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Definition of key terms 
 
 
Effectiveness 
Effectiveness means doing the right things to create the most value for the company. It can be 
measured by the actual output divided with the expected output. Chase et al (2005). 
 
Efficiency 
Efficiency means doing something at the lowest possible cost. It can be measured by dividing 
resources planned to be used with resources actually used. Chase et al (2005). 
 
Productivity 
Productivity is a common measure of how well a country, industry, or business unit is using 
its resources. This can be measured by dividing the outputs with the inputs. Chase et al 
(2005). 
 
Lead-time 
This is the time between placing an order and receiving the finished goods or service. 
Goodwin, P., and G. Wright (2004) 
 
Workstation. 
"The space or area of a facility in which individuals or operators perform tasks. This ranges 
from an assembly station in a factory to a cube in an office." Lee at al (1997) 
 
Material handing 
Material handing is defined as: "Providing the right amount of the right material, in the right 
condition, at the right place, at the right time, in the right position, in the right sequence, and 
for the right cost, by using the right methods". Tompkins et al (2003). 
 
Benchmarking 
A tool to improve business processes by looking what other companies are doing. It is often 
beneficial to observe firms in other branches. Goodwin, P., and G. Wright (2004) 
 
Brainstorming 
Brainstorming is one of the simplest and familiar creativity techniques. It helps to generate 
the ideas for a solution of the problem. The outcome of brainstorming can be a list of ideas, 
which lead to an approach or the solution itself. Osborn, A.F. (1963) 
 
Multi Criteria Decision Making, MCDM 
This method is intended to be used to support the decision maker whose problem involves 
various and ambiguous evaluations. Because MCDM engages a certain element of subjective, 
morals and ethics of the researcher implementing MCDM plays a significant part on accuracy 
and fairness of its conclusion. Goodin, P. and G, Wright (2004) 
 
Kanban pull system 
Kanban is Japanese word for sign or instruction card. It is a way to control the material flow 
in a pull system, by using signals. Kanban is mostly suitable in companies or departments 
where it is a stable demand of products. Chase et al. (2006). 
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1 Introduction 
This chapter gives a prefatory introduction to the subject at issue. A description of the 
background and the problem situation is presented, which in turn leads to the purpose of, and 
the relevance for, this study. 
 
1.1 Background 
In today's increasing global competition, businesses manufacturing environment continuously 
have to change in order to remain productive and efficient, Kumar and Harms (2004). The 
plant layout and with that the material flow have shortages in almost all manufacturing 
companies. These shortages are often effects of different events that have taken place 
gradually; products change or are phased out, new products are introduced, product volumes 
change, increase of technological power signifies new modern machines and with more 
integrated processes, new production techniques, processes are added or removed due to 
increased or decreased outsourcing etc. Accordingly a company's original and effective 
material flow has changed and that is principally regarded as a common growth pattern in 
many companies. The result is appearing to be a fortuitously material flow that often entails 
additional resources such as personnel or material handling equipment, Dahlqvist (1997). The 
layout, i.e. how production equipment, offices, stock, goods terminal, delivery etc. among 
themselves are placed, arranged and organized, affect a numerous things in a company, 
Dahlqvist (1997), Gopalakrishnan et al. (2003), Tompkins et al. (2003). A layout has rarely 
appeared by a chance, but is the final product of a thorough planning where the governing 
factors are e.g. what products to make, how to make them, which components to make and 
which to buy from another manufacturer, Dahlqvist (1997), Tompkins et al. (2003). The 
chosen layout guides the material flow through the company, Canen and Williamson (1996). 
Effective materials flow has always been of significant importance. The interest for the topic 
has varied through time, but the importance has increased strongly in the industry business in 
the last decades, Lumsden (1998). An efficient layout helps operations that are depending on 
a well functioning workflow, McKendall et al. (2006), Canen and Williamson (1996), Iqbal 
and Hashmi (2001), Chan et al. (2001) and Lejtman (2002).  
 
1.2 Problem discussion 
The plant layout problem, that is, finding the most efficient and effective arrangement of 
inseparable departments with differing space requirements within a facility, has been a 
dynamic research subject for several decades, Meller and Gau (1996), Yang and Hung (2006), 
by researchers in various fields, e.g. industrial engineering, architecture and management 
science, Lee et al. (2001). The objective of the facility layout problem is to minimize the 
material handling costs inside a facility subject to two sets of constraints: firstly department 
and floor area requirements and secondly department location restrictions, Meller and Gau 
(1996). Material handling cost is calculated based on the amounts of material that flow 
between the departments and the distances between the departments, McKendall and Shang 
(2006).  It is not possible to separate the layout design and the material handling system 
design. It is seldom the case that one can be considered not including other case, Lumsden 
(1998) Tompkins et al (2003). When designing material handling system, at a producing 
company, it is very important to select the right material handling equipment. The key is to 
optimize the material flow through the operation investigated, El-Baz (2004), Tompkins et al. 
(2003). However with the large number of material handling equipment offered nowadays, it's 
not easy to determine, which is the best one to use given a specific production situation. Chan 
(2002).  
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1.3 Presentation of problem 
Nowadays there are many advanced algorithmic approaches to solve plant layout design 
problems available e.g. a dynamic programming approach, Rosenblatt (1986); genetic 
algorithm technique, Lee et al. (2003), El-Baz (2004); the ant colony optimization algorithm 
Bacykasogle et al. (2006) etc. Algorithmic approaches usually only deal with quantitative 
input data and the solutions often need additional modification to be usable. If a company is 
to use such approaches the design personnel need advanced training in mathematical 
modelling this makes many companies unwilling to make use of such approaches, Chien 
(2004), Yang et al. (2000). Procedural approaches on the other hand, can link qualitative and 
quantitative factors together in the design process, Apple (1977), Muther (1973). From a 
practical point of view, a procedural approach is a usable approach for design personnel, 
Chien (2004), Yang et al. (2000).  
 
1.4 Problem formulation 
How can companies improve their production processes, plant layouts and material handling 
systems effectively? 
 
1.5 Purpose 
The purpose of this paper is to develop a usable model that can aid companies in improving 
their processes, plant layouts and material handling systems. The model should use a 
procedural approach, the objective is that it should be easy to grasp logical and user-friendly 
and be able to work as a manual that offer a step by step instruction to how organize the 
design work. 
 
1.6 Relevance 
There is no question about that the plant layout problem is a relevant area to study. According 
to Tomkins et al. (2003) in 1999 companies in the United States invested about $1.04 trillion 
in capital goods and $297.4 billion of that was used on new buildings. About 8% of United 
States gross national product is spent on new facilities each year. The chosen layout guides 
the material flow through the company and is consequently fundamental for if the company is 
effective or not, Canen and Williamson (1996), Dahlqvist (1997), El-Baz (2004), Ertay et al. 
(2006) McKendall et al. (2006). An unbecoming plant layout will contribute to reduced 
productivity and increase tied up capital and in some cases it can lead to that the personnel 
will be exposed to physical material handling without due cause, Dahlqvist (1997). Between 
20 and 50% of the entire operating costs and 15–70% of the total cost for a product is ascribed 
to material handling and at least 10-30% of these costs could be saved if effective facility 
planning were applied, Tomkins et al. (2003). Accordingly, a good plant layout decreases lead 
times, and increases the output, and consequently increases overall productivity of the plant, 
El-Baz (2004).  
 
Why is this research relevant then? Much research has been carried out on the plant layout 
problem. There is much literature available concerning this area. Yet despite of the fact that 
companies regard the plant layout problem as crucial to get better competitiveness, not a lot 
has been made to make use of the existing literature. According to an investigation made by 
Canen and Williamson (1996) companies are often unaware of the work concerning plant 
layout that had been published from the academic sector and layouts are planned based solely 
on personal views. Even if they know about it, many companies are afraid to use complicated 
models that require advanced training for the personnel involved in the design process, Chien 
(2004). Therefore it is relevant that companies get a comprehensible model that can aid in the 
design process. The suggested model can give companies an easy to follow instruction on 
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how to plan effective plant layout and material handling systems, which will end up saving 
them money. 
 
1.7 Limitations 
This thesis has a number of limitations that should be considered while reading the report. 
Because the time is limited to 10 weeks the model will only be tested in one case study at one 
case company. It will also only be applied to one product/product type. The time limit to will 
clearly affect both depth and width of the research. This research also has limited resources 
regarding supervision. The number of authors of this thesis was limited to two persons. The 
research is also limited in that we will not investigate individual machines improvement 
potential or look into the design of the products to improve the production. 
 
1.8 Timeframe 
A timeframe were created (figure 1.1) in order to plan the work in the best possible way 
 

 
Figure 1.1: Timeframe of the project. 
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2 Methodology 
This chapter will describe the methodology that will be used in this study. Applicable 
research approaches will be briefly described and an argumentation for why implementing 
the ones chosen in the research presented. 
 
2.1 The science of methodology 
The word method comes from the Greek word méthodos, which means along a road. A 
method accordingly shows the step along a road that one makes, how things are done, a 
procedure, Åsberg (2001). According to Holme and Solvang (1997) methodology is not more 
than a tool to fulfil goals in different investigations or researches. It will be very hard to reach 
any of these goals without having any knowledge in methodology. Accordingly methodology 
is a way to solve problems and reach new knowledge. Everything that can contribute to these 
goals is considered as methodology. Some criteria have to be fulfilled to make a methodology 
useful:  
 

 It has to be a correlation between the report and the reality that is being investigated.  

 A systematic selection of information is necessary.  

 The information gathered should be used in the best way. 

 The results should be presented so that the reader can control the reliability of the 
information.  

 The results should create new knowledge and awareness for the circumstances the 
researcher is facing, in order to increase the understanding and create possibilities for 
further investigation in the selected area. 

 
The science of methodology will give the researcher information of how to plan the work in a 
systematic way around questions like what, how, and why. Having a good and clear 
methodology will give a platform to achieve a better and more truthful result around the 
circumstances that are investigated, Holme and Solvang (1997). 
 
2.2 Quantitative and qualitative methods 
Methodology is normally separated in to two different perspectives. This is made out by the 
basis whether hard facts or soft figures are being sought. These different methods are called 
quantitative and qualitative respectively. The most significant difference between these two is 
how figures and statistics are being handled. The choice of methodology should be selected 
on basis of the issue that is investigated.  
 
The word quantitative is originally from the Latin's quantum – which means quantity, an 
adjective that indicates that an analysis has been done with "mathematical methods" An 
observed phenomenon have been summed up to a few variables, which later (possibly) are 
processed statistical. With Quantitative methods you concentrate on things that can be 
measured. The view on reality is static and people are seen as objects. E.g. laboratory 
experiments, measurements and statistics.  
 
Qualitative methods are the methods that are use in order to process qualitative data, often-
different kind of texts so that the results come out entirely linguistically, which means not 
based on quantitative calculations. With qualitative methods, one concentrates on the features 
and characteristics on something. The method are entirely social scientific and emanate from 
reality observations. E.g. observations interviews, text- picture analysis, Holme and Solvang 
(1997).  
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In this paper a qualitative approach will be used. Quantitative and qualitative methods are 
nothing that is mutually exclusive. It is quite common for researchers to collect their data 
through observations and interviews, methods normally related to qualitative research. But the 
data may be interpreted in such a manner that would allow statistical analysis. In other words, 
it is quite possible to quantify qualitative data. Ghauri and Gronhaug (2005). 
 
2.3 Research perspectives 
There are two principal scientific approaches regarding how research-work should be 
pursued. These two main directions are called positivism and hermeneutics respectively. Even 
thou they are often described as diametrically opposed, it is possible for one and the same 
researcher to be influenced by both approaches. 
 
Positivism alludes to that researchers are to draw conclusion solely from information that is 
positive and objective, i.e. reliable, exact and intelligible. Everything else, especially 
subjective knowledge is to be considered as unscientific. The positivist approach claims that 
there are two sources to knowledge, empirical, i.e. what we can observe with our senses and 
logic i.e. what we can calculate by means of logical conclusion.  
 
Hermeneutics is a research direction where interpretation constitutes the main research 
method. No absolute truths are sought within the framework of hermeneutic research 
tradition, because there are none. Instead the researcher seeks new and more productive ways 
to understand phenomena. Proponents of hermeneutics mean that it is not possible to examine 
human life using solely natural scientific inspired methods of measurement and mathematical 
logic.  If so many aspects will be lost e.g. how things like motive, inspiration and sympathy 
influence how we act. Soft and subjectively experienced phenomena of that kind can hardly 
be studied on a conventional positivist manner, but is nevertheless a part of our reality. A 
hermeneutist often prefers qualitative methods to try to analyze and understand the problem 
as a whole. Bengtsson and Bengtsson (2002). 
 
In this paper a positivist approach is used since facts will be used in an objective way. The 
reality will be explained using scientific method of measurements and mathematical logic. 
 
2.4 Research attempts 
An inductive research attempt starts from a number of separate observations (empirical 
findings) and asserts that a connection that has been observed in the analysis also is valid in 
general. Deduction originates from a general rule and claims that this rule explains a specific 
case of interests Abduction is probably the most commonly used method when performing 
case studies. It implies that the results from a specific case are interpreted, as if it would be 
real, would account for the question at issue. The method can therefore be seen as something 
between induction and deduction, Alvesson and Sköldberg (1994). Because a positivist 
attaches great importance to   different kinds of measurements quantitative methods are often 
used. The abductive explanation model will be used in this report, since we apply our model 
to the case company and draw our conclusions from the results, in order to test the accuracy 
of the model more case studies might be necessary. 
 
2.5 Research problem  
According to Wallén (1996) the first step when doing a research is to reflect over what the 
problem really consists of. This will guide the choice of which theory, methods and material 
to use in the research. 
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Problems can be noticed scientifically in a-lot of different ways: by observation of not 
formerly known phenomenon, by diverges between former knowledge and new observations, 
and because new methods and theories make it possible to deal with problems that were 
unworkable before.   
 
When speaking of problem in the scientifically point of view it doesn't necessarily have to 
mean that something is problematic or confusing, but that it is something one seeks 
knowledge about and that can be expressed so clearly that that it can guide the process of 
choosing methods, and that one can know afterwards if the solution is reached or not. For 
research in a real situation it's a long way from confusion to formulating problems that can be 
solved. 
 
To be able to formulate a good problem it takes a-lot of experience. In postgraduate (research) 
studies the future researcher learns how to use different methods quite easy, but it will take a 
lot of experience to be able to find important and feasible problems. 
 
To be able to choose research problem and solution proposition in a satisfactory way, it can 
help to take the following questions into consideration: 
 

 What makes one consider something as a problem: knowledge background, pre- 
comprehension, frame of references? 

 
 In what way is the problem interesting both from research and practical point of view? 

Is it possible to perform a research on the problem? 
 

 Of what nature is the problem? Is there suitable theory and methodology? 
 

 Which assumptions and delimitations need to be done? 
 

 How will choice of methods, choice of research material or selection of subject to 
experiment on be performed? 

 
 What will it take of allowances, equipment and personnel? 

 
 What will be approved as an acceptable solution? Which relationships exist between 

problem and purpose? 
 

 Which criteria should be used for evaluating the results? 
 
2.6 Literature review 
To do a good literature review is perhaps the most important part in the entire research 
process. Before any actual research work can be performed the research worker has to study 
earlier documentations in the chosen problem area. A literature review helps to formulate a 
meaningful and "researchable" scientific problem formulation. The original problem can 
accordingly be narrowed down and possible demarcated to sub problems, Backman (1998). 
 
In this report an extensive literature review will be performed in order to see what theory that 
is available and to see if any shortages in existing literature can be found. 
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According to Bengtsson and Bengtsson (2002) the problem formulation process can be 
described as a funnel (figure 2.1) where the process starts with general curiosity and ends with 
a timetable. 
 
 

 
T 
i 

m 
e 

 
  
 Try  to narrow down and delimit the problem, 

Start out from general curiosity and imprecise ideas 

  
using e.g. literature review 

 Specify the problem and state the purpose 
  

 should have: explorative, 
descriptive or illustrative 

 
Make a time frame 

Choose what approach the research 

 
 
 
 
 
 
 
 
 
Figure 2.1: Problem formulation funnel. Source: Bengtsson and Bengtsson (2002). 
 
