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Abstract 
This work is the final part of the Master of Science degree in Industrial Design Engineering 
towards Production Design, at Luleå University of Technology. This project has been conducted 
during the spring of 2017 at Alimak Hek. The task has been to analyze material handling, material 
presentation and why material shortages occur at the industrial hoists final assembly stations. To 
get an understanding of the system, interviews and observations were conducted. A literature 
study was carried out to find current knowledge and different solutions. To involve the workers 
in the process and to check if the problems were understood correctly a workshop was conducted. 
This was also an opportunity to discuss desired future state and ideas with the workers. Another 
way to look at potential solutions was through the benchmarkings. These were both conducted 
internally and at other companies where different solutions for material handling was studied. 
 
The material in focus has been fastening material. This was stored in bins at racks. These racks 
were placed at the assembly stations and the two big racks have been the focus of this project. 
The problems at these storages has been that the refilling did not work as it was supposed to. The 
old system was an order list with which material could be ordered from the main storage at 
Alimak, this however is not used any more. The system of today is that the empty bins are 
collected and put on a pallet to be sent to the main storage for refilling. The problem with this is 
that the workers did not take the bins when they were empty but rather went to a different storage 
to look there. This meant that the material sometimes got totally emptied at all racks before the 
bins were sent to refilling. This made for urgent needs where workers had to go to the storage 
themselves to get something refilled. Another problem was that these storages were placed behind 
the fixed stations which made them hard to get to and see. The bins used in today’s system were 
not all marked the same way and an old system for numbering was still partly used. The bigger 
storages were divided so that one should have the stainless material and the other should have the 
galvanized/zinc-coated material. This together with the other aspects made it hard to know where 
the bins should be and sometimes all bins of one kind was put in the same rack. 
 
To fix these problems different suggestions were made. The use of a two-bin system has been 
suggested because of its simplicity and the potential it has to avoid a lack of material to arise. The 
two racks of today should be combined into one and moved to a more visible place. This would 
make the refilling easier and reduce the need to search for material at different places. Two general 
layouts have been developed, and the open layout has been suggested to be implemented because 
of the accessibility it would bring to the system. The approximate size of the rack and bins needed 
have been put forward and different suggestion for order in the rack has been made. The marking 
of the bins and rack has also been discussed and this should be made distinct so it is easy to see 
and read. 
 
KEYWORDS: Material handling, Refilling system, Material presentation, Feeding policies. 

  



 

Sammanfattning 
Detta är ett examensarbete som genomförts som sista del av en utbildning, vid Luleå Tekniska 
Universitet, mot Civilingenjör inom Teknisk Design med inriktning Produktionsdesign. Arbetet 
har genomförts under våren 2017 och har utförts på Alimak Hek. Uppgiften har varit att analysera 
materialhantering, materialpresentation och varför materialbrister förekommer. För att få en 
förståelse för systemet genomfördes intervjuer och observationer med arbetarna. En 
litteraturstudie genomfördes för att hitta aktuell forskning och även för att se olika lösningar. För 
att involvera arbetarna i processen och för att se till så att problemen var korrekt uppfattade 
genomfördes en workshop. Här diskuterades även önskad framtid och idéer. Benchmarkings 
genomfördes för att se olika lösningar på materialhantering och hur de kan fungera i ett verkligt 
system. 
 

Materialet som varit i fokus är olika fästelement och dessa har förvarats i bingar på ställ. Dessa 
ställningar fanns vid monteringsstationerna och två stora ställ har varit fokus för detta arbete. 
Problemet med dessa lager har varit påfyllningssystemet. Det fanns kvarlevor av ett gammalt 
system som använde sig av en beställningslista, trots att listan inte längre används. Det system 
som användes idag innebar istället att bingar samlas ihop på en pall när det blivit tomma och 
sedan skickas iväg till huvudlagret på Alimak för att fyllas på. Detta fungerar dock inte då många 
arbetare istället väljer att gå vidare till nästa ställ för att leta efter artikeln om den saknas i det 
första stället. Detta innebär att ett material kan vara slut vid alla ställ innan de tomma bingarna 
har skickats för påfyllnad. Detta medför att arbetarna själva måste gå till huvudlagret för att få ut 
den artikel som behövs just då. Ett annat problem var placeringen av ställen då dessa var placerade 
bakom lägesställarna och därmed blev svåra att se och komma åt. Märkningen på dagens bingar 
varierade och ett gammalt numreringssystem fanns till viss del kvar. De två större lagren var 
uppdelade så att ena lagret innehöll det rostfria materialet och det andra innehöll de galvaniserade 
och förzinkade materialet. Detta tillsammans med de andra problemen gjorde det svårt att veta 
var bingarna skulle sitta i ställen och detta kunde medföra att flera bingar med samma material 
hamnade i ett ställ. 
 
För att lösa dessa problem föreslås ett två-binge system för påfyllnad. Detta eftersom det är ett 
enkelt system som kan förhindra brister från att uppkomma. Det som i dag är två större lager 
borde slås ihop till ett för att på så vis kunna flyttas mer centralt. Två övergripande layout förslag 
har tagits fram, där den öppna layouten är den som föreslås att användas tack vare den ökade 
tillgänglighet som denna medför. Ungefärliga storlekar på framtida ställ och bingar har undersökts 
och olika förslag på ordning i ställen har behandlats. Det har även undersökts hur bingar och 
ställningar ska markeras och det handlar om att ta fram en standard som är tydlig och lätt att tolka.   
 

NYCKELORD: Materialhantering, Påfyllnadssystem, Presentation av material. 
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1 Introduction  
This project was the final part of the Master of Science degree in Industrial Design Engineering 
towards Production Design, at Luleå University of Technology (LTU). It has been conducted 
during the spring of 2017 and the project was carried out at Alimak Hek. The aim was to find 
solutions for the storage of fastening material at the SE hoist assembly stations. This chapter talks 
about the aim of the project, why it has come to be, who are effected and the setup of the report. 
 

1.1 BACKGROUND 
At Alimak Hek they make rack and pinion hoists and platforms. There are two main groups of 
hoists. These are the temporary ones made to fit the building industry and the SE hoists which are 
permanent solutions made for the industrial market. Most of the parts are made in-house and then 
transported to the stations for assembly. The hoists for the building industry are assembled in a 
line whilst the SE hoists are made at stations. This project is going to concentrate on the SE hoists 
and particularly the fastening materials such as screws and nuts.  
 

One problem that occurred at the stations for SE hoists was that the fastening material did not get 
refilled and thereby a lack of material arised. This material was kept in bins on racks, the bins 
were movable and there was not any specific order of how to place them except that the bins were 
marked with a numbering system. This meant that the bins generally were placed in order of their 
number. Except for that numbering this system lacked any apparent logic behind it. Because of 
the bins movability some racks had multiple bins of one sort while another had none.  
 
Alimak is continuously working to improve their production by increasing their efficiency and 
shorten their lead times while keeping the high quality. At the final assembly of the SE hoists 
there are material shortage and waste caused by waiting. Therefore, the main causes of this and 
also the material handling within and to the assembly will be further studied.  
 

1.2 STAKEHOLDERS 
The main stakeholders in this project were the workers at the assembly stations. They are the ones 
affected by the waste that occurred due to material shortages. They are also the ones who would 
get most out of a solution to the problem since unnecessary motions for them would be reduced. 
The storage staff might be effected by this project since they are the ones supplying the stations 
with material. Alimak was the customer and this project has been made to help them get more 
efficient and reduce waste. Since this was a general problem, a solution would be able to help 
other parts of the company as well. 
 

1.3 OBJECTIVE AND AIMS 
The aim of the project was to analyze material shortage and why it occurred.  The objective was 
to present at least one solution for presentation and refilling of fastening material at the SE hoists. 
Therefore, theory in the matter and analyses on the material handling and presentation was 
needed. To get to this solution, research questions was formed as follows: 

• What kind of material feeding policies are possible for this kind of material? 

• How should this kind of material be presented at the work station? 
 

1.4 PROJECT SCOPE  
The focus of this work has been the storage of the fastening materials at the assembly stations for 
the SE hoists. To begin with the two storages behind the standard stations are in focus and if an 
appropriate solution would be found there, this could most likely be used at the other storage 
spaces to. Other materials and their flows are not considered in this project, as long as they do not 
interfere with the fastening materials. These restrictions were made due to limited time and 
because the focus of the project has been on the fastening material at the SE assembly. 
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1.5 THESIS OUTLINE 
This first chapter has explained why the project came to be and what is to be gained from it. The 
next chapter, chapter 2, is an introduction to the company and a deeper understanding for their 
process and the problems in this system. The third chapter presents the theory which has been 
important as a base in this project while chapter 4 tells of the methods used and how the project 
has been carried out. The results are shown in chapter 5 and then discussed in chapter 6. The aim, 
objective and research questions are discussed in chapter 7 and chapter 8 is a summary of 
recommendations. 
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2 Context  
To be able to find a solution for the problem, the context needs to be understood first. Therefore, 
this chapters gives a presentation of the company, what they do and how they do it, with special 
consideration to the SE hoist assembly stations.  
 

2.1 COMPANY INTRODUCTION 
Today Alimak is a world leading company when it comes to rack-and-pinion hoists and their 
business areas are industrial elevators, after sales, construction and rental and service. The head 
office is located in Stockholm but the company is big and have many subsidiaries throughout the 
world. This makes Alimak a global actor with their widely-spread distributors and sales offices. 
The production on the other hand is only located in Sweden and China, with the main production 
being in Skellefteå (Alimak, 2017). 
 

