with 
the real systems LT. Furthermore, by comparing the real system LT with scenario 3.0 a clear difference 
is seen of the effect by substituting the grazing process with the washing process. The big difference 
in LT gives space to focus on a solution with the kitting station included. In the case of comparing the 
minimum needed batch amount to produce one full pallet, compared to double the batch size to pro-
duce two pallets, the LT increased by 60,9%. The difference between scenario 1.0 and 2.0 shows that 
smaller batches and customer orders are desired to achieve lower lead-times. According to Bicheno 
(2009), the smaller batches also favour lesser risk with defects. 
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Table 4. Comparing lead time for scenario 1.0, 2.0 and 3.0 against real system LT 

 

In contrast to shorter LT when producing with smaller batches, the throughput (TH) is higher when 
producing with larger batches. In table 5, the same amount of production time over one year is simu-
lated for Scenario 1.0 and 2.0. Scenario 2.0 TH is 0,7 % greater over one year of production. The higher 
TH can be explained by fewer setup times. In comparing 0,7 % lesser TH or 37,8 % faster LT, the project 
group, together with the company supervisor decided to focus on the scenario with faster LT that in-
cluded the kitting station (scenario 1.0), when continuing to simulate the future state production. 

Table 5. Comparing TH for scenario 1.0 and 2.0 

 
For scenario 1.0-1.3, the batch sizes, the designated kit and number of needed amounts in each box 
for each variant is showed in table 6, also the number of needed boxes per pallet collar and needed 
pallet collar to complete a full pallet. 
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Table 6. Variants batch sizes and kit allocation 

 

To validate the correct production volumes produced, the simulated quantity in the starting scenario 
1.0 was compared with the real quantity as seen in table 7, the total simulated amount only deviates 
1 % from the yearly produced amount in the actual system. 

Table 7. Scenario 1.0 
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From the output of the simulation in the utilisation graph, the percentage of time could be calculated 
to the number of hours of the processes working, fail, setup-time and waiting-time as seen in figure 9.  

 
Figure 9. Scenario 1.0, to divide working, fail, setup, and waiting-time from the utilisation 

By calculating the time used of dummy products in the processes and then reducing this time from the 
total working-time, the total time for shields production could be calculated for each process. See all 
hours calculated of one production year in table 8, for scenario 1.0.  

Table 8. Scenario 1.0, calculated working, fail, setup, and waiting-time hours 

 
In comparison with today's production quantities and process hours, future state production can now 
be simulated in scenario 1.1-1.3, where the estimated yearly increase in production is 20%. As the 
production volume has an annual increase of 20% the following year simulated is with an increase of 
at least 20%, 44%, 73%. From the following scenarios 1.1-1.3, the needed amount of increased hours 
for each process can be calculated; the results can be found in table 9-11. The reason of dummy hours 
increase in the washing process is due to those dummies expect to follow the same growth as the 
shield products. Except for the dummy variants that go through the washing machine, all other dummy 
variants have the same production hours as the present-day when simulating the future state of 
shields.  
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Table 9. Scenario 1.1, calculated working, fail, setup, and waiting-time hours 

 
Table 6. Scenario 1.2, calculated working, fail, setup, and waiting-time hours 

 
Table 7. Scenario 1.3, calculated working, fail, setup, and waiting-time hours 

 
Data of produced parts and simulated LT for each variant in the future states are summarised in table 
12-14. Independently of the LT simulated for scenario 1.0, scenario 1.1-1-3 have a lower LT since ex-
tending machine time in the laser machine opens up for more flexibility of producing the shield vari-
ants. 
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Table 8. Scenario 1.1, summarised production volume and LT 

 
Table 9. Scenario 1.2, summarised production volume and LT 
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Table 10. Scenario 1.3, summarised production volume and LT 

 

6.2 Lean Perspective 
Gemba together with interviews and analysing the historical data provided was the main method used 
in order to identify wastes within the 7+1 Waste. With simulated results, waste as waiting gave the 
clearest indication of the need for a leaner production. 

Wastes (Muda) identified in the process mainly consist of waiting, high amounts of WIP and stock, 
which was analysed with data from the current processes in correlation to the future state processes 
from the simulation model. 