2.7 Explorative descriptive and illustrative researches 
When the problem is defined it is also indirectly decided what approach the research should 
have. There are basically three different approaches. Explorative, descriptive and illustrative 
respectively  
 
Investigating (explorative) studies is often concerned with fundamental research. An 
explorative approach is particularly warranted if there is limited knowledge in the subject at 
issue. The object is to gather a lot of information and to attach great importance to general 
view. Describing (descriptive) studies are meaningful especially when the problem field is 
well investigated. Then can the description be concentrated to certain particular aspects 
without the connection to comprehensive picture gets lost. Illustrative researches aim is to 
elucidate why something is in a certain way. 
 
In the light of these facts this investigation can be described as explorative, since the purpose 
is to draw up a model that covers shortages in available theory.  
 
2.8 Secondary and primary data 
An important part in the research process is the data collection. A researcher should always 
start by examining if there already are documents (secondary data) available covering the 
subject issue. If there is, and if it is possible, these should be used. In the document category 
is e.g. written information, photos, movies and computer-based information. 
 
If there is no existing data it can be necessary to set off for the field to study reality. Then the 
researchers have to rely on their own first-hand observations (primary data). 
Gathering primary data through field investigation can be done in three different ways, by 
interviews, observations or by experiments.  
 
2.9 Interviews 
Before performing interviews there are some important consideration that has to be made e.g. 
how the interviewees should be reached? By personal meetings by phone or by mail? Etc. In 
what ways is it suitably that the subject of the interview answers? If personal interviews are to 
be made should the answers be written down or maybe captured with a tape-recorder? Which 
method of selection should be used when choosing interviewees? Another consideration that 
has to be made is which degree of standardisation and structuring that should be used. In 
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entirely standardised interviews the interviewer asks the exact same question in the exact 
same order to every person that is interviewed. And in the contrary case, with non-
standardised interviews are totally improvised conversations. With a totally structured 
interview the respondent gets a number of answer alternatives for instance yes or no 
questions. With unstructured questions it means that the subjects of the interview can answer 
freely and express their opinion of something with their own words. 
 
A lot of primary data will be used in this project. In the beginning of the project personal 
interviews with business executives and workers will be performed. The interviews will have 
a low degree of standardization and a low degree of structuring to get so many viewpoints at 
the problem as possible, since we are in an for us unknown territory. The persons to be 
interviewed are to be chosen so that they will represent the company in a good way; people 
with different backgrounds, working experiences and work tasks will be interviewed in order 
to get a clear view of the situation. Later on, while the project develops, more structured 
interviews will be performed to narrow down the problem. Telephone and e-mail will also be 
used to ask complementary questions.  
 
2.10 Observations 
At observations the researchers themselves are on the spot to watch what they need for their 
investigation. There are several ways to perform observations. Bengtsson and Bengtsson 
(2002) list four different observation possibilities: time and motion studies, peephole 
observations, participation observations and the Wallraff method.  
 
Time and motion studies are often used in the industry to, for instance to count the number of 
stages in an operation or to measure the elapsed time for certain jobs. Information about 
elapsed time for an operation, parts of operations etc. is among other things required for 
planning, piecework rate fixing, work comparison, work organisation, evaluation of 
utilization rate, calculation of delivery time and assessment of staff requirement.  The times 
that in all are registered during a time and motion study is divided into work content and 
contingency allowance. Work content is such time that can be assigned to a certain work task.  
Contingency allowance is time that is common for several work tasks and shall be distributed 
among these, Mellander and Grahm (1975). 
 
According to Mellander and Grahm there are several methods for time measurement e.g. 
 

 Measuring elapsed time with stopwatch or other time recording equipments.               
It is comparatively expensive to use the method with stopwatches for time studies. The 
method is most commonly used as a tool when making time formulas. But sometimes 
it can be motivated to use this method when big accuracy is required in the result of 
the measurements. 

 
 Time formulas. 

A time formula is working in such a way that one, on the basis of certain data about 
the activity that are to be measured calculates or looks up (in tables) or read of (in 
alignment charts) the needed time indications. When using time formulas the costs for 
time studies can be reduced. Furthermore can operating times be known before the 
actual work has started. A time formula can either be based on older studies or direct 
measurements, performed for the purpose. 
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When using peep hole observations the researcher can make direct observations without the 
observed knowledge, this can be accomplished by using for instance one-way mirrors and 
microphones. In participation observations the researcher stays in the environment that is 
being studied for a long period of time, sometimes up to several years. When using the 
Wallraff method the researcher goes undercover, gets a false identity and a disguise to be able 
to observe things that in normal circumstances would be impossible.  
 
In this project, a time and motion study will be performed to get a view over the existing 
material flow in order to see how long each operation takes and to get correct input data to the 
simulation model. The stopwatch method will be used to get as accurate figures as possible. 
Out of these figures a time formula will be made and used in the model. 
 
Experiments are the most important method in natural science. According to Collins 
dictionary scientific experiment means: ”a test or investigation, esp. one planned to provide 
evidence for or against a hypothesis” The question an experiment seek answer is often: what 
happens if? 
 
In this paper no real life experiments will be performed but all ideas and changes in the layout 
will be tested in the experimental design part of the model 
 
2.11 Objectivity 
According to Cambridge online dictionary objective means, "based on real facts and not 
influenced by personal beliefs or feelings" During the data collection as well as the rest of the 
research process it is important to try to attain objectivity. How can objectivity be reached 
then? According to Bengtsson and Bengtsson (2002) there are tree different attitudes. The 
first is of the opinion that an objective research should not in any stage of the process be 
influenced by values of how the society should be constructed. A second opinion is that it is 
not, in any part of the research process possible for research-workers to screen off from their 
personal values. Therefore should researchers in order to reach objectivity instead clearly 
show their opinion and bring them up in broad daylight. The third attitude is to present 
different "realities" because many things that are studied can be looked at from different 
directions and described with different words. People perceive selectively i.e. makes their 
own interpretations of what they see and hear. The selective perception can be explained by 
that we have different values that in turn have sprung from factors such as age, sex, education, 
upbringing, experience and intelligence. And therefore it is inevitable that researchers are 
influence by their values in several stages of the process. 
 
This paper aims at keeping our and others personal values out of the investigation, even 
though our educational background probably to some extent will "colour" some ideas that are 
presented 
 
2.12 Validity and reliability 
These terms handles if any systematic or random errors has been made when generating the 
problem formulation or when collecting the data needed for the research. It is just during 
constant critical examination and conscientious when studying the material the grade of 
reliability and validity that is required can be reached. Holme and Solvang (1997). 
 
Briefly one can say that reliability is to do things right while validity is to do right things. 
Bengtsson and Bengtsson (2002). The reliability is determined by how the measuring is 
executed and how careful the information is treated. The validity is dependent on what is 
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measured and if that is defined in the problem formulation. It is always a goal for each 
research to have so reliable information as possible. High reliability is reached if different 
independent analysis's of one single phenomenon gives the same results. Not only is it 
important to have reliable information. If the information is measuring something else than 
what was intended or something else than we believe that we are measuring it can be reliable, 
but it still cannot be used to test the question at issue. A necessary condition for this is that the 
information also is valid. Holme and Solvang (1997).  
 
In the data collection interviews will be performed with multiple sources in order to see if the 
answers are the same, all answers will be written down, and any obscurities will be discussed 
with all parties concerned, in the time study will data be collected from different fitters with 
different experiences 
 
2.13 Criticism of the sources 
Criticism of the sources is a method to evaluate the veracity in different statements about the 
reality. A source is simply the origin to these statements, Thurén (2003). For a person doing 
research the objective of all source criticism is to seek answers to two types of questions. The 
first one is the source validity, is this source relevant and usable i.e. does it relate to the 
project considering the purpose? And the second one is the source reliability, is this source 
dependable/authentic/correct i.e. can it be believed that it is true? A problem when trying to 
perform criticism of the sources is to separate those assertions on how the reality looks that is 
founded on fact from those that are subjective opinions. Unfortunately are most sources a 
combination of both Bengtsson and Bengtsson (2002). There are some things to think about 
when performing criticism of the sources. Is the information genuine? A researcher should 
always try to control that the information is correct by asking the same question to someone 
else or to try to control the information in another way. The more independent and 
uninfluenced a source is by other sources the more credibility it has. Therefore is primary data 
more reliable than secondary data. Are the people spreading the information themselves a part 
in the case? If so, at least one source with opposite tendency should be used. The more 
contemporary a source is the trustworthier it is. This can be explained by that information can 
fall into oblivion. 
 
In this study the aim is to use only sources that are relevant to our problem and purpose, all 
theory that will be used is collected from published sources exclusively, the author’s 
background and education will be considered when choosing what sources to use. When 
performing the interviews and the time study multiple sources will be used to get as correct 
picture of reality as possible. 
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3 Theory 
This chapter will present theoretical subjects that will ease the understanding for the 
following chapters. 
 
3.1 Manual material handling 
Manual material handling is one of the most common activities in manufacturing companies, 
especially at smaller companies. The concept includes every situation when an employee 
manually handles goods or work pieces before or after an operation accordingly it do not 
contemplate the manual element in the operation per se.  Manual material handling is a 
necessary element in the production process and appears irrespective of whether the task is 
mechanized or manual. Dahlqvist (1997) 
 
Manual material handling often does not appertain to the activities that are being noticed 
unless there is a direct connection to the process. A significant part of the manual material 
handling is therefore unnecessary or physically demanding tasks that lead to expenses for the 
company e.g. re-loading among different load carriers, up and down picking of work pieces 
from buffer stocks, manual material transport between different production stations and 
manual managing of material/pieces at arrival and delivery. Dahlqvist (1997).  
 
3.2 Material handling equipment 
Material handling equipment is, like the name implies, the equipment needed to handle the 
material at issue. Tompkins et al. (2003) classifies the material handling equipment into four 
different categories: 
 

I. Containers and unitising equipment. 
 

II. Material transport equipment. 
 

III. Storage and retrieval equipment. 
 

IV. Automatic data collection and communication equipment. 
 
3.3 Material handling system equation 
The material handling equation system equation (figure 3.2) is a tool that can assist the work 
of developing alternative material handling system design. The question what deals with what 
type of materials that is to be moved. Where and when deals with time and place. How and 
when are concerned the material handling methods. Together these questions give the 
material handling system equation: Materials + Moves + Methods = Recommended system. 
The important thing is that for each of these questions one asks oneself why? Why is this 
amount stored? Why is the material stored in this location? Why is the material moved in this 
way? Etc. Tompkins et al (2003). 
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   Fig 3.2: Material handling system equation.  Source Tompkins et al. (2003). 
 
 
3.4 Flow process chart 
A flow process chart traces the movement of material through every step of a process. It uses 
the standardised process chart symbols shown in figure 3.1. It can be used when observing a 
process, in order to visualise it in an understandable way and to get an accurate description of 
it. It can be used to find improvement opportunities in every step of a process. Muther (1974). 
 

   Symbol Action 
 
 Operation 

 Transportation 

 Storage 

 Delay 
 
 Inspection 
Fig 3.1: Process chart symbols. 
 
 
3.5 Layout classification 
Different types of production e.g. job-shop, batch and mass production can be classified to 
different layouts e.g. process, group technology (GT) and product layout. A volume-variety 
chart for the layout classifications is presented in figure 3.3. 
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    Figure 3.3: Volume-variety chart of production and layout classification. 
 
3.6 Material handling considerations  
Material handling and layout are inseparable. Lee et al. (1997), Tompkins et al. (2003). Lee et 
al. (1997) means that the best material handling system depends on the layout and the best 
layout may depend on handling method. Usually is it best to design the layout assuming 
standard or manual handling. This will optimize the material flow and often get rid of the 
need for complex and costly handling systems. Nevertheless, specific handling concerns that 
radically affect space plan selection must be identified. When designing layouts should the 
following questions be asked: What types of handling systems are feasible for each 
alternative? Would a special handling system affect one layout design more that others? 
Would different handling system allow new layout options? If a particular handling solution 
would give one layout considerable advantage over the others, such selection is a key issue. In 
a case like that, is further investigation recommended. 
 
According to Muther (1974) there are numerous ways to perform material handling analyses.  
In case of one or a few number of products or products groups flow or transport process 
charts can be used to follow the material all the way through the process. If there are many 
different products that travels over several different routes a route chart can be used, this chart 
helps analyzing the movements for each route, from 1→ 2 on one chart, from 1→ 3 on one 
and so forth. Another way that can be used is a so-called flow-inflow-out chart; this chart 
gathers data by getting information about everything that is moved to or away from each area, 
this procedure is best to use if there are many products and many routes with fairly small 
intensity in each. Regardless how the data is collected shall now, for each individual handling 
system (direct, channel, central) the best material handling method be decided. This can be 
executed by finding out which type of equipment and transport unit that is suitable for each 
respective system. Then should time and cost be established and the investment that is 
required, combinations of the three systems should also be investigated in order to find the 
best overall solution. After that each selected method should be compared in terms of time, 
cost and investment. To read more about modifying considerations the reader is referred to 
Muther (1974). 
 
3.7 Practical limitations 
Practical limitations are contrary to modifying considerations not open for development or 
design. Practical limitation can be e.g. restrictions for the existing building or handling 
method, company policies, environmental regulation etc. Muther (1974). 
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3.8 From-to chart 
“Analyzing materials flow involves the most effective sequence of moving materials through 
the necessary steps of the process involved and the intensity and magnitude of these moves,” 
Muther (1974). In process where movement of materials plays a major part, it is very 
important for layout planning to make materials flow analysis. 
 
When measuring quantitative flow in the form of 
amount moved between departments is from-to chart 
the chart that is most commonly used. The from-to 
chart is a way of listing operations both horizontally 
and vertically. The purpose is to record every 
movement from one operation to another (figure 3.4). 
This chart can be used for analyzing materials flow 
between departments, but also inside e.g. a 
workstation. The most desirable sequence in a from-
to chart is to have figures from the upper left corner to 
the bottom right corner, just above the diagonal. Figure 3.4: Example of from-to chart. 
 
According to Muther (1974) there are five factors that affect the transportability of material: 
 

A. Size of the item 
B. Density or bulkiness of the item 
C. Shape of the item 
D. Risk of damage to the material, facilities, and employees 
E. Condition of the item 

 
A way to determine the magnitude or weight of a material flow is to use Mag Count. The Mag 
Count is creating a base value with respect to the factors above. Muther (1974) defines one 
mag to a 10 cubic inches (approximate 160 cm3) block of dry and solid wood. The equation 
for calculating the Mag Count is shown below: 
 

( )[ ]EDCBAA +++•+= 4
1  Mag Count 

 
Muther (1974) presents a logarithmic diagram of how to determine the base values (the A's). 
There is also a list of examples that may aid to determine this factor.  
 
This magnitude value is then multiplied with the intensity of the part in the operation. It is 
important to understand that the Mag Count can change after each operation, since an 
operation can affect e.g. size and/or shape of the product. 
 
3.9 Relationship chart 
Relationship values may be used when measuring qualitative flow closeness. The value and 
the reason behind the value can be recorded in a so-called relationship chart. See figure 3.5. 
The relationship chart shows which activities that have a relationship to each other. Each cell 
is split so it shows the importance of the closeness and this can be supported with one or 
several reasons. Relationship chart is according to Muther (1974) the best way to integrate 
supporting activities in the process investigated. 
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Fig 3.5: Example and explanation of a relationship chart. Based on Tompkins et al. (2003). 
 
The closeness values are rated according a vowel scale that can be seen in figure 3.5. If the 
facility planner is unfamiliar with this method it can result in over assigning of A ratings. 
Muther (1974) suggests a range of frequency of rating occurrences for each vowel. A should 
be presented about 2 to 5% in a relationship chart, 3 to 10% for E, 5 to 15% for I, and 10 to 
25% for O. In most projects almost half of the boxes checked with a U. This is a reason why 
this closeness is not marked in the relationship diagram that will be explained later. The 
frequency of X depends on what project that is investigated. 
 
It varies from different situations of what type of activities there are on a company. 
Sometimes is flow analysis the only input and sometimes is relationship activities the only 
one. Most of the cases are both inputs required when making a reliable SLP, according to 
figure 3.6. Either way, all quantitative data should preferably be transferred to closeness 
vowels. 
 
 
 
 
 
 
 
 
 
 
 

Importance 
of each 
procedure 

Flow of 
Materials 

Activity 
Relationships 

Ran

 
 
 
 
 
 
 

Range A 
 
 

Plant layouts using e.g. 
Heavy products or 
materials. Also layouts 
using large quantities of 
products or material. 

