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DEFINITION OF KEY TERMS 
 
 
B-component: Customized component i.e. the lengths of the component are specified by the 
customer.   
 
Capital investment appraisal: A helpful tool for assessing and comparing different 
investment alternatives, a capital investment appraisal shall also give an answer of which 
investments that are lucrative. 
 
Due date of work orders:  The work orders that have been released to the shop-floor have a 
pre-determined due date at which the work orders should be completed.  
 
Inventory: A place to store supplies, raw material, in process goods or finished goods. 
 
Lead time: Lead time is the time elapsed, from the procurement of raw materials, till 
delivering of the finished product to the customer.  
 
Length setup: The setup needed to prepare the machine for producing a new length of the 
same type of component. 
 
MCDM: The multiple criteria decision making model is a tool that can be used by companies 
in their decision making processes. It is a collection of methodologies to compare, select or 
rank multiple alternatives that involves unequal attributes. 
 
Output of components: The number of components that can be produced during a specific 
period of time.  
 
Production bed: A specification of what type and how many products to produce during a 
specific period of time. 
 
Production lead time: The production lead time is concerning the lead time from the start of 
the production process until the warehouse receives the product. 
 
Profile setup: The setup needed to prepare the machine for producing a new type of profile, 
i.e. the characteristics of the product has changed. 
 
Setup time: Setup time is the time spent in preparation to do a job, i.e. the elapsed time 
between when the last component of one lot is produced until the first good component of the 
next job is produced. 
 
Standard component: Component with standardised specifications. 
 
Tied-up capital: Capital tied-up in different assets, such as inventory, claims and fixed 
assets. 
 
Work-in-process inventory: Occurs within the production when a part neither is processed 
nor transferred.  
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LIST OF ABBREVIATIONS  
 
 
ELIN Electronic Library Information Navigator. ELIN is a tool that can be used when 

searching for scientific articles. This tool is searching in several databases at the 
same time. 

 
MCDM Multiple Criteria Decision Making 
 
PDCA Plan Do Check Act 
 
TQM Total Quality Management 
 
WIP Work-In-Process 
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1.  I n t r o d u c t i o n 

This chapter gives the reader an introduction to the main subject of this thesis. It includes the 
background for the stated problem formulation, the purpose, relevance, delimitations and at 
the end is the timeframe for the thesis presented.  
 
 
1.1 Background 
Today, the business conditions are changing rapidly and continuously which demands 
companies to gain competitive advantages against their competitors. The customers put high 
demand on the market through higher product quality, shorter delivery time, higher customer 
service level etc., (Alsyouf 2007). Companies constantly have to find solutions on problems 
that occur within their business. If a company has a high ability to deal with and solve these 
problems they will gain competitive advantages against their competitors, (Mattsson 1999:1). 
Michael Porter (1985) states that “Competitive advantage cannot be understood by looking at 
a firm as a whole. It steams from the many discrete activities a firm performs in designing, 
producing, marketing, delivering and supporting its product. A firm gains competitive 
advantage by performing these strategically important activities more cheaply or better than 
its competitors”. Further, Tersine (1994) states that many organisations deal with 
benchmarking and improvement strategies to strengthen their position within the market. 
These strategies typically include fewer suppliers, smaller lot sizes, shorter lead times, 
reduced setup times, total quality programs, preventive maintenance, employee training and 
increased focus on customer satisfaction. 
 
A process is any part of an organisation that transforms input into output by adding value to 
the input. Often the activities connected to a process affect each other and therefore it is of 
high importance to consider the simultaneous performance of a number of activities, (Chase et 
al. 2006). Furthermore, Slack et al. (2004) states that a company consists of many systems 
and functions that all need to be coordinated and planned in order to reach the strategic goals 
of the company. The company’s purpose of planning and control is to guarantee that the 
operation’s processes within the company runs effectively and efficiently and produces 
products and services that the customer demands, (Slack et al 2004). Lack in the production 
planning and coordination will for instance give negative consequences of the tied-up capital, 
the flexibility within the production and the finished goods inventory, (Storhagen 2003).  
 
Within the concept of production logistics, a couple of goals can be stated such as low tied-up 
capital in inventories, high delivery security, short lead times, high flexibility etc. There might 
be conflicts between these goals. Due to these conflicts the company needs to prioritize the 
goals based on what is important for the company as a whole and what is best according to the 
company’s business concept and competitiveness, (Mattsson 1999:1). 
 
 
1.2 Problem discussion 
A company has to deal with the area of planning and control in order to know what, when and 
how to produce to satisfy the customers’ demands. Decisions have to be made in which way 
to handle the different work orders. The priorities are often determined by some predefined 
set of rules which can be based on performance objectives. These can for instance be meeting 
due date promised to customer, minimizing the time the job spends in the process, minimizing 
work-in-process (WIP) inventory or minimizing idle time of work centres, (Slack et al 2004). 
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The optimum level of tied-up capital will be different depending on the industry in which an 
organisation operates and the nature of its transactions. Every company is responsible for 
maintaining the inventories of material, work-in-process, finished goods and consumables at 
optimum levels. This in order to meet due dates and minimize the production lead time, 
(Özbayrak & Akgün 2006). Furthermore, Axsäter (1991) states that a reduction of the tied-up 
capital in all inventories within the company will lead to considerable savings. If a lot of 
capital is tied-up in inventories it will affect the flexibility of the company and by that 
decrease the competitiveness. 
 
When the due date of work orders is brought forward, the throughput time in the 
manufacturing process is reduced which decreases the tied-up capital. A negative aspect of 
this is that the setups will increase due to smaller lot sizes which in its turn affect the amount 
of products that can be produced, (Aniander et al 1998).  It is also possible to see it the other 
way around. If the due date of work orders is postponed, it is possible to reduce the number of 
setups by increasing the lot sizes and thereby be able to produce more components but with an 
increased sum of tied-up capital. 
 
 
1.3 Presentation of problem 
A company faces tough competition in the market which forces them to continuously improve 
their business strategies to remain competitive. A change of the work orders due date can be 
one way to reinforce a competitive advantage. However, if a company makes a change in 
some area it will affect other related areas within the company. Therefore, it is of high 
importance that the company thoroughly investigates which factors that will be affected and 
how they are affected. The company will thereby get a clear holistic picture of the 
consequences that a change will cause for the whole company.  
 
The factors that may be affected by a change of the work orders due date are for instance lead 
time, setup time, WIP-inventory and manning. Depending on how a change of the due date is 
made it will cause both positive and negative consequences in these areas. When the company 
has investigated the consequences they can decide whether to apply a new strategy of the due 
date or not. 
 
 
1.4 Problem formulation 
Based on the above discussion, the problem formulation for this study is: 
 

 Which technical and financial factors will be affected and how to assess them in order 
to decide whether to change the due date of work orders or not? 

 
 
1.5 Purpose 
The purpose of this thesis is to construct a model with the aim of showing which technical 
and financial factors that will be affected and how these factors can be assessed when 
considering a change of the due date of work orders.  By doing this, the model will support 
the company in their decision making process concerning a change of the due date. The model 
will guide the company in the process of revealing the factors that may be affected such as 
lead time, setup time, tied-up capital and manning. The perspectives that will be highlighted 
in this research are production, production economy and production logistics.  
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1.6 Relevance 
Relevance mainly concerns the logical relationship between an investigation and the existing 
theory in the area, (Arbnor & Bjerke 1994). Further, Eriksson & Wiedersheim-Paul (2006) 
states that the researcher consciously should choose to study contexts that are of high 
importance, not only for the researcher but also for others.  
 
As earlier described, a change of the work orders due date can increase a company’s 
competitive advantages and thereby fortify their position in the market. Until now, much 
focus has been on theories and models showing how companies can improve their 
profitability by optimizing e.g. inventory management, material handling and production 
planning. We have not found any practical models concerning the area of changing due date 
of work orders. Since a change in this area will affect many key factors such as lead time, 
setup time and manning that may improve a company’s profitability, we have realized that 
there is high improvement potential when changing the orders due date in the production.  
 
This thesis has theoretical relevance due to the fact that lots of literature has been written in 
the area of production planning and scheduling but not particularly within the subject that this 
thesis will consider. Our model is based upon existing theories and should be able to be 
applied in all manufacturing companies that consider a change of the due date of work orders.  
Since the model can be applied by many manufacturing companies and improve their 
profitability this thesis has high practical relevance.      
 
 
1.7 Delimitations 
Our thesis will be delimited in the way that our model will only be applied at one company 
and in that company we will only study some departments. It will also be delimited in the way 
that we will only consider technical and financial factors that take place within the company. 
Thereby, we will exclude factors that affect the external interest parties. The calculations that 
will be made in this thesis will be based on one typical production week.  
 
 
1.8 Timeframe 
We will proceed with our thesis in the following way: 

 
Table 1 - Timeframe 
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2.  M e t h o d o l o g y 

In this chapter we will explain scientific perspectives, research approaches, research 
methods, data sources & data gathering, research strategy, validity & reliability and 
generalisation of result. Our chosen methodology will be presented at the end of each section 
with a motivation of why we will use the selected one.  
 
 
2.1 Scientific perspectives 
Scientific and knowledge theory are wide areas where the researcher looks at the real life in 
different perspectives. One researcher can look at the real life with objectivity and as 
something that can be measured, while another researcher is more of a subjective idea where 
the meanings need to be interpreted, (Bjereld et al. 2002).   
 
A traditional natural scientist believes in absolute knowledge and creates the research with 
objectivity i.e. political, religious, cultural and emotional influences should not affect the 
results of the research. These scientists have the perspective of positivism, (Patel & Davidson 
2003; Thurén 1991 and Wallén 1996). The positivistic thinking rose in the beginning of the 
19th century when the French Auguste Comte applied this perspective in his theories. These 
theories illustrated that science should be build upon positive knowledge i.e. true knowledge, 
(Thurén 1991; Arbnor & Bjerke 1994 and Wallén 1996). According to Holme & Solvang 
(1997), a positivistic scientist should always search to find what really “is” i.e. to find the 
truth. Moreover, the researcher should investigate all conditions, reveal all mysteries, go deep 
into the unknown and explain all things that happen. 
 
The perspective of hermeneutic is seen as a complement to the positivism and appears to have 
a subjective alignment of science, (Wallén 1996). This perspective is mostly used in the 
humanistic research and can be explained as a science of interpretation, (Patel & Davidson 
2003 and Thurén 1991). Furthermore, Patel & Davidson (2003) states that the interpretation 
can be done in different ways such as interpretation of symbols, poetry, art etc. but also to 
understand and interpret the life situation of humans. A hermeneutic scientist uses his/her pre-
understanding about the research object to interpret and understand the object. Furthermore 
the authors state that in this perspective there is not only one truth.  
 
The positivist splits the research object and studies the object part by part compared to the 
hermeneutics that tries to see the research problem as a whole, (Patel and Davidson 2003). 
 
Another perspective that rose in the end of the 1960’s is the system theory, (Wallén 1996). A 
system can be defined as a group of objects that interacts, e.g. the solar system or the human 
body. This implies that the system as a whole has other characteristics than the different parts 
in the system, (Wallén 1996 and Arbnor & Bjerke 1994). This thinking arose from a need to 
follow, understand and plan for changes in contexts which are complex and in which a lot of 
factors interact with each other. A research made according to the system theory can lie close 
to the hermeneutic perspective, the positivistic perspective, or somewhere in between, 
(Wallén 1996).  
 
Since this thesis will consider the subject of production together with its concerned 
subsystems, the system theory is the most appropriate perspective to use. A company is a 
complex system that consists of several different subsystems that needs to be well integrated 
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in order to fulfil the company’s goals. In our research we will have more of a positivistic point 
of view since we will investigate technical and financial factors to be able to find the truth. 
 
 
2.2 Research approaches 
According to Järvinen (2001) and Eriksson & Wiedersheim-Paul (2006) there are two 
different approaches of working scientifically; the inductive and the deductive approach. 
Additionally, Patel & Davidson (2003) describe a third approach that the scientist can work 
with for relating theory and empiricism namely abduction. 
 
A scientist that implies the inductive approach follows the way of discoveries. In this 
approach, the scientist can study the objective of investigation without using any existing 
theories, and formulate theories based on the collected information, the empiricism, (Patel & 
Davidson 2003). Inductive approaches have been criticized in the theory of science because 
the theory is not containing anything different other than what is already considered in the 
empirical findings, (Wallén 1996). 
 
A scientist that works according to the deductive approach follows the way of evidence. The 
characteristic of this approach is that the scientist uses common principles and existing 
theories to draw conclusions about specific phenomenons. Hypotheses can also be derived 
from the existing theories and afterwards tested empirically in the actual case. This method is 
often referred to as the hypothetic-deductive method. The danger of these approaches is that 
the existing theory which the scientist is using will direct and affect the research progress in a 
specific way. As a result, new and interesting findings are not exposed, (Patel & Davidson 
2003). 
 
Combining induction and deduction implies the third approach of relating theory with 
empiricism, explicitly abduction, (Patel & Davidson 2003). Abduction is partly the contrary 
to the hypothetic-deductive approach, (Wallén 1996). The first stage of this approach is to 
inductively formulate hypothetical patterns that can explicate the case. The next deductive 
stage is to test this hypothesis or theory on new cases. The original hypothesis can then be 
broaden and developed to become a more general one, (Patel & Davidson 2003). Every 
scientist is coloured by experiences and earlier researches. This implies that no research is 
done unprejudiced. Thereby, the risk with this approach is that the scientist is choosing the 
object of investigation based on previous knowledge and thus also formulates a hypothetical 
theory that excludes alternative interpretations, (Patel & Davidson 2003). Wallén (1996) 
points out that abduction is no method that can be used schematically but demands thorough 
experiences in the concerned area. The conclusions are not strictly logical applied but has to 
be further tested through practical experiments. 
 
The purpose of this thesis is to develop a model that can be used by companies in real life. 
This model will be based on existing theories and will afterwards be tested practically at our 
case company. Thereby, we will use the hypothetic-deductive approach.   
 