Current stock-levels were analysed and potentially lowered for the future process design, dependent 
on the results given from the simulation model. The analysis included how much the lead time is ex-
pected to be lowered and if the company can achieve to meet the delivery-times that have been set 
with their customers, with the decreased lead times — possibly reducing the need for high stock-levels 
in their future state production. Also, the batch-sizes were improved in favour of the future kitting 
station, to build full pallets, and to reduce waste by lowering the lead times. 

The primary tool that was used to analyse the possible improvements was the DES model created for 
the future state production. 

The most significant waste identified from comparing current state production data with the simulated 
new process design was waiting due to long LT. The long LT of the current state production also leads 
to a required safety stock level, since the LT is longer than the delivery time in some cases. The new 
process design can be simulated with no required safety stock, this is an indication that this might be 
the case for the real system, however before determining a reduced stock level it is important that the 
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simplification and assumption list in appendix 10 is thoroughly reviewed. Furthermore, when simu-
lated twice the batch sizes needed to fill a pallet of kits; this made a huge negative impact of the LT, 
and the smaller batch-sizes was in favour of shorter LT in order to make the agreed delivery times for 
each variant.  

Viewing the data from current state process-flow, lead-times, safety stock levels and the agreed deliv-
ery-time to the customer (table 15), the company is required to have a minimum safety stock for some 
shield variants in order to make delivery in time. Comparing with results from the new process design, 
the data from the created simulation model indicate that a safety stock level is not required for any 
variants. For the new process design, the subtraction of the simulated LT in scenario 1.0 from the de-
livery-time gives an indication of the maximum number of safety days of each variant for the company 
to manage production in time to delivery (seen in table 16). 

Table 11. Delivery-time (days) to the customer with safety stock level included for the current process 
design 
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Table 12. Average difference in days from simulated scenario 1.0 and delivery-time to customer 

 
Lean production focuses on short LT, a consequence of a leaner production is the reduction in LT. The 
results from LT was the clearest indication of possible improvements and leaner production design. 
Improvements achieved in the DES model can save several costs for the company including the poten-
tial reduction of safety stock when lead times are lower than delivery-time, used space (of WIP and 
stock), lower WIP and products waiting time, smaller batches and binding lesser capital-cost (of WIP 
and stock). The reduction of LT gives more flexibility, and a whole solution with kitting of all variants is 
possible, which is highly regarded by both the customer and company.  In the experimental design, the 
leanest option with the least wastes such as waiting was chosen to continue with, which included the 
desired kitting station. 

6.3 Sustainability 

The different scenarios that have been modelled in the simulation, presented in chapter 5 are favora-
ble to the sustainable development. Reducing trial and error in the real manufacturing systems which 
could have temporarily resulted in wastes such as bigger stocks, higher WIP and also higher lead times. 
Instead, there were indifferent experiments tested virtually in the simulation model to present suitable 
batch sizes and to provide valuable insight such as productivity of respective machines for a future 
state of production to aid the company in decision making, with regards to productivity. 

Deciding to implement the new process design could contribute to the respective factors of sustainable 
development as follows: 

• Social sustainability – The washing machine for the new process design will have much higher 
availability than the current grazing process that will be substituted. The higher availability will 
reduce overtime for the operators and the stress that comes along. 
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• Economic sustainability – The lead times for the production of heat shields in the new process 
design is evaluated to be reduced by 59%. The washing machine will be reducing wastes, 
mainly waiting-time and stock-levels which will result in higher profit margins. 

• Environment sustainability – The kitting-system that is included in the new process design will 
fill pallets more efficiently in comparison to the current process design that includes no kitting 
system. The filled pallets will in return contribute to more efficient transports. 

7. Discussion 
This chapter introduces a discussion of the executed thesis, with the project development and encoun-
tered obstacles that affected the project. The results and simulated improvements are discussed in re-
lation to future estimated production-demand. 

7.1 Project Development 

The initial project scope was designed by Furhoffs in roughly one week due to time pressure, which 
led to a too a less specific and vast initial scope. This, in return, was challenging and relatively time-
consuming when designing a project specification that was favourable to Furhoffs while also meeting 
the criteria’s of the University of Skövde. With regards to the late start, a lot of effort was put to catch-
ing up with the schedule and as a result of the effort put early on in the project the majority of the 
time studies were executed and finished before the midterm. This was very beneficial for this project, 
thus giving more time for creating and perfecting the simulation model, reducing minor errors that 
possibly could occur through stress.  