Range B 
 

Layouts with no clear 
patterns of material flow, 
such as job-shop. ge A Range B Range C Range D

Range C 
 
 

Mostly areas like line-
production, where the 
material movement is 
significant. 
General office 
environments. Range D 

  

Figure 3.6: Variation in type of work being performed. Based on Muther (1974). 
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3.10 Relationship diagram 
The reason for making a relationship diagram is to get a visual picture of the data gathered. 
There are many way of how to construct a relationship diagram. The common goal for each 
technique should be to allocate each activity according to the ratings been made. The highest 
closeness rating should be closest and so on. 
 
A common way to make the diagramming is to start with the most important relationships 
from the activity chart, to get this closest. Then go on with the second most important 
relationship and then continue to expand the diagram until it is completed. 
 
It is important to draw the relationship lines clearly between the activities in the diagram. This 
can also be done in various ways. Figure 3.7 shows an activity diagram where the closeness 
ratings are illustrated by having different types of lines. Next to the diagram is there an 
explanation box for the closeness lines, so anyone can understand the coding. 
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Figure 3.7: Activity relationship diagram 
 
3.11 Space requirements 

 
 
 
 
 

According to Tompkins et al. (2003) is the determination of how much space that is required 
in the facility one of the most difficult tasks. Because the design year for a facility is typically 
for 5-10 years into the future, and there is always a much uncertainty how the future will look, 
in terms of technology, product mix, demand etc. In 
the layout development space requirements needs to 
be found in order to add space to the predetermined 
flow and/or activity relationship diagram that has 
worked out the geographical arrangements. 
  Richard Muther mentions five basic ways to 
determine space requirements (figure 3.8). Each of 
the methods has its place and sometimes it is 
necessary to use all methods for the same project. 
Before the calculation method can be used, it is 
required to identify all machines and equipment that 
are needed in the project.  

 
 
 
 

 
 
Fig 3.8: basic approaches to        
determine space requirements.  

 



When determining how much space that is needed for warehouse activities should the 
following be considered, storage methods and strategies, storage units, inventory levels, 
personal requirements and building constraints. Tompkins et al. (2003). 
 
When planning for office and production areas should the need for space first be determined 
for individual workstations and then for the departments with help of the knowledge of how 
many workstations that are needed in each department. The space for a workstation is 
composed of space for personnel, equipment and materials.  
 
3.11.1 Workstation requirements 
To be able to calculate the number of machines needed for a project is it according to Muther 
(1963) several factors that needs to be taken into calculation. These are; the capacity of the 
machine, available working hours, number of machines per operator or number of operator 
per machine, time and frequency of set-ups, peak quantity needs, yield or quality losses and 
store policies. Then the number of machines can be calculated with the following formula.  
 

tsrequiremenmeet   topieceper  time
macineper  pieceper  time

machineper hour per  pieces
tsrequiremenmeet  hour toper  piecesrequired machines ofNumber ==

 
 
Floor area needed for each machine can be calculated by the formula:  
 
Total width • total depth + maintenance and service requirements 
The width includes the static width and maximal movements to the left and the right. The 
total depth is the static depth and the machines maximal movement to and away from the 
operator. 
 
The space needed for materials at a workstation consists, according to Tompkins et al (2003), 
of the following: 
 

 In process materials. 
 

 Receiving and storing incoming materials. 
 

 Storing outward materials and shipping. 
 

 Storing and transporting waste and scrap. 
 

 Fixtures, jigs, tools, dies and maintenance materials. 
 
Another thing that needs to be taken into consideration is the personnel space, which consists 
of space for the operator/operators, material handling and also space for the operator to move 
and be able to travel to and away from the workstation. When planning the space 
requirements for the operator and the material handling, should the operation in question be 
analysed, using a so-called motion study.  
 
3.11.2 The converting method 
When using the converting method one uses the knowledge of how much space that is 
required in the present situation and then that knowledge is converted to what is going to be 
required for the suggested layout. It is not unusual to calculate the requirements for 
production areas and use the converting method for stores and supporting areas. Muther 
(1963) 
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3.11.3 Space standards 
This method uses pre-decided space standards to decide the space requirements, what the 
method implies is that once the space requirements for e.g. a machine has been decided so can 
that measurement always be used. A danger with this method can be that one does not fully 
understand what is included in these space requirements. Often standards found in different 
publications can be made for specific companies and specific situations. Muther (1963) 
 
3.11.4 Roughed out layout 
If a scale-plan over the available space and models over the equipment that are going to be 
used is available and it is not wanted to calculate or convert and there is no space standards 
available then one can rough out a detail layout of the areas involved and use them as space 
requirements. Muther (1963) 
 
3.11.5 Ratio trend and projection 
This method establishes a ratio of m2 to some other factor e.g. m2 per worker, m2 per man-
hour per year, m2 per produced product.  Figures from previous years are used to establish a 
trend for the ratio the next step is to look into the future what the ratio is likely to be. From 
this and a projection of the companion portion of the ration, the space to meet those 
projections can be derived. Muther (1963). 
 
3.12 Space available 
When the space requirements for the new layout designs are decided it is required to look at 
how much space that is available. It might be the case that what has been established as 
required in not in accordance with what is available. If that is the case it means that it is 
required to adjusted or compromise the space that was determined to be required. Muther 
(1974) means that the problem with balancing space requirements against space available 
consist of three sub problems. 
 

 Will the total space that is available be sufficient? 
 

 Will the division of available space (building, floor, room) match in area, with the 
different areas needed (departments, activities, organizational groups)? 

 
 Is the available space of such nature or in such condition that it is suitable for the work 

that is contemplated to take place there? 
 
To balance total amounts of space is often a question of adding and comparing. If the area 
requirements do not fit to the available space it is needed to squeeze or reduce the 
requirements. All concerned areas should not be trimmed with an equal amount, instead 
should some kind of ranking system be used to find the areas that will cause the company 
least problem when reduced. Next is the difficult task to match the various divisions of space 
with the individual areas available, these must correspond in both area and condition. 
 
3.13 Space relationship diagram 
A space relationship diagram (figure 3.10) is a continuation of the activity relationship 
diagram with the space required for each department needed. Muther (1974). 
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Figure 3.10: Space relationship diagram 
 
 
3.14 Modifying considerations 
Muther (1974) identifies a number of modifying considerations that is needed to include when 
making a layout planning. This could e.g. be utilities and auxiliaries that are not possible to 
remove, already existing handling systems, or storage facilities. Each project has its own 
modifying considerations, which is important to handle in order to improve the layout as 
much as possible. 
  
3.15 Simulation 
Banks et al. (2005) defines simulation as: Simulation is the imitation of the operation of a 
real-world process or system over time. Simulation has become a very important tool for 
solving many real-world problems. When working with simulation it is important to 
understand the real system, and ask "what if" questions like: "What will happen if this 
parameter changes value". Today is simulation runs almost exclusively done with help of 
computers and there are many simulation programs on the market. Examples are Witness, 
Arena, SIMUL8, and Quest. With today's rapid development of computer hardware it is 
possible for most programs to visualize the simulations in 2D and 3D.  
 
Simulation is used in many different applications in today's industry. Examples of areas are: 
lean manufacturing, supply chain engineering, just-in-time manufacturing, production 
planning and scheduling, layout design, material handling, and maintenance planning. 
 
3.15.1 Types of models 
In order to select the right method of making simulation and also choosing the right program 
it may be necessary to classify a model. A simulation model is either static or dynamic. The 
difference is that a dynamic model represents a system that is changing over time while a 
static model is just looking at specific point of time. If a simulation model does not have any 
variable input it is classified as deterministic. The output will also therefore become specific. 
The opposite, if the input is variable the model is stochastic and this means that the output 
will be estimates of the real system. Here is statistics useful to get average values and suitable 
distributions of the input. Banks et al. (2005). 
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A system can also be classified as discrete or continuous. Discrete system means that values 
only change in a discrete set of time. Bar diagram is a way to present a discrete system. 
Continuous system on the other hand has variables changing continuously over time. Banks et 
al. (2005). 
 
3.15.2 Model of a system 
In order to make a simulation of a system it is necessary to have a model. A model is defined 
as a representation of a system for the purpose of studying the system, Banks et al. (2005). 
Mathematical expressions and equations are used in simulation to make a model represent the 
real world system. It is good to start with a simple model and add features until it reaches 
satisfying results. Although, adding too much to the model will result higher model-building 
efforts and computer expenses. Hence, it is important to only utilize what is needed from the 
real system. Banks et al. (2005). 
 
3.15.3 Discrete-Event Simulation 
Modeling discrete-event system simulation means that the modeller is using variables that 
changes at a discrete set of values in time. These simulation models are usually analyzed by 
numerical methods. Real-world simulation models are mostly complex and large, and often 
require aid from computers. A step-by-step guide of how to build a model is explained by 
Banks et al. (2005). 
 
3.16 Maintaining the layout 
When the new layout has been implemented it is recommended that the layout is examined 
periodically to ascertain the need for modifications and revisions. The utilization of space, 
equipment, personnel etc. the performance of the facility under current conditions; and the 
capacity of the facility to meet future requirements are to be assessed. The following areas 
should be examined: 
 

 The layout - to verify that placement of equipment, stores, offices, aisles etc. are 
documented accurately. 

 
 The installation - to verify that hard and software systems that has been installed was, 

in fact what was designed and/or bought. 
 

 System performance - to verify that satisfactory performance is being provided. 
 

 Requirements - to verify that adequate capacity is available to meet the requirements 
of space, equipment and personnel 

 
 Management of the system - to verify that policies, procedures and controls etc. 

support effective management of the system. 
 
The evaluation shall be carried out because it is important to learn from the past. The 
examination should always be made at on the spot, so that conclusions can be drawn from 
reliable data, and it should be performed at such level in the organization that it can be made 
objectively. The examination audit should be designed simultaneous as the layout. A common 
mistake is that the audit is designed after the implementation phase. The first audit is best 
performed about six moths after the implementation. Then it should be annually recurring. 
Tompkins et al. (2003). 
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4 Model Development 
 

These chapter discuses the development of the model, at first procedural approaches is 
discussed followed by a literature review and evaluation over already available models. In 
conclusion the model that has been developed in order to fill gaps and shortages in present 
literature is introduced. 
 
4.1 Procedural approaches 
For procedural approaches are the plant layout design process separated into several steps that 
are solved sequentially. Tompkins et al (2003), Yang et al (2000). In procedural approaches 
Muther (1973) view and method regarding Systematic layout planning (SLP) is not only a 
proven tool in providing layout design guidelines but is still widely used among enterprises 
and the academic world Chien (2004). To see the steps in the SLP procedure the reader are 
directed to Appendix 1. To evaluate the layout is often the last step for a procedural approach. 
To choose which layout design is the best is often a hard task when multiple objectives are 
considered Yang et al (2000). Re-layout can be highly costly and disrupting, particularly if the 
whole plant has to be shut down and the production stopped. Benjaafar et al. (2002). 
Therefore it is very important to make correct evaluation of the layout. For a company that is 
re-designing their plant layout, computer simulation can be used to make it easier to evaluate 
the changes. Various factors can be used to evaluate the changes e.g. cost, material moving 
distances and product output. Engelenhoven (2001). It is generally accepted that simulation is 
an essential element of any effective facilities planning or layout study, Aleisa and Lin 
(2005). During the last decade simulation as a tool has grown significantly. The main reasons 
can be identified to be the rapid development in computer power and software, which has 
resulted in lower costs for companies buying adequate equipment. The simulation programs 
have become cheaper and much easier to handle through the years, Bley et al. (2000), O’Kane 
(2003). The first software's required experts to perform simulations, this lead to that only 
multinational companies could afford to use them. Today has newer and more user-friendly 
simulation systems not only simplified simulation, it has also made it less time consuming, 
Chan and Jiang (1999). 
 
4.2 Literature review 
To find out if the areas of SLP and simulation have been dealt with in the literature, an 
extensive literature survey were performed after published papers. The review was performed 
in the following databases: ABI/inform, Compendex Plus, DOAJ, EBSCOhost EJS, 
ELSEVIER, Emerald, FindArticles, JSTOR, ProQuest, Sciencedirect and Wilex Interscience. 
The period that was covered in the search was 1974-2006, but some of the databases did not 
allow searching that long back. 1974 was the year that Muther's SLP came out in its second 
and final edition. The following keywords were used in different combination in the survey: 
Systematic layout planning, SLP, simulation and evaluation. The search was performed in full 
text, that is, the whole articles were searched after the keywords. The result from the search 
were 91 articles, whereof 85 were not relevant for this research, because of that the search 
was performed in full text and the keywords were used in entirely different ways than what 
was wanted Gopalakrishnan et al (2004) development of a computer-based model that 
integrates the areas of plant layout, material handling and warehousing, the only connection 
found to SLP was that it was used as reference. Lo et al (2002) proposed the use of simulation 
models to simulate the egress pattern from a building in case of an emergency. The authors 
used a computer model to analyse the location of an auditorium in case of fire. It was 
developed as help for the quantitative evaluation of the virtual location of people of 
alternative designs. Chien (2004) proposed to use a modified version of the SLP procedure to 
solve the plant layout problem. Yang et al (2000) suggested using the SLP procedure and then 

 21



evaluating the results by means of the analytic hierarchy process (AHP). In this survey, no 
paper was found that proposes to use the SLP procedure and evaluate the results using 
MCDM and simulation. 
 
4.3 Model Evaluation 
An evaluation was made, in order to evaluate the SLP procedure to see if there could be made 
any improvements. The criteria used in the evaluation were the following: 
 

I. Uses acknowledged effective problem solving tools. Is the model using certain tools to 
solve tasks or describe and analyse something? Are the tools suitable? 

 
II. User-friendly. Is the model easy to understand and follow? Or does it use complicated 

steps that require special training? 
 
III. Does the model give a structured approach on how to make, implement, and maintain 

the improvements, by suggesting certain tools or procedures? 
 
The values used to evaluate the model are the following: VG, which equals Very good, G, 
which equals good and NG, which equals not good. The rating and the reasons behind the 
rating are shown in table 4.1 below. 
 

 Table 4.1: Evaluation of the SLP procedure. 
 Criteria Rating Systematic Layout Planning 

I. G 

 
SLP uses tools to solve problems, yet the there are 
more problem solving and management tools that could 
be added to make the model more effective. 

II. VG 

 
 
 
 The SLP procedure is very user-friendly. The approach is 

quite straightforward and offers the user detailed 
explanation of which steps to perform and how to 
perform them. The procedure does not require special 
training even though experience and knowledge is to 
great advantage. 

III. G 

 
 
 
 
 
 The steps in the SLP procedure is merely focusing on 

the development and evaluation of layout design 
alternatives, even though the book discusses how to 
make the implementation. When it comes to following 
up the results, the book only mention it briefly. Therefore 
is a more structured approach needed how to maintain 
the layout. 

 
 
 
 
 
 
4.4 The Model 
As a result of the evaluation there are additional improvements to be made to the SLP 
procedure. The following areas need to be improved: more tools for generating ideas and 
problem solving should be added. More information about how to maintain the layout should 
be added in order to support continues improvements. Simulation should be added as a 
complement when evaluating the layouts. As a consequence of this a thoroughly work with 
developing the model to cover the shortages in the existing literature now started. The result 
of the efforts is the model that is illustrated in figure 4.1. 
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Figure 4.1: Illustration of the developed model. 
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4.5 Model description 
The model was developed as an easy-to-use procedure to support companies in optimising 
their processes and designing effective plant layouts and material handling systems. It is a 
universal procedure that can be used by manufacturing companies as well as service 
companies. It has a broad field of application and can be used to help develop a new layout 
for the whole facility from scratch or to improve an existing layout or to aid in task like 
revising specific part of the plant and locating new machines. The model provides step-by-
step guidance, which facilitates the work of designing plant layouts and material handling 
systems. The model can be used sequentially to develop first a block layout and then a 
detailed layout for each department in the facility.  
 
The model consists of the following six phases. Define  the problem by defining the objectice 
of the facility and specify how these objectives shall be achieved. Analyse the problem by 
determining the interrelationship among all activities and the space requirements for them. 
Create alternative plant layouts and material handling system designs. Evaluate the alternatine 
designs both economicaly and qualitatively and select the preferd one. Next phase is to 
implement the selected design. Once the layout is up and runnining follow-up the results to 
maintain and adapt the plan. If the ojectives needs to be redifined start over from the first step 
of the model. The six phases in turn consists of a number of steps in each phase. Below each 
phase of the model is explained. 
 