 
2.3 Research methods 
When conducting a scientific research there are two different methods to use; the qualitative 
or the quantitative method, (Wallén 1996). There is also a possibility to combine these two 
methods. The fundamental difference between them is that the quantitative method transforms 
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the gathered information into numbers and quantities while the qualitative method concerns 
the scientists’ opinion or interpretation of the information, (Holme & Solvang 1997). 
 
Qualitative methods are characterised by a lot of information gathering. To gather the 
information, interviews without strict guidelines and unsystematic or unstructured 
observations can be used. This method handles a lot of information that is gathered from few 
sources, (Holme & Solvang 1997). 
 
The quantitative method is defined by Creswell (1998) as: “The enquiry into social or human 
problems based on testing a theory composed of variables, measured with numbers, and 
analyzed with statistical procedures, in order to determine whether the predictive 
generalisations of the theory hold true.” 

 
Observations, experiments, questionnaires or source analysis are different methods for 
conducting a quantitative study. Gathering information using this method, observations or 
surveys has to be made in a systematic, structured, standardized and formalized way. 
Theoretical conceptions are presumed to be measurable when making quantitative studies. To 
measure a characteristic each theoretical concept is given a number and this number 
represents the value of the theoretical conception, (Holme & Solvang 1997).  
 
Since we will only apply our model on one chosen case company the research method we will 
use in this report is the qualitative one.  
 
 
2.4 Data sources and data gathering 
Data can be separated into primary and secondary data, (Patel & Davidsson 2003 and 
Björklund & Paulsson 2003 among others). When data is gathered with the purpose of using it 
for the specific research it is called primary data. Conversely, when data is educed for other 
purposes than the specific research, it is called secondary data, (Björklund & Paulsson 2003). 
 
There are lots of different methods to use when collecting data. The most commonly used for 
scientific researches are; literature studies, presentations, interviews, questionnaires, 
observations and experiments. By literature, all forms of written materials such as books, 
brochures, journals etc. are considered.  The advantages of this data gathering method is that 
it makes it possible to take part of a big amount of information in relatively short time and at a 
low cost. Studies of existing literature are also a help for mapping the existing knowledge in 
the area and thereby create a frame of reference. Presentations could be lectures, conferences, 
seminars among other things. Information that might be of great interest for the study can be 
collected when participating at different presentations, (Björklund & Paulsson 2003).  
 
There are three different types of interviews; structured interviews, semi-structured interviews 
and unstructured interviews.  In the structured interview, all questions are predetermined and 
asked in a specific order. When the subject is decided in advance but the questions are 
formulated depending on the respondents’ answer or reaction on previously questions, it is 
called a semi-structured interview. An unstructured interview is more recognized as a 
conversation where the questions are developed by time. Interviews are focused on the topic 
and can bring a deep understanding for the subject, which are the strenghts of this method, 
(Björklund & Paulsson 2003). Weaknesses with interviews are that they often tend to be 
partial as a result of poorly constructed questions, (Trost 2005).  
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A questionnaire consists of predetermined questions with answer alternatives. Benefits are 
that a big population can be reached in relation to the effort. On the other hand, the authors 
will lose valuable information about the respondent and his/her function, (Björklund & 
Paulsson 2003).    
 
Observations are based on that the scientist monitors the investigation object, (Holme & 
Solvang 1997). Observations are mostly usable concerning behaviours in their natural 
situations, but also for laboratory situations and experiments, (Patel & Davidsson 2003). 
According to Björklund & Paulsson (2003) it is often very time consuming to carry out 
observations for a study. In some situations though, it can provide very objective information. 
 
The experiment is often a miniature of the reality that has been simplified. The advantages are 
that the variables used in the experiment, to affect the investigation object, can be controlled 
and the experiment can be repeated if necessary. Negative aspects are that experiments often 
are expensive and time consuming and it can be hard to reflect the reality’s complexity in the 
miniature, (Björklund & Paulsson 2003). 
 
For this thesis we will use both primary and secondary data. Further, to collect the needed 
theory we will use literature such as printed books and scientific articles and thereby use a 
qualitative method. To make the empirical findings and the analysis we will use both a 
qualitative and a quantitative method. The qualitative method will be used in form of semi-
structured interviews made at the company and a quantitative method by conducting 
observations.    
 
 
2.5 Research strategy 
According to Yin (2003) there are three ways of doing scientific researches; experiments, 
surveys and case studies. Each of them uses a different way to collect and analyse empirical 
data according to its own logic. There are three conditions deciding what strategy to use; the 
type of research question, the control an investigator has over actual behavioural events and 
the focus on contemporary as opposed to historical phenomena.  
 
A case study consists of more than one investigation with the aim of studying for example one 
or more companies, organisations etc. For the chosen study object, several different data 
gathering methods are being used such as interviews, observations, analyses etc., (Svenning 
2003). The researcher investigates the object as a whole and tries to gather as much 
information as possible, (Patel & Tebelius 1987). A case study can be used in many situations 
to contribute to our knowledge of individual-, group-, organisational-, social- and related 
phenomenon. The need for case studies arises from the desire to understand complex 
phenomena, (Yin 2003). Further the author states that a case study will be used when the 
researcher wants to cover contextual conditions relevant to the object that is being studied.  
 
Experiments are used to study a few variables with the aim of trying to get control over things 
that may influence these variables, (Patel & Davidson 2003). In experiments the scientist 
makes investigations from a simplified model of the real life that consists of a limited number 
of variables, both independent and dependent. The ideal condition of making an experiment is 
to choose the objects randomly and expose these with different variants of independent 
variables. Trough this random selection the researcher will be able to generalise the results, 
(Patel & Tebelius 1987). 
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In a survey the investigation is made on a large well defined group by using questionnaires 
and interviews, (Patel & Davidson 2003). In this kind of investigation there is a possibility to 
gather information about a large number of variables as well as to present much information 
about a limited number of variables, (Patel & Davidson 2003 and Patel & Tebelius 1987). 
Surveys are often used to answer questions like what, where, when and how, (Patel & 
Davidson 2003). 
 
In this thesis we will investigate one company thoroughly and gather as much information as 
possible from this specific company with help from different data gathering methods. 
Therefore our research strategy will be a case study.  
 
 
2.6 Validity, reliability and generalisation of results 
There are several factors that may influence a scientific research e.g. the environment, human 
related factors and the measurement instrument. All these factors affect the validity of the 
research since validity is defined as the ability to measure/investigate what was intended to be 
measured/investigated and nothing else, (Svenning 2003 and Hartman 2004). The validity can 
be separated into internal and external validity and these concepts can be explained as: 
 

• Internal validity: Has its focus on the study object and the connection between theory 
and empiricism. It is about how the research proceeds, for example that the questions 
are asked to the right persons and that the right measurement instrument is used etc. 

• External validity: Has its focus on the whole research project and the ability to 
generalise the result. This generalisation can be made both concrete from one sample 
to the whole population or more abstract from a specific study to a common theory, 
(Svenning 2003). 

 
Another problem in a research is to reach as high reliability in the measurements as possible. 
There are lots of factors that can influence the investigation such as faults in the measurement 
instruments and faults in the interview form etc. All these factors can affect the reliability, 
which means that the measurements have to be done in the right way, (Svenning 2003; 
Thurén 1991 and Holme & Solvang 1997). A research has a high reliability if many 
independent measurements of the same phenomenon give the same results, (Holme & 
Solvang 1997). 
 
One important aspect of a scientific result is that it should be able to be generalised. When a 
research has been made on for example a group of humans the scientist will consider the 
question: Is this result valid for all humans? It is not always possible to make a research that 
investigates all humans and all situations, therefore only a part of the total population can be 
studied in a so called random sample. This random sample should at the end show a result that 
is representative for the whole population. In other words one can generalise from the random 
sample to the whole population, (Patel & Davidson 2003 and Wallén 1996). 
 
The internal validity of this research will be high since the empirical data collection will be 
gathered in connection with the model. Our model will be general in the way that it will be 
applicable in many manufacturing companies. Thereby the external validity and the 
generalisation will be high. Our model will guide the user to collect the right data and the 
collected data will be the same independent on who makes the research. Thereby, this 
research will have a comparatively high reliability. To higher the reliability even more, we 
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will make a detailed explanation on each and every step within the model in order to make it 
easier for someone else to reproduce.  
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3. T h e o r y 

In this chapter we present all necessary theories for conducting this research. This will make 
the reader more familiar with the topic and also increase the understanding of the following 
chapters.  
 
 
3.1 Improvements 
All companies constantly have to improve their operations in order to fulfil the strategic goals 
of the company and be competitive at the market. There are two different approaches when 
talking about improvements; these are breakthrough and continuous improvements, (Slack et 
al. 2004).      
 
 
3.1.1 Breakthrough improvement 
This type of improvement suggests a major and a dramatic change in the way the operations 
work. Examples of breakthrough improvements are introduction of a new machine or a total 
redesign of a computer-based system etc. The impact that these improvements will cause is 
relatively abrupt and sudden and represents a step change in practice. These kinds of 
improvements often need a high investment of capital and will disrupt the ongoing operations, 
(Slack et al. 2004).  
 
 
3.1.2 Continuous improvement 
Compared to a breakthrough improvement, a continuous improvement adopts an approach 
that assumes more and smaller improvement steps on a gradual and constant basis, (Slack et 
al. 2004). Continuous improvement is also known as kaizen. Ideas such as shorter lead times, 
reduction of lot sizes and setups, zero defects, preventive maintenance, and a flexible 
workforce are among many concepts inherent in continuous improvement, (Jaber 2006).  
 
 
3.2 Process 
For centuries, organisations have based their activities within the company on functions or 
departments. This type of functionally based organisations may ensure the efficient use of 
resources but at the same time they are slow to respond to changes in the market. The reason 
is that the product is passing from one function to another and thereby lengthening the time to 
respond. Because of higher customer requirements and quicker changes in the market more 
companies move to a process oriented way of working, (Christopher 2005).  
 
Chase et al. (2006) states that “a process is any part of an organisation that takes inputs and 
transforms them into outputs that, it is hoped, are of greater value to the organisation than 
the original inputs”.  
 
Further, Harrington et al. (1997) states that a process consists of a sequential set of activities 
that transform the input into output and adds value to it. Silver et al (1998) states that there are 
four different types of production processes namely job shop-, batch-, assembly- and 
continuous process. The characteristics of these processes can be seen in table 2. 
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3.2.1 Job shop process 
A job shop is a process where production of small batches of a large number of different 
products is being processed. Most of these products require a different set or sequence of 
processing steps. A job shop manufactures for example customized products and machine 
tools etc. (Silver et al. 1998 and Slack et al. 2004 among others). 
 
 
3.2.2 Batch process 
A batch process can be characterized by medium volume production runs of a medium range 
of products. A batch process is according to Browne et al. (1996) the production of a product 
in batches by a series of operations. Each of these operations is being carried out on the whole 
batch before any subsequent operation is started. The products that are proceeding through a 
batch process can be produced to customer orders or for inventory. Examples are heavy 
equipment and electronic devices etc, (Chase et al. 2006 and Slack et al. 2004). 
 
 
3.2.3 Assembly process 
According to Chase et al. (2006) the process of assembly line concerns the production of 
discrete parts that is moving from workstation to workstation. This movement is performed at 
a controlled rate and follows the specific sequence that is needed to build the product. Some 
examples of products that are being processed in an assembly line are computers and manual 
assembly of toys and appliances, (Chase et al. 2006 and Silver 1998).  
 
 
3.2.4 Continuous process 
The production in a continuous process follows a predetermined sequence of steps and the 
flow is said to be continuous. This type of structure is usually highly automated and 
constitutes one integrated machine that must be operated a long time to avoid expensive 
shutdowns and start-ups. Chemicals, refined petroleum products and paper are often produced 
in this type of process, (Chase et al. 2006 and Silver 1998).  
 
Characteristics Job shop process Batch 

process 
Assembly 
process 

Continuous 
process 

Material 
requirements  

Difficult to 
predict 

More 
predictable 

Predictable Very 
predictable 

Inventories         
    1. Raw material 1. Small 1. Moderate 1. Varies 1. Large 

         
   2. WIP 2. Large 2. Moderate 2. Small 2. Very    

    small 
 3. Finished goods 3. None 3. Varies 3. High 3. Very  

     high 
Typical size Usually small Moderate Often large Large 
Speed 
(component/day) 

Slow Moderate Fast Very fast 

Run length  Very short Moderate Long Very long 
Table 2 - Characteristics of different types of production processes, adapted from Silver et al. (1998). 
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3.3 Production scheduling 
Scheduling is defined by Vollmann et al. (2005) as: “a plan with reference to the sequence of 
time allocated for and operation necessary to complete an item”. 
 
According to Barnett (1996) schedules are needed to show when the different operations 
within the production should start and finish in the time period being considered. This time 
period will change from company to company and can for example be a day, a week or a 
month. The main goal in production scheduling is to meet delivery dates, achieve timeliness 
i.e. no job finished too soon or too late, minimize the production cost and to make the best use 
of the manufacturing resources, (Kempf 1989 and Arnold & Chapman 2001). 
 
 
3.3.1 Scheduling at different work centres 
A work centre can be a single machine, a group of machines, or a place where a special type 
of work is finished. Common for work centres are that productive resources are organised and 
work is completed, (Chase et al. 2006).    
 
Further, Chase et al. (2006) describe five different objectives with work centre scheduling; 

• meet due dates 
• minimize lead time 
• minimize setup time and/or cost 
• minimize work-in-process inventory 
• maximize machine or labour utilization 

 
It is not likely, and often not desirable, to satisfy all these objectives simultaneously. For 
instance, when minimizing setup times, batch sizes might increase which negatively affects 
the lead time as well as the work-in-process inventory. The most important part to consider is 
to make sure that the work centre scheduling objectives match the objectives of the 
organisation, (Chase et al. 2006).   
 
 
3.4 Productivity 
Chase et al (2006) defines productivity as the ratio of output to input. Productivity is usually 
measured in monetary terms e.g. dividing the value of the outputs (such as goods or services 
sold) by the cost of the inputs (such as material, labour etc). Another way to measure the 
productivity is by measuring it based on an individual input e.g. actual running time. 
 