To achieve the future predicted demand with an annual increase of 20%; the three next years to come 
have been simulated to show the expected increase of hours needed for each process as presented in 
Appendix 12. 

The future state production design was evaluated to reduce the mean lead time by roughly 59% com-
pared to the current state production design. The future lead times were measured with the batch 
sizes for each variant. The batch sizes presented were calculated considering filling pallets fully with 
kits and to obtain the shortest lead times. A full pallet is decided by the amount of pallet collar needed. 

The number of safety days to add on the simulated lead time needs to be reviewed by the company to 
take in account for quality losses, machine-breakdown, imperfect production planning, sick-leave, hol-
idays, an increase of production of other departments and more significant machine breakdowns. With 
safety days included, the company can use the results from the simulated LT to calculate needed days 
of production for each variant. After agreeing on total needed safety days, the company can add this 
time upon the simulated LT and take the slowest LT variant for each kit to set as the new delivery-time 
translated from single variants delivery-time, into a pallet of kit delivery-time.  

7.2 Time Studies 

For data collection with stopwatch time studies, it was important to start with the data collection at 
an early stage in the project. Because data collection with stopwatch time studies was tied to the pro-
duction planning of when specific variants were to be manufactured. Problems that arose and limited 
stopwatch time studies were numerous; planned manufacturing orders were prematurely executed or 
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delayed, which lead to missed opportunities for collecting data. Machining breakdown due to lack of 
maintenance that delayed or stopped production of a variant. Moreover, some variants were seldom 
manufactured, which made it impossible to conduct time studies on some variants. Due to missed 
opportunities and lack of production planning, some assumptions and estimated time calculation were 
needed in the deburring machining process. The time estimation was possible when comparing the 
complexity and dimensions of different variants with the variants that had completed time study data. 

7.3 Discrete-Event Simulation 

Whit the assumptions-list and the conceptual model, the creation of the DES model was developed 
along with verifying design and input/output data together with the company supervisor and simula-
tion supervisor from the university. When obstacle was encountered in building a robust simulation 
model, the problems could be solved via FACTS handbook and with help from simulation experts from 
the university. The focus was to build a batch production system with all included variants for this 
thesis that also took regards to the overall production from other departments that was hindering the 
flow of the heat shield production. With the aim to keep the model simple and as useful it could be to 
give useful data of LT. The simulation model achieved a satisfying construction and was easy to modify 
for different scenarios that were simulated, which provided the desired and not desired scenarios as 
well as evaluation of the future estimated demands.  

8. Conclusion 
Furhoffs faces difficulties due to the increased production demand and the limitations that the current 
machinery has in the company. The problem is mainly with the current LT that increases the need of 
high stock-levels and the limited space for products stored in inventory; with the continuous increase 
of demand, the stock-level must increase in order to make delivery to the customer in time. Over time 
the problems due to the current process design are not sustainable. With the new machinery added 
to the current process design and evaluated via simulation in this project, the LT is considered to de-
crease by 59% and make the all-included solution with kitting possible. With the annual increase of 
production for the included variants, it is necessary for the company to invest in new process design 
from a productivity standpoint and the tested DES design gives results for a possible future solution. 

8.1 Project Aim and Objectives 
The aim of this thesis was to create decision support for new process design by evaluating it from a 
productivity standpoint with the use of DES. Different scenarios have been presented and analysed to 
support decision makers. The aim was divided into specific objectives for clear directives on how to 
achieve the main goal. 

Objectives 

• Collect data and perform time studies for the simulation model. Cycle times and setup times 
were collected through, interviews and stopwatch time studies with the continuous-time 
study method for operations that currently exist. 

 
• Collect data for a future kit station for the simulation model. Future operations cycle times, 

such as the kitting station were calculated through SAM-analyses. 
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• Identify wastes based on the lean concept in the production flow. The primary wastes that 

were identified in Gemba were waiting between operations and defect products. 
 

• Create a simulation model for future design. The simulation model was created in the soft-
ware FACTS Analyzer. 

 
• Evaluate improvement suggestions in the simulation model. Different scenarios were carried 

out in the simulation models, including different experiments too, for instance, determine the 
batch sizes for full pallets with kitted variants. The main objectives for the decision support 
were through a productivity standpoint that includes, analysing the future lead times, batch 
sizes, stock levels and if the company can achieve to produce in the rate of the projected an-
nual increase of sales of the included variants. 