2.2 ALIMAKS PRODUCTION 
At the SE hoist assembly area, there were seven stations (Figure 1). Four of these were used for 
the standard assortment of hoists (1).  The remaining three stations were a little bigger and were 
used for assembly of special orders (2). The hoists are secured in the stations and can then be 
moved up, down or rotated. Each station has marked areas beside them, where material, noted 
with which hoist it is to be used for, should be placed. Alimak uses lean production and have daily 
control boards at all parts of their factory. The assembly area is no exception and their board is 
placed at the opposite side of the aisle seen from the assembly stations (3). All hoists are tested 
before they are sent to the buyer. This is done at one of the two test towers available at each end 
of the area for assembly (4). Except for these stations there is also open space were hoists can be 
put before they are going to be tested (5). There are two stations with tables for roof and floor 
building (6) and some of the space (7) is used for temporary storage of material before it is brought 
to the right station. Along the edges of the area for assembly of the SE hoists there are different 
kinds of storage spaces for the fastening material. 
 

 
Figure 1: Layout of the SE assembly area. 

 
Material is transported and presented in different ways depending on size.  The bigger parts are 
usually presented as they are or put on pallets. Much of the other material comes in a wagon were 
longer parts can be put at the back of the cart whilst shorter parts can be laid on the shelves. 
Smaller parts are put in gray boxes and the absolute smallest parts, such as nuts, usually gets put 
in bags first. The smallest parts are usual for the special orders since the parts can vary more there. 
Only special parts that is not present in the rack is brought for the standard, such as special length 
of screws.  
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Between the stations there are worktables with tool boards. Most of the workers also have a small 
wagon with their own assortment of tools. The storage containing the fastening materials are 
placed behind the stations. There are two major ones behind the four stations for standard hoists. 
Then there are smaller ones by the special stations and by the roof and floor assembly tables.  
 

When assembling a hoist, a mechanic worker starts with securing the frame in the station. The 
mechanic then does as much as possible while still leaving enough space for the electrician to do 
their part which comes next. When the electrician is done, the mechanic can assemble what is left. 
Sometimes there are multiple workers at a hoist at a time, either more than one 
mechanic/electrician or both mechanics and electricians together. This depends on how urgent 
the work is and this is decided at their meetings in the morning. When the hoist is done, it is 
moved closer to the testing areas. For SE hoists, these are at either side of the area for assembly 
(marked 5 in Figure 1). 
 
All hoists come with a packing slip were all parts needed for that specific hoist are included, this 
means that workers can look through this if they are uncertain of what part they need or if they 
feel like something is missing. 
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3 Theoretical framework 
To get a better understanding of what kind of feeding policies are possible for this type of material 
and situation, a literature study has been conducted regarding this. How to choose reorder point 
for different system has also been reviewed. Literature regarding lean production and 5S has also 
been included together with literature about industrial design engineering. 

 
3.1 INDUSTRIAL DESIGN ENGINEERING 
Industrial design is the design of things in an industrial environment such as development of 
products and production systems, taking into account the man-machine interaction, ergonomics 
and efficiency to mention a few. When developing production systems, it is important to use a 
holistic perspective, looking at both humans and technology. Production development is one part 
of industrial design concerning how to improve existing systems and develop new ones by 
creating effective production processes and increasing production ability. In the product 
realization process the product development is an important part while production development 
more often is seen as something necessary but not as a competitive means, which it should be 
seen as according to Bellgran & Säfsten (2010). The term industrial design is however very broad 
and this project is looking at some of its various parts such as logistic issues and ergonomic 
factors. The main focus of this project is to improve storage at assembly stations and thereby 
increase the overall efficiency of the assembly operations. 
 
3.2 LEAN PRODUCTION AND 5S  
At Alimak they use lean production throughout the factory. To find a system compatible with 
their existing philosophy it was important to understand the foundation of lean production. One 
of the methods of lean production that they are implementing at the SE assembly stations are 5S 
which will also be discussed in this section.  
 
Lean production is based on the Toyota production system and is a system to increase value and 
reduce waste. Lean production can be represented by an image of a house (Dennis, 2007). The 
foundation of the house is stability and standardization. To be able to make improvements the 
system would first need to have stability and standards in machines, material, man/woman and 
methods. To get this, visual methods such as 5S and visual management are used. The walls are 
just-in-time delivery of parts and jidoka, automation with a human mind. Just-in-time production 
means that only what is needed at the time should be presented at the station. This is to make sure 
that only what is needed is produced, to avoid overproduction. To make sure that defects are 
avoided the worker has a responsibility to identify and counter errors. This is the meaning of 
Jidoka and it is an important method to keep a high quality. The roof, also defined as the goal of 
the system, is customer focus while the heart of the system is involvement. Involvement is 
important to get flexible and motivated employees that continually searches for better ways to do 
their work. This will help the company to continually improve their production. One commonly 
used word in lean production is muda, which means waste. If muda can be avoided the 
profitability can be improved. Dennis (2007) mentions eight kinds of muda and some of them are 
wasted motion, unnecessary waiting, conveyance waste and unnecessary inventory. Another part 
of lean is to use standards, to do this visual management can be of immense help. To create this 
visual workplace the 5S system is designed (Dennis, 2007; Hirano, 1996). The 5S words are Sort, 
Set in order, Shine and inspect, Standardize and Sustain and are presented in the list below. 
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1. Sort is a way to make sure that nothing unnecessary is kept at the workstation, this can be done 
with red tagging (Hirano, 1996). Things potentially not needed can be marked with a red tag and 
then investigated to see if it can be removed. When red-tagging the questions, how much is 
needed? how often is it used?  and is it useful? should be considered. 
 
2. Set in order is the next step and can be performed when the sorting step is done. All items left 
should be distinctly labeled for easy identification. At this phase, the placement of the items 
should be done. How they are going to be stored and placed relative to each other to reduce the 
muda of motion. This can be done by making 5S maps, of what is and what could be (Hirano, 
1996). When organizing, it is beneficial to make a visual system since it makes it easier to 
understand without much prior knowledge of the system. 
 
3. Shine and inspect is a way to make standards for cleaning, what to clean, how to clean, who 
will clean and how clean is clean. This should be a part of the daily routine, a part of the work, 
not something out of the ordinary. Five-minute Shine is one way to do this. This step also talks 
of how when this is accomplished the worker should expand their territory and take responsibility 
for the machines with which they work. They should thereby do easy maintenance work or be 
sure to contact the official maintenance team, if they notice the machine acting up, so that they 
can fix it (Hirano, 1996). 
 
4. Standardize  is a way to make the other steps work better. For example, a tool shadow board 
can be a beneficial way to make a standard for tools since it is easy to tell what tools should be at 
the board and which ones are there at the moment (Hirano, 1996). This is also where work 
standard should be made so workers know their responsibilities (Gupta & Jain, 2015). 
 
5. Sustain is to make sure these steps are kept in the future. It can be hard to keep up the 5S for 
long periods, therefore Gupta & Jain (2015) suggests that counseling with the employees should 
be carried out regularly. At this step involvement and commitment is key ingredients. The whole 
company should be going in the same direction and help each other to keep the lean thinking 
alive. One way to achieve this, according to Gupta & Jain (2015), is to implement a reward system 
to keep the employees motivated. 
 
5S is an easy tool for the workers to learn and use, to eliminate waste and improve the system 
(Randhawa & Ahuja, 2017). It is also a way for the employees to develop teamwork while 
together solving problems arising in the company. Another advantage to this method is that it can 
be used regardless of the size, type, service and production of an organization (Gupta & Jain, 
2015). Randhawa & Ahuja (2017) compiled a list of possible obstacles when implementing 5S. 
Some examples of these are lacking interest and commitment from top management, not enough 
training for employees, not enough resources and generally lacking attitudes and enthusiasm from 
the involved parts. To get a successful implementation instead a big part of it is for the entire 
organization to work towards this goal and making it part of the organization. 

 
3.3 FEEDING POLICIES 
The main focus of this project has been the storage and refilling of material. Therefore, these 
aspects have been studied in literature and this section discuss different feeding policies and how 
to store parts.  
 
Kilic & Durmusoglu (2015) says that in a part feeding system the storage of parts need to be 
considered first. They discuss four subcomponents when storing parts. These are storage type, 
storage policy, storage accessories and picking methods and policies. The two different storage 
types are centralized and decentralized storage areas. For storage policies, there are three common 
variants. The random, the dedicated and the class-based storage policies.  
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In the random storage policy, the storage locations are assigned a part number without any 
consideration being given to the activity or the turnover for the part number. Here the general rule 
is to store each new part number at the closest available spot. The dedicated storage policy on the 
other hand has fixed locations for each part number. A common way to organize the part numbers 
are by placing them after frequency and putting the part number with highest frequency closest to 
depot. The class-based storage policy is a midway between random and dedicated policies, where 
the storage is divided into classes. These classes can for example represent a frequency range 
while the part number are stored randomly within each class (Fager, 2016). 
 
The distance for the assembler to walk to reach the needed parts, type of unit load used for 
presenting parts, height and orientation of unit load and how they are grouped are important 
aspects to look at in relation to the time spent fetching parts. Assemblers often fetches more than 
one part when visiting the rack. This is important to take into consideration when choosing 
feeding policy (Hanson & Medbo, 2012). When material picking is combined with assembly work 
the picking accuracy usually improves. This is because the operator knows the product structure 
and usually makes the preparation for own use (Fager, 2016).  
 
Except storage of parts there is also a need to look at transportation of parts and parts feeding 
policy. For transportation, the selection of equipment and movement and routing of vehicles are 
important to consider, while the methods of delivering parts to the usage point are considered 
when choosing parts feeding policy (Kilic & Durmusoglu, 2015). The part feeding policies 
considered are line-stocking, kitting, Kanban and hybrid feeding policies. 
 