Productivity = 
Input

Output                                                               [1] 

 
 
3.5 Lead time 
According to Al-Najjar et al. (2001) and Brown et al. (1996) among others, lead time is the 
time elapsed, from the procurement of raw materials, till delivering of the finished product to 
the customer. The manufacturing or production lead time is concerning the lead time from the 
start of the production process until the warehouse receives the product. Al-Najjar et al. 
(2001) and Mattsson & Jonsson (2003) states that the following elements represent the parts 
that make the manufacturing lead time: 

1. setup time 
2. processing time 
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3. waiting time in queue 
4. moving between workstations 

 
Further, these authors state that the lead time has a direct impact on the average inventory 
level of both purchased and manufactured products.  
 
Lead times are advantageous to reduce since customers nowadays obliges the lead times to 
become shorter and shorter. Therefore, time has turned out to be a major source of 
competitive advantage. When lead times become shorter, the customer’s inventory and 
storage costs can decrease, which in its turn adds value for the whole supply chain, (Coyle et 
al. 1996).   
 
 
3.6 Setup time  
Setup time is according to Nicholas (1998) and Mattsson (1999:2) the time spent in 
preparation to do a job, i.e. the elapsed time between when the last component of one lot is 
produced until the first good component of the next job is produced. This action consists of 
replacing fixtures and attachments and to adjust the machine until it produces a part that meets 
its specifications. 
 
Further, Nicholas (1998) states that companies have always strived to keep the number of 
setups to a minimum. The reason for this is that a setup is an action that takes time, costs 
money and produces nothing. Because of this, setups can be seen as a non-value adding 
activity. According to Shingo (1992) there are two different kinds of setups, internal as well 
as external setups. Internal setups are setups that can be performed only when the machine is 
stopped.  External setups are setups that can be carried out while the machine is in operation. 
Nicholas (1998) mentions some ways of reducing the stoppages caused by setups:  
 

• increase the skills of the setup personnel 
• minimize product variety 
• combine different jobs with similar setup requirements 
• use large lot sizes, (setups will not be affected if the products that are to be produced 

after each other are identical, i.e. no setups are needed between the lots)  
 
The number of setups can also be reduced by scheduling the jobs in a sequence so that all jobs 
with similar or identical setups are produced after each other. Furthermore, this method 
ignores other scheduling priorities, e.g. due dates which results in jobs being finished earlier 
or later than needed and may cause higher WIP-inventory than necessary, Nicholas (1998). 
 
Moreover, Luss and Rosenwein (1990) states that setup times must be reduced to be able to 
produce minor lot sizes and thereby lower the level of inventories.  
 
 
3.7 Reducing lead times and tied-up capital 
It is a clear relationship between lead time, material flow in manufacturing and the amount of 
tied-up capital within the production. The tied-up capital of work-in-process is a function of 
the material flow multiplied with the lead time. For instance, if the material flow through 
production is 1 000 components per day and the lead time is five days, the production has 
tied-up capital of 5 000 components. On the other hand, if the lead time is decreased to two 
days, the tied-up capital within the production is 2 000 components, (Aniander et al. 1998). 
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As mentioned before, one way to reduce throughput time is to reduce the lot sizes (or batch 
sizes). A disadvantage of this is increased setup times and thereby a reduced production 
capacity. The benefits can be gained through improved flexibility without a loss of 
effectiveness in material flow. Another advantage of decreased lot sizes is that the tied-up 
capital in storage, work-in-process, and finished goods inventory will be reduced, (Aniander 
et al. 1998).      
 
 
3.8 Inventory 
Inventory can contain supplies, raw material, in process goods or finished goods. Inventory 
exists for the reason that it is difficult to synchronize supply and demand perfectly, (Tersine 
1994).  
 
Additionally, Chase (2006) describes three other reasons for holding stock. One of them is to 
maintain independence of operations. A supply of material at work centres increase the 
flexibility and can thereby reduce for instance the number of setups. The second additional 
reason Chase describes is that inventory increases flexibility in production scheduling. When 
using inventories, longer lead times can be accepted. This permits production planning for 
scheduling a smoother flow and a more cost-effective production through larger lot sizes. The 
last reason is that keeping stock makes it possible to purchase a beneficial order size. It is 
more expensive to purchase smaller amounts more frequently. 
     
A classical inventory model without any safety stock is shown in figure 1 below.  
 

  
Figure 1 - Classical inventory model, developed from Tersine (1994). 
 
The average inventory for the model above can be calculated by using the following formula: 
 

2
Q

i =φ                                                                                                          [2]       

 
where 
 

iφ =average inventory 
Q=quantity 
 
The cost of holding stock is found by using the formula below: 
 
Cost Tied up capital = iPi ××φ                                                                                                       [3]                         
 

Q 

Time

iφ
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where 
 

iφ  = average inventory 
P = value of the product 
i = inventory interest rate, (Jonsson & Mattsson 2005) 
 
 
3.8.1 Work-in-process inventory (WIP-inventory) 
A process can be said to consist of: 

1. a set of tasks 
2. a flow of material and information that connects the set of tasks 
3. storage of material and information. 

The third point occurs when neither a task is being performed nor a part is being transferred, 
then the different parts need to be stored. A process can consist of many different work 
stations, between these stations the parts may have to wait to be processed by the next station. 
These storages are often called work-in-process inventory, (Chase et al. 2006). 
 
According to Tersine (1994) the WIP-inventory can, for manufacturing companies that 
produces to order, account for up to 50 percent of the total investment in inventory. WIP-
inventories make the company less vulnerable since it protects for different stoppages in 
production. Excess in WIP-inventory leads to a long manufacturing cycle time, a complex and 
costly production control system, high material movement cost and increases the required 
floor space. Furthermore, a decreased WIP-inventory is not only reducing inventory costs but 
also lowers manufacturing costs, increases responsiveness, increases due date performance 
and also improves the manufacturing system as a whole.  
 
The WIP-inventory can be reduced if the number of released orders to the shop is decreased, 
the lead time is reduced and/or if the capacity of the bottleneck work stations is increased. 
Rising WIP and excessive lead times are symptoms of poor capacity planning. The bottleneck 
stations should have as little planned idle time as possible since the output of the facility is 
limited by its bottleneck. Therefore, a queue in front of a bottleneck station is good for 
ensuring full capacity utilization. In reverse, queues should be avoided for non-bottleneck 
stations and they should preferably be utilized based on the production rate of the bottleneck 
stations, Tersine (1994). 
 
 
3.9 Capital investment appraisals  
A capital investment appraisal is important when assessing and comparing different 
investment alternatives, it shall also give an answer of which investments that are lucrative. 
The appraisal is a helpful tool for choosing which investments that should be carried through, 
(Aniander et al. 1998).  
 
Even if the initial acquisition cost is low, Bergman & Klefsjö (2003) states that it does not 
have to be the most cost effective alternative in the long run. As visualized in figure 2, the 
acquisition cost is only the tip of the iceberg, and the hidden costs need to be discovered in 
order to find the best alternative. 
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Figure 2 - The iceberg, adopted from Bergman & Klefsjö (2003). 
 
According to Sullivan et al. (2006) it is important to compare different alternatives on a 
comparable basis. The differences among alternatives may occur in many forms. Therefore, 
the economic impacts of these differences must be included in the estimated cash flows. 
Further, Sullivan et al. (2006) give examples of differences that may occur: 

• Operational performance factors, e.g. output capacity, speed, setup time, fuel 
efficiency etc.  

• Quality factors, e.g. number of defect-free components produced per period.  
• Useful life, revenue changes, capital investment required, various annual expenses or 

cost savings, etc.  
 
 
3.9.1 Time-money relationship 
It is well known that money has a time value. Because of the interest it can earn, a dollar 
today is worth more than a dollar one or more years from now, (Sullivan et al. 2006, Aniander 
et al. 1998, among others).  
 
As stated before it is important to compare different alternatives on an equivalent basis. To be 
able to do this, four different factors have to be considered; (1) interest rate, (2) the amount of 
money involved, (3) what time the monetary receipts or expenses happen, and (4) in which 
way the interest or profit on invested capital is paid and the initial capital recovered. Present 
worth, future worth, and annual worth are examples of methods for comparing different 
alternatives on equivalent basis, (Sullivan et al. 2006).  
 
 
3.9.2 Present worth method 
Present worth method is a way of discounting future cash flows into present time considering 
the interest. A profitable investment is an investment where the sum of the future expected net 
incomes, converted to present value, is greater than the investment cost. The investment with 
the highest present worth value is the most profitable one, (Aniander et al. 1998). According 
to Sullivan et al. (2006), Aniander et al. (1998) among others, the equation for calculating the 
present worth is the following: 
 
PW = FW / (1+i)n                       [4] 
 
where 
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PW = present worth 
FW = future worth 
i = interest rate 
n = number of interest periods 
 
 
3.9.3 Interest rate 
When a company faces an investment, it is important to know how much they are expecting in 
return of their capital. This return of capital is known as the interest rate. The interest rate 
should consider the opportunity cost. Therefore, as a minimum, it should receive a return 
equal to the amount they have sacrificed by not using it in some other available opportunity of 
similar risk, (Sullivan et al. 2006).  
 
The real rate of interest is when inflation is disregarded. When the future expected inflation is 
considered and added with the real rate of interest, they together form the nominal rate of 
interest. When an investment is to be considered, the company can choose to use the real rate 
of interest or the nominal rate of interest. If the nominal rate of interest is used, the yearly 
income/outgo has to be adjusted according to the expected inflation, (Persson & Nilsson 
1999).  
 
If the price change of one or many payments/incomes differs from the inflation, the nominal 
rate of interest should be used. On the other hand, if the change of the price and the inflation 
are zero, or if the change of the price and the inflation are equal, a real rate of interest should 
be used, (Persson & Nilsson 1999).  
 
 
3.10 Decision making 
According to Jennings & Wattam (1994), decision making is one of the most vital activities 
within a company and are often made at the management level. Further, the authors state that 
decisions are required in order to make an organisation function, adapt, take advantage of 
opportunities and to overcome crisis within the company. Since all organisations are complex, 
the decision making process is hard to manage and the decision makers can never be sure if 
the right decision has been made or not. Two decision making tools that a company can use 
are multiple criteria decision making (MCDM) and cost-benefit analysis. 
 
 
3.10.1 Multiple criteria decision making (MCDM) 
Companies constantly have to deal with making decisions, one tool or method that can be 
used in their decision making process is the multiple criteria decision making model 
(MCDM). This tool is a collection of methodologies to compare, select or rank multiple 
alternatives that involves unequal attributes. This method often refers to making decisions in 
the existence of multiple and usually conflicting criteria. MCDM consists of a finite set of 
alternatives and a finite set of criteria weighted according to the different alternatives 
importance. When a company for example should decide whether to buy a new machine or 
not the alternatives can be; buy a new machine (A1), keep the current machine (A2) and 
improve the maintenance of the current machine (A3). To decide which alternative to choose 
the company will use different criteria (C1, C2…) e.g. life cycle cost, customer satisfaction 
and reduced lead time. These criteria will be weighted (w1, w2…) from 0-100 percent 
depending on how important they are for the company. After the criteria and the weights are 
decided, the decision makers need to investigate the affects that each alternative will have on 
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the different criteria. A number (rmn) from for example 0-10 will be selected, where 10 shows 
that the alternative have a high influence on the criteria. When all the numbers are decided, 
the weights and the number will be multiplied and summarized (S1, S2…). The alternative 
with the highest total number will be the best alternative to chose for the company. Moreover, 
when making a MCDM a decision matrix is build that shows all the alternatives and their 
specific weights, (Al-Najjar & Alsyouf 2003; Levy 2005 and Zanakis et al. 1998). Table 3 
below shows a decision matrix. 
 

 
Table 3 - Decision matrix adapted after Hwang and Yoon (1995). 
 
 
3.10.2 Cost-Benefit analysis 
Another useful decision making tool is the cost-benefit analysis, which has the aim of 
showing the costs in relation to the expected benefits the alternative will cause. The 
requirement of the alternative is that the benefits should be higher than its costs. Some typical 
criteria that can be used for evaluating alternatives are;  

• Benefits – what are the benefits of using the alternative in for example solving a 
performance deficiency? 

• Costs – what are the costs of implementing the alternative? 
• Timeliness – how fast will the benefits occur and a positive impact be achieved? 
• Acceptability – to what extent will the alternative be accepted and supported?, 

(Schermerhorn 2006) 
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4.  M o d e l   d e v e l o p m e n t 
In this chapter we will develop and present our model based on theory presented in the 
previous chapter.   
 
 
4.1 Literature review 
A search has been done in the Electronic Library Information Navigator (ELIN) before 
developing the model. This search was done in order to find previous researches within the 
area of changing the due date of work orders. When performing this literature review several 
different keywords have been combined to find relevant matches. A list of all the keywords 
used when conducting this search is shown in table 4 below. 
 

Key words: Matches Relevant matches 
“production scheduling” and “due date” 62 0 
“production planning” and “due date” 56 0 
“change” and “due date” 40 0 
“batch size” and “due date” 5 0 
“lot size” and “due date” 6 0 

Table 4 - A summation of the article search 
 
As seen in the table above, we did not find any relevant matches that could be used when 
developing our model. Thus, there is a gap in the existing theory about the technical and 
financial factors that will be affected when changing the due date of work orders. 
 
 
4.2 Model creation 
As mentioned in the introduction chapter there has been much focus on theories and models 
showing how companies can improve their profitability by optimizing e.g. the inventory 
management and the material handling. Due to lack of a practical model concerning a change 
of the due date of work orders, we will in this chapter develop a model that will guide the 
company towards a change of the due date. The aim of this model will be to show which 
technical and financial factors that will be affected and how these can be assessed in order to 
decide whether to change the due date of work orders or not. During our education in 
Terotechnology we have discussed different improvement approaches such as Total Quality 
Management (TQM) and the PDCA-cycle which have influenced our model. The aim of 
TQM is to fulfil and preferably exceed the customers’ requirements and expectations to the 
lowest cost through a continuous improvement work. The PDCA-cycle consists of the steps 
plan, do, check and act and has the aim of improve the organisation. More information about 
these approaches can be found in for instance Bergman & Klefsjö (2003). 
 