8.2 Future Work 
Defects and overall quality losses were unknown from the partner company’s side and as a result, also 
delamination for this thesis projects’ scope, thus making it difficult to quantify the problem. From the 
time studies executed in Gemba throughout the project, wastes were noticeable such as varieties of 
quality losses from defect products. The quality losses were explained to vary a lot from batch to batch 
by the operators, and the batch volumes within the subcontracting department are very big. Batches 
make it even more critical for the company to quantify the problem. Reducing quality losses is, in ad-
dition, a step forward in the path of sustainable development. 

The executed time studies have been received positively by the company. The current cycle times is a 
good base for the company to ease but also utilise future projects more effectively. For that reason, 
the company should aim to collect more data which is important for future improvements and projects 
both internally as well as externally. Furthermore, operation instruction sheet (OIS) and work element 
sheet (WES) should be complemented to each operation to gain a better basis for setup time and fu-
ture time studies. 

From simulating the new process design, the new constraints of the system show that the company 
needs to take account to overtime and eventually extra shift hours in the laser-machine and deburring 
machining operation for a future increased production. To prevent full coating of the laser-machine 
that already runs at two-shift the company needs to consider future investments of a new laser-ma-
chine to handle future production; considering the risk of a machine break down in the laser-machine, 
the gap to catch up with production will be smaller. 



Jesper Nilsson School of Engineering Science 2020-01-30 
Steven Shamoun 

34 
 

References 
Andersson, L., & Polsten, V. (2013). Effektivisering av två monteringslinor ur ett produktivitets perspek-
tiv. Jönköping: industriell ekonomi och produktionsledning, högskolan i Jönköping. Tillgänglig: 
https://www.diva-portal.org/smash/get/diva2:641448/FULLTEXT01.pdf 

Banks, J., Carsson, J.S., Nelson B.L & Nicol, D.M. (2009). Discrete-Event System Simulation. 5th edition. 
New Jersey: Pearson Education. 

Banks, J., Carsson, J.S., Nelson B.L & Nicol, D.M. (2005). Discrete-Event System Simulation. 4th edition. 
New Jersey: Pearson Education. 

Bicheno, J., Holweg, M., Anhede, P. & Hillberg, J., (2011). Ny verktygslåda för lean. Göteborg: Revere. 

Bicheno, J., Holweg, M., Anhede, P. & Hillberg, J., (2009). Ny verktygslåda för lean. Göteborg: Revere. 

Boulonne, A., Johansson, B., Skoogh, A., & Aufenanger, M. (2010). Simulation data architecture for 
sustainable development. IEEE. 10.1109/WSC.2010.5679033 

Circularecology. (2019). Sustainability and sustainable development - What is sustainability and what 
is sustainable development?. Retrieved 2019-10-21 from http://www.circularecology.com/sustaina-
bility-and-sustainable-development.html#.Xa3cAlIzaUk 

Centeno, A, M., Carrillo, M. (2001). Simulation in practice: challenges of introducing simulation as a 
decision making tool. Proceedings of the 33nd conference on Winter simulation, 17-21. 
DOI:  10.1145/564124.564129 

Evoma. (2019). FACTS Analyzer. Retrieved 2019-11-07 from https://www.evoma.se/facts-analyzer/ 

Freivalds, A. & Niebel, B. W., (2013). Niebel's Methods, Standards, & Work Design. Thirteenth edition. 
New York: McGraw-Hill. 

Furhoffs. (2019). Historik AB Furhoffs Rostfria. Retrieved 2019-10-22 from 
http://www.furhoffs.com/sv/om-oss/historik  

Furhoffs. (2019). Vår affärsidé. Retrieved 2019-10-22 from https://www.furhoffs.com/sv/om-oss/af-
farside 

Harano, E. L. M., Costhek, B. P., Mendes, J. B., Cuzzuol, J., Lima, J. S., Santos, R. B., Coelho, R. J., Silva, 
A. C., Kimsr, O. J. (2005). Simulation based decision for steelmaking operations challenges. Proceedings 
of the Winter Simulation Conference, 2005., 10.1109/WSC.2005.1574566.  

Law, A. M., (2014). Simulation Modeling and Analysis. New York: McGraw-Hill. 

Liker, J. K. (2003). The Toyota Way. USA: McGraw-Hill Education. 

Liker, J K. (2009). The Toyota Way. Malmö: Liber. 