3.3.1 Line stocking 
Line stocking brings component to the assembly stations in containers filled with only one kind 
of component per container, which can sometimes be the original supply container. These are 
then stored close by the workstations and are usually controlled with a two-bin or reorder point 
system (Limère et.al., 2012; Hua & Johnson, 2010). The two-bin system means that they have 
two bins for every kind of material and when one is empty it is then replaced with the other full 
one and the empty one is sent aside to be refilled. Two-bin systems are common in lean concepts. 
In Line stocking all the necessary parts are to be placed at the station it is used, with enough of 
each part to satisfy each product configuration. This means that many containers are stored at a 
work station which Caputo & Pelagagge (2011) points out, in turn increases the risk of the worker 
wasting valuable time looking for the right part. If the variation of parts used at an assembly line 
is high the storage of these will take up much space and it will take more time for the workers to 
find the required part (Kilic & Durmusoglu, 2015).   

 

3.3.2 Kitting 
Kits are components and subassemblies that together support one or more assembly operations 
for one specific product. There are two kinds of kit, stationary kit and traveling kit. Stationary kits 
are delivered to the workstation and kept there until they are emptied were as traveling kits are 
moved along the line together with the product and feeds several stations before they run out 
(Limère et al., 2012; Kilic & Durmusoglu, 2015). Limère et al. (2012) considered which 
characteristics would make a part and its part family desirable candidates for kitting and then 
made the following list: 

• Parts that free up a lot of space of the border of the line (beside the line) but do not incur 
a lot of extra costs. 

• Parts that can be kitted efficiently. 

• Smaller parts have an advantage over larger parts. 

• Parts in pallets free up more space at the line. 
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3.3.3 Kanban  
To achieve Just-In-Time production, Kanban can be used as a visual tool. It is usually a card with 
information about the supplier of the part or product, the costumer, where to store it and how to 
transport it. Kanban can be either production Kanban or withdrawal Kanban.  Production Kanban 
are the ones used to tell the production when they need to start producing more parts while 
withdrawal Kanban are used when materials are to be moved. Parts and products travel with a 
Kanban card. When the product has been used, the Kanban card is left so that storage personal 
can get them and see what and how much needs to be refilled (Dennis, 2007). In a Kanban system, 
it is usual to have two or more bins together with the Kanban card (Hua & Johnson, 2010). Arnold, 
Chapman, & Clive (2008) talks of how there are alternative methods to the use of card such as 
single card system, color coding of containers, designated storage spaces or computer systems, 
often with bar coding.  They also state, that which method that is used is not important but rather 
that the main point is a distinct signal that everyone clearly understands. 
 

3.3.4 Hybrid 

Instead of using only one feeding policy, Caputo & Pelagagge (2011) takes in to consideration 
the possibility of hybrid feeding policies. All policies are not beneficial for all type of components. 
The best way to find the optimal solution would be to find the best policy for every single 
component and then put the components with the same handling policies together. This is hard to 
solve in practice. Therefore, it is common to put components in different classes and then choose 
a collective method for all or most of the components in the same group. One way to do this is 
with a Pareto ABC analysis. This is often used when managing multiple items in inventory 
(Wanitwattanakosol et al., 2015). ABC analysis divides the components into classes according to 
their commonality level among end products. It is commonly done by looking at the economic 
value of the components and this kind of division can be seen in Table 1. Some components might 
however have specific requirements such as weight or size limits, which can mean that that 
component needs a specific handling process (Caputo & Pelagagge, 2011).   
 
Table 1: The most common distribution of the classes A, B and C. 

Class % of components % of total economic value 

A 20 80 

B 30 15 

C 50 5 

 
The possible combination of these three classes with the three different policies makes 33, that is 
27, options available. Some of these options are not worth trying in practice (Caputo & Pelagagge, 
2011). One of these are that kitting policy would not be justified for class C components, this is 
because their low holding cost allows high WIP and the cost added for manual kit preparation is 
not justified. This leaves Kanban and Line stocking as possible policies for C class components. 
Wanitwattanakosol, Attakomal & Suriwan (2015) talks of this too, but they summarize as follows: 
A items are ordered when they are needed, B items have a reorder point and are continuously 
monitored while C items often use a two-bin system.  Arnold et al. (2008) also discuss different 
controls to be used for the different classifications. They say that A items need high priority, tight 
control, accurate records and frequent review because of their importance. B items should have 
medium priority, good records, regular attention and normal processing. C items have the lowest 
priority, they should have simple controls, plenty in stock and simple or no records. A Two-bin 
system or periodic review system can be advantageous here.  
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3.4 CHOOSING REORDER POINT 
There are three basic systems to show when the reorder point of an item is reached: the two-bin 
system, the Kanban system and the perpetual inventory record system. There tends to be more 
systems in practice but these are usually just different variants of these main three (Arnold, 
Chapman, & Clive, 2008). 
 

3.4.1 Two-bin system 

The two-bin system places the reorder point in the beginning of the second bin. This means that 
when the first bin is used up and the second needs to be used a signal is sent as notification that 
the first bin needs to be refilled.  One variant of this is the red-tag system, where there is a tag that 
represent the reorder point and when this is reached it is time to send for more. This system is an 
uncomplicated way to keep control of C items (Arnold, Chapman, & Clive, 2008). The amount 
of money and time spend on controlling them should be kept to a minimum since they have such 
a low value. They do however need to be managed and someone should be responsible for reorder 
when the reorder point is reached because when a C item is missing it becomes an A item. 
 

3.4.2 Kanban system 
The Kanban system usually uses cards or tickets to show when to refill the storage. This system 
does not need any formal records to be kept and it gives a visual cue as to when the system needs 
refilling. This system can be used for any type of items not only C items (Arnold, Chapman, & 
Clive, 2008). 
 

3.4.3 Perpetual inventory record system 
The perpetual inventory record system holds up-to-date record of the inventory. The accuracy of 
the record depends on the speed of which the transactions are recorded and the accuracy of the 
input. These can be either manual or computer-based. Manual systems tend to be slower and more 
inaccurate because they rely on human input. Computer-based systems on the other hand have a 
higher transaction speed and the possibility for human error is reduced (Arnold, Chapman, & 
Clive, 2008). 
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4 Method  
This chapter talks of the process used in the project and the planning of the project. It also includes 
the context immersion where interviews and observations were some of the methods used. During 
the ideation, a workshop was conducted and the literature review and implementations were also 
discussed here. All methods used in the project are presented and also how and why they have 
been chosen were discussed. The last part of this chapter is a method discussion where the 
authenticity is discussed. 
 

4.1 PROCESS 
This project has been conducted according to the project spiral which is based on the project 
circle. The project circle is consisting of eight steps (Karlsson, Osvalder, Rose, Eklund, & 
Odenrick, 2009), which can be seen in Figure 2. 
 

 
Figure 2: Project spiral, modified after Bohgard, et al. (2010) 

 

The project spiral is essentially the circle, that is repeated for a couple of rounds while the focus 
gradually is shifted further along the circle. So that the focus of the first round should be placed 
on project planning and diagnosis, step 1 and 2. The second round is focusing on goals, 
requirements and alternatives, step 3 and 4 and so on.  
 

Step 1-6 has been the focus of this project. As for step 1 the project was planned for in the 
beginning of the project.  Alimak has been planning to look over and change their refilling system 
for a while and has earlier started to look at how the system looks today. This means there was 
already some information regarding this system and a started diagnosis was available to look at. 
That information was however quite general and included all the different refilling systems at the 
company so a more specific diagnosis for the concerned stations were conducted. 
 
This process was chosen because of its iterative nature. This means that the entire process is 
always in the background and no specific step is isolated without taking the others into 
consideration. There is still a main step sequence to follow but since it is cyclic it is easy to update 
and find more information if something was forgotten in an earlier step.  
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4.2 PROJECT PLANNING  
A project plan was made in the beginning of the project to define what should and should not be 
included in the project. Reasons for why these parts were important or not were also made clear 
within the plan. The plan included such things as aim and objective, project scope and thesis 
outline. A Gantt chart was made to get a more comprehensive view of the time available and how 
it was to be used. Deadlines were also included in the chart to get a better grip on when results 
were expected.  
 

During the project, a work log has been used to fill in what has been done during the day, what 
should be done in the future and what is to be done next working day. The “to do in the future” 
category usually follows along from day to day until it is done. In this category besides things to 
be done, but not necessarily today, there are a lot of thoughts. The log is filled out throughout the 
day but at the end of each day these categories are looked through and readjusted. The log should 
then show what actually has been done that day and what the next step is.    

 
4.3 CONTEXT IMMERSION  
To get an understanding of the system of today, different methods were used. These were 
interviews, observations, benchmarkings and written documentation. 
 

4.3.1 Interviews 
To get an understanding of the current situation at Alimak, interviews were conducted. There are 
three main categories of interviews. They can be unstructured, semi structured or structured. What 
type to use depends on the purpose of the interview (Osvalder, Rose, & Karlsson, 2009). When 
the interviewer has non, or little knowledge in the subject, an unstructured interview is often used. 
Therefore, this kind of interviews were used in the beginning of this project when the current 
situation was studied. Unstructured interviews are composed of open questions and works best 
when the number of people to interview are small (Osvalder, Rose, & Karlsson, 2009). In this 
project one worker was interviewed at the time and most interviews were conducted while 
studying whatever was talked about at the time. One of the advantages of unstructured interviews 
are that it allows for both the interviewer and interviewed to go deeper into different subjects that 
might increase the understanding (Osvalder, Rose, & Karlsson, 2009).  
 
One of the interviews conducted in this project was carried out with a worker at the shop floor. 
He presented the task ahead and gave a brief summary of the current situation. Another interview 
was made with an employee from the industrial engineering department. While walking around 
the factory he talked about changes that had been made to the building hoist assembly and also 
about the planned changes for the SE hoists which were currently in progress.  
 