Before any change is carried out, the company has to identify, analyze, investigate and at the 
end assess the areas that will be affected to know whether to implement the change or not. If 
an implementation is done, an evaluation of the change should be carried through after a 
decided period of time in order to know if the result is satisfying or not. 
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Persons from different departments within the organisation should be involved when applying 
this model. The reason for this is that several areas within the company will be affected and it 
is thereby important to have a wide knowledge about all these areas.   
 
When entering the model, the company has a proposal of how and where a change of the due 
date of work orders should be made. The due date of work orders can be changed in different 
ways, e.g. from month to week or the reverse, from week to day or the reverse etc. Where the 
change should take place will differ from project to project and can be one or several 
departments within the company.  
 
In the first part of the model an identification and analysis of the current situation is made. 
This should be completed in order to reveal which technical and financial factors that will be 
affected in the actual case. When data has been collected about the current situation an 
investigation of these factors should be made. This step is followed by an assessment of the 
technical and financial factors in order to know whether to change the due date or to keep the 
current. After the assessment is made, the company has a good foundation when making a 
decision. If the company decides to implement the change, an evaluation of the change should 
be completed after a specified period of time. This is done in order to investigate if the results 
are satisfying or not. An overview of the different phases of the model will be presented in the 
following. 
 

 
Figure 3 - An overview of the model 
 
Furthermore, this model will act as a decision making tool and can be used when considering 
a change of the due date of work orders. The developed model can be seen in figure 4 which 
will be followed by a description of each step.  
 
 
 
 
 
 
 



 21

1.1 Gather information about the technical factors at 
the department(s) in which the due date of work orders 
will change

1.2 Analysis of the current situation in which a 
change of the due date of work orders is considered 

Phase 1
Identify and 
analyse

 
2.1 Investigate the most important technical factors that will be affected

Yes

2.3 Investigate the financial factors 
and perform a cost-benefit analysis

2.4 Investigate how a change can be made 
possible

No

2.5 Make a capital 
investment appraisal

2.6 Proceed to phase 3

Phase 2
Investigate

2.2 Is it possible to change the due date and 
still reach the company’s required output of 
components for the chosen department(s)? 

 

3.1 Construct a table of all the technical and financial factors that 
will be affected by a change of the due date of work orders

3.3 Make a multiple criteria decision making model based on 
the company’s goals

Phase 3
Assess

3.2 What/which are the goals of changing the due date of 
work orders?

3.4 Should the change 
be implemented?

Yes No

3.5  Implement the 
change and proceed to 
phase four

3.6 Go back to phase 
one or end the model

 
Phase 4
Evaluate 4.1 Evaluate the change

4.3 What could have been 
done better?

Yes

No

Yes No

4.5 Proceed to phase one

4.2 Are the results 
satisfying?

4.4 Is there any new 
project to start work with?

 
Figure 4 - The developed model 
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Phase 1 Identify and analyse 
The first phase in this model contains identification and analysis of the current situation. 
When entering the model the user has a proposal of a change and where the change should be 
made. The first step of the model implies information gathering. In this step information about 
which technical factors, in the chosen department(s), that may be affected by a change is 
identified. When the needed information has been gathered, the user needs to analyse the 
current situation. The reason for this is to get knowledge about how it is working today in 
order to compare the suggested change with the current situation.  
 
1.1 Gather information about the technical factors at the department(s) in which the due date 
of work orders will change 
When a change is implemented it will affect one or several technical factors within the chosen 
department(s). Thereby, it is important to gather information about the technical factors that 
may be affected. The technical factors that the user will gather information about will differ 
from company to company and from project to project but can for instance be; setup time, 
lead time, production bed and other production related factors. Information about the 
company’s required output of components for the chosen department(s) needs to be collected 
in every case since this is a factor that is important for all companies. Thus, the output of this 
step is basic information about the current situation. 
 
1.2 Analysis of the current situation in which a change of the due date of work orders is 
considered  
The input of this step is basic technical information about the current situation. One way to 
analyse this information is to study for example one specific year, month or week. The output 
of this step is information of the technical factors based on the chosen time period in study.  
 
 
Phase 2 Investigate 
The first step in the second phase is to investigate the technical factors that will be affected 
when changing the due date. In this phase the user should also study if a change can be 
implemented and still reach the company’s required output of components for the chosen 
department(s). If this is the case, a cost-benefit analysis should be done to study monetary 
effects that this change will cause for the whole company. If the required output for the 
department(s) cannot be reached after the suggested change, the user needs to investigate how 
this can be made. Thereafter, a capital investment appraisal should be made in order to find 
the additional incomes and costs that this alternative will cause for the company.   
 
2.1 Investigate the most important technical factors that will be affected  
When the user enters phase two, information about the current situation is gathered. To find 
which technical factors that will be affected in the chosen department(s) if a change of the due 
date of work orders is made, an investigation of that situation is needed. The same period of 
time as chosen in 1.2 should be used, otherwise it is impossible to find the effects. The output 
of this step is information about the technical factors that will be affected when changing the 
due date.   
 
2.2 Is it possible to change the due date and still reach the company’s required output of 
components for the chosen department(s)?  
It is crucial to investigate if the company’s required output of components for the selected 
department(s) will be reached when changing the due date. The required output is based on 
what the department(s) needs to produce to be able to satisfy the demand from the market.  
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Information about this is collected in 1.2 and 2.1 and needs to be compared. The output of this 
step is either a “yes” or a “no” and depending on this the users will proceed differently. 
 
If yes: 
2.3 Investigate the financial factors and perform a cost-benefit analysis 
If the required output of components can be reached when changing the due date of work 
orders, a cost-benefit analysis should be made. A change in any area will not only affect the 
department(s) where the change will be implemented, it will also affect other parts of the 
company. Since one common goal for every company is to increase the profitability, it is 
crucial for the company to investigate the financial factors that will be affected, not only in 
the chosen department(s) but also in the whole company. Thereby, the output of this step is a 
cost-benefit analysis showing the financial factors that will be affected when changing the due 
date of work orders. 
 
If no: 
2.4 Investigate how a change can be made possible 
It is known from the previous step how far from the desired goal the company are and the user 
needs to investigate how this goal can be reached. The user needs to come up with 
suggestions on how it can be managed. The suggestions may for example involve extending 
the working hours (more shifts), improve the maintenance or buy a new machine. The output 
of this step is suggestions of how the required output of components can be reached. 
 
2.5 Make a capital investment appraisal 
When the user has come up with suggestions that can be implemented in order to reach the 
required output of components, a capital investment appraisal should be made on the 
suggestion(s). Changes in incomes and costs should be investigated. The aim of this appraisal 
is to compare the chosen alternative(s) with the current situation. The output of this step is 
thereby one or several capital investment appraisals showing the financial factors that will be 
affected when changing the due date of work orders.  
 
 
Phase 3 Assess 
In phase three, an assessment of the change should be made based on the technical and 
financial consequences that the change will cause. At first an overview of all the advantages 
and disadvantages that a change will cause should be presented in a table. After this, a 
multiple criteria decision making model should be done with the aim of assessing the different 
alternatives that the company can choose from. When the MCDM is completed it will act as a 
decision making tool for the company. At the end of this phase the company will decide 
whether to change the due date of work orders or not. 
 
3.1 Construct a table of all the technical and financial factors that will be affected by a 
change of the due date of work orders 
When the identification- and investigation phase is done, lots of information has been 
gathered and analyzed. To get a holistic picture of all the technical and financial factors that 
the change will affect a table can be made that lists all the advantages and disadvantages of 
the change.  
 
3.2 What/which are the goals of changing the due date of work orders? 
To be able to assess if the change is good for the company or not, they need to be sure of why 
they want to implement the change i.e. what or which are the goal(s) of the change? The goals 
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can for example be related to shorten the lead time, minimize the setups or decrease the tied-
up capital. The output of this step is thereby a list of the goal(s) that the company want to 
reach by changing the due date.  
 
3.3 Make a multiple criteria decision making model based on the company’s goals 
In this case the user has at least two different situations to choose between, either to keep the 
current situation or to implement the change. To rank these alternatives a multiple criteria 
decision making model can be constructed. In order to get as correct assessment of the 
alternatives as possible, the model should be based on the goals stated in 3.2. Criteria that 
cannot be measured in money should also be considered in this model.   
 
3.4 Should the change be implemented? 
When a multiple criteria decision making model has been made the user knows which of the 
alternatives that is the most advantageous. The MCDM is only a decision making tool for the 
company and does not decide which alternative the company should choose. The company 
will be guided by the MCDM but the final decision will probably be taken at the management 
level. 
 
If yes: 
3.5 Implement the change and proceed to phase four 
If the company decides to implement the change of the due date the company should proceed 
to the forth phase where an evaluation of the implementation takes place.  
 
If no: 
3.6 Go back to phase one or end the model 
If the company decides not to implement the change they need to investigate whether they 
have a new project to start with or not. If they have, the model starts once again. If not, the 
model stops until the company has one. 
 
 
Phase 4 Evaluate  
The last phase in this model is the evaluation. In order to know if the implementation of the 
change was successful or not, an evaluation should be made. If the result of the change was 
satisfying, the company should consider if there is any new project to start with. If the result 
is not acceptable, the company should evaluate what could have been done better.  
 
4.1 Evaluate the change 
When the results of the change can be noticed an evaluation should be made. This is 
important to be able to find what have been gained and lost. The evaluation can be made in 
different ways but it should at least include the achievements.  
 
4.2 Are the results satisfying?  
The input to this step is the evaluation of the change that was made in 4.1. The company can 
with this information decide whether the results of the change are satisfying or not. This 
decision can be based on the goal(s) the company had for this change which was mentioned in 
3.2. 
 
If no: 
4.3 What could have been done better? 
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If the result is not satisfying, the user needs to figure out what could have been done better. 
What are the reasons for not reaching any satisfying results and in what way could it have 
been done better are some of the questions that the user needs to answer. 
 
If yes: 
4.4 Is there any new project to start work with? 
When the results of the change have been evaluated, the company should consider if there are 
any new project to start with or not. If they have a new project to start with they proceed to 
the first phase and start the model once again. If the company cannot find any new project, the 
model stops until the company has one.  
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5.  E m p i r i c a l  f i n d i n g s 
In this chapter we make a brief presentation of our case company used in this study. An 
overview of the production process and some further information about the processing 
department and the  part storage is described.  
 
 
5.1 Elitfönster in Lenhovda  
In year 1924 a group of local farmers in Lenhovda started Elitfönster by producing a wide 
range of furniture and windows. The company concentrated their business on windows in 
1953. In 1996, Elitfönster in Lenhovda and Myresjöfönster in Vetlanda merged and created 
Elitfönster AB. Today, Elitfönster AB is a part of the Inwido group and produces windows 
and doors. In year 2006 Elitfönster AB had a turnover of 1,1 billion SEK. In the production 
plant in Lenhovda there are about 480 employees.  
 
Elitfönster AB is a leading manufacturer of windows in Sweden and the customers are mainly 
private customers and house building companies. The majority of the products are sold in 
Sweden through a network of skilled building dealers and by their own selling group.  
 
To meet the competition in the market the company strives to develop and make continuous 
improvement on both the products and the organisation. The company is certified due to ISO     
14 001 and they are also the only window manufacturer which can place the eco label 
“Svanen” on their products.    
 
The production plant in Lenhovda produces about 1 000-1 200 windows every day and the 
production is made both due to customer orders and to inventory. The production is mainly 
based on customer orders in the summer while they produce to stock in the winter to keep a 
steady production.    
 
The raw material, which mainly consists of pine, is sawed into the required length and is then 
proceeding through the process. The pine is either sawed into a standard length (standard 
components) or into a required length that the customer wants (B-components). Because of 
these special orders the company produces a huge number of variants.  
 
The products that are being made at Elitfönster in Lenhovda are the following: 

I. EFS: This is a classic side-hung window for the ones that want to open the window in a 
traditional way. 

II. EFK: This is a non-open able window which specially can be used in places where 
windows on a large area is wanted. 

III. EFH: This window has a special mounting called H-mounting. The characteristic of this 
window is that it can be turned around in 180 degrees outside the facade. 

IV.  ED: This is a door that can be manufactured in many different variants depending on 
the customer needs. 

 
In figure 5 and 6 are the four different kinds of products illustrated and in figure 7 is the 
frame, sash and the strip of a window shown.   
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Figure 5 - EFS and EFK (www.elitfonster.se) 
 
 

                     
Figure 6 - EFH and ED (www.elitfonster.se) 
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Figure 7 - A picture showing the sash, frame and the strip of a window 
 
 
5.2 Production process 
The area at which the production plant is located is large and there are many units spread all 
over this place. Due to the fact that the business in Lenhovda has expanded the previous years 
the plant consists of both older and newer buildings. The company has many potential 
improvement areas because of this expansion. The production is working as a batch process 
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with different sizes of the batches depending on the type of components that are being 
produced. To get an overview of the whole production process this will be described in the 
following:  
 
Glass factory: Large glass plates are delivered to the factory where they cut them into the 
right sizes. The scrap of glass reaches five percent of the total material used and will be sent 
to a recycling company. In the next step the strip is produced. After this, two or three panes 
are assembled to the strip depending on if it is a double-glazed window or a triple-glazed 
window. In the glass factory there are 80 employees.  
Processing department: The sashes and the frames for the window are made in this unit. Pine 
is the most common material but some oak is also used. At the time, 90 percent of the 
material is finger-jointed and 10 percent is solid. The raw material is treated in one of the 
three different planes in order to get the right profile and surface finish. Further treatments 
such as drilling and milling are performed for some components. When the processing is 
done, the components are pressure-impregnated to be resistant against moisture. In this 
department, approximately 45 persons are employed.  
Part storage: The different components are stored in the part storage and are taken out when 
needed. When they are taken out, the components are sorted to different orders and passed 
forward to the surface treatment department. There are 11 people working at this department. 
The surface treatment department: There are four different material flows in the surface 
treatment department; wooden white, glazing paint, colour, and white. There are around 80 
employees working at this department.  
Mounting department: All components are mounted in some way. Sashes and frames are 
mounted with for instance hinges, weather strips and glide blades separately.  
Assembling: All components from other departments are here assembled into a finished 
product. The assembling consists of eight assembly lines and approximately 90 employees.  
Packing and shipping department: At this department, the orders are taken out and then 
picked up by trucks. 16 persons work at this department. 
       