Mulder, K., Ferrer, D., & Lente, V. H. (2011) What is Sustainable Technology? UK: Greenleaf Publishing 
Limited. 

Ohno, T., (1988). Toyota Production System. New York: Productivity Press. 

Olugu, E., & Wong, K. (2008). Simulation Study on Lens Manufacturing Process Flow. Skudai: Universiti 
Teknologi Malaysia. IEEE. 10.1109/AMS.2008.119 

http://www.circularecology.com/sustainability-and-sustainable-development.html#.Xa3cAlIzaUk
http://www.circularecology.com/sustainability-and-sustainable-development.html#.Xa3cAlIzaUk
http://dx.doi.org/10.1145/564124.564129


Jesper Nilsson School of Engineering Science 2020-01-30 
Steven Shamoun 

35 
 

Opacica, L., Sowlatib, T., Mobinia, M. (2018) Design and development of a simulation-based decision 
support tool to improve the production process at an engineered wood products mill. International 
Journal of Production Economics, Volume (199), 209-219. DOI: 10.1016/j.ijpe.2018.03.010. 

Robinson, S., (2014). Simulation The Practice of Model Development and Use. 2nd edition. Chichester: 
Wiley. 

Rodriguez, C. (2015). User Interface to Automate the Collection and Processing of Data for Discrete 
Event Simulation Projects. Orlando: Institute for Simulation and Training University of Central Florida. 
IEEE. 10.1109/SAI.2015.7237193 

Rydén, L. (2007). Cleaner Production Technologies and Tools for Resource Efficient Production The 
Baltic University Press, Uppsala. Retrieved 2020-01-06 from http://uu.diva-por-
tal.org/smash/get/diva2:604269/FULLTEXT01.pdf 

Sargent, R. G. (2014). Verifying and validating simulation models. Proceedings of the 2014 Winter Sim-
ulation Conference. Pp. 118. 

Schramm, F. K., Silveira, G. L., Paez, H., Mesa, H., Formoso, C. T. and Echeverry, D. (2008). Using Dis-
crete-event Simulation to Support Decisionmakers in Production System Design and Operations. Pro-
ceedings of the 16th Annual Conference of the International Group for Lean Construction, Manchester, 
UK, 131-142. 

Wang, B. (1998). Concurrent Design of Products, Manufacturing Processes and Systems.Volume 3. 
USA: Gordon and Breach Science Publisher. 



Jesper Nilsson School of Engineering Science 2020-01-30 
Steven Shamoun 

36 
 

Appendix 1 
Stopwatch Time Studies Press Break  

Table 13. Stopwatch Time Studies Press Break 

 



Jesper Nilsson School of Engineering Science 2020-01-30 
Steven Shamoun 

37 
 

Appendix 2 
Stopwatch Time Studies Deburring 

Table 14. Stopwatch Time Studies Deburring (seconds) 

Time Study Process: Deburring Product: 203264 Observer: Steven Date: 
2019-
10-30 

Activity Activity 1 Lasta+kontroll 
Activity 
2 Kniv Activity 3 Lossa     

Cykel W OT W OT W OT     
1 15 15 27 12         
2 38 11 38 0         
3 46 8 59 13         
4 01:09 10 01:23 14         
5 01:37 14 02:00 23         
6 02:10 10 02:28 18         
7 02:48 20 02:48 0         
8 03:05 17 03:05 0         
9 03:25 20 03:25 0         