To get an idea of what was needed and not at the storages of today the storages were looked 
through together with one of the workers. This was conducted through an interview where the 
worker and interviewer looked through the storage together and systematically discussed the 
different materials. To make this more systematic the interviewer had compiled a list based on 
information gotten throughout the earlier stages. This was gotten from things such as an order list , 
which before was used to reorder, lists from the business system Alimak uses, earlier studies and 
earlier interviews and observations at the assembly stations. This compiled list was then used as 
a base for the interview and the information gathered could also be noted on the list. Interviews 
were also conducted with other workers linked to the problem. One was with the worker at the 
main storage who was responsible for most of the concerned material. Another interview was 
conducted with an employee at the purchasing department who earlier had considered how the 
main storage worked and what kind of refilling systems were present at Alimak. The use of 
interviews was chosen since the workers possess a lot of information about the system and this 
was an effective way to gather information and get the workers view of the problems.  
 



 

12 
 

4.3.2 Observation 
To get more information of the current situation, observations of the system have been conducted. 
Observation are an objective method to gather information on human behavior in different 
situations. The aim of observations is to get an understanding of the user situation in the natural 
environment without affecting the ongoing process (Osvalder, Rose, & Karlsson, 2009). 
Observations can be direct or indirect, made in the real environment or a fictive environment. The 
observations made in this project has been direct and in the real environment. Direct observations 
are when the observer is at the system using their senses to take in the situation, here it is important 
for the observer to be as discrete as possible, to not influence the system (Osvalder, Rose, & 
Karlsson, 2009). Observations can be systematical or not. When they are unsystematical there is 
nothing specific sought after, rather everything of interest is noted, while systematical 
observations are made when the observer already knows what to look for. Observers can take part 
in the studied group and do the same thing as the observed, through so called, participant 
observation (Osvalder, Rose, & Karlsson, 2009). In this project both systematic and unsystematic 
observations have been made. In the beginning, most observations were unsystematical and as 
time went along the observation got more and more systematic. The early observations were partly 
participatory, where the observer tried to do some of the steps. A downside with observation is 
that it will not give any answers to why people do as they do (Osvalder, Rose, & Karlsson, 2009). 
 
Two observations were conducted where the observer followed mechanic workers. During this 
time, the workers explained what they did and the problems they encountered. The observer was 
mostly looking from the sidelines but tried out some of the work steps to get a more hands-on 
experience. Both observations were combined with open interviews where questions could be 
asked when they occurred. This to get an even better understanding of the system.  

 

4.3.3 Written documentation 
To get more information about the current situation, written documentation was gathered. 
Instructions or manuals can be used as base for task analysis or give information about the system, 
such as the right handling sequence for the system (Osvalder, Rose, & Karlsson, 2009). In this 
project, a document describing a standardized way to work was acquired, where all parts 
necessary to build a standard hoist was presented together with how to do it and if there was 
something important to look out for. This however was not finished but it still gave a general idea 
of the work process.  Lists for the different racks and their articles were presented. An example 
of a packing slip, some documents from the business system and a work from an employee at the 
purchasing department, where the storage refilling systems were investigated, was also obtained. 
From these documents, a general idea of materials needed in the manufacturing could be stated. 
In the early stages of the project a book called ”Alimak  - The first 50 years” (Westerlund, 1998) 
was obtained and an understanding of the company’s history could be established. Later on, 
pictures of the layouts important for the project was also obtained. This is a way to use what is 
already present, to get a better understanding of what is today and as a base for new ideas.  
 

4.3.4 Benchmarking 
To see different solutions to storage of C-class material some benchmarkings were conducted.  
Benchmarkings are a way to see how well a system is functioning and how to get there. This is 
done by looking at systems that are best in practice or at least working well. What needs to be 
done and how to do it is to be discovered by using this method. Benchmarking can be applied to 
a product, a process, a sub process or an individual activity. Harrington (1991) talks of four types 
of benchmarking, these are internal, competitive, world-class operation and activity type. Internal 
benchmarking is to look within the own company for ideas. This is usually conducted first because 
it is inexpensive and it is easy to get detailed data. Competitive benchmarking usually means a 
purchase of the product/service from competitors and the analyze of them. World-class operations 
benchmarking includes dissimilar industries and is conducted to help find innovative processes. 
Activity-type benchmarking is directed at process steps or specific process activities, such as 
order entity, accounts payable collection payroll, or recruiting, and it transcends industries.  
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In this project an internal benchmarking was done first. and the focus then was on the building 
hoist assembly line and the documents from the earlier study of all Alimaks storage variants. This 
was not specifically performed as a benchmarking but still worked as one. Some examples of 
similar systems in everyday life was also studied to get more ideas and incite thoughts. In a later 
state of the project two benchmarkings were conducted at other companies dealing with similar 
material. Here a general list of what to look at was made and used as a base when conducting the 
benchmarkings. These benchmarkings were concentrated on the refilling systems of their 
fastening material, it was also a chance to look at the layout and order of their storages and what 
did and did not work with their systems.  

 
4.4  LITERATURE REVIEW 
Literature reviews are often made to descibe the current knowledge base or to gather knowledge 
about a specific area (Osvalder, Rose, & Karlsson, 2009), which was the case in this project too. 
Quite early when looking for articles, a literature review were found talking about assembly line 
parts feeding policies. This was a very good start since the general subject presented new words 
and phrases to search for and also because of the references used for that review could be checked 
and bring more articles and literature to light. A lot of the literature was found through similar 
tactics where one article could lead to other articles or recurrent authors to be considered. The 
searching online was conducted at Scopus and were firstly quite general but with further studies 
got more detailed as specific articles could be searched for or new phrases were encountered. 
Some example of the phrases that resulted in articles used: 

• “Part feeding system” 

• “Material handling system” lean 

• “Feeding policy” assembly 

• “Material supply” lean 

•  “5s” lean (article) 
 
Books about lean, 5S, production systems, different feeding policies and such were also explored.  
 

4.5 IDEATION 
Most ideas were born from reading the literature, through interviews and benchmarking. A 
specification of requirement was made from the problems stated at the beginning and also the 
comments from the workers. This was an inspiration when making ideas. Most ideas were made 
without consideration to the current system. These kinds of solutions were a good idea since the 
thought of moving the storages and/or making a more central storage was brought up by some of 
the workers. This meant that the possibility to make a new system was welcomed and the unbound 
solutions could help with this. At the workshop, most comments were written down on a paper 
and kept as inspiration. The author made light sketches and wrote down ideas and comments 
throughout the project as ideas were thought of. These were then looked through together with 
the result from the workshop to see the spread of ideas and get more inspiration for new ideas and 
concepts. To make this more comprehencive the different ideas were divided according to what 
aspect they were supposed to solve. 
 

4.5.1 Workshop 
To get the workers involved with the task of finding solutions, a workshop was conducted. 
Wikberg Nilsson, et al. (2015) describes a workshop as a creative way to explore a specific topic 
and bring people together to discuss problems, goals and solutions. They talk of different steps to 
a workshop, both preparatory work and how to implement it. The first thing to do is to define the 
purpose of the workshop. What should be gained from the workshop? What is to be discussed? 
Who should join? This will be the base for the workshop and how to implement it. In this case, 
the purpose was to involve the workers in the process, get their opinions about the current system 
and discuss desirable future state and ideas to get there  
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When the workshop starts, it is important to have a brief introduction to the workshop and its 
purpose. A workshop can be split into three steps were the current state is the first. The current 
state is discussed in smaller groups and then discussed together. In this project, the current state 
was openly discussed, based on the problems detected by the author through interviews and 
observations. The second step in a workshop is future and it is based on the problems obtained in 
the first step (Wikberg Nilsson, et al., 2015). Here creative methods can be used to develop ideas 
and this should not be bound to the system of today, but rather explore sought after future state. 
In the project, the future state was used as a way to see how the workers would want the storage 
if they could decide all by themselves. Requirements were also discussed and some main ones 
were stated. The third step mentioned by Wikberg Nilsson, et al. (2015) is creative solutions, 
where the problems from the current state are supposed to be solved by having the future state 
solutions in mind. The workshop should be ended by a summary of what has been done and why 
the workshop has been conducted. In this project a smaller brainstorming session was made where 
everyone could talk freely and the author took notes of what was said. The workshop lasted 30-
minutes and the focus was desirable future state and ideas to get there. Some general ideas from 
the author was presented and discussed. The workshop was also used as a way to get confirmation 
that the author had understood the problems correctly. A specification of requirement was started 
and discussed lightly. Before the workshop, a document of what was to be gained had been stated 
and a powerpoint had also been made. These were then used at the workshop to make sure nothing 
essential was forgotten.  
 

4.5.2 Moodboard 
Moodboard is one kind of collage made to help and inspire work with solutions. They consist of 
different pictures to make a visual representation of the design criteria’s. Some other kinds are 
Lifestyle boards, Styling boards and Usage boards (Wikberg Nilsson, Ericson, & Törlind, 2015). 
The moodboard is made to convey a feeling, an emotional experience. In this project, a 
moodboard has been made to easily visualize the sought-after properties of the new system, it has 
also been helpful when making the specification of requirements.  The moodboard was chosen 
because this project is focused on layout, placement and refilling of storage and a moodboard was 
the most appropriate collage and it was an effortless way to capture the main core of what the 
system should radiate. 
 