Moreover they have departments for maintenance, storage and testing. An overview of the 
different departments and the production flow is shown below in figure 8: 
 

  
Figure 8 - An overview of the different departments at Elitfönster in Lenhovda 
 
At all the departments except from the processing department the production is made 
according to a daily due date of work orders. In the processing department they are instead 
producing on a weekly basis. A daily due date implies that the work orders should be 
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completed in one day and in a weekly due date the shop-floor has one week to finish the 
released work orders. Today, the customer demands a shorter lead time and thereby there is 
improvement potential in the processing department. 
 
 
5.2.1 Processing department 
To get the right sizes and design of the components, the raw material needs to be planed. As 
earlier mentioned they make both the sashes and the frames that are needed for the final 
window in this department. Today there are three different planes in the processing 
department, namely Gabbiani, Harbs and SCM. Each one of these machines has different 
characteristics and is therefore producing different kinds of components. For instance 
Gabbiani is producing both sashes and frames, Harbs is only producing frames and SCM is 
only producing sashes. It is also important to mention that Harbs is mostly producing standard 
components which are produced in larger batches and therefore demands fewer setups. 
Gabbiani mainly produces B-components while SCM produces a mix of B- and standard 
components. A picture of SCM can be found in appendix Ι. 
 
Every Tuesday the operators at each machine get the production bed that tells what the 
machine should produce until Tuesday the week after. Each machine has a particular 
processing scheme to follow and the production bed is sorted after this scheme. The aim of 
the processing scheme is to minimize the setup time which can be done by processing similar 
parts after each other. In table 5 below is the setups shown for all three machines. A length 
setup is needed when the length of the profile is changing, while a profile setup is needed 
when the characteristics of the components are changing.  
 

Machines 
 Gabbiani Harbs SCM 

Average setup time (length), minutes 1,4 6,8 - 
Average setup time (profile), minutes 7,4 18,8 4,1 

Table 5 - Setup time for the three machines 
 
The plant in Lenhovda operates 230 days per year. Harbs is operating in two shifts, with two 
persons in each shift. SCM operates in three shifts, with two persons in each shift. 50 percent 
of the producing time they are working in three shifts in Gabbiani in order to manage changes 
in the production demand. The rest of the time this plane operates in two shifts, with two 
persons in each shift. The working time of the shifts are presented below: 
 

• Shift 1: 05.48-14.06 five days a week, total break time is 39 minutes per day 
• Shift 2: 13.48-23.00 four days a week, total break time is 42 minutes per day 
• Shift 3: 22.48-06.00 four days a week, total break time is 24 minutes per day 

 
When it comes to the maintenance of these machines, Elitfönster do not have any structured 
preventive maintenance strategy to follow. As it is today, they have two planned maintenance 
stoppages for each plane every year. Beyond these stoppages they perform breakdown 
maintenance when needed. The total time for maintenance for each plane is estimated to be 
1,5 hours/week. Other stoppages such as meetings and quality follow-ups take approximately 
30 minutes per week and plane.  
 
As mentioned before there are a large amount of different variants of the parts that can be 
produced in the processing department. This makes it hard to get the precise numbers on for 
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example the setup time when changing the length or the profile. The setup times presented in 
table 5 are based on a two day study, performed in year 2006. Furthermore, it is tough to put 
an exact number of how many components that can be produced every day or every hour 
because of the variety of parts. The processing department is producing around 38 000-40 000 
components every week. 
 
 
5.2.2 Part storage 
When the raw material is shipped from the impregnation to the part storage it is placed in a 
specific position depending on what kind of product category it belongs to. Further, within 
that product category it is sorted as sash or frame. Everyday the workers get a list of what they 
are supposed to deliver to the next station that day. It is very important that the workers are 
familiar with the different codes that appear on the lists. The codes can explain for instance 
some extra processing on the components such as additional milled areas for ventilation etc. If 
any component that is delivered to the assembling has the wrong size or is processed in the 
wrong way, the final product will have incorrect specifications or can perhaps not even be 
assembled.  
 
The incoming pallets can both consist of one specific standard length but a pallet can also 
contain several different lengths if the product is specified by the customer. The hard part for 
the worker is to find the exact length of the component together with the exact processing that 
the specific order requires. When all orders are done for the day, there is one worker that 
registers the finished orders in the computerized system in order to know the amount of stock 
in the part storage. Two pictures of the part storage can be found in appendix Ι. 
 
Five years ago there were only four workers in this department but due to the expansion there 
are today 11 persons working here. The tasks are separated over the 11 workers as seen 
below: 

• Two workers pick the sashes 
• One is picking the EFS 
• 4-5 persons are picking the frames 
• One is responsible for picking the frames of the doors 
• One picks all the sashes for the doors, and 
• One is responsible for making the registrations of the incoming and outgoing 

material. 
 
The average inventory level of the standard components in the part storage is 90 000 
components and their safety stock reaches a level of 2,5 weeks. The average inventory level 
of the B-components are 10 000 components. The components in the part storage have an 
average value of 50 SEK and they are using an inventory interest rate of 25 percent. 
 
 
5.3 Production planning 
The lists on what to be produced in each department are put together by the logistics/planning 
department every Monday. To make these lists they are using a software system called 
MOVEX. Today, the production is planned on a daily basis at every department except the 
processing department. This means that the departments get a schedule or a list of the orders 
that they are supposed to produce that day. In the processing department, they in its place 
receive a list of work orders that they are going to finish until the week after. The reason for 
this is that the processing department consists of machines with extensive setup times. 
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Therefore, the batches need to be rather large to reduce the setups and thereby be able to 
increase the amount of produced components. 
 
 
5.4 Lead time 
In appendix ΙΙ is a Gantt-schedule over the total lead time for the customer ordered windows 
shown. As can be seen, the lead time starts with the activity of picking the material and ends 
with the delivery to the customer. The lead time of the different departments within the 
company depends on for example the complexity of the processing but also if the production 
is planned on a daily or a weekly basis. The total lead time for this type of product is at the 
moment five weeks.  
 
 
5.5 Investment policy 
When making investments in new machines the company uses a 10 year economic life length 
of the machine. The company is using a real rate of interest that is 20 percent, i.e. the interest 
rate is neither considering taxes nor inflation. The direct labour cost used in capital investment 
appraisals is calculated to 210 SEK/hour for the employees working the first shift, 252 
SEK/hour for the second and 301 SEK/hour for the third shift. This cost includes salary, 
social fees, insurances etc. The overhead cost for Gabbiani and Harbs is 450 SEK/hour and 
350 SEK/hour for SCM. 
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6.  A n a l y s i s 
Our developed model will in this chapter be applied and tested at the processing department 
at Elitfönster in Lenhovda. All phases except the last one, evaluation, are performed. 
 
 
6.1 How and where a change should be made 
Before entering the model the company has a proposal of how and where the change of the 
due date of work orders should be made. In Elitfönster they are planning a change of the work 
orders due date from a weekly to a daily basis. This change is considered in the processing 
department, which as mentioned before is the only department that does not follow a daily 
production. Further, it is important for the company to analyze and investigate which 
technical and financial factors that will be affected in order to at the end make a decision 
whether to implement the change or not. The most important reason for why considering a 
change in this department is to shorten the lead time for the B-products. Shortened lead time 
is also a requirement from the customers. If the lead time can be shortened, the company will 
lower the tied-up capital within the production. The standard products will continue to be 
produced on a weekly basis since these products are produced to stock and there is as a result 
no requirement from the customers to shorten the lead time. 
 
A visualization of what will happen if changing the due date of work orders from week to day 
is illustrated below: 
 
 
 
 
 
Figure 9 - Weekly production when producing A-, B- and C-components 
 
 
 
 
 
 
Figure 10 - Daily production when producing A-, B- and C-components 
 
As seen above, when the due date is changed to a daily basis there will be more setups due to 
smaller batch sizes. When having a weekly due date of work orders all A-components will be 
gathered and produced after each other, the same condition counts for B- and C-components. 
When producing on a daily basis all different components may have to be produced every day 
which increases the number of setups. 
 
 
6.2 Identify and analyze 
In the first phase of the model the company will gather information about the technical factors 
in the processing department. When information about the technical factors has been gathered 
they should make an analysis of the current situation based on a specific period of time.  
 

A C B 

A A A AB A BB BB C C CC C



 33

6.2.1 Gather information about the technical factors at the department(s) in which the 
due date of work orders will change 
Information about the technical factors at the processing department has been gathered and 
can be found in the empirical chapter. Information about the setup time for the planes, the 
output of components, the stoppage time and the working time are presented there. This 
information is needed in order to find which technical factors that will be affected by a 
change. Information about the current lead time can be found in appendix ΙΙ.  
 
 
6.2.2 Analysis of the current situation in which a change of the due date of work orders 
is considered  
When making the analysis of the current situation in the processing department one specific 
production week is studied, namely week 12 in year 2007. This week is according to the 
company a typical production week and we will thereby get as realistic result as possible. 
Thus, our calculations will be based on this week. When making our calculations we used 
exact numbers until the end where the numbers got rounded off.  
 
A list of the components that were produced in week 12, based on the production bed, is 
shown in table 6. Further, the total amount of components that were produced in this week are 
8 438 B-components and 30 289 standard components.  
 

Number of components produced 
 B-components Standard components 

Gabbiani 4 020 - 
Harbs 1 221 17 769 
SCM 3 197 12 520 
Total: 8 438 30 289 

Table 6 - Components produced in the planes in week 12, weekly production 
 
As can be seen in appendix ΙΙ, the production lead time within the processing department is 
nine days. The lead time starts on Tuesday week one by the activity of picking the material 
and ends with the impregnation at the end of Friday week two.  
 
The total time used for setups for the B-components and the standard components, in the 
specific production week in study, is shown in the tables below. It is also specified how many 
length respectively profile setups that were needed. The total setup time for each plane is 
found by multiplying the number of setups with the time each setup takes. The setup time for 
each machine is presented in the empirical chapter. 
 

Weekly production 
Setups (number) Time (hours) Total time 

  Length Profile Length Profile Hours 
Gabbiani 583 93 13,60 11,47 25,07 
Harbs 158 17 17,91 5,33 23,23 
SCM - 108 - 7,38 7,38 
Total: 741 218 31,51 24,18 55,68 

Table 7 - Setup time for B-components in a weekly production (week 12) 
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Weekly production 
Setups (number) Time (hours) Total time 

  Length Profile Length Profile Hours 
Harbs 57 12 6,46 3,76 10,22 
SCM - 11 - 0,75 0,75 
Total: 57 23 6,46 4,51 10,97 

Table 8 - Setup time for standard components in a weekly production (week 12) 
 
For the analysis of the current situation, lots of information has been gathered. The working 
hours as well as the total downtime are required to find the actual running time. The actual 
running time for each plane is needed to calculate how many components in average the 
machine can produce every hour. All needed information is presented in table 9 below. 
 

  Plane 
Activities (hours/week)   Gabbiani Harbs SCM 

2- shifts 78,30 78,30 -  Working hours  3- shifts  - -  107,10 
2- shifts 6,05 6,05 -  Stoppages due to breaks  3- shifts  - -  7,65 

Total setup time, (both standard 
and B-components) length and 
profile setups 

Weekly production 25,07 33,45 8,13 

Maintenance stoppages Weekly production 1,50 
Other stoppages, such as 
meetings, quality follow-ups, etc. Weekly production 0,50 

2-shifts  45,18 36,80 - Actual running time (A) 3-shifts - - 89,32 
Table 9 - Information of the working hours, stoppages and actual running time, weekly production 
 
The setups for the B-components and the standard components are summarised. The actual 
running time can be calculated by subtracting all stoppages for breaks, setups, maintenance 
and other stoppages from the total working time. The actual running time is the time the 
machine produces something. 
 
The production rate is a measure of productivity and shows the number of components that 
can be produced per hour. Based on formula 1 in the theory we constructed formula 5. 
 

R = 
A

1Y                                           [5] 

where 
 
R = production rate (components/hour) 
Y1 = produced output of components, based on production week 12 
A = actual running time (hour) 
 
Table 6 is showing the number of components being produced in each plane in the specific 
production week that this research is based upon. By using formula 5, these numbers and the 
actual running time shown in table 9 can be used to calculate the production rate of each 
plane.  
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Gabbiani: R = 
h 45,18

units 4020 =88,98 components/hour                   [6] 

 
Harbs: R = 

h 36,80
units 18990 = 516,08 components/hour                   [7] 

 

SCM: R = 
h 89,32

units 15717 = 175,97 components/hour                     [8] 

 
 
6.3 Investigate 
In the first phase of the model, we have gathered information and managed an analysis of the 
current situation. We also need to investigate what will happen if they change the due date of 
work orders. This in order to find the technical factors that will be affected. A thorough 
investigation of the effects that a change to daily production will cause is made in this phase.   
 
 
6.3.1 Investigate the most important technical factors that will be affected  
From the previous phase information about the current situation has been collected. To be 
able to investigate the technical factors that will be affected the same period of time should be 
used i.e. production week 12. Thereby, we need to collect information about how the 
production would proceed when having a daily due date. 
 
We have got information from the company concerning how the production would be made 
when producing the same amount of components on a daily basis. The number of length and 
profile setups for every day and in each plane can be found in appendix ΙΙΙ. The total time 
used for setups is shown in the table below.  
 