10 03:38 13 03:38 0         
11 03:50 12 03:50 0         
12 04:21 31 04:21 0         
13 04:32 11 04:32 0         
14 05:12 40 05:12 0         
15 05:25 13 05:25 0         
16 05:36 11 05:36 0         
17         06:18 42     
18         06:26 8     
19         07:05 39     
20         07:28 23     
21         07:48 20     
22         08:13 25     
23         09:00 47     
24         09:28 28     
25         09:45 17     
26         10:10 25     
27         10:26 16     
28         10:39 13     
29         11:00 21     
30         11:22 22     
31         11:50 28     
32         12:17 27     
33 12:25 8 12:30 5         
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34 12:38 8 12:50 12         
35 13:00 10 13:00 0         
36 13:15 15 13:15 0         
37 13:30 15 13:30 0         
38 13:50 20 13:50 0         
39 14:10 20 14:10 0         
40 14:48 38 14:48 0         
41 15:10 22 15:10 0         
42 15:28 18 15:28 0         
43 15:47 19 15:47 0         
44 16:08 21 16:08 0         
45 16:20 12 16:20 0         
46 16:47 27 16:47 0         
47 17:00 13 17:00 0         
48 17:21 21 17:21 0         
49 17:38 17 17:38 0         
50 17:55 17 17:55 0         
51 18:15 20 18:15 0         
52         18:37 22     
53         18:53 16     
54         19:22 29     
55         19:35 13     
56         19:50 15     
57         20:25 35     
58         20:41 16     
59         21:20 39     
60         21:40 20     
61         21.57 17     
62         22:11 14     
63         22:36 25     
64         22:44 8     
65         22:58 14     
66         23:37 39     
67         23:55 18     
68         24.10 15     
69         24.28 18     
70         24.39 11     
71 24.58 19 24.58 0         
72 25.11 13 25.11 0         
73 25.26 15 25.26 0         
74 25.40 14 25.40 0         
75 25.55 15 25.55 0         
76 26.10 15 26.10 0         
77 26.22 12 26.22 0         
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78 26.36 14 26.36 0         
79 26.50 14 26.50 0         
80 27.05 15 27.05 0         
81 27.18 13 27.18 0         
82 27.30 12 27.30 0         
83 27.48 18 27.48 0         
84 28.00 12 28.00 0         
85 28.19 19 28.19 0         
86 28.41 22 28.41 0         
87 28.55 14 28.55 0         
88 30.00 65 30.00 0         
89 30.10 10 30.10 0         
90 30.25 15 30.25 0         
91         30.53 28     
92         31.05 12     
93         31.30 25     
94         31.43 13     
95         32.06 23     
96         32.23 17     
97         32.34 11     
98         32.50 16     
99         33.05 15     

100         33.15 10     
101         33.26 11     
102         33.40 14     
103         33.58 18     
104         34.10 12     
105         34.25 15     
106         34.45 20     
107         35.03 18     
108         35.38 35     
109         35.55 17     
110         36.15 20     
Sum   Total 
Rate 100% 100% 100% 100% 

Observations 55 55 55 55 
Allowance % 25% 25% 25% 25% 

Total OT 943 97 1135 2175 
Total NT 943 97 1135 2175 

Average NT 17 2 21 40 
Standard time 21 2 26 49 
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Appendix 3 
Stopwatch Time Studies Deburring 

Table 19. Stopwatch Time Studies Deburring(seconds) 

Time Study Process: Unload 
Grazing 

Product:  Observer: Date:   

  

Activity 
Activ-
ity 1 Kontroll Activity 2 Puts Activity 3 Knivslip Activity 4 Packning   

Cykel W OT W OT W OT W OT     
1 00:15 15 00:15 0 00:15 0 00:15 0     
2 00:25 10 00:36 11 00:36 0 00:36 0     
3 00:46 10 01:10 24 01:10 0 01:10 0     
4 01:19 9 01:35 16 01:35 0 01:35 0     
5 01:44 9 01:55 11 01:55 0 01:55 0     
6 02:03 8 02:10 7 02:10 0 02:10 0     
7 02:20 10 02:20 0 03.15 55 03.15 0     
8 02:31 11 03:40 9 03:40 0 03:40 0     
9 02:49 9 04:02 13 04:02 0 04:02 0     