    
1. Define 
Before making a layout, whether it is a new layout or a redesign of an existing one, it is 
essential to know what the objective of the facility is, what product/products and/or 
service/services to make and the detail of them. The next step is to figure out the quantity or 
level of activity needed. Then should the routing, that is, how to make the product be 
specified, which parts should be made and which parts should be bought. For the products 
that will be produced in-house should it be decided how the product is to be produced.  The 
required processes need to be identified and the best processes needs to be selected by 
selecting the operations and their sequences that will best produce the required quantity in 
optimum operating time. In case of an existing production each concerned process needs to be 
investigated to see if they are performed in the best possible way. To get an accurate 
description of the processes, flow process charts should be used, to trace the movement of 
material through each step of the process. It can be used whenever the full detailed steps of 
the sequence of flow are wanted, to help identify and eliminate waste. The standard work-
simplification and the material handling system equation should be used to examine each step 
of the process, by eliminating and/or combining processes, change their sequence or 
improving details. The alternative processes should be evaluated, and a selection of which 
processes to use made. Routing together with time is the strongest factors that decide how 
many employees that are needed and what machines and equipment to acquire. The right 
layout type can be identified using this information and apply it in a volume-variety diagram. 
Mostly it is necessary to know what supporting service the product needs. Examples can be 
toilets for the operator and/or maintenance for machines making the product.  
 
2. Analyse  
When assured that each step of the processes are performed in the best way should the 
interrelationship between the different departments be analysed, this can be done both 
quantitative and qualitative, to start with should material flow be examined, this is often the 
single most important aspect in process dominated businesses, that is, such companies that 
handles heavy or awkward product or large quantities of materials or parts. This is made with 
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a so-called from-to chart. The flow is measured quantitative in terms of amount moved 
between departments. Also supporting areas and other than flow measures must often be 
taken into consideration. This is done with a so-called relationship chart. This chart shows 
which activities that have relation to each other; it also values the importance of closeness 
between them and also describes the reason behind the value. In service industries and office 
areas there are no real or definite flow of material; therefore will the relationship chart be used 
solely to determine the interrelationship among the activities. After the relationship of 
activities has been charted either by the from-to chart or the relationship chart or a 
combination of them, the next step is to diagram this information in a relationship diagram 
this is made to get a visual picture of the data gathered so far and of the calculations and 
analyses made from them, in this step will the information which shows the sequence of 
activities and the relative importance of closeness of each activity to each other activity, is 
transferred and translated into geographic arrangement. The point of the geographic 
arrangements is to locate the activities according to the degree of closeness charted. Now the 
space requirements, that is to say the amount of floor space needed can be determined. The 
requirements should then be balanced against the space available.
 
3. Create 
In this phase the actual design of different layout and material handling system designs takes 
place. Note that the layout and material handling system should be designed simultaneously. 
The development of plant layout and material handling systems is a tough process to aid a 
useful tool is benchmarking, this method should be used to improve the company by learning 
from others, in other words there is no reason to make mistakes that others already has made. 
The method contains learning from the best practitioners in the business, but also to seek fresh 
approaches outside the line of business. Benchmarking visits can be performed to companies 
to see how they work with plant layout and material handling issues, or to try and find a 
solution to specific problems, this is a good way to open one's mind and find solutions that 
otherwise would not have been thought of, the purpose is to try and find ideas that after 
modifications can be implemented to the own company. Another tool that can be used to 
generate effective ideas in order to solve different problems when creating the layout and 
handling system is brainstorming, It is important that relevant personnel participate in the 
brainstorming session to get as many views and solution suggestions on the problem as 
possible. The ideas generated by brainstorming should then be grouped based on their natural 
relationship in affinity diagrams.  
 
Now it is time to start modelling the different designs first should a space relationship 
diagram be constructed by taking the space requirements determined in previous phase and 
adding them to the relationship diagram in order to get a visual view of the relationships and 
space differences between the departments, which can aid the design process. The space 
relationship diagram is basically a layout, but in all probability, it is not a useful layout until it 
is adjusted and manipulated to integrate with its modifying considerations, such as handling 
methods and operating practises and building features etc. As each potentially good 
consideration or idea concerning these features is developed, it must be tested against the 
practical limitations such as cost and safety. Each of the layouts that pass the considerations 
and practical limitations has value and is in fact a working layout. When the different block 
layouts are ready, the appropriate handling system should be designed for each of them. To 
assure that everything has been accounted for when designing a new system a material 
handling check sheet should be used to identify opportunities for improvements, the material 
handling system equation should also be used in this phase to aid the work with identifying 
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solutions to material handling problems. The preferred layout will be that which results from 
a consideration of the total system.  
 
4. Evaluate and select 
The block layouts and the material handling systems are then evaluated. To evaluate plant 
layouts is a qualitatively and quantitatively difficult task. In many cases the actual 
implementation has to be the basis of the evaluation or be replaced with experience. The 
problem is to determine which alternative will be most acceptable in satisfying the objectives 
of the organization. Most often is cost not the only major consideration when evaluating a 
new layout design. Therefore should cost comparison be supplemented with MCDM and in 
cases were where actual physical experimentation is difficult, expensive or impractical 
simulation can be used to test proposed changes on existing systems and predict the 
performance of the new system. Simulation can reveal problems or effects that would be 
unseen in pure statistical output. Almost any statistic can come from a simulation model. 
Examples are: equipment utilization, throughput time, delivery time and labour hours. After 
the evaluation the preferred design should be selected. 
 
Now the model can be used over again to make detailed layouts for each department. In 
detailed layout planning, the actual placement of each specific piece of machinery and 
equipment of for each department is established. When developing the detailed layout one 
uses relationships between workstations, storage locations, machines etc. to be able to decide 
the relative placement of activities within each department, 
 
5. Implement 
In this step the preferred layout has been chosen and it is time to implement it. The one who 
has been most involved in the layout procedure and has time and the ability should be the one 
who implement the layout. Before implementation of the selected layout one has to remember 
to inform and motivate the workers for the coming changes. This to avoid possible resistance 
such as: uncertainty, fear of loosing job, and personal conflicts. 
 
When the facility stand in front of a change, is it important to determine what it is that has to 
be moved or changed. It has also to be planned were everything is to be moved during 
reconstruction. Rebuilding, repainting, and new equipment such as overhead cranes is 
examples of what can be necessary to do. The planner should also take advantage of this time 
and also improve the facility in e.g. improving the safety. It is recommended to make a Gantt 
chart. This gives the planner the ability to see in what order the different events should be 
made, to make the project as short as possible. 
 
During the Do-stage is all machines, equipment, and storages are moved to their planned 
locations. This has been determined in the evaluation step. If it is an extensive change in the 
facility layout for the company external contractors may be hired for this project. On the other 
hand, it can be enough with the existing personnel if it is only a minor restructuring. Finally, 
the planner has to check so nothing is missed and the implementation it completely done. 
 
6. Follow up 
Once the layout is implemented, changing conditions and requirements makes it necessary to 
make periodically audits, to ascertain the need for modifications and revisions. When changes 
in the condition and/or requirements justify an additional facilities planning effort return to 
step1 in the model. 
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5 Empirical findings 
It was decided to test the model in reality in a case study, for this reason a case company 
were selected. This chapter presents the empirical findings made at the case company. Firstly 
will today's layout and material flow be described then will the future plans for the plant be 
explained. After that yearly demand and seasonal variation will be discussed briefly. At last 
the routing, that is, how the product is made will be described from production to pre-
assembly and assembly. 
 
5.1 Case study 
A medium sized manufacturing company was chosen, to test the model. The company 
(Holtab AB) develops and produces sheet metal substations. A substation is the last link in the 
power main before the electricity reaches the consumers. The company has 60 employees and 
had a turnover of ca.114 million SEK (2005). The model will be tested on one specific 
product type and for this type will it be used to improve the process and to create a new layout 
and material handling system.  
 
5.2 Problem background 
The 8th of January 2005, Sweden was struck by one of the worst hurricanes in country's 
history. The hurricane lead to that more than 600 000 electricity network customer suffered 
from power failure. The hurricane put focus on how vulnerable the electric network is. A 
compensation system was designed, resulting in that the net owners will have to compensate 
the user if they are not able to deliver electricity. The system claims the longer the electricity 
is gone the more the net owner will have to pay to the concerned customers. Accordingly will 
a new hurricane in the same magnitude as the one in 2005 result in extremely high 
compensations to the network customers. The electricity network companies therefore need to 
avoid that tedious power failure occurs.  
 
Replacing the overhead wires with underground cables is a method that many supports. 
According to analyses made by the trade association Svensk Energi network companies can 
save multiple hundreds millions each year by using underground cables instead of overhead 
wires in the electricity supply networks. With underground cables the customers can be 
spared from power failures. And the network companies can avoid paying the compensations 
to the customers. Magnell (2005). 
 
On account of that the demand for underground cables had increased, the demand for new 
substations that can be connected to the underground cables has increased accordingly. The 
big increase in demand can make it hard for the manufactures to keep up with the orders that 
are flowing in. Trostemo (2006). 
 
Holtab AB does not yet know how big the increase will be this year, but an indication is that 
the delivery time, at this time a year usually is around 4 weeks in comparison with about 16 
weeks today. The increase will be significant for stations intended for countryside nets.  
Normally the need for the Swedish market is around 2500 stations per year (Holtab delivers 
ca 1000-1200 stations including export.) The forecast for the Swedish market 2008 is 
approximately 8000 stations. 
 
To cope with the increased demand the company has increased the number of staffing and 
will continue to do so in the nearby future, but what they really need is a well working layout 
with a god material flow. All administrative processes in the company has been looked over 
and corrected. And they have now reached the production that also will be changed. 
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5.3 Present plant layout  
Holtab's production facility has been expanding during the past years. This has happened in 
several steps and the philosophy has been very similar to: Where can we free space for this 
workstation? This has led to many short-term solutions, which in turn has affected the 
material flow in the facility. The present layout, with the different departments marked is 
presented in figure 5.1. 
 
Holtab has divided all assembly workers into five different departments or teams. In each 
team works approximate 3-4 workers. It is common that the different teams have to borrow 
workers from each other if one team has a lot to do. The locations of these teams are, like the 
storages, spread over the facility. There are no clear boundaries for each assembly workstation 
within the departments. The workers may work with separate substation, but are sharing areas 
for tools and inventories. There is also a sixth assembly area for highly customized products. 
This work team is more separated from the other five. 
 
The company has some departments with preparatory work and subassembly, to increase the 
throughput of the finished product. They have a production department for punching and 
folding sheet metal. This department works two-shift and produces almost exclusively parts 
for inside the substation, such as doors, and internal walls and roofs. Holtab has three 
subcontractors to support the punching and folding workstation. The production department 
also include a workstation for copper bar production. The subassembly stations are spread in 
the facility today. These do not consume very much space and are often integrated with the 
storage areas. The biggest subassembly department is for low-tension parts. This department 
falls outside the scope of this research. 
 

  

Code 

Assembly workstation 

Storage 

Unique substations 

Low-tension assembly  

Sub-assembly 

Production department 

Area 

Figure 5.1: The present layout with general department borders. 
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5.3.1 Present material flow 
Figure 5.2 represents the material flow 
for raw material and finished products. 
The purple arrows show how the 
arriving material enters the facility and is 
distributed to the different storage areas. 
The green arrows are on the other hand 
illustrating how the finished product is 
transported from one of the 
workstations. Forklift trucks transport 
most of the raw material, but hand trucks 
are also used. 
 
5.4 Future layout plans 
The company is now in progress of 
rearranging their whole production 
layout. Today is Holtab only on the 
planning stage of this project. The 
company is planning to build an 
assembly line for the product type that is 
going to increase in demand. The model 
developed in this thesis will be used to 
create a layout for the other types of 
stations, which will be discussed, in 
further detail below. 

 

Figure 5.2: The material flow of incoming and 
outgoing products in the present layout. 

 
Holtab has just recently moved their painting department to a new building next to the main 
facility. The company has also bought a part of an abandoned industrial facility next to the 
main building. It is planned to move the production department to this facility to free more 
space. The new building will also be used for storage, but it is not determined yet in detail 
what to use the space for. 
 
5.5 Products 
Holtab is producing substations. The purpose with this product is to transform high-tension 
electricity (12kV to 24kV) to low-tension electricity (230-400 V). A substation can be divided 
into three main parts: High-tension part, low-tension part, and a transformer. The transformers 
are bought from vendors. This is the part that actually transforms the power. The low-tension 
part is assembled in the low-tension department. This part is built from several components, 
but during this investigation it will be seen as one part. It is the flow of material for the high-
tension part that this research will focus on. A substation can be built with different amount of 
slots. These slots are loaded with high-tension components such as fuse load break switches. 
The substation also has to be grounded. This is done by copper material and is well 
dimensioned to handle the great power. 
 
The substations are customized in different degrees. There is a small sized substation that has 
increased significantly in volume due to the storm 2005. This type of stations is totally 
standardized and has a short assembly time. The other extreme is a group of stations that are 
totally customized these stations often take a long time to build. The annual demand of these 
is very low.  
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5.5.1 Product-group studied in this report 
The product group that is studied in this report is somewhere in-between these two extremes. 
These stations has not been affected by the storm and has accordingly not had the same 
increase in demand nevertheless is this station type very important for Holtab, since it 
represents about 50-60% of the company's annual turnover. 
 
5.6 Annual sales 
The annual sales data from 2002-2005 with forecast for 2006 for these models is presented in 
table 5.1. The models that are investigated are similar when it comes to required material, but 
have different characteristics as finished products. As shown, the demand for this type of 
stations has been relatively stable for the last years. The increase of demand in the forecast 
related other factors than the storm 2005, but is according to the purchasing manager a 
reliable forecast and the demand is believed to remain around this figure in the future if 
nothing out of the ordinary happens. Therefore are 320 substations per year used in the 
following calculations.  
 
Table 5.1: Sales figures 

Model Vol./ year 2002 Vol./ year 2003 Vol./ year 2004 Vol./ year 2005 Forecast 2006
TSK 1000-3-12 63 73 70 59 80 
TSK 315-3-12 71 69 69 52 80 
TSK 315-4-12 93 80 53 59 80 
TSK 1000-4-12 30 24 36 29 50 
TSKR 1000-4-12 13 8 7 11 15 
TSKR 1000-4-IT-12 4 9 7 5 10 
TSK 315-3-IT-12 0 3 4 3 5 
TSK 1000-3-IT-12 0 4 4 1 0 
TSK 315-4-IT-12 6 6 2 3 0 
 ∑ 280 ∑ 276 ∑ 252 ∑ 222 ∑ 320 
 
5.7 Subassemblies and preparatory work 
The big part when making the substation is the assembly, but there is also some production 
and pre-assembly works done below will these processes be described with help of flow 
process charts. 
 
5.7.1 Punching and edge pressing 
In this workstation is sheet metal punched and pressed, to become parts for the substation. 
This is one of the most important workstation, since the substation is mainly build from sheet 
metal. To be able to handle all work needed for the substation is also put on subcontractors. 
Holtab has at the moment three different subcontractors that work with sheet metal. They 
handle mostly parts like outer walls and roofs. Holtab is punching sheet metal for one of the 
subcontractors. The other two has newly invested in new punching equipment and handles 
this by them selves. 
 
Today the punching and edge pressing station is working in two-shift. The personnel are 
mainly producing parts for the internal of the substation such as: parts for doors, inner walls 
and roofs. If there any time remaining for the workers, they will produce outer walls as well. 
 
The material flow can be described as in the flow process chart shown in figure 5.3. First the 
raw material comes from the vendor. The material is then stored outside the facility until there 
is place for it in the storages in the department. The material is transported by forklift trucks 
and placed on shelves in the punching department. The sheet metal material is place on 
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wooden pallets in the shelves. Before 
machining the material is moved to a 
short-term storage close to the 
punching machine. The 
transportation of this material to the 
machine is made by a special sheet 
metal lifting device. The next step is 
that the material is machined. 
Depending on what part that is 
produced this is made in different 
ways. The work in process (WIP) is 
moved and temporarily stored at the 
edge press machine. The finished 
part is temporarily stored at the 
department, until the batch is big 
enough to be moved to storage. 
 
5.7.2 Doors 
There is one door for each slot in the 
substation. It is basically built from 
sheet metal with plastic handles. The 
sheet metal part of the doors is 
coming in from punching and edge 
pressing department. Depending on 
who is operating the truck and if 
there are any place on the shelves, 
the components will be placed either 
on the floor or directly on the 
shelves. If the material is placed on 
the floor it will remain there until the 
assembler moves the material up on 
the shelves himself using a forklift 
truck. The material will be stored on 
the shelves until it is time for this 
type of doors to be assembled. 
Because the shelves are very high the 
fitter will move the whole pallet of 
material with a forklift truck and 
places it on the floor or taking one 
component at the time by hand. Then 
the components are put one by one 
on a workbench for assembly. 
Screws and handles for the assembly are collected in the storage in the next room. The 
assembly consists of mounting a handle on the door. This is a very short operation in it self. It 
is measured to take about two to three minutes per door. Finally, the fitter will put the finished 
door in storage next to the workstation. All material flow sequences are presented in figure 
5.4. 