Daily production 
Setups Time (hours) Total time 

  Length Profile Length Profile Hours 
Gabbiani 662 270 15,45 33,3 48,75 
Harbs 169 55 19,15 17,23 36,39 
SCM - 344 - 23,51 23,51 
Total: 831 669 34,6 74,04 108,65 

Table 10 - Setup time for B-components in a daily production (week 12) 
 
As said before, the due date will not be changed for the standard products. Therefore, the 
setup time for this product category will stay the same as stated in table 8. To demonstrate 
how the actual running time will change when producing the same amount as in week 12 but 
on a daily basis, table 11 was constructed. It is important to understand that this amount is not 
possible to produce on a daily basis in one week because of the increased setups, the table is 
only showing how much less actual running time there will be if the company really could 
produce this amount on a daily basis. 
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  Plane 
Activities (hours/week)   Gabbiani Harbs SCM 

2- shifts 78,30 78,30 - Working hours (W) 
3- shifts - - 107,10 
2- shifts 6,05 6,05 - Stoppages due to breaks (B) 
3- shifts - - 7,65 

Total setup time, (both standard and 
B-components) length and profile ( 
S, L×X2, P×Z2)     

Daily production 48,75 46,61 24,26 

Maintenance stoppages (M) Daily production 1,50 

Other stoppages, such as meetings, 
quality follow-ups, etc. (O) Daily production 0,50 

2-shifts 21,50 23,64 - Actual running time (A) 
3-shifts - - 73,19 

Table 11 - Information of the working hours, stoppages and actual running time, daily production 
 
As seen in the table there will obviously be less actual running time when producing on a 
daily basis because the change requires extra setups. The reason why there will be more 
setups when changing to a daily basis is that the batch sizes will be smaller. Consequently, the 
same amount of components cannot be produced. To clarify the difference in components that 
can be produced when changing the due date of work orders, we made formula 9 and 10, 
shown below. 
 
Formula 5, presented above, is used for the current situation. The production rate that has 
been calculated by using this formula will in the following be used to calculate the potential 
output of components for each plane after the change. Thus, the production rate is the same 
when changing to a daily production and producing a similar mix of components. 
 
Y2 = R ×  A                      [9] 
 
where 
 
R = production rate (components/hour) 
Y2 = output of components after the change 
A = actual running time (hour)  
 
In formula 9, both Y2 and A are unknown. When changing to produce on a daily basis there 
will be smaller batch sizes which will increase the number of setups. If the number of setups 
increases the actual running time will decrease and thereby the company will not be able to 
produce 8 438 B-components. Since the output of components will decrease, we cannot use 
the known number of setups presented in table 10. In order to specify the different factors that 
make the actual running time the following formula was made. 
 
A = W-B-M-O-T-S-L×X2-P×Z2                                                                                    [10] 
 
where 
 
A = actual running time  
W = working hours 
B = stoppages for breaks 
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M = maintenance stoppages 
O = other stoppages 
T = time to produce standard components 
S = setup time for standard components 
L = length setup time in hour 
X2 = number of length setups 
P = profile setup time in hour 
Z2 = number of profile setups 
 
As said before, we neither know the output of components nor the number of setups for each 
plane. Explicitly, we have three unknown variables, which are the number of length setups 
(X2), the number of profile setups (Z2) and the output of components (Y2). To reduce the 
number of unknown variables into one, we make use of two assumed relationships as shown 
below.  
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where 
 
Y1 = produced output of components, based on production week 12 
X1 = needed length setups to produce Y1 on a daily basis 
Y2 = output of components after the change 
X2 = needed length setups to produce Y2 
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where 
 
Y1 = produced output of components, based on production week 12 
Z1 = needed profile setups to produce Y1 on a daily basis 
Y2 = output of components after the change 
Z2 = needed profile setups to produce Y2 
 
An example of formula 11 and 12: if 1 000 Y1 components were produced and we know based 
on empirical experience that 100 X1 setups were needed to produce this amount, we assume 
that 50 X2 setups are needed if 500 Y2 components are produced. The relationship can be used 
for every plane, but the numbers within the relationship will be different for every plane since 
the numbers are based on what type of component it is, i.e. frames or sashes, standard 
components or B-components. When these relationships are putted into formula 9 and 10, the 
equation only has one unknown variable (Y2) as shown in formula 13 below.  
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where 
 
Y2 = output of components after the change 
R = production rate (components/hour) 
W = working hours 
B = stoppages for breaks 
M = maintenance stoppages 
O = other stoppages 
T = time to produce standard components 
S = setup time for standard components 
L = length setup time in hour 
Y1 = produced output of components, based on production week 12 
X1 = needed length setups to produce Y1 on a daily basis 
P = profile setup time in hour 
Z1 = needed profile setups to produce Y1 on a daily basis 
 
By using formula 13, the output when changing the due date of work orders can be found.  
 
The production rate of the planes calculated in 6.2.2 makes it possible to calculate how much 
time that is spent on producing standard components. Gabbiani did not produce any standard 
components in week 12, thus we will not make any calculations concerning this plane.  
 

Harbs: 
units/hour 516,08

units 769 17 =34,43 h                                      [14] 

 

SCM: 
units/hour 175,97

units 520 12 =71,15 h                    [15] 

 
Now, the production rates as well as the time it takes to produce the standard components 
have been calculated. These numbers can be used when determining the total amount of B-
components that can be produced if Elitfönster change their due date of work orders to a daily 
basis.  
 
Since we will only change the due dates of the B-components, we will subtract the time it 
takes to produce the standard components from the total available time. The time left will be 
the time that can be used for producing B-components. Table 12 is, among other information, 
showing the potential output of B-components when the due date is changed. The calculations 
can be found in appendix IV. 
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 Plane 

 
Gabbiani (2-

shifts) 
Harbs (2-

shifts) 
SCM (3-
shifts) 

Real capacity 
(components/hour) 88,98 516,08 175,97 
Working hours per week 78,30 78,30 107,10 
Stoppages for breaks (hours 
per week) 6,05 6,05 7,65 
Stoppages for maintenance 
(hours per week) 1,50 1,50 1,50 
Other stoppages (hours per 
week) 0,50 0,50 0,50 
Setup in hours (length) 0,023 0,113 - 
Number of setups, length (X) 495,14 111,64 - 
Setup in hours (profile) 0,123 0,313 0,068 
Number of setups, profile (Z) 201,95 36,33 210,88 
Output of components (Y) per 
week 3 006 806 1 959 

Table 12 - The output of components that can be produced in the planes in a daily production 
 
If changing the due date of work orders from week to day, the production lead time within the 
processing department will be shortened. As seen in appendix II the material that is getting 
picked on Tuesday in week one is starting the next operation in the part storage on Monday 
the week after. Thereby, the lead time is shortened five days i.e. from nine days to four days.  
 
All in all, the most important technical factors that will be affected by a change of the work 
orders due date is the total setup time, the lead time and the output of components. 
 
 
6.3.2 Is it possible to change the due date and still reach the company’s required output 
of components for the chosen department(s)? 
It can be seen in table 6 that in a weekly production the planes output are 8 438 B-
components. If the company change the due date of work orders to produce on a daily basis 
the number of B-components that can be produced will only be 5 771 components as shown 
in table 12. Thereby, we can state that it is not possible to change the due date of work orders 
and still reach the company’s required output of components. 
 
 
6.3.3 Investigate how a change can be made possible 
The company’s required goal of 8 438 components could not be reached when changing the 
due date from week to day. Thereby, we came up with suggestions on how a change can be 
made possible.  
  
After discussions with the company we have found four possible ways to achieve the desired 
output if a change to a daily production is made: 

• Change to three shifts in all planes 
• Extend the production to include weekends 
• Buy one more plane 
• Reduce setup times and/or improve maintenance 
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The alternative of extending the production to include weekends is according to the company 
not preferable. This alternative will be expensive and it will also lead to a time-consuming 
process with the union. Thereby, we will not make any further investigations concerning this 
alternative. Together with the company we agreed concerning the matter that the setup times 
and the maintenance stoppages cannot be improved to the extent that a change of the due 
dates can take place. The two remaining alternatives will be dealt with in the following.  
 
By using formula 13 we can calculate if a change to three shifts in all planes can cover the 
required demand or not. SCM is already running in three shifts but both Gabbiani and Harbs 
can extend their production to three shifts. The table below is showing the output of 
components for each plane when producing in three shifts. The corresponding calculations 
can be found in appendix V. 
 
 Plane 

 
Gabbiani (3-

shifts) 
Harbs (3-

shifts) SCM (3-shifts) 
Real capacity 
(components/hour) 88,98 516,08 175,97 
Working hours 107,10 107,10 107,10 
Stoppages for breaks 
(hours) 7,65 7,65 7,65 
Stoppages for maintenance 
(hours) 1,50 1,50 1,50 
Other stoppages (hours) 0,50 0,50 0,50 
Setup in hours (length) 0,023 0,113 - 
Number of setups, length (X) 686,86 230,26 - 
Setup in hours (profile) 0,123 0,313 0,068 
Number of setups, profile (Z) 280,14 74,94 210,88 
Output of components (Y) 
per week 4 170 1 663 1 959 

Table 13 - The output of components that can be produced in the planes in a daily production operating in 
three shifts 
 
The total number of components that can be produced when all machines are running in three 
shifts are 7 792. Compared to the produced amount of 8 438 components, it is clear that 
neither this alternative will be able to produce the required amount and can for that reason be 
expunged. Although the number of components are quite near the produced amount it is in the 
long run not possible to change to three shifts since 50 percent of the production time in 
Gabbiani is already running in three shifts. There would also be some problems concerning 
the proportion of sashes and frames due to the fact that the planes produce different kinds of 
components.  
 
Another way to solve the capacity problem is to invest in one extra plane. According to the 
company, the new plane would be handling frames and we assume that it has the same 
characteristics as SCM concerning the setup times, i.e. 4,1 minutes for profile setup. 
According to the company a prerequisite for buying one more plane is that it should be 
possible to produce the required output of components by running all the planes in two shifts.   
 
To proof that one additional plane would solve the capacity problem when changing the due 
date of work orders we will again use formula 13. 
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When buying one more plane, the standard components and the B-components will be 
redirected in order to optimize the production. Since the setup times are longer in Gabbiani 
and Harbs, these planes should produce standard components as far as it is needed and SCM 
along with the new plane should produce B-components.  
 
Gabbiani that in our previous calculations only was producing B-components will now only 
produce standard components. Therefore the prerequisites for Gabbiani have been changed 
thoroughly and we cannot use the same production rate as earlier calculated. By investigating 
past data for this machine we found that Gabbiani can produce about 2 300 components per 
shift when only producing standard components. We can use the same production rate as 
calculated for Harbs since this plane will more or less produce components with the same 
characteristics as it does today. SCM is today producing mostly standard components and 
therefore we need to adjust the production rate hence it should now produce only B-
components. According to data that we got from the company, SCM is capable of producing 
900 B-components per shift when it is producing on a weekly basis.   
 
The standard components should continue to be produced on a weekly basis in Gabbiani and 
Harbs. Thereby, we do not have to make any calculations for these planes since we can use 
past data. In SCM on the other hand, we have to make calculations to find out how many 
components that can be produced in two shifts on a daily basis. We make use of the fact that 
we know the output of SCM when producing B-components in three shifts on a weekly basis. 
In the table below are the numbers for the SCM and the new plane shown, the calculations 
can be found in appendix VI.  
 
 Planes  
 SCM (2-shifts) New machine (2-shifts) 
Real capacity (components/hour) 166,10 166,10 
Working hours 78,30 78,30 
Stoppages for breaks (hours) 6,05 6,05 
Stoppages for maintenance (hours) 1,50 1,50 
Other stoppages (hours) 0,50 0,50 
Setup in hours (length) - - 
Number of setups, length (X) - - 
Setup in hours (profile) 0,068 0,068 
Number of setups, profile (Z) 565,22 444,69 
Output of components (Y) per 
week 5 252 6 620 

Table 14 - The output of components that can be produced in SCM and the new plane in a daily 
production operating in two shifts 
 
To sum up, we calculate the total number of components that can be produced when the due 
date of work orders for the B-components is changed. 
 
Gabbiani: 2 300 components×9 shifts = 20 700 standard sashes  
Harbs: 806 B-components of frames and 17 769 standard frames  
SCM: 5 252 B-components of sashes  
New machine: 6 620 B-components of frames  
Total number of components: 50 341 
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Hereby we can state that an investment in one more plane will give Elitfönster superior 
capacity compared to the current situation. The output of the four planes running in two shifts 
is by far covering the needed amount of components.  
 
 
6.3.4 Make a capital investment appraisal  
A change of the work orders due date may also affect financial factors which as well needs to 
be investigated. These factors will be summarized and measured in a capital investment 
appraisal.  
 
One area in which financial factors will be affected is the part storage. Even though the B-
components are not stocked in the part storage they will be placed here until they proceed to 
the next step in the production.  Producing on a weekly basis, the company has an average 
inventory level of 10 000 B-components. In the production week that this research is based 
upon the processing department managed to produce 8 438 B-components. When changing 
from a weekly to a daily production the lead time will as stated before be changed. This 
change of the lead time will in a positive way affect the cost of the tied-up capital within the 
part storage. To be able to calculate the average inventory level for the B-components when 
producing on a daily basis, we assume that the same amount of components is produced every 

day, i.e. 1 688 components (
5

8438 ). At the start of day one, the part storage is filled with        

1 688 components. These components will leave the part storage gradually and at the end of 
day one there will not be any B-components in the part storage. An illustration of this is 
shown in figure 11 below. 
 

  
Figure 11 - Average inventory level when changing to produce on a daily basis 
 
Thus, to calculate the average inventory level when changing the due date of work orders 
from week to day formula 2 can be used: 
 

 Iφ = 
2

1688 = 844 components                                                                                                 [16] 

 
The cost of the tied-up capital in a weekly and a daily production can be calculated by using 
formula 3. 
 
Cost Tied up capital (weekly) = 10 000 components ×  50 SEK ×  25 % = 125 000 SEK  
Cost Tied up capital (daily) = 844 components ×  50 SEK ×  25 % = 10 550 SEK 
 

1688 

Iφ  

Days

Components 

1 2 3 4
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Thus, Elitfönster will save tied-up capital of 114 450 SEK per year by changing the due date. 
 
Another positive effect that a change will cause for the part storage is that the number of 
workers in this department can be reduced by four persons according to the company. The 
reason for this is that the time needed for sorting the different parts will be less when 
producing on a daily basis.  
 