4.6 CONCEPT DEVELOPEMENT 
From the ideas generated in the ideation phase the different aspects were discussed closer and 
then combined into concepts. The concepts were also made with the specification of requirements 
as a base. As for which feeding policy to use, Caputo & Pelagagge (2011) has a suggested strategy. 
In that strategy, the first step is to put components in classes and look at possible material handling 
policies for that class. The next step is an estimation of the possible policies and how they would 
perform. This involves resource sizing and performance estimation. After this step, it is time to 
choose a policy. This strategy has partly been used but in this project, the class was already stated. 
The components in focus belonged to the C-class. The possible feeding policies were found 
through the literature. To choose what feeding policy to use, the suggested policies were discussed 
and compared. To be able to see what material was needed, the lists acquired from the business 
system that concerns the consumption of material for the year 2016, was considered to get a 
general idea of how much of each part would be necessary to have in each bin. This information 
was then compared to the order list and the racks, to see if the same material was represented. 
This was compiled in a new list which then was discussed with the worker and compared to the 
size of the material to get a general idea of how big the bins would have to be. After this was done 
the order of bins and size of rack was to be considered. This was done through a 3D modeling 
software, where different ideas were modeled. This gave an understanding of how the racks could 
look and also how the bins would look in the shelves, depending on which order they are put into.   
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4.7 METHOD DISCUSSION 
Interviews, observations and a workshop was conducted to get a valid understanding of the 
situation of today. These methods complemented each other by both looking at the system and 
talking to the workers and then at the workshop asking the workers if the problems of today’s 
system were correctly understood. The interviews were mostly one on one and not that many 
workers were interviewed, but since there were many more at the workshop it was an effective 
way to ensure the results. The observations were mostly conducted towards one worker at the 
time but since they were working, others could be observed at the same time. The observations 
and interviews were often combined to get a better understanding of the system and how the 
workers were thinking. More interviews and observations could have been made, for example the 
logistic worker responsible for the material in question could have been studied more to see how 
he did his work. This could have given a better understanding of how the main storage works and 
how the refilling at the SE storages are affected by the refilling at the other parts of the factory. 
More time could also have been spent at the assembly stations to see how it actually works when 
refilling is done. This information was entirely gathered from the workers themselves and other 
aspects could have been discovered if someone from the outside had looked at it. The workshop 
could have been longer so that more ideas could have surfaced. Because it was only 30 minutes 
and various aspects were discussed, it did not leave that much time for brainstorming. There were 
no specific exercises planned to raise the creativity. If that had been done it could also have 
resulted in more ideas. The benchmarkings were beneficial to get ideas of how the system could 
be designed and how it could work, it was also good to do two since they had both differences 
and similarities. A more throughout internal benchmarking could have been done to see how much 
was the same as the documents, from the earlier investigation, that was made in early 2015. 
However, a small interview was done with the employee who made the investigation to get his 
point of view. The reason why none of these things were done was due to the limited time and 
also to restrict the disturbance, to the production, it might cause. 
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5 Results 
This chapter presents the results from the earlier stages. First, the current situation at the SE 
assembly storages are presented, then the results from the benchmarkings are summarized. Next 
is the ideation and what kind of solutions have been suggested. Then the development of the 
concepts is presented. Here all important aspects are discussed and the concepts are presented. 
 
5.1 CURRENT SITUATION 
The storages with the fastening materials at the SE assembly area consist of bins on rails (Figure 
3). There are two bigger ones behind the stations for assembly of standard hoists and some smaller 
ones at other parts of the assembly area. The two bigger ones are the focus of this paper. The 
material is divided so that one storage got the stainless material and the other got the 
galvanized/zinc-coated material but otherwise they should have the same material. The storages 
are put between the assembly stations and the worktables as seen in Figure 3.  
 
The bins used in the racks can be removed and put back anywhere on the rail. Because of this 
there is no real order and/or system that defines what should be where. The bins are generally 
marked with item number, name and most also has a bin number. This is however not the case 
for all bins and the order in which they are placed differs between bins. The numbering system is 
only partly used, the reason behind the system is not clear and there is no apparent logic to why 
it is as it is. Not all numbers are present in all racks and the bins are not always put in numerical 
order. Except for the numbering there is no other easy way to know where the bins should be 
placed, in the business system it is possible to see which rack they should be present at, but it is 
not very accessible. This means that one rack can get all the bins of one kind while the other has 
none. This can also be because there are two bins of some of the material special to one rack, and 
it is said that they use a two-bin system for these. They are however not used as such since these 
bins are side by side and it is easy to take from either, and the shortage does not become a problem 
until both are empty. The most commonly used kind of fastening material are also available in 
portable containers (Figure 3) that are easy to bring to the station.  
 

 

 

Figure 3: The current state at the SE hoist assembly. 
Upper left: The rack system used today. Lower left: Worktable and tool 
board. Middle: A portable container for fastening material. Right: The 
rack presentation in the environment. Photo: F. Vikström 
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At the SE assembly, the bins often get emptied without being refilled. It is not unusual that 
workers just go to the next storage space if they cannot find what they need in the first one, leaving 
the empty bin at the rack. Since the bins can be on either rack it is hard to know where to find it 
and that can lead to a lot of searching the different racks just to find what you need.  
 
To refill the bins the workers can collect the empty ones, put them on a pallet and bring them to 
the main storage. There they are refilled and later brought back and left at the SE station by an 
inside forklift. They do not have any specific place for the pallet so each time they must find one 
and fill it and then move it to the main storage. This might take some time since the workers need 
to look through the different racks to find all empty bins and also since the main storage is 
responsible for supplying many parts of the factory with material. If the material missing is crucial 
for the continuation of an urgent work the workers must go to the main storage to get the bin 
refilled right away, sometimes only taking that particular bin with them.  
 
The main storage is on the other side of the building, about 160 meters away along the walking 
path, see Figure 4, so it takes time for the workers to go there too. At the main storage, there is no 
apparent system for refilling but it is rather dependent on the worker responsible for this storage 
and when he finds the need to send for more. There is no defined limit for how much is to be 
filled in the bins so this can vary depending on how much is present at the storage and also from 
the refilling storage workers’ experience and of course the size of the bin. 
 

 
Figure 4: Layout, with distance between SE assembly station and main storage. 

 

In other parts of the Alimak factory they have other systems, for example at the assembly of 
building hoists they use a two-bin system for the fastening material (Figure 5). These hoists are 
made on a line and each station has the material needed for that assembly step. The shelves are 
numbered and the bins are marked with numbers to denote which station and shelf to put it on 
(Figure 5). The bins are also marked with a colored dot that denotes which rack it belongs to. The 
two-bin system makes it so that there always should be at least one box with the needed material 
at the station.  
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Figure 5: Storage at the building hoist assembly stations. Photo: F. Vikström 

 

5.2 BENCHMARKING 
Two benchmarking visits have been made. One to Franke Futurum and the other one to Brokk. 
Except this, the writer has also been looking around in everyday life for inspiration, such as 
different stores selling these kinds of material for private use. These solutions were usually visual.  
Examples of this were containers with windows and bins with articles placed visible in front of 
them to show what the containers are filled with. These are usually presented in the order of type 
and/or size of material.  
 
The first company visited was Franke Futurum. They were chosen because they use a lot of C-
class material in their assemblies of their kitchen fans and the system for these was studied at the 
visit. Franke Futurum had three different material presentations. They used kitting, supermarkets 
with “waterspiders” for line assembly and self-sustaining storage at the fixed-position assembly 
stations. The supermarket was a storage placed in close proximity to the assembly stations and 
consisted of all material that was used in any kind of product made at those stations. The 
“waterspider” was the worker responsible for bringing the materials from the supermarket to the 
assembly stations (Figure 6).  
 

 
Figure 6: Supermarket system at Franke. 
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The workers at the self-sustaining stations had to look for material themselves and thereby take a 
break from the assembly task. They also rearranged the material when a new product was going 
to be assembled and brought the new material to the station. There was a storage for these stations 
too, but since they were self-sustaining there was always a risk that more than one worker would 
go get more of the same material. These aspects were something they could get away from with 
the supermarket and kitting systems. Here the assemblers could focus on the assembly task at 
hand instead of having to spend time on refilling and changing the material. At the assembly line 
stations, the workers were also responsible for the “waterspider” task, which they rotated 
throughout the day. This system meant that workers were affected by each other but also that it 
made for an environment where it was easier to communicate and because of these things the 
interruptions in assembling could be reduced. More information on the different refilling systems 
used at Franke can be read in Appendix 1. 
 
Brokk is a company that makes demolishing machines and when assembling these they use 
different fastening materials. Because of this and because they use a system with an external 
supplier they were an interesting company to look at for inspiration. They had a Kanban system 
that used two-bins, the information usually presented on the Kanban cards were here put on the 
bins instead. They assembled their products on lines and each station had its own storage of 
necessary material. There are workers responsible for maintaining these storages and the material 
for these storages were also kept at a central storage which was refilled by a supplier. The central 
storage then provided the rest of the factory with this kind of material. The system at the central 
storage was also a two-bin, Kanban system. The empty bins were put in a special rack where the 
supplier could take them. The supplier gets the empty bins and also left the bins they had refilled 
since the last time they were there. The refilled bins were put back at their place from the backside 
of the central storage by the supplier. A closer description of this system is found in Appendix 2.   
 
Franke used supermarkets and Brokk used a central storage but both had a similar mindset behind 
the systems, by making a bigger storage in the proximity of the assembly stations but still “one 
step” away. Both solutions reduced the work for the assemblers regarding the storage. The need 
to go around and look for material has been reduced and the lack of material has been severely 
decreased if not entirely depleted. Both systems used workers dedicated to the storage and 
refilling even if they did it differently. This was one of the bigger parts in letting the assemblers 
focus on their assembly task without the need for refilling material. At Franke, they did however 
still have some fixed-position stations where the problem of searching for material would still 
occur. They also had the kit assembly stations where the fastening material was provided from a 
bigger storage behind the stations. They were then presented at the stations in smaller portions. 
One of the bigger differences between the two companies was that Franke took care of their own 
material supply while Brokk had an external supplier that maintained their central storage. 
Another difference was that Brokk had all necessary material for all kinds of models at the same 
time while Franke had the “waterspiders” that only brought the material needed for that specific 
model to the station and the self-sustained storages for fixed-position assembly and the kit 
assembly stations. 
 