Figure 5.3: Present process sequence for punching and 
edge pressing department. 

Figure 5.4: Material flow for doors. 
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5.7.3 Tracks 
This part is used with the doors, so 
they are possible to open and close. 
Making the tracks is a very similar 
procedure as making the doors and 
the procedure is presented in figure 
5.5. The same fitter also makes this 
and the workstation is located very 
close to the door assembly 
workstation. One track consists of 
two different components that are 
riveted together. It is required two 
tracks for each door. First, the 
material is coming in from 
punching and edge pressing 
department. The material arrives in 
pallets and is placed into shelves 
manually. Then the material is 
stored there until it is needed. 
The fitter moves the components 
to the workstation that is located closely to the shelves. The assembly it self is a short 
operation that takes about one minute per track. Finally, the fitter will put the finished tracks 
in a different shelf where they will remain until they are needed. 

 

Figure 5.5: Material flow for tracks. 

 
5.7.4 Bars 
Bars are used in substations for conducting 
electricity. They are made from long copper 
beams that are bought from suppliers. The 
bar department consist mainly of three 
different machine types: cutting machine, 
drilling machine, and edge pressing 
machine. Material that is needed is stored on 
racks (figure 5.6) next to the machines. The 
raw material for making bars is delivered by 
vendors. First, the raw material is stored 
outside until it is needed from the 
workstation that is making the bars. Then 
the material is transported with a forklift 
truck to the storage at the workstation. The 
operator then unloads the material from the 
wooden container to the rack manually. 
About one ton is unloaded every time the rack has to be filled. When a bar is to be produced it 
is picked from the rack, cut into right length, and holes are drilled. Depending on what type of 
bar that is produced it can also be edge pressed in various ways. The operating time varies 
from 30 seconds, for the simplest bars, to 5 minutes for the more complex ones. There is a 
WIP stored on a pallet cart (figure 5.7) between each machining operation. When all 
operations are done the material is gathered in a pallet before transportation to storage. 

 

Figure 5.6: Racks in the bar department. 
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There is one operator responsible 
for keeping the inventory. This 
operator determines what bars to 
produce and how many of them. 
The production schedule is 
normally determined by checking 
the inventory level of the different 
bar types in the store and also by 
checking with the planning list to 
see which substations that are 
planned to be produced in the near 
future. Fitters have to go to the bar 
workstation and ask for bars that 
are out of stock about two times a 
week, according to an operator at 
the bar workstation. The operator 
will then make the requested parts 
immediately and then return to 
previous work. It was observed 
from both time studies that needed 
bar parts were out of stock. 
 
 
 

Figure 5.7: Material flow for bars.  
 
5.7.5 Switches 
Depending on how many slots a substation has the 
number of switches will vary. The switches arrive 
from vendors in cardboard boxes. They will be 
stored in storage C, where they arrive. An operator 
will unpack the boxes and move the different 
components to a workbench. Here the parts will be 
assembled. The operator uses a crane to lift the 
switch during assembly, since it is quite heavy 
parts. After assembly, the switches will be hanged 
on a special designed cart (see figure 5.8). The work 
procedure is shown in figure 5.9. Totally four 
switches can be stacked on this cart. The carts are 
always filled with switched, no matter if the 
designated substation needs it or not. The storage 
area for these cart are located in storage C, closely 
to the workbench. 

 

Figure 5.8: Cart for switches. 
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Figure 5.8: Material flow for switches. 
 
5.8 Main assembly 
The main assembly is the most critical and time consuming part when making the substations. 
One ore two fitters usually perform the assembly of one substation.  
 
5.8.1 Description of workstation 
The workstation is basically an area big enough for a substation. Workbenches, shelves, 
drawers, and cable rolls are all placed along the walls at the workstation. Two workstations 
are sharing many areas, like the shelf with different rivets, screws, bolts etc. and the tool 
bench with drilling screwdrivers and drilling machines. The drawing in figure 5.9 shows how 
all objects are placed in an assembly group with two workstations and figure 5.10 supports the 
drawing with presenting pictures of some selected areas. These objects will be discussed more 
of in the analysis chapter. 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 Figure 5.9: Drawing of the workstation today. 
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Figure 5.10: 1. Shelf with stackable containers. 2. Tool drawer. 3. Workbench. 4. Cable rolls. 
 
5.8.2 Description of the assembly work 
Today is the assembly worker picking the material the product he/she is about to assemble. 
This means that the worker has walk to all different storage areas. All storages contain 
different products that are needed in different phases of the assembly work. Figure 5.11 
illustrates how the different storages are divided and named in the report. The assembly work 
is described in a flow process chart in figure 5.12. 

Code 

 

Description 

 

 

 

 

 

 

 

 

Assembly 

Storage G 

Storage H 

RK-cable 

Storage D    

Storage E 

Storage F  

Storage B 

Storage C 

Figure 5.11: Description of significant areas for the assembly work. 
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The outside walls and doors are 
made from sheet metal. These are 
punched, pressed, and built by 
subcontractors. The empty shell of 
the substation is primed and 
painted at Holtab, after delivery 
from the subcontractor. 
 
The research investigation starts 
when the empty shell of the 
substation stands on the assembly 
workstation. The first thing that the 
fitter/fitters will do is to go to 
storage B. Before starting to pick 
components on the cart, the fitter 
has to print the specific component 
order list for the product. An ID-
sign is also made, so it is possible 
to see who has done this station 
and when. To all assembly work 
there is a general picking list for 
the given model and a specific 
work order list that show if there 
are any special components for the 
substation. The fitter is moving the 
material from the shelves in 
storage B to a picking-cart (figure 
5.13) and walks with this back to 
the workstation. The picking cart is 
left there and the fitter is then 
walking to storage C. Here is a 
new cart that is already loaded with 
switches received (figure 5.8). The 
cart is also loaded with a cable and 
possibly other special components 
that are bound to the substation. An 
elevator is used to transport this 
cart from the storage area to the 
production area. This is due to 
level difference of about 1,7 
meters. The time it takes to move 
the elevator up and down was 
measures to 90 seconds. 

Figure 5.12: Flow process chart for assembly. 

 
The fitter can start with the assembly work when these components have arrived to the 
workstation. During the progress of the assembly work the fitter will collect required 
components from storages D-G. When and in which order these components are collected 
varies slightly depending on the fitter and where the workstation is located in the facility. In 
these storages is only a single or a few components collected each time. 
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The low-tension part is picked in storage H. This 
component can be quite big, so it is mostly required to be 
at least two fitters to install it. 
 
The great demand of substations has resulted in a great 
shortage in transformers. Today are therefore 
transformers sometimes delivered directly to the end-
customer, instead of being mounted at Holtab as it used 
to. The assembly work differs slightly if the transformer 
is going to be installed by the company or the end-
customer. To install a transformer in a station takes about 
3-4 hours. A so-called RK-cable is also affected. This 
cable drum is located in storage B, placed on the floor on 
a wooden pallet. The cable is pulled out manually and cut 
into right lengths. The number of RK-cables depends of 
what station model that is going to be produced. Then the 
cable (or cables) is transported on a picking cart to a 
workbench in the other end of the storage room. A cable lug is mounted on each end of the 
cable at this workbench. The RK-cable is just cut into one longer length, if the transformer is 
supposed to be assembled by the end customer. This cable will be shipped along with a right 
number of cable lugs to the customer. 

Figure 5.13: Picking cart. 

 
The transformers that are stored at Holtab are transported with forklift trucks from the storage 
to the workstation. The storage for transformers is located in another building close to the 
production facility. 
 
The roof is the last part that is assembled on the substation. Subcontractors produce the roofs 
to these stations. They also paint some models, but normally is Holtab taking care of this. 
Forklift trucks are used for each material handling of the roofs and the storage for them is 
located just outside the facility. 
 
The only thing that remains when the roof is put in place is to make a function test of the 
station, before it is transported to finished goods storage. A new empty shell of a substation 
will be moved to the workstation and the procedure will start over again. 
 
5.9 Time and Motion study 
When the project started was there almost no knowledge at the company how the material is 
moved how long time material handling is taking. A time and motion study were performed to 
find out how much time the fitters spent on getting material from the different stores to the 
assembly station. Their motion pattern when performing the assembly work was also 
observed. 
 
To get as realistic picture of the situation as possibly different fitters with different experience 
was used during these observations, just to see if there is any difference in picking time for a 
beginner and an experienced worker. Each time the fitters went to the one of the stores to pick 
material it was clocked with a stopwatch and documented. In figure 5.14 are all the travels the 
worker made within the facility when getting the material for one substation, note that the 
movements inside the stores are not shown in this picture. 
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Figure 5.14: Traveling distances when picking material 
 
Figure 5.15 shows the material picking time for a worker that has been with the company for 
a long time respectively one that has little experience. The times shown are for the assembler 
to get the material from the decentralized storages. It does not include the material handling 
within the workstation. 
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                  Figure 5.15: Material picking times. 
 
As shown in the graph the times vary a lot depending on if it is an experienced or 
inexperienced worker that performs the task. For an inexperienced worker the big time waster 
is to read the picking list and to look for the item in the store. It was also noticed that it seems 
to be more recurring that an inexperienced has to go an extra round to the store because of 
that he/she has forgotten to pick an item or picked he wrong one. What was also noticed that 
it happened recurrent times that items were not at hand in the store. During the time study 
with both the experienced and the inexperienced fitters bars were missing in the store, so the 
operators had to go to the person responsible for doing these beams and ask to get them done 
in order to start the assembly work. The company has no system for tracking the stock level; it 
is the person that makes the beams that are responsible for checking that they do not run out 
of beams. The transportation times includes walking back and forth to the stores and also the 
time it takes for the lift to get down and up again. 
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Another time that was clocked was the preparation of the RK-cable: the time was divided into 
three categories: measure, cut off and cable lug. See figure 5.16. Measure includes dragging 
the cable out on the floor and taking the measure. The cable shoe category includes to strip 
the cable and to mount the lug. The times for the preparation of the RK-cable performed by 
both an experienced worker and an inexperienced, the figures are minutes per substation.  

  

 

Experienced

10

5

30

Measure Cut off Cable shoe

Inexperienced

15

10
45

Measure Cut off Cable shoe

Figure 5.16: Clocked times for experienced and novice worker of preparing the RK-cable. 

 
The limitation of time in the project did not allow all moments to be clocked with stopwatch. 
Many fitters and operators were also interviewed, in order to cover for the time studies that 
could not be made. During the interviews it was observed that workers with little experience 
had it very difficult to make any assumptions, so these interviews were more focused on 
employees that had been worked for the company at least a couple of years. The workers 
motions when putting the substation together were also studied in order to use this knowledge 
when calculating space requirements for the new layout.  
 
5.10 Benchmarking 
A benchmarking visit was made to another medium sized manufacturing company in Växjö, 
namely IV product. The purpose with the benchmarking was to take part of their experiences 
with plant layout issues, since this is also a company with mainly do assembly work. The aim 
was to find good solutions that, after adaptation, will be applicable at Holtab's organization.  
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6 Analysis 
In this chapter all the processes for the subassemblies and preparatory work will be 
performed analysed and improved. Further new plant layouts will be developed and 
evaluated. 
 
6.1 Analysis of subassemblies and preparatory work 
Analysis of the flow process charts for the subassemblies, preparatory work, and main 
assembly work falls within the scope of this report. A general feature for all charts is that the 
tasks that have been classified as operations are also the only one that is considered to be a 
value-adding task to the process. All material handling has been classified as transportation. It 
was considered to be the most accurate, because the material handling is not any value-adding 
work. 
 
6.1.1 Bars 
The main problem with making the bars is the 
material handling. Before a bar has begun 
machining it has been moved several times. 
The most significant problem is when the raw 
material is unloaded from the boxes it arrives 
in and is loaded on shelves. This task is made 
manually by an operator at the bar 
workstation. The box that contains the raw 
material is placed on the floor. Picking from 
this level and load the material onto shelves 
results in a risk for back injuries. Each copper 
bar weighs approximate 10 kg and a fully 
loaded box is estimated to weigh 1000 kg. 

 
Figure 6.1: Proposed flow process for bars. 

 
A lot of material handling time would be 
saved if the boxes with copper bars would be 
transported directly from incoming material to 
the workstation. The forklift truck personnel 
should then put the boxes directly on a shelf. 
The bar operator would then be able to pick 
the material directly from the box when it is 
needed. An analysis of the present flow 
process chart can be seen in Appendix 2 and a 
proposed chart is illustrated in figure 6.1. 
 
An investment of new shelves has to be made. 
The new shelf will require more space than 
today's shelf because the tucks needs to have 
room to put the boxes up on the shelf. This 
should not be a problem because it is planned 
that the production of bars will move to a new 
facility where it will be a lot of available 
space. The new shelf can be of the same type 
that exists today, but designed for picking 
directly from the box. 
To pick directly from this box makes that the Figure 6.2: Sketch example of a new shelf. 
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operator can pick from maximum three shelves. The height of the box is 40 cm and it is 
approximated that 30 cm is required to be able to pick from the box without having problems. 
If the first box is put directly on the floor, the upper edge of the third box will be leveled at 
180 cm above the floor. It is required to use a small stepladder to be able to work in a suitable 
level. It is also possible to have more shelves and use these as a buffer. Then it is required to 
use a forklift truck to move these boxes. There is a sketch in figure 6.2 of how a shelf could 
look like. 
 
Another significant problem with this station is that it is frequently lack of bars in storage B. 
Worse is that this problem seems to be accepted at the company. The reason is probably 
because the production time for a bar is very short and the loss in time hardly noticeable for 
each department per time it occur. It is suspected from the investigations that stock out occurs 
more than two times per week. A few minutes per department per day can easily add up to 
several hours per week at a company as a whole. 
 
Holtab should implement kanban system for this product, in order to get a better control of the 
flow. This will become even more important in the future, since the bar production will move 
to another facility and it will be harder for the operator to maintain the inventory. A 
suggestion is to determine an inventory level when the kanban signal should be released for 
each bar product. The person who releases the signal can use e.g. intercom telephone to call 
the bar production department. The operator will then signal a production kanban. An 
example is to use a magnetic board where all bar parts is represented and then put a numbered 
magnet on the requested part. In this way the operator now knows what part to make and also 
in what order to make them 
 
6.1.2 RK-cable 
To assemble lugs onto an RK-cable is a quite time consuming procedure. It may seem 
unnecessary that the fitter-personnel are doing this today. If another worker would have done 
this task, the fitter could have worked at the substation during this time instead. This would 
result in a higher throughput of the finished products. Using personnel specialized to perform 
this activity would also most certainly increase the efficiency of the work. Making several 
work cycles per day will improve the learning process much faster than today. The length of 
the cable may vary from different stations, but some lengths are more common than other. 
The dedicated worker should therefore make a small inventory stock of the most common 
lengths and produce the more rare ones when the order is released.  
 
The RK-cable is a very heavy component, as mentioned earlier in the report. During the data 
collection it could be observed from the researcher that a fitter had to call for assistance when 
trying to pull out the cable from its drum. The procedure when pulling the cable from the roll 
that is placed on the floor results in very poor ergonomics. Furthermore is the measuring and 
the cutting of the cable also performed on the floor. The analysis of this work task has 
generated two different alternatives. 
 
Alternative 1: If the whole process were performed on a workbench it would be much better 
for the worker. The RK-cable drum would then be elevated and rotated (see figure 6.3) so the 
cable can be reached easily and be pulled directly on the workbench. The workbench could 
also be equipped with tools for assembly of lug and cable. The rack for elevating the cable 
drum requires a small investment. This alternative method would not only eliminate the 
movement to the workstation, but also remove the heavy lifts that are made when loading and 
unloading the cable on the cart. The latter can result in financial benefits in form of less work 
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related injuries. An analysis of the present flow process chart can be seen in Appendix 2 and a 
proposed flow process chart of this alternative is shown in figure 6.4. 
 
Alternative 2: This method is similar to the above, but requires no investment in new 
equipment. The fitter will pull the cable from the drum as in today, cut the cable and then lift 
it directly to a workbench. Having the workbench close to the drum makes the task more 
effective, since less time is wasted in transportation. 
 