As stated in the previous step, the company needs to buy one more plane in order to reach the 
required output of components. A new plane will cause both costs and savings for Elitfönster 
which are shown below. As said in the empirical chapter the planes are operating either in two 
or three shifts. The working hours that will be used in the calculations are as followed. 
 
Shift 1(five days a week): 8,3 h/day 
Shift 2(four days a week): 9,2 h/ day  7,36 h/day (five days a week) 
Shift 3(four days a week) 7,2 h/day  5,76 h/day (five days a week)  
 
When making the capital investment appraisal we will only consider the differences that a 
change of the due date of work orders will cause for the company compared to the current 
situation. 
 
Recurring cash outflow: 
We assume that the new plane will have an overhead cost of 300 SEK/h. The machine is 
running 230 days per year in two shifts, with two persons working in every shift. 
 
Extra overhead cost (New plane) = 300 SEK/h ×  230 days ×  (8,3 h/day + 7,36 h/day) = 
1 080 540 SEK 
 
Extra labour cost (New plane) = (2 ×210 SEK/h ×  8,3 h/day + 2 ×  252 SEK/h ×  7,36 h/day) 
×  230 days = 1 654 951 SEK 
 
Recurring cash inflow: 
Elitfönster will be able to decrease the manning with four persons in the part storage when 
changing the due date.  
 
Saved labour cost (part storage) = (2 ×  210 SEK/h ×  8,3 h/day + 2 ×  252 SEK/h ×  7,36 
h/day) ×  230 days = 1 654 951 SEK 
 
All planes will be operated in two shifts. Thereby Elitfönster AB will save costs for the night 
shift in SCM:  
 
Saved labour cost (SCM) = 2 ×  301 SEK/h ×  5,76 h/day ×  230 days = 797 530 SEK 
 
Saved overhead cost (SCM): 350 SEK/h ×  5,76 h/day ×  230 days = 463 680 SEK 
 
There will also be reduced overhead cost and labour cost in Gabbiani since this machine no 
longer has to be operated in three shifts 50 percent of the time:  
 

Saved labour cost (Gabbiani) = 
2

230daysh/day 5,76SEK/h 301 2 ×××  = 398 765 SEK 
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Saved overhead cost (Gabbiani) = 
2

 days 230h/day 5,76SEK/h 450 ××  = 298 080 SEK  

As calculated above Elitfönster will reduce the inventory costs by 114 450 SEK 
The total cost that the new plane will cause every year is 2 735 491 SEK and the total saving 
is 3 727 456 SEK each year. Thereby the annual saving is 991 965 SEK. Except these annual 
costs and savings the plane will cause a cash outflow in year one for the acquisition of the 
plane of 16 MSEK. There will also be a cash inflow due to the fact that the plane will have an 
expected salvage value of 1 MSEK in year 10.  
 
In the table below all the non-recurring and recurring cash in-and outflows are summarized in 
a capital investment appraisal. 
 

Cash in-/outflows Occurrences SEK 
Purchasing price for the plane 14 000 000 
Installation costs 2 000 000 Non-recurring cash 

outflows: 
Sum: 16 000 000 

      
Extra overheads (new plane) 1 080 540 
Extra labour costs (new plane) 1 654 951 Recurring cash outflow: 
Sum: 2 735 491 

      
Salvage value 1 000 000 Non-recurring cash inflow: 
Sum: 1 000 000 

      
Saved labour costs (part storage) 1 654 951 
Saved labour costs (SCM) 797 530 
Saved overhead costs (SCM) 463 680 
Saved labour costs (Gabbiani) 398 765 
Saved overhead costs (Gabbiani) 298 080 
Saved cost of capital (part storage) 114 450 

Recurring cash inflows: 

Sum: 3 727 456 
      

Table 15 - A capital investment appraisal 
 
To get a clear picture of all the costs and savings a new plane will cause a cash flow diagram 
is constructed.  

 
Figure 12 - Cash flow diagram 
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The diagram begins in year zero with a cash outflow of 16 MSEK concerning the purchase of 
the plane. From the first year to the tenth year it is a yearly cash inflow of 991 965 SEK. This 
annual cash inflow is found by subtracting the recurring cash outflows from the recurring cash 
inflows. In the tenth year it is also a cash inflow since there is a salvage value of 1 MSEK for 
the plane.  
 
To be able to compare this alternative of buying one more plane with the current situation, the 
present value of the cash flow has to be calculated. This have to be done since money has a 
time value. Explicitly, money today is worth more than money one or more time periods from 
now. 
 
In order to calculate the present value, we use formula 4 presented in chapter 3.8.2, i.e.  
 

ni
FWPW

)1( +
=  

 
We will calculate the present worth value of every year. Thereafter we summarize them in 
order to see if it is a positive or a negative cash flow in the end of the tenth year.  
 

Year SEK 
Present worth 

SEK 
0 -16 000 000 -16 000 000
1 991 965 826 638
2 991 965 688 865
3 991 965 574 054
4 991 965 478 378
5 991 965 398 648
6 991 965 332 207
7 991 965 276 839
8 991 965 230 699
9 991 965 192 249

10 1 991 965 321 713
Sum:   -11 679 709

Table 16 - Present worth values for the different years 
 
In order to show how the present worth values have been found we calculate this value for 
year three. 

Year three: 3)20,01(
991965
+

= 574 054 SEK 

 
We can state that the present worth value when buying an extra plane is -11 679 709 SEK. 
Compared to the current situation that has a present worth value of zero, the alternative of 
buying one more plane is much worse considering the cash flow. Although, the company 
cannot make any decision about which alternative to chose until the MCDM, which will 
consider additional factors, is made.  
 
 
6.4 Assess 
In phase three, an assessment of the technical and financial factors that will be affected by a 
change will be made. First of all a table showing all affected factors will be constructed. 
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Based on the stated goals the company has for the change, a MCDM will be made. Thereafter 
it is up to the company to decide whether to implement the change or not. 
 
 
6.4.1 Construct a table of all the technical and financial factors that will be affected by a 
change of the due date of work orders 
A change of the due date of work orders will affect several factors. Some of the factors that 
will be affected at Elitfönster will have a positive effect on the company, while others will 
have a negative dito. Since a large area has been investigated, it is necessary to summarize the 
factors that will be affected and in which way they will be affected in order to know if a 
change is motivated or not. A list of the technical and financial factors that will be affected is 
shown in table 17 below. The table shows the factors that will be affected if they change the 
due date and buy one more plane. 
 

Factor: Description: How will it affect the 
company, 

positive/negative? 

Lead time The total production lead time for the 
company will be reduced with five days 

Positive 

Output of 
components 

The output of B-components will increase 
from 8 438 to 12 678 (7 426+ 5 252) if 
buying one more plane 

Positive 

Setup time Due to the fact that the processing 
department will increase their capacity also 
the setup time will be higher. 

Negative 

Part storage The cost for the tied-up capital will decrease 
from 125 000 SEK to 10 550 SEK 

Positive 

Manning(part 
storage) 

The manning in the part storage can be 
reduced by four people 

Positive 

Manning 
(processing 
department) 

The company needs one new worker in the 
processing department, if buying one more 
plane 

Negative 

Table 17 - A table showing the technical and financial factors that will be affected if changing the due date 
of work orders if buying one more plane 
 
 
6.4.2 What/which are the goals of changing the due date of work orders? 
According to the company the main goals of changing the due date of work orders in the 
processing department, from week to day are: 
 

• Reduce the total production lead time – the management at Elitfönster AB wants to 
reduce the total lead time since this is a demand from the market. By reducing the lead 
time the company will be more attractive on the market and they will also be able to 
reduce the tied-up capital within the production.  
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• Production capacity – the market for windows is growing rapidly and the company has 
noticed a higher pressure from the customers. Thereby it is important to at least keep 
the current capacity or even increase this to be competitive at the market.  

• Increased profitability – the main goal of every company is to increase the 
profitability.   

 
 
6.4.3 Make a multiple criteria decision making- model based on the company’s goals 
A capital investment appraisal has been made in 6.3.4 which shows the financial 
consequences that an investment of a new plane will cause. An MCDM can be constructed in 
order to weight not only the financial effects but also other criteria against each other. The 
goals that were presented in 6.4.2 are the decision criteria in the MCDM. The criterion with 
the highest weight is the increased profitability since this is the most important goal for the 
company. The other criteria are also given a weight depending on their importance. The 
numbers are distributed based on the alternative’s influence on the criterion.  The criteria, the 
weights and the numbers are based on information from the company and shown in the table 
below.    
 

Decision criteria 
Profitability Reduce lead time Production capacity 

Weights 
Alternative 

55 25 20 

Sum 

Weekly due date 8 0 6 5,6 
Daily due date 0 10 10 4,5 

Table 18 - Multiple criteria decision making model 
 
The sum of the alternatives has been calculated in the following way: 
Weekly due date: (8×0,55)+(0×0,25)+(6×0,2) = 5,6 
Daily due date: (0×0,55)+(10×0,25)+(10×0,2) = 4,5 
 
As seen in the table, the weekly due date is the alternative which has the highest sum and is 
thereby the best alternative for the company to choose. As earlier discussed, a MCDM will 
only be a support that can be used in the decision making process. Thereby, the company does 
not have to choose the alternative that is best according to the MCDM.  
 
 
6.4.4 Should the change be implemented? 
This step cannot be applied yet since this decision should be made at the management level. If 
this change will be implemented it will be characterised as a breakthrough improvement due 
to the fact that a new plane needs to be bought which will interrupt the ongoing processes. 
This change will be a technical improvement, but not a financial improvement according to 
our capital investment appraisal. 
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7.  R e s u l t s 
In this chapter the results of our analysis chapter is presented. 
 
 
In the first phase of our model, identify and analyse, information about technical factors were 
collected. The collected setup times were later on used to find the actual running time for each 
plane. Further, we calculated the production rates that in the following phases of our model 
were needed in order to find if a change of the work orders due date could be made. Gabbiani 
has a production rate of 88,98 components/hour, Harbs 516,08 components/hour and SCM 
175,97 components/hour.  
 
In the second phase of our model we investigated how a change of the work orders due date 
would affect the different technical and financial factors involved in the change. We 
developed formulas to be able to calculate the output of each plane if a change is carried 
through. When using these formulas, we found out that to produce the same output of 
components on a daily basis the planes setup times would increase from 55,68 hours to 
108,65 hours for B-components. Thereby we realized that it would not be possible to change 
the due date and still reach the company’s required output of components. Therefore, we had 
to come up with suggestions of how a change could be made possible.  
 
Together with Elitfönster we found two suggestions that perhaps could make a change 
feasible. These were; extending the production to three shifts in all planes or buy one extra 
plane. We used our developed formulas once again and found that the first suggestion, 
extending the production to three shifts in all planes, could be expunged since neither this 
alternative would reach the company’s required output of components. Our last alternative 
was to buy one more plane. When calculating on this alternative we found that the capacity in 
the processing department would increase compared to the current situation. If all planes were 
running in two shifts they could produce 50 341 components compared to the 38 727 
components that they can produce today. Since this alternative was the only feasible 
alternative for making the change we made a capital investment appraisal of buying a 
supplementary plane. This was made to find out if it would be profitable for the company to 
change the due date of work orders with the prerequisite of buying a plane.  
 
Changing the due date would give the company savings through; decreased manning and 
WIP- inventory in the part storage as well as decreased manning and overheads for two planes 
since these will operate in two shifts after the change. The change will also cause additional 
costs for the company; these are the purchase cost of one more plane and labour costs as well 
as overhead costs for the plane. All in all, the change will cause annual savings of 991 965 
SEK during the 10 year economic life length of the new plane. When we calculated the 
present worth value of these annual savings with consideration to the purchasing cost and the 
salvage value of the plane we got a negative present worth of 11 679 709 SEK. 
 
In the third phase of our model we made an assessment of whether to implement the change 
or not. A table showing all the technical and financial factors that will be affected if 
Elitfönster decides to change the due date of work orders was constructed. The factors that 
will have a positive effect on the company are; the lead time will be reduced, the output of 
components will increase, savings in the part storage both due to reduced tied-up capital and 
less manning. Factors that instead will have a negative effect if a change is implemented are; 
setup time will increase and they will need one more worker in the processing department. 
Keeping these effects in mind a multiple criteria decision making table was constructed based 
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on the company’s goal of the considered change. The two alternatives of weekly and daily 
due date was weighted against each other, weekly due date got a total of 5,6 and daily 4,5. 
Thereby we can state that keeping a weekly due date of work orders is more sufficient than 
changing the due date. Thus, it is important to keep in mind that this result will only act as a 
support in the decision making process and the final decision has to be taken by the 
management of the company. 
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8.  C o n c l u s i o n s 
In this chapter the answer to the problem formulation is presented. Our recommendations for 
the case company as well as an evaluation of the model can also be found here. At the end the 
criticism to our thesis and suggestions for future researches are presented.   
 
 
8.1 Answer to the problem formulation 
Our problem formulation for this thesis was: 
 

 Which technical and financial factors will be affected and how to assess them in order 
to decide whether to change the due date of work orders or not? 

 
There is not only one answer to this question since the factors that will be affected by a 
change of the due date of work orders depends on the company in study and on the suggested 
change. For instance, one company may be able to implement the change without influencing 
the output of components while another company with the same change will need to invest in 
a new machine to keep the current output of components. Since all changes will affect the 
company in one way or another it is important to investigate which effects that a change may 
cause for the company. Our model will support the company in their decision making process 
concerning a change of the due date and an analysis, investigation and assessment of the 
affected factors needs to be done. By studying the current situation and the “changed” 
situation, using the same period of time, the factors that will be affected are revealed. When 
using our model the company will be guided to collect the right data in order to at the end 
make the right decision.  
 
Our model can be applied by all manufacturing companies that consider a change of the due 
date of work orders. Since there is no other model to use concerning this area we have 
covered this gap in the theory. 
 