5.3 IDEATION 
The results from the workshop, ideas from other employees and different thoughts brought about 
from the literature and benchmarkings are presented below. This has been divided into different 
areas, depending on what is concerned, to get an easier overview of different ideas. The 
moodboard was used as inspiration for ideas. The words used in the moodboard was: Visual, 
Reliable, Trustworthy, Available, Easy to understand, Together and Simplicity. Some of these 
words were also used in the specification of requirements because of their vital role in the project. 
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5.3.1 Layout and placement of the storage 

One idea for the storages were to make them more central and combine them to one instead of 
two. Different ideas for this was explored and can be seen in Figure 7. If so is done a movable 
wagon or bin system, that is smaller, could be used to bring material from the more central storage 
to the station. When this was discussed at the workshop a suggestion for placement for a more 
central storage was given. That was between the roof building station (6) and the board for daily 
management (3) in Figure 1. They also had ideas as to how to move the material by using “the 
gray boxes” and that this idea could bring out the possibility to look at how some kind of kits 
could be made for different assembly steps. 
 

 
Figure 7: Layout ideas. 

 

To manage the empty and refilled bins, a pallet wagon, which they newly brought to the stations, 
could be used and placed next to the rack. There the bins can be put on different shelfs depending 
on if they are filled or empty (Figure 8). Another suggestion for a place for the empty bins is to 
put them on a pallet beneath the rack. 
 

 
Figure 8: Storage ideas of empty and refilled bins. 

 

At the workshop, the possibility to change or move the racks were discussed. Such as changing 
places of the work table and the storage or move the work tables or make the work tables smaller 
so that the storage could be reached more easily. They also said that the racks should look the 
same and have the same material, that there should be a standard for how the storages should 
work. They wanted the storage to be easy to access and have a logical order of material.  

refilled 

empty 
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Some ideas were gotten from the workshop while some were gotten from other workers. An idea 
was to make racks even closer to the stations, maybe something extendable (Figure 9). There was 
also a suggestion to use the original boxes in the racks. Another idea was that material could be 
provided through tubes or via a hose, so you could just put it in the bins straight away. 
 

 
Figure 9: Different ideas for storage closer to the stations. 

5.3.2 Refilling systems 
The systems that are suggested for C-class components in the literature are line stocking and 
Kanban. The suggested reorder points are two-bin system or Kanban system since these do not 
need formal records and are visual. It is also possible to use some kind of reorder point system. 
Kitting is not an option since the cost for preparing the kit would not be justified because of the 
low holding cost of these items. 
 
If Line stocking is to be used there needs to be some kind of controlling which prevents the lack 
of material otherwise arising. For Kanban, there are usually cards telling when and how much to 
refill. Line stocking can be done through reorder point or two-bin system. 
 

5.3.3 Size and order of bins 

The sizes of the bins have been chosen according to information from the workers, the information 
of the consumption from year 2016 and the size of the material. The bins have been assigned sizes 
that should hold at least two weeks of average consumption with the addition that the material 
should last at least one week even with the max consumption. An idea from the earlier work with 
the storages was to have refilling levels that coincide with the original packaging quantity.   
 
Different ideas as of how to present the material has been explored. During the workshop, the 
workers said they wanted the stainless and galvanized/zinc-coated material to be separated in 
some way to find them easier. Therefore, solution with this in mind has been made but there are 
also some solutions which deviate from this thinking. This makes two main structures for the 
order in the racks. With these structures in mind, different solutions have been explored. These 
are according to article number, type of material and size of bins or material.  

 

5.3.4 Marking of bins and racks 

To mark the bins, the information needed is article number, name, type and size. There should 
also be a marking to tell the placing of the bins, both on bins and racks/shelves (Figure 10). All 
bins should be marked and the marking should have the same structure. More information can be 
put on the bin if needed, such as a barcode if that kind of system is to be used in the future, or 
maybe a refilling level as in how much of a material is to be filled in an empty bin. The storage 
should have a name that is unique for that rack, either SE or maybe the group number. The 
important part is that it should be able to allow for more racks, and bins belonging to that rack to 
be easily distinguishable from bins belonging to other racks at other parts of the factory. During 
the workshop, what was stated was that the marking should be clear and visual. A color system 
could be used and maybe a part could be placed at the front of the bin to make it even more visual.  
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Figure 10: Ideas for how the marking could look. 

5.3.5 Type of rack 

What type of rack to use depends on the refilling system and space available. If a two-bin system 
is to be used, the shelves need to accommodate two bins behind each other. In this kind of system, 
it can also be advantageous to have inclined shelves to make it easier when the front bin is empty 
and the back one needs to come to the front. This system is usually filled from the back which 
means it would be beneficial to have space behind the rack for refilling. The bins are sent away 
when empty and then brought back. This means that this system would need a place for empty 
bins and maybe one for refilled ones. If a reorder-point system or order list is used you only need 
one bin for each material. This system does however need a reorder point, a level at which new 
material is ordered. This bin could stay at the storage at all times and material can be brought in 
some other container or bin. An inclination can be used for these kinds of racks too if wanted, it 
is also a way to get a better ergonomic situation and it might be easier to see into the bins and to 
take material from them. For this kind of system, a rail would be sufficient instead of the use of 
shelves. At the workshop, the height of the racks was discussed and the workers wanted a more 
ergonomic rack. They also suggested a spinning rack for the material and that maybe the smaller 
material, those with the sizes M4, M5 and M6 could be placed in smaller bins or even in its own 
rack/storage.  
 

5.3.6 Responsibility 

The workers want to be able to focus on the assembly work and would have as little to do with 
the refilling as possible. If a two-bin system is used the person taking the last material from a bin 
will have to move the bin to a place from where it can be sent to refilling. If there is an allocated 
space especially for empty bins the logistic workers could have a kind of milk-run where they go 
around the factory at predefined intervals, for example once a week, and bring the empty bins to 
the main storage for refilling. When the bins come back they could either be left at an allocated 
space where the assembly workers put them back in the rack or they could be put back directly 
by a logistic worker responsible for getting and dropping of the bins. A reorder-point system on 
the other hand could be supplied by logistic workers. They can go around in intervals to see when 
the need for refilling is met and then on the next trip take that material to the storages. This 
however makes more people be in motion and they might get in the way of the assembly workers.  
 
Who is responsible for the storage might also affect the order and what kind of marking system 
is to be used. During the workshop, the workers put emphasis on the fact that they should be able 
to focus on the assembling and not have to refill the storages. They wanted the system to be as 
automatic as possible. And an idea for the future was that the bins could be marked with bar-
codes so that the bins can be scanned to make it easier to refill. 
 

5.3.7 Specification of requirements  

A specification of requirement was made to get an easy and visual idea of what is required of the 
new solution. This is based on the problems stated and the comments from the workers. The 
requirement the workers were most keen on having was the need for materials to last so that lack 
could be avoided. The requirement for the solution is presented in Table 2. These requirements 
were later used as a base when making ideas and concepts to get all the important aspects in the 
solutions. 
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Table 2: Specification of requirement 

 

5.4 CONCEPT DEVELOPMENT 
To get a rough understanding of how big the storage would have to be, models where made from 
the measures of the racks and bins used today. This was also conducted to get a better 
understanding of a possible solution in 3D. 
 

5.4.1 Layout and placement of the storage 
When working on ideas for layout of the storage, two main ideas were put forward in the ideation 
phase. One with an open layout and the other with three sides (Figure 11). The important part 
here is that the storage should be placed more central and visual.  
 

 

 

5.4.2 Refilling systems 
All concepts have been made with space enough for a two-bin system but all racks could also be 
made with a reorder-point system by adjusting the depth. These new racks are made to use the 
space more efficiently and have a more straightforward marking of what is to be where. When a 
two-bin system is used there should at least always be one bin at the rack at all time. This also 
makes it harder to make a mistake when putting the refilled bins back in the rack. These are the 
reasons that a two-bin system is suggested as the refilling system to use in the future. 

  

Visual Easy to see when refilling is needed. 
Easy to get an overview. 

Easy to understand Easy to see and understand what is present in the rack and 
where material is placed. 
Possible to see/understand how the refilling system works. 

Simple Easy even for a new employee. 
Intuitive, easy to understand. 

Available and Reliable 
 

Easy to access. 
Enough material to last until it is refilled. 
Easy to know who is responsible for what. 

Reducing the motion muda and 
the time spent on searching for 
materials 

The need to go around and search for material should be 
decreased. 
The extra trips to the main storage should be avoided. 

Figure 11: Layout concepts. Left: Open layout. Right: Three-sided layout. 
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5.4.3 Size and order of bins 
When the storages were looked through with the worker there were about 12 different material 
bins that are in today’s rack but was said to be used quite sparsely, if at all. These materials were 
therefore excluded from the models and all concepts includes the same material. This means that 
if the material excluded would still be needed at the stations, they could be put in smaller bins. 
All the concepts still have space left on the shelves.  
 
The smallest material, such as sizes M4, M5 and M6 has been suggested to be placed in a special 
rack. This was suggested by the workers at the workshop. These materials are planned to take up 
about 20 bins in the new system, where all are small except one that is medium sized. All these 
small material is however included in all the modeled concepts. In the open layout rack suggested, 
this would take up about one shelf ( Figure 12). Many of these materials could however be kept 
in smaller containers and thereby make the rack needed even smaller.  
 