                                

  Figure 6.4: Proposed flow chart of RK-cable. Figure 6.3: Sketch of rack with RK-drum. 

 
6.1.3 Doors and Tracks 
These components are analyzed together. This is done mostly because that the same worker 
makes them, but also because the components share similar problems. 
 
The ongoing work is disturbed by incoming material. This material arrives on pallets and is 
mostly placed on the floor. It is placed directly on the shelves occasionally when it is place for 
it and also depending of whom is delivering the material. Sometimes it happens that a lot of 
material is coming in nearly at the same time. This makes the floor space crowded and the 
worker has to spend a lot of time and effort to move all pallets up on the right shelves. 
 
It is recommended that Holtab is organizing the work so incoming material arrives at the right 
time for the worker and not when the preceding station want to ship the components. In short, 
the company should move from push to pull system for these components and workstations. It 
would be much easier to load the material directly onto the shelves if the worker could decide 
when it is to be delivered from the preceding station. Kanban pull system would be very 
advantageous to implement. The empty pallets on the shelves could be used as a withdrawal 
signal to an inventory between the assembly and the production department. The pallets 
should be market in different ways so the production personnel know what to produce when 
they get a production signal. Holtab should investigate the right number of kanbans to 
maintain a working flow. 
 
The worker should also have a larger inventory for handles at the workstation, to reduce the 
wasted time in walking and picking from the main storage. Appendix 2 and figure 6.5 shows 
the analyzed and proposed flow process chart for the doors respectively. 
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Figure 6.5: Proposed process method for 
making the doors. 

 
 
 
 
6.1.4 Switches 
Material handling has been identified to be the main problem for the switch assembly station 
as well as previous stations. The parts for assembly the switches are arriving in cardboard 
boxes. These boxes will be flattened by hand and left on the floor next to the workstation 
temporarily, when these parts has been unpacked. The operator will take these cardboard 
boxed and put them in a container outside the building after the assembly work. 
 
Holtab would gain a lot in investing in a compression machine or a baling machine. It could 
be placed close to the workstation. The worker would then be able to put the empty cardboard 
boxes in the machine. This would result in a cleaner working area, and it would also save time 
in reduced material handling time. Another benefit would be that the truck that take care of 
the waste would not have to be ordered as often as today. Having sorted and compressed 
paper and cardboards would generate in higher recycling income as well. The proposed 
method can be viewed in figure 6.6, while the analysis of the present method is presented in 
Appendix 2. 
 

        

Figure 6.6: The proposed flow chart for the 
switch workstation. 

Figure 6.7: The proposed flow chart for the 
main assembly. 
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6.2 Analysis of main assembly 
Today the assembly workers at Holtab are wasting a lot of time in material handling. The 
company is using kitting as a method for delivering material to the assembly stations. The 
problem is that the fitter who will perform the assembly work is picking the material for 
himself. Generally, it is hard to get accurate statistics from mistakes in picking when 
personnel is picking to themselves, Brynzér and Johansson (1994). Other problems also exist. 
The storages are decentralized in today's layout. Finally, the picking cart that is used present 
is too small to handle all components needed. 
 
6.2.1 Kitting 
According to the time study each workers spends around 110-170 minutes on walking and 
picking the material needed for one substation. The fitter could use this time for assembly 
work if someone else performed the picking. It would be an increased throughput for the 
substation when eliminating all transportations and picking procedures. About 10% increase 
in throughput can be expected, since the total work time is about 20 hours today. The work 
itself would also likely be done faster, since it will be less interruptions and more continuous 
workflow. Consequently pre-kitting can be used, i.e. that someone else picks the cart so that it 
is ready when it is time to start the assembly. Figure 6.7 presents a proposed working method 
for the main assembly. 
 
Who should make the picking then? The personnel who picks can be specialized picker or it 
can be an integrated work where the assembly worker picks for other assembly workers in the 
department. The benefit with having an integrated work is that the picker will have more 
knowledge of the function of the components and therefore understand the consequences if 
making a poor picking. It will also be easier for the picker to detect if something is missing, 
since he/she can see it from a fitter's point of view as well. Thus it is suggested that the 
company should use one of the assembly workers to prepare the carts for the other in the 
assembly department. This task could e.g. be rotated weekly among the different assembly 
workers. 
 
One way to make the picking work more efficient is to use batch system. This means that the 
picker will pick for two or more work orders at the same time. The benefit with batching is 
that the picker can reduce the number of transportations, picking sequences, and also the time 
reading from the picking list. The problem with batch system is that it can get very complex 
to keep apart components from the different orders. 
 
There are mainly two different types of batching. One is geographic batching, which means 
that orders with similar components or orders with components placed closely are picked 
together. The other is time-limited batching. This form of batching can take different shapes, 
such as the orders can be picked in the order they arrive in the batch or it can be 
predetermined what number or orders each batch should include to start. On basis of what has 
been analyzed above, it is recommended that Holtab should use time-limited batching. A 
system that tells how many orders a batch should include would fit the company well, since 
the intensity of order arrivals changes cyclical during the year. This would give the picker a 
high picking capacity during the peaks of the year.  
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6.2.2 Inventory 
The company should centralize all storages, during the planned restructuring of the layout. 
This would make kitting more efficient for the dedicated worker/workers. There are some 
clear disadvantages with having decentralized storages at Holtab: 
 

• Picking big batches will lead to that many components will be tied up in these locally 
placed storages.  

 

• When the product is big it will mostly have components that will consume a lot of 
space in storage. 

 

• If there are many different product types it will be hard to receive right components 
efficiently since the assortment is small in each storage area. 

 
6.2.3 Picking cart 
The analysis has come up with two alternatives of how to transport all material to the 
assembly station: 
 
Alternative 1: Holtab has to invest in new material handling equipment with higher loading 
capacity. The new picking cart that is suggested is very similar to the one existing today, with 
loading capacity on two levels. The difference is that the new cart has to have more loading 
area. It should also have a supporting wall on at least one of the sides, so round part such as 
pipes can be loaded without falling. This support will also make it easier to load other 
components as well. The cart should not have supporting wall on all sides, because this will 
make both loading of the cart and picking from the cart harder. Occasionally two or more 
assembly works start simultaneously. To make the transportation work more efficiently, the 
carts could the equipped with a connection device so several carts can be moved together. 
Figure 6.8 shows an example of how a cart can look like and also how it can be connected 
into a train of carts. 
 

            
 Figure 6.8: Image to the left shows a sketch of a picking cart. To the right is a 

suggestion of how to use many carts at the same time.  
 
 
Alternative 2: This alternative requires little or no investment. Holtab could use the same 
picking carts as they do today. The personnel will load two carts, to be able to fit all 
components for one substation. Many picking carts will be left redundant when the most 
frequent stations are put on line assembly and therefore use other material handling 
equipment. The negative part is that the personnel will have to go one time extra to the 
assembly workstation. 
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6.3 Material flow analysis 
The layout at Holtab can be classified as fixed location layout. This makes it hard to build a 
traditional from-to chart, since all material from the different inventories is transported to one 
location, the assembly workstation. The from-to chart will look like an ordinary table with the 
different storages listed, but will have the same properties as a normal from-to chart. 
 
The material flow that is investigated covers the material that the fitter collects from different 
locations. First of it has to be determined what time scale for the flow analysis that is going to 
be used. It was determined to use the assembly cycle for one substation. In that way the time 
in absolute figures can vary, but the proportions of the quantity of material moved from each 
inventory will remain constant. The selected product to investigate is an TSK 315-4  
 (Appendix 3). 
  
Sometimes there is more than one component from each 
part number that is required for the substation. This has 
been calculated as one component, since there is only one 
picking sequence for these parts. In contrary if, e.g. the 
fitter collects two components with different part numbers 
in the same sequence, this will be calculated as two picks. 
The quantity picked from the different locations is 
presented in Table 6.1. 

From To Assembly 
Storage B 60 
Storage C 2 
Storage D 5 
Storage E 2 
Storage F 1 
Storage G 1 
Storage H  1 
 RK 2 

Table 6.1: Quantities picked 
from inventory. 

 
To make the from-to chart more accurate it is needed to 
consider the five different factors that affect the 
transportability of material. These are described in chapter 
3.8. 
 
6.3.1 Volume calculation 
Storage B 
There are some difficulties to determine the size, density, shape, and risk of damage for the 
material in storage B, since there are so many different components. Most of the components 
are fairly small and can be held in one hand. Almost all parts are made of either metal or 
ceramic, which gives them a fairly high density. Commonly for the material collected in this 
storage is that they are fairly easy to stack and they are all in good condition. The risk of 
damage for the fitter handling these components are considered to be very low, although there 
is a moment where the fitter is cutting a copper wire. 
 
Estimated average volume per component in storage B:  33507510 cmcmcmcm =××
 
Storage C 
It is only two different components in this storage, the switches and a cable. The switches are 
considered as one component, since they are already stacked on a cart. The cart is weighted 
much more than the cable in this case, because it affects the transportation much more. This 
cart is big and bulky. The shape of it allows it to be stacked tight next to each other in the 
storage. It is not considered to be any risk for the fitter to receive any material from storage C. 
 
Estimated volume for switch cart:  388000080100110 cmcmcmcm =××
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Storage D 
Steel pipes in various dimensions are picked in this storage area. The shape and density of 
these pipes makes it fairly problematic for the fitter to carry. The main problem in this storage 
is that the fitter has to use a ladder or even climb on the storage rack itself to receive the 
components. This can of course result in accidents if the personnel are not careful enough. 
 
Volume for one steel pipe:  312505550 cmcmcmcm =××
 
Storage E 
Here is two different sheet metal components picked. They are used for the inner roofs in the 
substation. Since they are made from sheet metal, they are bulky, easy to stack, and handle. 
 
Volume for inner roof:  318000360100 cmcmcmcm =××
 
Storage F 
In this storage area there are containers with different hooks that is mounted on the roof of the 
substation. The hooks are made from cast iron and are fairly small, one can easily be held in a 
hand. According to the observations made there is no possibility that the hooks can cause any 
damage.  
 
Volume for one hook:  32505510 cmcmcmcm =××
 
Storage G 
This component is very similar to the one picked in storage E. It is made from sheet metal as 
well and the shape and stack ability reminds of the inner roof component. 
 
Volume for component in storage G:  3840034070 cmcmcmcm =××
 
Storage H 
The Low-Tension part (LSP) can vary a lot in size depending of what model is requested from 
the customer. An average sized LSP has about the same size as a standard wooden pallet. It 
seems to be quite fragile, because of all electrical components assembled on the rack. If it is 
dropped it is high probability that the part will break. 
 
Volume for LSP:  333750015150150 cmcmcmcm =××
 
RK 
A nine meter long RK-cable is studied in this research. This cable is contains a lot of copper, 
which makes it very dense. The length and the very limited flexibility of the cable make it 
difficult to transport. It is not considered to be any particular risk for the fitter to work with 
the RK-cable, although there is needed to cut it and put a cable lug on. 
 
Volume for the RK-cable:  32250055900 cmcmcmcm =××
 
6.3.2 Intensity of movement 
All volumes for the investigated components are converted to a base value with aid from a 
logarithmic diagram and a list presented in Muther (1974). The other aspects bulkiness or 
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density, shape, risk of damage, and condition, are all considered according to the analysis for 
each storage above. The base values and degrees for the storages are gathered in table 6.2. 
 
 
 
Table 6.2: Mag Count values. 

Base value Degree 
Location A B C D E 
Storage B 1,5 1 0 -1 0 
Storage C 40 -1 0 -1 0 
Storage D 3 1 1 1 0 
Storage E 10 -1 -1 -1 0 
Storage F 1,25 2 1 -1 0 
Storage G 8 -1 -1 -1 0 
Storage H 29 -1 0 1 0 
RK 11 2 2 0 0 
 
The intensity of movement can now be calculated using the Mag Count equation from chapter 
3.8 and the quantity from table 6.1: 
 
Intensity of movement:  

 
 
As shown in table 6.3 there are clear differences 
in the intensity of movement between the 
different storage locations. Storage B is clearly 
the most significant location with movement 
intensity of 90. Storage C and RK have similar 
intensity value with around half of Storage B. 
Storage D and H has a fair intensity with 
approximate a third of storage B. The remaining 
inventory locations have a very low intensity of 
movement. 

Table 6.3: Intensity of movement. 

Location Quantity Mag Count Intensity
Storage B 60 1,5 90 
Storage C 2 20 40 
Storage D 5 5,25 26,25 
Storage E 2 2,5 5 
Storage F 1 1,875 1,875 
Storage G 1 2 2 
Storage H 1 29 29 
RK 2 22 44 

 
6.3.3 Closeness ratings 
The different locations were ranked by the intensity of movement, to be able to get as accurate 
vowel grading as possible. It is shown in table 6.4 that it is clear differences in intensity of 
movement and this can easily be grouped.  
 

Table 6.4: Relation intensity and 
closeness rating. 

The closeness rating vowels were mainly determined 
on basis of the clear grouping that could be made 
from the intensity values. The analysts also discussed 
if each closeness rating is reasonable for each 
location. Storage B was rated as especially important 
since the major part of components for assembly is 
picked from this storage area. The following locations 
were rated with respect to storage B and received 
their closeness vowels accordingly. 
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6.3.4 Activity relationship chart 
The procedure can vary when making an activity relationship chart. Flow of material chart 
and the relationship chart can be done separately or combined. All input will be combined in 
this procedure when making the activity relationship chart. 
 
According to the theory in 3.9 it should be considered what type of process that is 
investigated. Holtab is a company with a lot of material, hence a high material flow. It is 
estimated from Figure 3.6 that the process investigated at Holtab is categorized to be close to 
the border between range A and B in this diagram. This means that flow activities will be 
weighted higher than non-flow activities in this research. 
 
The non-flow activities that are investigated in this research are the qualitative relationships 
between each location. There are also some non-flow activities between the assembly station 
and the other locations. The finished Activity relationship chart that takes both quantitative 
and qualitative flows into consideration is presented in figure 6.9. 
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Figure 6.9: Activity relationship chart for the involved departments. 

 
As seen in the activity relationship chart there are some differences in the closeness ratings 
from table 6.4. Storages D-G is controlled by designated fitters so no stock out occurs. These 
storages and storage C was also rated to have an ordinary closeness to storage B, since the 
components in these storages are very similar to some of the components in storage B. 
Likewise have relations been rated between other storage areas, such as between storage D 
and storage F, storage C and RK cable, and storage E and storage G. 
 
6.3.5 Relationship diagram 
All data from the relationship chart will be used to visualize the relationships between the 
different activities in this step. Note that the procedure is aiming to get and overall picture of 
the layout, not a detailed one. That will be done later in the model. The process used when 
making the relationship diagram was to start drawing the closest relations first and then 
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continue step-by-step until all data from the activity chart is used. The finished relationship 
diagram is shown in figure 6.10. 
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Figure 6.10: Final relationship diagram. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

6.4 Space requirements 
Now it is time to find out the space requirements, first will the requirements for each 
workstation be determined and them the space for each department and finally for the storage 
areas needed. The methods that will be used to accomplish this are the calculation and the 
converting method. The calculation method will be used mainly on the space requirements for 
the workstations, this is because the intention to find the real space required for each 
workstation, as it looks now there have been no attempt in this direction made before from the 
company's side. To determine the requirements for storage areas the converting-method will 
be used. 
 
6.4.1 Workstation requirements 
Here will the space requirements for the workstation be calculated. As mentioned before a 
workstation includes space for equipment, materials and staff. All measurements regarding 
the station are taken from the model TSK 1000-4. 
 
Equipment space 
The measurements for the substation with the doors closed can be seen in Appendix 3. To be 
able to calculate the floor area requirements for the substation calculations needs to be made 
with the doors open since this is the actual area the station takes up when being put together. 
The measurements when the doors are measured to 4520 x 3600 mm.  
   
Accordingly the floor area requirements for each station can be calculated by the formula total 
width • total depth + maintenance and plant service area requirements. Since this is an 
assembly station and not a machine there is no need for either machine maintenance or plant 
services. Consequently the result is 3600 • 4520 = 16272000mm  22 16,3m≈
 
Material space 
Since the substation is assembled at the same place there is no need for storing of outbound 
materials. The space requirements for the equipment and tools that are needed in the assembly 
work are shown below in table 6.5. These figures are obtained by measuring at the 
workstation how much space the equipment occupies. In the present situation, the equipment 
and material are shared by two workstations. The department requirements area will then be 
calculated accordingly.  
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Table 6.5: Material space requirements.  