 
8.2 Recommendations to the case company 
According to our model we recommend Elitfönster to keep the current due date of work 
orders. This because a new plane requires a rather large investment of 16 MSEK and the 
annual savings that is caused by the change will not be enough to make the change profitable. 
However, a change would reduce the production lead time for the B-components at Elitfönster 
which would give them a competitive advantage compared to how it is today.  
 
Increased capacity is gained if a change of the due date together with a purchase of an extra 
plane is carried through. As it is today, Elitfönster has no use of the extra components that can 
be produced since the rest of the plant cannot handle it. If further investments were made and 
the whole plant could handle the extra components that could be produced if implementing 
the change, a new capital investment appraisal should be made. If this prerequisite was 
fulfilled, extra annual incomes in form of sales of the components would generate a more 
lucrative capital investment appraisal.  
 
According to the company the amount of customized products has increased the last years 
which increases the setups. Therefore, we believe that the setup times have grown to be one of 
the most important aspects to consider when investing in new planes. Thereby, we 
recommend the company to put huge effort on this aspect when investing in a new plane.  
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8.3 Evaluation of the model 
The model is a general model developed for manufacturing companies. Each phase and step is 
explained in detail which makes it easy for the user to follow. The description of each phase 
reduces the risk of collecting the wrong data, thus the validity of the calculations and results 
will increase. When considering the reliability of the results, the same research done by other 
researchers will almost certainly give a result close to ours.  
 
The model can be used by manufacturing companies that work as a job-shop-, batch- or 
assembly process and all types of changes of the due date of work orders. Although, we 
believe that it is easier to apply it on smaller changes i.e. concerning only one or a few 
departments. If a company considers a change of the due date of work orders for all 
departments within the company lots of information needs to be collected. This may be very 
costly and time consuming for the company and instead there might be other more suitable 
ways to investigate the change.    
 
When applying our model at our case company the fourth phase, evaluation, was excluded. 
The reason is that this phase can only be made when an implementation of a suggested change 
has been done.  
 
 
8.4 Criticism to this thesis 
Regarding our calculations, we believe that the structure could have been done better. Due to 
the fact that we use many different formulas and lots of information it can be hard for the 
reader to follow. It can also be confusing that we use both information concerning the current 
situation and the “changed” situation.  
 
We did only study one production week which according to the company was a typical week. 
In the case that this week is not a typical production week the reliability of our result for the 
company will decrease. Thereby it could have been better to study several production weeks. 
 
Concerning our assumed relationships, formula 11 and 12, we made a sensitivity analysis in 
order to find how the output of components would be affected if the setups increased or 
decreased by 10 percent. This test was made at Gabbiani and our result was that if both the 
length- and the profile setups were increased the output decreased with 4,9 %. If the length- 
and profile setups instead decreased the output of components would be 5,47 % higher. To 
make these calculations we used formula 13 and multiplied X1 as well as Z1 with 1,1 
respectively 0,9. Even if the setups in the planes would increase or decrease by 10 percent as 
calculated, it would not affect our result. The reason for this is that the output of components 
exceeds the required amount by far. 
 
  
8.5 Suggestions for future researches 
Our suggestions for future researches are the following: 
 

 We did only apply the model on one specific case company and it would thereby be 
interesting to apply it on several different companies, this in order to define the range 
of generalisation.  

 
 Investigate if there is any factor that always will be affected independent on the 

company and the type of change. 
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 Can the collected information be used for other purposes than deciding whether to 
change the due date of work orders? If this is the case, the model can be extended to 
not only consider the case of changing the due date of work orders. 

 
 The model can be modified in order to fit specific industries e.g. engineering industry 

and metal industry.   
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Appendix Ι - Pictures 
 
 

 
Part storage (standard components) 
 

 
Part storage (B-components are placed on the floor)  
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Appendix II - Gantt-schedules showing the lead times before and after the change 
 

 
Current lead time  
 

 
Total lead time if producing on a daily basis in the processing department 
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Appendix III - Setups needed in a daily production 
 
In the following tables is the number of setups needed every day and in each plane shown if 
the company starts to produce on a daily basis. 
 
Gabbiani: 
 Number of setups 

Day: Length Profile 
Number of  
B-components 

1 215 70 1 613 
2 191 61 735 
3 113 52 743 
4 103 57 676 
5 40 30 253 

total: 662 270 4 020 
Number of setups in a daily production in Gabbiani 
 
Harbs: 
 Number of setups 

Day: Length  Profile 
Number of  
B-components 

1 57 13 655 
2 45 13 216 
3 31 11 175 
4 22 9 82 
5 14 9 93 

total: 169 55 1 221 
Number of setups in a daily production in Harbs 
 
SCM: 
 Number of setups 

Day: Length Profile 
Number of  
B-components 

1  98 1 055 
2  84 566 
3  65 738 
4  76 584 
5  21 254 

total:  344 3 197 
Number of setups in a daily production in SCM 
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Appendix IV - Daily production with the same number of shifts 
 
 
Formula 13 was used in order to calculate the output of components in a daily production 

Y2 = R× (W-B-M-O-T-S-L×
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Y2 = output of components after the change 
R = production rate (components/hour) 
W = working hours 
B = stoppages for breaks 
M = maintenance stoppages 
O = other stoppages 
T = time to produce standard components 
S = setup time for standard components 
L = length setup time in hour 
X2 = number of length setups 
P = profile setup time in hour 
Z2 = number of profile setups 
 
 
Gabbiani (two shifts)  
Production rate (R) = 88,98 components/hour  
Working hours (W) = 78,30 h  
Stoppages for breaks (B) = 6,05 h 
Stoppages for maintenance (M) = 1,50 h 
Other stoppages (O) = 0,50 h 
Time to produce standard components (T) = 0 h 
Setup time for standard components (S) = 0 h 
Length setup time (L) = 0,023 h 
Number of length setups = X2 
Profile setup time (P) = 0,123 h 
Number of profile setups = Z2 
Output of components = Y2 
 
By using formula 13, the output of components (Y2) can be calculated as followed: 
 

Y2 = 88,98× (78,30-6,05-1,50-0,50-0,023×

⎥
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 Y 2 )=Y2⇔       

Y2 = 3 006,76 ≈ 3 006 components 
 
The number of length and profile setups can be found by using formula 11 and 12: 

X2 = 

⎥⎦
⎤

⎢⎣
⎡

662
4020

76,3006 = 495,14, Z2 = 

⎥⎦
⎤

⎢⎣
⎡

270
4020

76,3006 = 201,95 
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Harbs (two shifts) 
Production rate (R) = 516,08 components/hour  
Working hours (W) = 78,30 h  
Stoppages for breaks (B) = 6,05 h  
Stoppages for maintenance (M) = 1,50 h 
Other stoppages (O) = 0,50 h 
Time to produce standard components (T) = 34,43 h 
Setup time for standard components (S) = 10,22 h 
Length setup time (L) = 0,113 h 
Number of length setups = X2 
Profile setup time (P) = 0,313 h 
Number of profile setups = Z2 
Output of components = Y2 
 

Y2 = 516,08× (78,30-6,05-1,50-0,50-34,43-10,22-0,113×

⎥⎦
⎤

⎢⎣
⎡

169
1221
Y 2 -0,313×

⎥⎦
⎤

⎢⎣
⎡

55
1221
Y2 ) =    Y2 ⇔   

Y2 = 806,57 ≈ 806 components 
 
X2 = 111,64, Z2 = 36,33  
 
 
SCM (three shifts) 
Production rate (R) = 175,97 components/hour 
Working hours (W) = 107,10 h 
Stoppages for breaks (B) = 7,65 h 
Stoppages for maintenance (M) = 1,50 h 
Other stoppages (O) = 0,50 h 
Time to produce standard components (T) = 71,15 h 
Setup time for standard components (S) = 0,75 h 
Profile setup time (P) = 0,068 h 
Number of profile setups = Z2 
Output of components = Y2 
 

Y2 = 175,97×  (107,10-7,65-1,50-0,50-71,15-0,75-0,068×

⎥
⎥
⎦

⎤

⎢
⎢
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Y 2 =Y2⇔                

Y2 = 1 959,88 ≈ 1 959 components 
Z2 = 210,88 
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Appendix V - Daily production when all planes are producing in three shifts 
 
 
Gabbiani (three shifts) 
Production rate (R) = 88,98 components/hour   
Working hours (W) = 107,10 h 
Stoppages for breaks (B) = 7,65 h 
Stoppages for maintenance (M) = 1,50 h 
Other stoppages (O) = 0,50 h 
Time to produce standard components (T) = 0 h 
Setup time for standard components (S) = 0 h 
Length setup time (L) = 0,023 h 
Number of length setups = X2 
Profile setup time (P) = 0,123 h 
Number of profile setups = Z2 
Output of components = Y2 
 

Y2 = 88,98× (107,10-7,65-1,50-0,50-0,023×

⎥
⎥
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 Y 2 )=Y2⇔  

Y2 = 4 170,94 ≈ 4 170 components  
 
X2 = 686,86, Z2 = 280,14 
 
 
Harbs (three shifts)  
Production rate (R) = 516,08 components/hour  
Working hours (W) = 107,10 h 
Stoppages for breaks (B) = 7,65 h 
Stoppages for maintenance (M) = 1,50 h 
Other stoppages (O) = 0,50 h 
Time to produce standard components (T) = 34,43 h 
Setup time for standard components (S) = 10,22 h 
Length setup time (L) = 0,113 h 
Number of length setups = X2 
Profile setup time (P) = 0,313 h 
Number of profile setups = Z2 
Output of components = Y2 
 

Y2 = 516,08× (107,10-7,65-1,50-0,50-34,43-10,22-0,113×

⎥⎦
⎤

⎢⎣
⎡

169
1221
Y 2 -0,313×

⎥⎦
⎤

⎢⎣
⎡

55
1221

 Y 2 )=    Y2⇔   

Y2 = 1 663,58 ≈ 1 663 components 
 
X2 = 230,26, Z2 = 74,94  
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SCM (three shifts) 
The SCM is already producing in three shifts and thereby the same amount of components 
can be produced as shown in previous calculations, 1 959 components. 
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Appendix VI - Daily production, one more plane and all planes operating in two shifts 
 
 
Gabbiani (two shifts) 
According to past data, Gabbiani can produce 2 300 components/shift when producing only 
standard components in a weekly production. In one week the plane is operating nine shifts, 
this implies that Gabbiani will be able to produce 20 700 standard components per week.  
(2 300 components/shift×9 shifts) 
 
 
Harbs (two shifts) 
According to our previous calculations, Harbs can produce 806 B-components and 17 769 
standard components when running in two shifts. 
 
 
SCM (two shifts) 
First of all we need to calculate the production rate of SCM when producing only B-
components. To calculate this, the output, available time, and the number of setups is needed. 
The first part of the calculations are based on the how many components that can be produced 
in a weekly production working in three shifts.  
 
Production rate = R 
Working hours (W) = 107,10 h 
Stoppages for breaks (B) = 7,65 h 
Stoppages for maintenance (M) = 1,50 h 
Other stoppages (O) = 0,50 h 
Profile setup time (P) = 0,068 h 
Number of profile setups = Z 
Output of components (Y1) = 900 components/shift×13 shifts = 11 700 components 
 
By using formula 9 we get the following calculation: 
 
R×A = 11 700 components 
 
The actual running time is found by subtracting the stoppages for breaks, maintenance, other 
stoppages and the setup time from the working time. The number of profile setups needed to 
produce the amount of 11 700 components are unknown (Z). Thereby the calculation will be: 
 
R× (107,10-7,65-1,50-0,50-0,068×Z) = 11 700 components 
  
We need a relationship between the number of profile setups (Z) and the output of 
components (Y1) to be able to calculate this formula. We make use of the fact that we know 
how many components and how many setups that is done in our specific week when 
producing on a weekly basis. By using the same relation shown in formula 12 we can find the 
number of components that can be produced per profile setup. 
 

setups
components

108
3197  = 29,60 components/profile setup 



 X

When knowing the number of components that can be produced per profile setup, we can 
divide 11 700 by this number and thereby get the number of profile setups needed to produce 
11 700 components. 
  

Z = 
60,29

11700
⇔ Z = 395,25 profile setups 

 
We can now change the Z in the calculation above in order to calculate the production rate. 
 
R× (107,10-7,65-1,50-0,50-0,068×395,25) = 11 700 components⇔ R = 166,10 
components/hour 
 
We use this production rate to calculate how many components that can be produced on a 
daily basis in two shifts.  
 
Production rate (R) = 166,10 components/hour  
Working hours (W) = 78,30 h 
Stoppages for breaks (B) = 6,05 h 
Stoppages for maintenance (M) = 1,50 h 
Other stoppages (O) = 0,50 h 
Profile setup time (P) = 0,068 h 
Number of profile setups = Z2 
Output of components = Y2 
 
By using formula 13 we can get the number of components that can be produced on a daily 
basis working in two shifts. 

Y2 = 166,10×  (78,30-6,05-1,50-0,50-0,068×

⎥
⎥
⎦

⎤

⎢
⎢
⎣

⎡

344
3197

Y 2 ) = Y2 ⇔   

Y2 = 5 252,98 ≈ 5 252 components 
 
Z2 = 565,22 
 
 
New plane (two shifts) 
Since we, together with our case company, assume that the new plane has the same 
production rate and setup time as SCM, we base our following calculations on these values. 
 
Production rate (R) = 166,10 components/hour  
Working hours (W) = 78,30 h 
Stoppages for breaks (B) = 6,05 h 
Stoppages for maintenance (M) = 1,50 h 
Other stoppages (O) = 0,50 h 
Profile setup time (P) = 0,068 
Number of profile setups = Z2 
Output of components = Y2 
 



 XI

Y2 = 166,10×  (78,30-6,05-1,50-0,50-0,068×

⎥⎦
⎤

⎢⎣
⎡

270
4020
Y 2  = Y2 ⇔   

Y2 = 6 620,99 ≈ 6 620 components 
 
Z2 = 444,69 
 

Since the new plane will produce frames we make use of the relationship ⎥⎦
⎤

⎢⎣
⎡

270
4020  that is 

based on the components/setup for frames, i.e. the relationship used for Gabbiani. 
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