 
 Figure 12: Rack with the bins with small parts gathered on one shelf. 

 

5.4.4 Marking of bins and racks 
The front of the bins should be marked with article number, name, type and size. They should 
also be marked with what rack, shelf and specific place on the shelf they belong to. This marking 
could, on the other hand be put on the back or the side of the bin. In the future a barcode system, 
mainly for the main storage, can be put onto the bins too. This should preferably be on the same 
side as the marking for placement is. It could also be placed at the front, but it is better if only 
necessary information for the assemblers are placed at the front of the bins. A refilling point 
should also be included in the marking of the bins. This can be included in the barcode in the 
future but can be put at the back or side together with the placement information if a barcode is 
not used. 
 
The racks should have a specific rack number or name, the shelves should have numbers and the 
shelves should be divided with number for each place along the shelf. Different examples of how 
this can be done can be seen in Figure 13. The left picture is from the building line at Alimak and 
the right one is from Brokk.  
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5.4.5 Type of rack 
The sizes of the needed racks have been computed from the assumed quantity and sizes of bins 
needed. The bin sizes are more or less the same as those used today where the small ones have a 
volume of 1 liter, the big ones are 4 liters and the middle ones are about 2,5 liters.  
 

5.4.6 Responsibility 
The two-bin system will need for the assemblers to remove bins from the rack as they are emptied 
and then place them at a designated place. This is however as far as their responsibility for the 
refilling should go. The rest should be handled by the logistic workers who should go to the racks 
and take the empty bins to be refilled and then bring them back and put them in the racks. This 
means that the racks and the bins needs to be marked clearly and preferably on both sides. Since 
almost all bins look the same it is important that the marking showing where to store them, are 
visual and clear. 
 

5.5 CONCEPTS 
Here the different concepts are presented. The open layout with different order of the bins are 
modeled to visualize how this concept could look. The three-sided layout is also modeled and 
discussed. Lastly a combination of these two variants are presented. 
 
All concepts are using a two-bin system which ease the visibility and also makes it easier to avoid 
a lack of material to arise. The fact that all racks are moved to a more open space, also contribute 
to the visibility. For the empty bins, there is a special rack placed at the side of the material rack. 
The size of this was arbitrarily measured from the size of a standard EUR pallet. This system 
makes it easy to see when refilling is needed. All concepts are supposed to be placed more central 
and thereby be more accessible. This will also reduce the trips to the main storage and the 
searching in multiple racks. 

 
Regarding the specification of requirement, all requirements were used as a base for the concept. 
Whether or not the refilling system can be understood depends more on what kind of refilling is 
used. By moving the storages and making it one instead of two, it will be easier to access. It will 
also be easier to maintain the storage, since there basically only will be one possible place for the 
material. This will decrease the need for going around searching for material. The need for going 
to the main storage for refilling should also be gone or made to disappear by adjust bin sizes, 
refilling levels and/or frequency of the visit by the logistic worker. The responsibilities should be 
well defined so that everyone knows what to do. How the rest of the requirements are fulfilled by 
every concept is discussed beneath each concept. 
 

Figure 13: Examples of rack and bin markings. Photo: F. Vikström 
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In the following models, Figure 14-17, the yellow bins are the ones with stainless material where 
the light green among them are the stainless material that is also used in the portable containers. 
Red bins are for galvanized and zinc-coated, where dark green represent the bins with material 
used in the portable containers. All white bins are those not belonging to the other groups. This 
coloring system is based on the color of the portable containers with the difference that the 
material actually put in those containers are represented with green bins. This is mainly a way to 
get an easier overview when making the models and not necessarily a suggested solution. It is 
however a possibility and how to use it depends on the concept in question. 
 

5.5.1 Open layout 1 
Figure 14 shows an open layout with the bins put in the order of the type of material. They are 
put so that all screws are beside each other and so on. This system has mostly special material 
first and then, according to the order of screws, plates and lastly nuts. That is the general order 
and then within type the next sorting mechanism is size of material, for example M6 before M8 
and so on. The last thing to sort after is the article number. There are however exceptions, such 
as things used together are put together. To be able to use the rack well some insight in the system 
is needed. The order in which the different material is presented might not be obvious if you do 
not have an understanding for the system. 
 

 
 

 
This concept consists of five shelves, the same amount as in the rack used today, but one shelf is 
empty. This means it would be enough to have four shelves and then adjust the height. That would 
however make the system less flexible if more material was to be put there. Another possibility 
is to make the rack shorter and place some bins at the lowest shelf. The modeled rack is about 
2,300 mm long and 600 mm wide, the height in the model is about 1,450 mm at its highest. All 
shelves in the rack needs to have the same size. This is because the order in which the bins are 
put, requires that all shelves can hold all bin sizes. The refilling of this system is made from the 
back and could therefore be done without preventing the assemblers form getting material at the 
same time. The shelves in the concept has a small inclination to ease the usage of the rack. The 
inclination together with the open layout, makes for a system that is easy to view since you can 
see the whole rack at the same time.  
 

5.5.2 Open layout 2 
Another variant for the open layout is to put the bins after article number (Figure 15). This might 
be easier when refilling since the article numbers are represented on the bins. It might however 
be harder for the assemblers since they might know the material by name or how they look. This 
means it might take more time for the workers to find the desired materials.  
 

Figure 14: Open layout 1. 
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The concept consists of a rack with five shelves, where one is empty. The same principle as in 
Open layout 1 is also valid here. That is, one shelf could be removed or the whole rack could be 
shorter. The size and inclination of this rack would also be the same as the Open layout 1 rack, 
which means about 2,300 mm long, 600 mm wide and 1, 450 mm high. All the shelves in this 
concept needs to be deep enough to hold the biggest bins since the bin sizes are mixed in this 
concept. The refilling is to be done from the back which means that the assemblers could get 
material at the same time. Thanks to the open layout it is easy to get an overview of the rack and 
you can see the whole thing at the same time.  
 

5.5.3 Three-sided layout 
The three-sided layout has split up the material according to what kind of material they consist of 
and then according to the bin size (Figure 16). Within this order, the type of material is considered 
(same as in the type oriented open layout) and then the size of the material. The only exception to 
this rule is that all the material used in the portable containers have been placed next to each other 
and the parts used for the same assembly step is put close to each other. The main purpose of this 
concept was to make a distinct division of material according to what material the articles consists 
of. This is something they have today and also something the workers wished for. 
 

 

 
The rack consists of four shelves, with empty space at some of them. This rack is almost a 
rectangle of 1,229 mm wide and 1,879 mm long. The height is about 1,270 mm and the shelves 
have a slight inclination. Since the bins are put according to bin size the depth of the shelf can be 
different so the top shelfs with small boxes can be less deep than the lower shelfs. This however 
makes a less flexible system if change is needed.  

  

Figure 15: Open layout 2. 

Figure 16: Three-sided layout. 
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The refilling of this rack will need to be done from the front. This can be done by changing the 
space between the shelves so that you can lift the refilled bin over the one still in the rack. Another 
way to do it is to remove the bin in the rack before placing the refilled bin behind. This might 
hinder the assembler from getting material at the same time as refilling is done. In the rack, each 
section can be viewed separately but the whole rack cannot be seen at the same time. This might 
make it harder to find material. The rack is however lower than the open layout variants which 
might make it easier to view. This way of dividing the materials makes it easier to know where 
to look if you know what kind of material you need. It is however also a criterion to find what 
you need since the same kind of parts, in different materials, are placed at each side of the rack. 
Because of the different sides, you might have to walk around it to find what you need since all 
material can be needed at any station.  
 

5.5.4 Open layout 3 
This concept combines the open layout with the division according to what kind of material they 
are made of. With this system, it is more difficult to get a clear division between the different 
sorts of material, especially if all bins have the same color. Therefore, a color system might be 
good for this kind of system, how it would look can be seen in Figure 17. The whole bin does not 
necessary need to have the color either, a small mark can be sufficient to make it clear. This 
concept is beneficial if you know what kind of material you need since they are divided according 
to this. The challenge in this concept is that the division might not be as clear as the one for the 
Three-sided layout since all bins are at the same rack. With a coloring system, this could be 
prevented. A basic understanding for what the colors represent is however still needed. By using 
the already established coloring system, the one used for the portable containers, no new system 
needs to be learned and new employees only needs to learn this one color system.  
 

 

 
This rack has five shelves but only four are used. As in Open layout 1 and Open layout 2 the rack 
could be adjusted to use the last shelf or remove it. One thing that could be considered is to move 

the most used material, such as the green bins which are also represented in the portable bins, to 
a more ergonomic height if they are picked from the rack often. The size of this rack is the same 
as the Open layout 1 and Open layout 2. It is 2,300 mm long and 600 mm wide at its widest. The 
height is 1,450 mm and the shelves have a small inclination. The shelves in this concept are 
different depths but could be made the same to increase the flexibility. The open layout means 
that the refilling can be done from the back at the same time as the assembler gets material. It also 
makes it easy to view the entire rack at the same time. 
 
 
 

Figure 17: Open layout with order according to material. 
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6 Discussion  
Here the results are discussed according to different aspects, such as a comparison to the theory. 
The relevance of this work has also been discussed. 
 
At Alimak not all material present at the racks are used, therefore this material should be moved 
from there. This can be done with the 5S method red-tagging or some variant of it. This method 
is used so that unnecessary or unused material can be moved away and it also gives you a chance 
to see if material is really used enough to have at the rack. With this method, the size of the rack 
needed might be decreased. In this study, there are material which appears not to be used and 
should therefore be removed from the rack to see if this is the case. These materials have been 
excluded from the models. Since 5S already has been started to be introduced, this can be an 
effective way of keeping the storage in order and updated. This project has been using this as a 
base for looking through the racks. The step that is to set in order has also been influenced of this 
method. The muda of motion within the racks have not been considered in depth but would be 
affected by the order in which the material is put. This is however something that would need to 
be investigated when implementing to see how it works, especially since some of the material is 
used at many places for many different models, while others only gets used together with each 
other.  
 