10 04:12 10 04:28 16 04:28 0 05:02 34     
11 05:13 11 05:26 13 05:26 0 05:26 0     
12 05:37 11 05:48 11 05:48 0 05:48 0     
13 05:56 8 06:01 5 06:01 0 06:01 0     
14 06:12 11 06:24 12 06:24 0 06:24 0     
15 06:30 4 06:30 0 06:30 0 06:30 0     
16 06:42 12 07:15 13 07:15 0 07:15 0     
17 07:25 10 07:30 5 07:30 0 07:30 0     
18 07:40 10 07:40 0 07:40 0 07:40 0     
19 07:50 10 07:50 0 07:50 0 07:50 0     
20 08:00 10 08:00 0 08:00 0 08:00 0     
21 08:15 15 08:15 0 08:15 0 08:45 30     
22 08:55 10 08:55 0 08:55 0 08:55 0     
23 09:05 10 09:05 0 09:05 0 09:05 0     
24 09:15 10 09:15 0 09:15 0 09:15 0     
25 09:30 15 09:30 0 09:30 0 09:30 0     
26 09:44 14 09:44 0 09:44 0 09:44 0     
27 09:51 7 09:51 0 09:51 0 09:51 0     
28 11:25 10 11:25 0 11:25 0 11:25 0     
29 11:36 11 11:36 0 11:36 0 11:36 0     
30 11:44 8 12:15 31 12:15 0 12:15 0     
31 12:27 12 12:27 0 12:27 0 12:27 0     
32 12:38 11 12:38 0 12:38 0 13:25 47     
33 13:33 8 13:33 0 13:33 0 13:33 0     
34 13:43 10 13:50 7 13:50 0 13:50 0     
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35 14:06 16 14:06 0 14:06 0 14:06 0     
36 14:12 6 14:12 0 14:12 0 14:12 0     
37 14:22 10 14:22 0 14:22 0 14:22 0     
38 14:33 11 14:52 19 14:52 0 14:52 0     
39 15:01 9 15:10 9 15:10 0 15:10 0     
40 15:21 11 15.35 14 15.35 0 15.35 0     
41 15:45 10 15:50 5 15:50 0 15:50 0     
42 16:02 12 16.20 18 16.20 0 16:48 28     
43 16:57 9 17:02 5 17:02 0 17:02 0     
44 17:12 10 17:18 6 17:18 0 17:18 0     
45 17:29 11 17:29 0 17:29 0 17:29 0     
46 17:39 10 17:46 7 17:46 0 17:46 0     
47 17:58 12 18:16 18 18:16 0 18:16 0     
48 18:08 12 18:35 27 18:35 0 18:35 0     
49 18:44 9 18:44 0 18:44 0 18:44 0     
50 18:54 10 19:00 6 19:00 0 19:00 0     
51 19:12 12 19:12 0 19:12 0 19:12 0     
52 19:20 8 19:20 0 19:20 0 19:57 27     
53 20:06 9 20:06 0 20:06 0 20:06 0     
54 20:13 7 20:13 0 20:13 0 20:13 0     
55 20:21 8 20:21 0 20:21 0 20:21 0     
56 20:32 11 20:32 0 20:32 0 20:32 0     
57 20:42 10 20:42 0 20:42 0 20:42 0     
58 20:51 9 21:11 20 21:11 0 21:11 0     
59 21:21 10 21:21 0 21:21 0 21:21 0     
60 21:30 9 21:30 0 21:30 0 21:30 0     
61 21:39 9 21:39 0 21:39 0 21:39 0     
62 21:49 10 21:49 0 22:25 36 23:03 38     
63 23:11 8 23:11 0 23:11 0 23:11 0     
64 23:21 10 23:21 0 23:21 0 23:21 0     
65 23:30 9 23:30 0 23:30 0 23:30 0     
66 23:39 9 23:39 0 23:39 0 23:39 0     
67 23:49 10 23:49 0 23:49 0 23:49 0     
68 23:58 9 24:03:00 5 24:03:00 0 24:03:00 0     
69 24.13 10 24:22:00 9 24:22:00 0 24:22:00 0     
70 24.32 10 24:39:00 7 24:39:00 0 24:39:00 0     
71 24.49 10 24:57:00 8 24:57:00 0 24:57:00 0     
72 25. 08 11 25. 08 0 25. 08 0 25:45:00 37     
73 25. 54 9 25. 54 0 25. 54 0 25. 54 0     
74 26.03 9 26:08:00 5 26:08:00 0 26:08:00 0     
75 26.18 10 26.18 0 26. 58 40 26. 58 0     
76 27. 06 8 27. 06 0 27. 06 0 27. 06 0     
77 27. 16 10 27. 16 0 27. 16 0 27. 16 0     
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78 27. 25 9 27. 25 0 27. 25 0 27. 25 0     
79 27.34 9 27.34 0 27.34 0 27.34 0     
80 27.44 10 27.44 0 27.44 0 27.44 0     
81 27. 51 7 27. 51 0 27. 51 0 27. 51 0     
82 28. 10 19 28. 10 0 28. 10 0 28. 46 36     
83 28. 53 7 28. 53 0 28. 53 0 28. 53 0     
84 29.00 7 29.00 0 29.00 0 29.00 0     
85 29. 12 12 29. 12 0 29. 12 0 29. 12 0     
86 29. 22 10 29. 22 0 29. 22 0 29. 22 0     
87 29. 33 11 29. 33 0 29. 33 0 29. 33 0     
88 29. 44 11 29. 44 0 29. 44 0 29. 44 0     
89 29.53 9 30.16 23 30.16 0 30.16 0     
90 30. 25 9 30. 25 0 30. 25 0 30. 25 0     
91 30.34 9 30.34 0 30.34 0 30.34 0     
92 30.45 11 30.45 0 30.45 0 31.17 32     
93 31.27 10 31.39 12 31.39 0 31.39 0     
94 31.49 10 32.00 11 32.00 0 32.00 0     
95 32.11 11 32.11 0 32.11 0 32.11 0     
96 32.20 9 32.20 0 32.20 0 32.20 0     
97 32.30 10 32.30 0 32.30 0 32.30 0     
98 32.41 11 32.41 0 32.41 0 32.41 0     
99 32.51 10 33.05 14 33.05 0 33.05 0     