Materials Dim with X Length (mm) Floor Area required ( 2m )
Working bench 1000 X 800 0,8 
Storing assembly material 1100 X 400 0,44 
Storing assembly material 1800 X 650 1,17 
Bench for tools  1000 X 800 0,8 
Working bench tools 700 X 400 0,28 
Cabinet tools 1000 X 400 0,4 
Working bench 2000 X 1000 2 
Cabinet 800 X 500 0,4 
Cables 1000 X 4000 4 
Picking cart 1000 X 800 0,8 
Switch rack 1000 X 800 0,8 
Shelf 2000 X 5000 10 
  ∑ 21,89 
 
Personnel space 
The space that needs to be included is space for: the assembler, material handling and 
operator entrance and egress. To determine the personnel space requirements for each 
workstation the motion study of the assembly work were used. The place for the assembler 
means that he/she needs to have space to be able to carry out the work. The material handling 
means that for example the picking cart, the switch rack and the movable tool cabinets needs 
to be able to be moved to where they are needed. Additionally the aisles must be in 
appropriate size so that the assembler is able to move around in the workstations. The motion 
study together with Tompkins et al. (2003) recommendations on aisle sizes gives that 
additionally 9.1m2 to each workstation to handle the personal space requirements. 
 
Summation of workstation requirements 
The space for equipment, material and personnel could now be added to get the total space 
requirements for a workstation. See table 6.6. 
 
Table 6.6: Summation of workstation  
space requirements. 

Space for Area required ( 2m ) 
Equipment 16.3 
Materials 21,89 * 
Personnel 9,1 

 ∑ 36,5 
 
 
 
 
 

*Note that this figured is for two 
workstations, since the material is 
shared between two workstations in 
the present layout. 

 
6.4.2 Number of workstations needed 
To be able to calculate how many workstations that is required for the new layout the seasonal 
variations in the demand needs to be taken into consideration. The company did not have 
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figures of how many of each station type that has been sold each month. Therefore to be able 
to calculate the demand for each month the company's total turnover for each month had to be 
used (table 6.7).  

Table 6.7: yearly turnover in million SEK. 

 

Month 1997 1998 1999 2000 2001 2002 2003 2004 2005 
Jan 1,3 2,4 2,603 1,874 3,686 4,51 5,974 3,834 3,186 
Feb 1,5 3,4 4,389 2,439 4,119 5,349 7,395 9,121 11,343 
Mar 3,5 4,7 4,333 5,791 4,196 6,042 7,86 9,271 8,283 
Apr 5,5 3,8 5,51 3,861 6,175 9,095 9,468 9,084 9,006 
May 3 5,3 5,464 9,515 8,919 9,802 8,615 11,429 12,736 
Jun 8,3 5,5 9,265 9,453 5,563 9,311 11,155 11,983 9,305 
Jul 3 2,6 3,549 2,993 4,075 4,116 6,002 4,301 8,467 
Aug 3,7 3,6 5,699 7,483 7 9,019 9,498 9,607 9,03 
Sep 5,5 7,3 6,777 9,696 9,421 11,743 13,223 15,761 13,864 
Okt 6,2 6,8 6,809 8,188 11,19 12,41 14,128 10,062 11,268 
Nov 4,7 5,6 6,939 8,146 6,775 9,354 10,843 8,496 11,227 
Dec 4,3 4,6 5,952 6,466 7,68 9,255 8,349 7,216 6.857 

 ∑ 50,5 ∑ 55,6 ∑ 67,289 ∑ 75,905 ∑ 78,799 ∑ 100,006 ∑ 112,51 ∑ 110,165 ∑ 107,715

The figures were converted into percentage by dividing the monthly turnover with the total 
annual turnover. For instance, to calculate how much of the total sales that took place in 
January 1997 the following calculation was made: 
 

2.57%0.0257
SEKmillion  50.5

SEKmillion  1.3
==   

 
Same procedure was done for all months from 1997 to 2005.  The results are shown in Table 
6.8. These figures are for all the company's products but according to the purchasing manager 
the models that are investigate in this study are following this distribution quite well. 
 

Table 6.8: Monthly revenue in percent. 
Month 1997 1998 1999 2000 2001 2002 2003 2004 2005 

Jan 2,57 4,316 3,87 2,47 4,677 4,51 5,309 3,48 2,78 
Feb 2,97 6,115 6,523 3,213 5,227 5,349 6,572 8,278 9,9 
Mar 6,93 8,454 6,435 7,63 5,324 6,042 6,986 8,415 7,23 
Apr 10,89 6,835 8,19 5,087 7,836 9,094 8,415 8,244 7,86 
May 5,94 9,532 8,12 12,535 11,318 9,802 7,657 10,374 11,12 
Jun 16,43 9,892 13,77 12,453 7,059 9,311 9,915 10,887 8,121 
Jul 5,91 4,676 5,274 3,943 5,171 4,116 5,334 3,904 7,391 
Aug 7,32 6,475 8,47 9,858 8,883 9,019 8,442 8,72 7,88 
Sep 10,89 13,129 10,062 12,774 11,956 11,743 11,752 14,306 12,1 
Okt 12,34 12,23 10,12 10,787 14,21 12,41 12,558 9,142 9,834 
Nov 9,3 10,073 10,312 10,732 8,599 9,354 9,638 7,7 9,8 
Dec 8,51 8,273 8,854 8,518 9,74 9,25 7,422 6,55 5,984 

 ∑ 100 ∑ 100 ∑ 100 ∑ 100 ∑ 100 ∑ 100 ∑ 100 ∑ 100 ∑ 100 
 
To visualize the results the figures were put in a graph. See fig 6.11.  As show there are no big 
differences from year to year. The monthly distribution was averaged and weighted equally 
among all years from table 6.8. The percentage value for each month was then multiplied with 
the forecast for 2006 (table 5.1). Based on this it was possible to see how many substations 
that had to be made per month. This is presented in Table 6.9.  
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Figure  6.11: Monthly revenue in percent. 

 
 
It was also necessary to know how 
many products each workstation can 
make per month. Since the number 
of working hours varies through the 
year at the company, the production 
capacity will change accordingly. It 
assumed from the time studies that it 
will take 22 hours in average from 
the substation enters the workstation 
until it is dispatched to end storage. 
Table 6.10 shows how the working 
hours change per month and how 
this is related to production capacity. 
The monthly production capacity for 
several workstations is also added in 
the table. 

Table 6.9: Monthly distribution of substations.

Month 
Average 

distribution %
Nr of stations 
2006 forecast 

Acc. Nr of 
stations 

Jan 3,78% 12,08 12,08 
Feb 6,02% 19,25 31,33 
Mar 7,05% 22,56 53,89 
Apr 8,05% 25,76 79,65 
May 9,60% 30,72 110,37 
Jun 10,87% 34,79 145,16 
Jul 5,08% 16,26 161,42 
Aug 8,34% 26,69 188,11 
Sep 12,08% 38,65 226,76 
Okt 11,51% 36,85 263,61 
Nov 9,50% 30,40 294,01 
Dec 8,12% 25,99 320,00 

 
 
         Table 6.10: Monthly work hours and production capacity. 

  Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 
 Work hours 128 128 128 174 174 174 69,6 147,9 174 174 128 96 
      Production 1 workstation 5,8 5,8 5,8 7,9 7,9 7,9 3,2 7,1 7,9 7,9 5,8 4,4 
              
  Accumulated 1 workstation 5,8 11,6 17,4 25,3 33,2 41,1 44,3 51,4 59,3 67,2 73 77,4 
 2 workstation 11,6 23,2 34,8 50,6 66,4 82,2 88,6 102,8 118,6 134,4 146 154,8
 3 workstation 17,4 34,8 52,2 75,9 99,6 123,3 132,9 154,2 177,9 201,6 219 232,2
 4 workstation 23,2 46,4 69,6 101,2 132,8 164,4 177,2 205,6 237,2 268,8 292 309,6
 5 workstation 29 58 87 126,5 166 205,5 221,5 257 296,5 336 365 387 
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The accumulated demand and 
number of workstations is 
gathered in a chart in figure 
6.12. The chart shows that it 
is required to have five 
workstations to manage the 
forecasted demand. Because 
the demand line in the chart 
just barely passes the line for 
four workstations, it was 
decided to calculate with this. 
Holtab should have a degree 
of flexibility built in the 
layout, so a fifth workstation 
can be placed. Four 
workstations will require 136 
m2 according to the 
calculations for one 
workstation above. 
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Figure 6.12: Demand and production chart.  

 
6.4.3 Inventory space requirements 
The required space for each storage area is presented in 
table 6.11. The present layout has been used as a base for 
the required areas presented. All material in the storages is 
not used for the product types investigated. Therefore has it 
been estimated how much storage these products consume. 
Finally, some extra square meters has been given to the 
storage areas for aisles.  
 
6.5 Space available 
The whole production area at Holtab will go through a big 
change, with a new layout. It is important to know how 
much space is available, since the scope of this report only 
investigates a part of the production. By interviewing the 
responsible of this project, it was possible to estimate 
available areas for the future layout. The total storage area 
was estimated to more than 600 m2, which is almost the double of the required area. 
Regarding the workstations, there is about 200 m2 available. This means about seven 
workstations according to the calculations above and that is plenty, since it is stated earlier 
that only four is required. 

Inventory 
Estimated space 

required [m2] 
Storage B 137 
Storage C 64 
Storage D 4 
Storage E 8 
Storage F 8 
Storage G 15 
Storage H 80 
RK cable 12 
Total 328 

Table 6.11: Inventory space 
requirement. 
 

 
6.6 Space relationship diagram 
Now a space relationship diagram was constructed by adding the space requirements to the 
relationship diagram. The result is shown in figure 6.13. 
 
 
 
 
 

 54



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 
 

 
  

 
E 

 

D 

F 

G 

B A H 

C 
 

  I 

Code 

 

Description 

 

 

 

 

 

 

 

 

A: Assembly 

G: Storage G 

H: Storage H 

I: RK cable 

D: Storage D    

E: Storage E 

F: Storage F  

B: Storage B 

C: Storage C 

Area 
( 2)
146 

137 

64 

4 

8 

8 

15 

80 

12 

 Figure 6.13: Space relationship diagram. 
 
 

6.7 Block layouts 
Now the creation of the different block layouts started. The aim was to make the different 
storage areas centralized in as high degree as possible in order to reduce time consuming 
transportations between the assembly workstations and the storage areas and also to get the 
idea with pre-kitting to work as well as possible. The storage areas also had to be placed in 
such away easily accessible by both trucks that deliver the incoming material to the shelves 
and also for the assembly worker when he/she makes the picking rounds. Another goal with 
the layout was also to have all workstations located as close together as possible instead of 
scattered like in the present layout, to make it easier for the workers to be able to alternate 
between the different workstations. To have the opportunity to work together with a 
substation this is in a rush to be completed, or to help with different task that requires more 
workers. This will consequently lead to less running about between the departments.. It is 
planned to remove basically all internal walls in the new layout. This will make the layout 
more flexible than before. Another thing that will be removed is the location where storage B 
and the RK-cable workstation are placed today. Some departmental areas in the new layout 
have already been determined and will therefore be limitative in some extent for the block 
layouts.  
 
Two different block layouts have been made for the new layout that takes all modifying 
considerations into aspect. Block layout 1 is presented in figure 6.14 and block layout 2 is 
shown in figure 6.15. The both suggestions illustrate different ways to organize the new 
storage. The closeness ratings between the different departments are also presented in the two 
figures, to show the effectiveness of the new layouts more clearly compared to the present one 
(figure 5.11). Another condition that makes the new layout better is that the storage area is 
placed closely to the aisle, which will improve the flow of the material. Further, the assembly 
stations are placed together in the proposed layouts in difference to the present layout. 
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Figure 6.15: Block layout 2. Figure 6.14: Block layout 1. 

6.8 Evaluation 
There are various ways to make evaluations of the block layouts in a SLP. In this research it 
has been chosen to use multiple criteria decision making and simulation, to find the best 
alternative. 
 
6.8.1 Multiple Criteria Decision Making, MCDM 
A MCDM was made, as a first step, to evaluate which layout that is the most superior. 
Generally, the more aspects considered in a MCDM the better. Which factors to use in the 
decision-making was discussed between the researchers. Information from the company was 
used as a major criterion when selecting suitable factors. Following four aspects was 
considered after analyzing the characteristics of the layout: 
 

 Ease of future expansion (The simplicity of increasing the space used.) 
 Flexibility of layout (The ease of rearranging the layout.) 
 Material handling effectiveness (The simplicity to move materials into and out of the 

areas laid out.) 
 Flow or movement effectiveness (Avoiding back-tracking, long hauls of materials or 

people.) 
 
To be prepared for future changes in demand is very important for a company and Holtab is 
not an exception. The company is experiencing a great increase in demand at present and they 
consider availability of future expansion in a layout to be a key factor when deciding what 
layout to select. 
 
Flexibility is always an aspect worthy to consider in facilities layout. Today, it is high flow of 
material in the storage areas at the company. It is then beneficial to access this area from as 
many sides or points as possible. The assembly workstation also needs to be flexible, so the 
fitters can work without any impediments. 
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The layout of the storage should be designed so it is easy to load and unload with the material 
handling equipments used. Having shelves close to an aisle will make the material handling 
more effective, because e.g. the forklift truck can access faster. 
 
Minimizing the distances between departments with the greatest flow intensities is essential 
for Holtab. A lot of travelling distance can be saved. This means saving in time, which results 
in saving in money or opportunity to produce more. Having the storage centralized and close 
to the arrival will also improve the movement effectiveness. 
 
It was necessary to put a weight on each aspect to make the MCDM as accurate as possible. 
The weight was multiplied with the selected rate value for each block layout. The result, 
which shows that block layout 2 was in slightly favor, is presented in appendix 4. 
 
6.8.2 Simulation analysis 
It was necessary to run a computer simulation, to clearly understand what improvements the 
new layouts have resulted in. The program that was used to solve the task is called Witness 
8.0. Model conceptualization was the first step to create a simulation model. It started with 
analysing and interpreting how the present assembly work should be presented in the model. 
 
The transportations to the different storages was categorized and presented as three different 
inventories in the model. Storage B and C was presented as two separate storages and the rest 
was presented as one. The work with the RK-cable was also presented as a storage operation. 
The operators work was divided into walking time, picking time, and assembly time. The RK-
cable operation was for instance built with a walking time of one minute in each direction and 
a picking time that represents the assembly time. 
 
A great deal of the material handling is manual at Holtab, which means that all picking times 
and assembly times will vary a lot. It was therefore necessary to distribute all picking times 
and assembly times (some walking time was also distributed). Witness allows using triangular 
distribution. This is settled by determining minimum and maximum values to all measured 
values. Each value was analyzed individually, but generally was the distribution set to about 
30-40% from the average value. 
 
Figure 6.16 illustrates the visualization of the simulation model. It shows the four places the 
operator walks to (lager0-lager3). Lager9 is representing the location at the workstation 
where the operator leaves the cart after the first two picking rounds. This was necessary, since 
there is no assembly work between these two operations. The box marked Tranform is where 
the operator performs the assembly work. Mont, the box to the right is just making all 
processed components from Tranform to on finished product. This operation does not take 
any time. GT  helps the analyst, so the throughput time is represented in an accurate way. 
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 Figure 6.16: A screen print of the used simulation model.  
 

It was necessary to take a leap backwards in the model from Banks et al. (1996) (figure 3.11) 
during verifying and validating for some adjustments. There were some problems with 
maneuvering the simulation program and the model had to be complemented a bit for 
representing the real world in a satisfying way. 
 
The simulation runs was set to ten years and with an annual work time of 10800 minutes. 
After analysing the results from the simulation runs it stood clear that the new layouts will 
have strong effects on the throughput time. The result was estimated to save about 10% of the 
present assembly time. This means more than two hours per substation. 
 
6.9 Selection of block layout 
It was not possible to state any differences between the two block layouts in the simulation, 
since the input data was not accurate enough. The selection of layout was therefore relying on 
the MCDM analysis, which put block layout 2 in favor. 
 
6.10 Features of block layouts 
The new suggested layout (figure 6.17) with a centralized storage area and a centralized sub-
assembly area located closely will eliminate many problems from today's layout (figure 5.1). 
When comparing the two figures one can see that the production department is moved out in 
the new layout. This has resulted in more available space. Some of the regular workstations 
have been replaced with an assembly line, which not only increases the production rate of the 
specific stations it also reduces the total space requirement for assembly work. Having all 
departments located next to the main aisle is also an improvement from the present layout. 
This will make all stations easier to access. 
 