100 33.15 10 33.24 9 33.24 0 33.24 0     
101 33.34 10 33.51 17 33.51 0 33.51 0     
102 34.02 11 34.02 0 34.02 0 34.36 34     
Sum                   Total 
Rate 100% 100% 100% 100% 100% 

Observa-
tions 102 102 102 102 102 

Allowance % 25% 25% 25% 25% 25% 
Total OT 1023 478 131 343 1975 
Total NT 1023 478 131 343 1975 

Average NT 10 5 1 3 19 
Standard 

time 13 6 2 4 24 
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Appendix 4 

SAM-Analysis Kit 1 

 
Figure 10. SAM-Analysis Kit 1 

Appendix 5 
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SAM-Analysis Kit 2 

 
Figure 11. SAM-Analysis Kit 2 
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Appendix 6 

SAM-Analysis Kit 3 

 
Figure 12. SAM-Analysis Kit 3 

Appendix 7 
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SAM-Analysis Kit 4 (1/2) 

 
Figure 13. SAM-Analysis Kit 4 (1/2) 
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SAM-Analysis Kit 4 (2/2) 

 
Figure 14. SAM-Analysis Kit 4 (2/2) 
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Appendix 8 

SAM-Analysis Load Washing 

 
Figure 4. SAM-Analysis Load Washing 

Appendix 9 
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SAM-Analysis Unload Washing 

 
Figure 16. SAM-Analysis Unload Washing 
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Appendix 10 
Simplifications and Assumption list 

• Unlimited resources 
• No defects, discards or reprocessing will be taken into account 
• Demand is based on historical data 
• Future demand is estimated by Furhoffs 
• Furhoffs data such as Lead-time is based on historical data, limited to April 2019 and forwards 
• The working hours, shift and breaks are provided by Furhoffs 
• Allowance is provided by Furhoffs with 12,5% for the Laser process and 25% allowance for the 

other processes and the kitting assembly 
• All variants are produced according to a batch cyclic order  
• The simulation-model takes account of other products involving the processes of the Shields 

products 
• The products taken account to is simulated as Dummy products that consist of the different 

departments and subcontracting production 
• The Dummy products are static and performing as a constant when simulating future produc-

tion volumes of the Shield products 
• The simulation-model is set to 365 days plus warmup time to simulate 1-year productions, 

with unplanned production time included to receive more accurate Lead-times 
• Assembly-object together with separate Sources and Sinks to simulate batch production and 

packaging to the different Kitts 
• Availability is set to 95% in the laser-machine. 98% in the deburring-machine. 95% in the wash-

ing-machine and 99% in the bending-machine.  
• The future washing process is based on machine time assumed by Furhoffs for the process and 

SAM-analysis for loading and unloading 
• Future kitting process, cycle times have been evaluated from SAM-analysis for the packaging 

time 
• Setup time is provided by Furhoffs and is used between all Shield variants 
• Cycle-time for each Shield product in the laser is provided by Furhoffs 
• Cycle times in the deburring is based on clock watch time-studies from 2 variants of Shield 

products  
• Warmup time and replications according to analysis of steady-state and confidence-interval 

method, with confident interval set to 95% 
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Appendix 11 
Cycle Time and Setup Time 

Table 20. Cycle Time and Setup Time (seconds) 
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Appendix 12 
Chart 1. Bar-chart of increased simulated hours for Laser, Deburring, Bending, Washing and Kitting for 3 years 

to come in the new process design 
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