A major improvement has been made with the new layout concerning the flow of the 
incoming and outgoing products. Figure 6.18 illustrates a minimal in- and out flow and is 
superior compared to the present flow (figure 5.2). It is expected that the forklift truck drivers 
will save a lot of time and effort with the new layout. It will also be easier to make the overall 
flow in the facility more homogenous (one-way flow).  
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 Figure 6.17: The new layout with general department borders. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 6.18: The material flow of incoming and outgoing products in the new layout. 
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If the company implements the developed layout it will undoubtedly lead to considerably 
shortened distances for the worker to go when fetching material. Figure 6.19 shows the new 
routes that are needed to walk in order to get material for one substation.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

   Figure 6.19. The new travelling routes when picking material. 
 
The reader can compare this figure with figure 5.14 to see the improvement compared with 
today's layout. Together with the new suggested picking carts would now all material be able 
to be picked in only tree rounds, compared with nine rounds today. A comparison between 
today's layout and the suggested layout can be seen in table 6.12 there is the number of pick-
tours and their length for both layouts shown. As shown in table 6.13 so will the total distance 
that are travelled to and back from the storage areas decrease with about 336km, which is a 
reduction with approximately 76%. 
 
Table 6.12: Comparison of travelling distance between new and present layout. 

 

From To Nr / Year Distance 
(m) 

Distance / Year 
(km) 

New Nr / 
year 

New Distance 
(m) 

Distance / Year 
(km) 

Assembly Storage B 1280 103,5 132,48 640 48,5 31 
Assembly Storage C 640 125,7 80,448 640 78 49,92 
Assembly Storage D 640 15 9,6 0 0 0 
Assembly Storage E 640 65 41,6 0 0 0 
Assembly Storage F 640 52,5 33,6 0 0 0 
Assembly Storage G 640 26,5 16,96 0 0 0 
Assembly Storage H 640 93,5 59,84 640 36 23,04 
Assembly RK- cable 640 103,5 66,24 0 0 0 

  5760 585 441 1920 162 104 

 
Table 6.13: Reduction of travelling distance. 

 
Total distance /Year, present layout, km 441 
Total distance /Year, new layout, km 104 
Decrease, km 337 
Decrease, % 76 
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6.11 Detailed layout 
According to the theoretical model, detailed block layouts should be made. It is first when a 
layout has been settled on a detailed level it can be implemented. Therefore have two detailed 
layouts been made for the assembly workstations. The same procedure as described 
previously has been processed to make the layouts and the two different alternatives are 
presented in figure 6.20 and figure 6.21. 
 
The two alternatives share some common improvements from today's workstation. Holtab 
uses stackable containers at their workstations today, but they are not stacked on top of each 
other in a satisfying extent. The characteristics if the containers that stores the screws, nuts, 
rivets, etc. should be utilized much better. This would reduce the storage area (marked Shelf 
in the layouts) at the workstations, or allow more containers to be stored in a good height 
from an ergonomically perspective. 
 
It is suggested that the cable rollers at the workstations should be hanged up on a rack 
(marked Rack). The benefits are similar to previous suggestion - Less space and more 
efficient work.  
 
The company should also consider an investment of new height adjustable workbenches. The 
workbenches today do not have that capability. Arbetsmiljöverket recommends in 2§ in AFS 
1998:01 that workers should have a working height between 80-140 cm for standing work. 
Different workers have different working heights, but the optimal height also changes 
depending on what type of work that is to be done. 
 
The moveable tool drawer that is used today is very good. It is easy to maneuver and reduces 
the transportation for the assembly worker compared to a traditional tool rack. 
 
The difference between alternative A and B is mainly how to organize the storage. Alternative 
A uses a centralized storage for all four workstations and in B is two workstations sharing on 
one shelf. Having a centralized storage for these components will make it easier to control and 
replenish. It will also consume minimal amount of space. Alternative B will on the other hand 
lead to shorter traveling distances to the storage. The frequency of use is very high at the 
storage area, because bolts, nuts, rivets, spray paint, etc. is always needed. Another benefit 
with layout alternative B is that it is more flexible to future changes. It is easier to add 
workstations and maintain low distances in transportation.  
 
Flexibility should always be built in plant layouts, to be able to react to future changes. Holtab 
declares that they have good routines with controlling the storages within the workstations 
and if they can maintain this after the layout change is alternative B the preferable layout.  
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Figure 6.20: Detailed block layout for workstation alternative A.  

 
 

 Figure 6.21: Detailed block layout for workstation alternative B.  
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7. Results 
This chapter consists of the results achieved in this thesis. First is the developed model 
described, then are the results achieved when applying the model in a case study presented. 
 
In order to improve deficiencies in existing literature regarding the layout problem and to give 
companies a comprehensible user-friendly procedure on how to design their production 
processes, plant layouts and material handling systems in order to stay competitive a model 
was developed. The model consists of six phases that can be used sequentially in order to, 
examine and optimise processes, design, evaluate, implement and maintain effective plant 
layouts and material handling systems. The first four steps of the model were tested 
successfully in a case study at a medium sized manufacturing company, Holtab AB in 
Tingsryd. The company develops and produces sheet metal substations.  
 
In the first “define” phase data about the concerned product was gathered, how big the 
demand is in present and the forecasted demand for the future, How the product is made and 
by who and when. A benchmarking visit was made to another manufacturing company (IV 
Produkt) to take part of their experiences with production processes, plant layout and material 
handling issues. The aim was to find useful solutions that, after adaptation, would be 
applicable at Holtab AB's manufacturing. After that each process at the case company was 
carefully mapped with help of flow process charts and then analysed with a work-sheet 
including the standard work-simplification and the material handling equation. All 
unnecessary operations and moves were eliminated, the goal was to eliminate as much non 
value adding operations as possible. And also improve the operation as a whole. 
  
When the processes were optimized the “analyse” phase started by analysing the material 
flow between the assembly department and the decentralized stores. Next other than flow 
measures were analysed by means of a relationship chart, the charts were then combined into 
to a relationship diagram. After that the space requirements for the workstations and stores 
were analysed and calculated. And estimates were made on how much space that was 
available in the factory to work with. 
 
In the “create” phase a space relationship diagram was now created. The chart was made in 
suitable scale and placed over a drawing of the factory and the development of different block 
layouts started. The layouts were adjusted with regard to modifying considerations such as 
material handling, storage facilities and building condition. The adjusted layouts were tested 
against practical limitations such as building features and the company's policies and plans for 
the future, at the end there were only two different layouts that passed the test, these two 
layouts were then evaluated with MCDM and simulation in the "evaluate" phase. The 
evaluation resulted in that one of the layouts was selected. Now the model was used over 
again to develop a detailed layout over the workstations in the assembly department that 
shows the exact placement of shelves, tools and workbenches etc. Two different detailed 
layouts were developed and evaluated. 
 
The results showed: 10% reduced throughput time, reduced manual material handling, 
Improved workplace environment, 76% decrease of manual travelling distances, reduced risk 
of stock out etc. 
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8. Conclusions 
This chapter contains the answer to the problem formulation, a part where the thesis is being 
criticised and recommendations of future work that should be done in order to complete the 
work presented in this report. 
 
8.1 Answer to the problem formulation 
By using the model that has been developed in this thesis companies can improve their 
production processes, plant layouts and material handling systems. The model is tested in 
reality in a case study with excellent results and with that it is proven useful in practice. 
 
8.2 Criticism of the thesis 
Writing this thesis has been an instructive experience , at times it was hard since the area that 
is covered in this report is big and time-consuming, which was the reason that deeper studies 
at detailed level was not performed as much as wanted 
 
When applying the model to the case company, the application was limited to only one 
product type, this made it really hard to develop the layouts since more or less all departments 
in a company affects one another in one way or the other, so even though not showed in the 
report considerations had to be made of all the departments in the company. 
 
In some parts estimated times had to be used, this could have been avoided through more 
extensive time interval recording. Measures could have been taken until they are statistically 
valid, since this ensures a more precise output of the model. This could not be done in this 
thesis due to the limited time. 
 
During the work with this project the condition of the thesis has been changed. At the 
beginning of the case study we were given practically liberty of action. During the project 
have demarcations and guidelines been added by the case company, for instance have things 
like placement of the new line and pre-assembly departments been added or changed which 
has lead to that the plans regarding the layout had to be changed numerous times. This has 
lead to balancing between the business world and the academic world where both parties 
concerned have been allowed to give and take. The company is interested in fast concrete 
solutions to problems. A final degree project consist however of many other parts such as 
theory studies and report writing. 
 
If more time would have been available the simulation model could have been extended even 
more. But the degree of complexity that was used in this study was enough to use the model 
to what it was intended for, that is, to help evaluate the different layout alternatives.  
 
Some of the information about the processes and the product was collected by interviews of 
assemblers and clerical staff. Depending on their personal views the answers sometimes 
varied a little. Because of that has information been collected from as many sources as 
possible and it has been attempted to threat the information from an objective point of view. 
 
When performing the benchmarking visit at IV Produkt some good ideas that could be 
implemented at Holtab were found. IV Produkt had a very similar manufacturing environment 
as Holtab AB. More benchmarking visits to other companies in different industrial sectors 
could have been performed in order to get more fresh ideas, but the time and the economical 
limits only made it possible to visit one company. 
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8.3 Future work 
There are some things that need to be done in order to complete the work presented in this 
report: 
 

 All six steps of the model needs be tested in more case studies 
 

 To get the most out of the model it should be tested in its entirety and not just some 
chosen departments 

 
 To increase the validity of the model it needs to be tested in more case studies. 

 
 To test the generality of the model it needs to be tested at other companies with 

different kind of production. It can also be tested at a service company to see if it the 
model suitable for service companies, or if some modifications have to be done to the 
model. 

 
 The model utilizes a lot of useful tools, but there might be more tools available that 

would make it better and more general. 
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9. Recommendations 
This chapter contains recommendations to the case company. The chapter can be seen as a 
collection and summary of the different solutions and improvement suggestions presented 
earlier in the report 
 
The recommendation to the case company is for Holtab to: 
 

 Use the model to make a detailed layout of the storage areas. And then implement 
layout suggestion 2 and workplace layout B. In order to improved both the overall 
material flow in the facility and the material flow from and to the assembly 
departments and storage areas. We recommend the company to plan and execute the 
implementation as described in the model in order to have a successful 
implementation. If the company implements the suggested layout the distance that the 
workers have to walk between the assembly department and the storages with will be 
reduced with approximately 76%. In a year this means a shortening of the distances 
with over 300 km. 

 
 Invest in new shelves for the bars in the production department, This will result in 

that more of the operators time can be used to value adding activities since the trucks 
will be able to transport the bars directly up on the shelves instead of like today put 
the boxes with the bars on the floor and then the operator has to put the bars up on the 
shelves by hand. In our opinion the operator's competence should be used to produce 
the bars and not to unnecessary manual material handling. This solution will not only 
save time it will also eliminate a lot of awkward heavy handling. Repetitive strain 
injuries in back and arms is something that in worst-case scenario could happen to the 
operator with today's procedure. 

 
 Start pre-assemble the standard lengths of the RK-cable, this is an time consuming 

operation that today is performed by the assemblers when it is time to assemble the 
cable. If this suggestion is put to use at the company it will result in that the 
assembler can spend his time making the substation and that in turn will reduce the 
throughput time of the station. If one person was the make the cables this would also 
result in decreased production time for the cable because of the learning curve and 
the fact that he/she would make more than one cable at the time. 

 
 Invest in a rack for the RK-cable drums, in order to carry out the whole production of 

the RK-cable on a workbench, in contrast to today when the cable is dragged out on 
the floor then cut to the right length and then lifted to a cart and taken to another 
room and there put up on a workbench to be stripped and then the lug assembled. 
This method would not only eliminate the movement to the workstation, but also 
remove the heavy lifts that are made when loading and unloading the cable on the 
cart. 

 
 Implement kanban system in the bar production in order to authorize the production 

of special bar types and for the preassembly of the doors and racks, in order to 
authorize the delivery of more raw material. This will prevent stock outs and give a 
better control of the flow.  
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 Look over the possibility to invest in a compression machine to the switch 
department. 

 
 Pre-kitting of material that are going to the main assembly, that is someone else than 

the assembler picks the material, and that the picking cart is ready for when it is time 
to start assemble the substation, accordingly the assembler only has to go and get the 
already picked cart and then go back to the workstation and start his work.  To make 
this solution possible the company is recommended to invest in bigger picking carts 
so that al material can be gathered in one picking round. If this method is 
implemented it will lead to that the throughput time for a substation will decrease 
with approximately 10%.  

 
 Use the model to examine all steps in all their production processes at the entire 

company, in order to find improvements possibilities. By this time is the best time to 
do this because the company is about to go through big changes. It can be regarded as 
a fresh start and all out-of-date and unnecessary steps in the processes should be 
removed or changed. This phase should also be applied to the projected production 
line, since it is important that it becomes "right" from the beginning so that poor 
execution does not become routine. 

 
 Use the model when the new layouts shall be implemented, this will lead to that the 

implementation will be performed in a structured way. 
 

 Once the new layouts are implemented we recommend Holtab AB to use the models 
follow-up phase to maintain the new production processes, layout and material 
handling system, which means to make periodical audits as described in this thesis. 
The audits should Holtab develop now at the same time as the new layout. If changes 
condition and/or requirements occur Holtab is recommended to start over from the 
first phase of the model and in that way continuously improve the company in order 
to continue to be competitive. 
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Appendix 1: Systematic Layout planning (SLP) procedures. 
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10. Evaluation  
 
 
 

Systematic layout planning procedure. Source: Muther (1973) 
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1. Flow of materials. Here is the quantitative data used. From-to charts are common tools to 
handle these data. The user is mostly interested in data for travel distance, frequency use, etc. 
Knowing the material flow in the facility is important, to be able to understand what to 
optimize. 
 
2. Activity relationships. Another aspect that is important to consider when planning a facility 
layout is the relationships between every departments, both primary and supporting. It is 
suggested to use a relationship chart to list e.g. flow of information between different 
departments. 
 
3. Relationship diagram. This is the step where quantitative and qualitative data meets. This is 
also the step that strongly will dictate the future layout alternatives. Depending on the 
situation these two aspects will be judged differently. A relationship diagram is preferably 
used, in order to merge these fundamentally different data. 
 
4. Space requirements. It is essential to know how much space each workstation and office 
needs to make a proper layout. In this step the space requirements for all concerned 
departments needs to be calculated.  
 
5. Space available. After determining the required space it is necessary to map out the 
available space at existing plant. 
 
6. Space relationship diagram. This step is similar to the relationship diagram step. Only here 
is the required space included. The analyst will then get a visual overlook of the relationships 
and space differences between the departments, which can help during block layout process. 
 
7. Modifying considerations. It is important to have a good communication with the 
management, so it is known if there is anything to consider when making the layout. 
Technology and finance are examples of aspects that may have to be taken into consideration 
during the plant layout process. 
 
8. Practical limitations. Safety reasons and characteristics of e.g. a machine or product can 
limit the positioning of a layout block.  
 
9. Develop layout alternatives. The analyst will develop different block layouts based on the 
space relationship diagram, and modifying considerations and practical limitations. How good 
block layouts that can be developed depend highly of the precedence work in the model. 
 
10. Evaluation. The alternatives are here evaluated and the preferred one selected 
 
 
Source: Muther (1973).  
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Appendix 2: Flow process charts for present method 
 

 
 
 
 
 

 
 



Page 2(4) 

 
 
 
 
 
 

 
 



Page 3(4) 

 
 



Page 4(4) 

 
 
  



Page 1(1) 

Appendix 3: Substation drawing. 
 

 
Source: www.holtab.se 



Page 1(1) 

Appendix 4: MCDM evaluation of the new layout suggestions 
 
 

 
 
 
 
 
 
 
 

A B C 
Factor Weight Rating Score Rating Score Rating Score

1. 3 0 0 2 6 2 6 
2. 3 1 3 3 9 3 9 
3. 2 2 4 2 4 3 6 
4. 2 1 2 3 6 3 6 

Sum      9   25   27 
 
 
 

Factor Meaning 
1. Ease of future expansion 
2. Flow 
3. Material handling 
4. Flexibility 

Alternative Description 
A. Present layout. 
B. New layout 1. 
C. New layout 2. 

 
 
 
 
 
 
 

Rate Value 
Excellent 4 
Very good 3 
Good 2 
Fair 1 
Poor 0 
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