6.1 LAYOUT AND PLACEMENT OF THE STORAGE 
The racks used today are placed behind the workstations and are hard to get a clear view of since 
you need to go and stand behind the stations to see what is there and what is not. Since there is 
more than one rack it is hard to know how much material is needed to be refilled. When gathering 
necessary material, it is common to search through more than one rack to find it. To get rid of 
these problems the solutions have been placed more openly, as a central storage. This could also 
help with the refilling, since you know that if it is not in that rack it is not at the stations. This also 
helps to get a more visual workplace which is an important attribute of lean production according 
to Dennis (2007).  
 
With a more central storage the workers might have to walk further to get to the rack but on the 
other hand the need for going to many different racks if something is missing at the first is greatly 
reduced and almost nonexistent. If a solution for bringing the material from the central storage to 
the assembly station is made, the need to go back and forth many times to get what you need can 
be reduced since you could take all necessary parts with you the first time. The central storage is 
thought to be used as a supermarket where the workers then more or less kit the material they 
need for the assembly step they are working on. 
 
One thing that is important is to keep the storage updated and have responsibilities clearly stated 
so that everyone knows what they need to do and so that the system works flawlessly.  

 
6.2 REFILLING SYSTEMS 
Right now, the systems used for refilling are not clear. At the SE hoist assembly area, they seem 
to be using a two-bin thinking while mostly having bins to support an order list system. To mix 
policies is not unheard of, but then it is important to put the material with the same policy together, 
such as done by the hybrid feeding policy (Caputo & Pelagagge, 2011). Here it might also be 
beneficial to have a system that separates the different policies to make clear which are used 
where. Since the material handled in this project is in the C-class, Caputo & Pelagagge (2011)  

suggests that they are to be handled with a Kanban or Line stocking policy. Today the system is 
based around the use of line stocking policy with order lists, however the lists are no longer used 
and they have no visible reorder point. Instead they compile and send the empty bins in pallets to 
be refilled when they are empty. This might work for a two-bin system but here instead enhances 
a lack of material.  
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The system they should use in the future should be either two-bin or an order list but since the 
order list system they use today is not working and they already are using a two-bin thinking, a 
two-bin system might be the best solution. Especially since they already seem to be using that 
mentality when refilling but also because that system is working at other parts of the factory. A 
two-bin system might also be beneficial since it gives a clear reorder point which is quite easy to 
change if needed and it is a material handling system often talked about with C-class items 
(Arnold, et al., 2008; Wanitwattanakosol, et al., 2015; Caputo & Pelagagge, 2011). 
 

6.3 SIZE AND ORDER OF BINS 
The system of today has an apparent lack of logical order, therefore the conceptual storages have 
been designed with a dedicated storage policy in mind. This is also done to help satisfy the 
requirements stated for the system. 
 
A two-bin system has the potential to completely remove the lack of material. To make sure it 
does, the bins have to be filled and refilled with enough material and at an interval that makes 
sure that a lack could not occur. It is something that should be done by adjusting as needed since 
the demand is unknown and the hoists are engineered to order. Therefore, the suggested levels of 
the bins might have to be adjusted and possibly also the sizes of the bins. The storage needs to be 
flexible to be able to stand the test of time. This makes it important to have pronounced 
responsibilities so the storage is not just as it is, but rather kept to meet the expectations and needs 
of the workers. The sizes of the bins are chosen from the consumption of 2016 and since the 
production is very varied it is hard to say if these would work in reality. Therefore, it is important 
to have a flexible system and to adjust it as needed.  
 
The hardest part to decide is the order in which the material should be presented. One wish was 
for it to be divided according to what kind of material it is made of. There will however still need 
to be a division made within that system, if a dedicated storage policy is to be used. This of course 
can be done in many different ways. Some suggestions did however let go of the wish for “kind 
of material” division. This was to make it easier to try different solutions. Depending on who is 
to use the storage, different solutions can be of interest. At Brokks central storage they had 
everything according to article number since that storage only was made for their supplier and the 
workers responsible for refilling material to the stations. At Franke, the order in the supermarkets 
were made by the workers responsible for maintaining them and also the “waterspiders”. The best 
solution will most likely be found by the workers themselves since they are the ones using the 
racks. If the order is to unlogic for the logistic worker it might be better that the assembly workers 
also get responsibility for putting the bins back in the rack. This however could easily be solved 
by making simple and clear markings that shows where the bins should be put. The markings 
could be the same kind that is used at the building hoists maybe with the addition of an extra 
number that states the place on the shelf. This marking is put on the side of the bins in the building 
hoist storages but since this storage is supposed to be open at the back it would be advantageous 
to have this marking at the back of these bins. That would mean that the logistic workers would 
be able to put the bins back in the racks without interfering to much with the assembly. 
 

6.4 MARKING OF BINS AND RACKS 
The bins can be marked as in a Kanban system to clearly state what is to be in each bin, how 
much, where it is supposed to be placed and so on. This is how Brokk does, and it makes it easy 
and visual for them when refilling. If a barcode system later is introduced it would be easy to put 
the barcode on the bins and then continue as usual with the difference that the main storage will 
have an easier way to get a better system for picking the material needed. With this they can also 
have the refilling level put in the system so they can see how much to refill. The idea of putting 
material at the front of the bins could be implemented, this solution was also something that could 
be seen when looking around in stores selling these types of products. This solution is especially 
useful if the rack is high so it becomes hard to see what is in the bin. Another variant of this could 
be to place the material on the rack instead so only one marking is needed instead of having to 
put one on each bin. 
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6.5 TYPE OF RACK 
The suggested design of the rack is to have an open layout to enable refilling from the back of the 
rack. This is to make the process smother since refilling can be done while someone is still picking 
material and it also results in a less high rack because the need to be able to reach is sufficed from 
the front and the back of the rack. Especially so since there only are two bins and the rack would 
not need to be much deeper than being able to hold these two bins.  
 
To have an open layout would mean that the racks of today would have to be moved or rather 
removed. The poor placement of today’s rack and the fact that the workers wanted a standard for 
the racks makes a more central storage an interesting idea. 
 

6.6 RESPONSIBILITY 
What is important regarding the responsibility is that it is well defined so that everyone knows 
their part. The use of logistic workers to go around fetching empty bins would make the assembly 
work smother since the workers can concentrate on their task without interruptions because of 
lack of material in the storage. 
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7 Conclusions  
This chapter discuss the result in comparison to the objective, aim and research questions. 
 
The objective of the project was to analyze material shortage and why it occurs. Therefore, the 
project has studied the system of today to find what is the cause of the material shortage. It has 
considered different aspects of the material presentation and also how the refilling of material 
should be carried out. Problems have been found and recorded. The main problems found were 
the placement of the racks, the unclear marking of the bins, the order and the divisions in the 
racks, the sizes of the bins and the unclear routines. These problems brought about even more 
problems such as the unnecessary searching for materials, taking material from other racks and 
the sporadic refilling.  
 
The aim was to present at least one solution for presentation and refilling of fastening material at 
the SE hoists. The result of the project are two general ideas for the presentation and then some 
different things to consider when choosing a new system and layout. The two general ideas 
resulted in four concepts where three had open layouts and one was a three-sided layout. These 
concepts were described with their different advantages and disadvantages. The other aspects 
discussed were refilling system, layout and placement of the storage, size and order of bins, 
marking of bins and racks, type of racks and responsibility. 
 

• What kind of material feeding policies are possible for this kind of material? 
Through the literature, different polices were found which then could be discussed to find the best 
solution. The feeding polices were often talking about the entire system while the focus of this 
project has been C-class components. The literature has still been of help since they also dealt 
with different kind of components, especially the hybrid policy talks of what system to use for 
the different kinds of components.   
 

• How should this kind of material be presented at the work station? 
This question was harder to find a solution to in the literature, it talked a bit about the distance to 
the work station. But most of the answer to this had to come from the workers. The benchmarkings 
were also a major help to see how it could be done. 
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8 Recommendations  
The suggestion is to implement the Open layout 3. This is to make the refilling system easier with 
the open layout. The open layouts are quite similar except for the order of the bins. Why the third 
is chosen over the first and second is because it has the general division of material that the 
workers wished for. To implement this some changes are needed. What needs to be done and how 
it should be is presented below. 
 

• The rack should be about 2,300 mm long, 600 mm wide and 1,450 mm high. 

• The rack should have all shelves of the same depth so that the order can be adjusted if 
necessary. 

• A two-bin system should be used for the storage. 

• There should be refilling levels for the bins. 

• There should be a dedicated place for storage of empty and refilled bins. 

• There should be someone responsible for bringing empty and refilled bins to and from 
the main storage. 

• There should be a standard for the markings. 

• A color system should be used to make it more visual and show the division of the 
material.  

• The rack should be moved to a more accessible place. 

• The refilling should be done form the back of the rack. 

• The old order list should be thrown away. 
 

The order in the racks are something that can be investigated further. Different suggestions and 
also adjustments of the suggested order can be tried out. How much should be in the bins, needs 
to be adjusted according to how much is used. A later step can be to look at solutions for bringing 
material from the new storage to the workstations. 
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Benchmarking Franke Futurum 
Franke Futurum is a company with one of their factories located in Byske, they make kitchen 
systems such as kitchen fans. At this factory, they use three different variants for their material 
presentation. There are the supermarkets for their assembly lines, the supermarket for the fixed 
position assembly stations and lastly, they use kitting. 
 
The supermarkets for their assembly line is a bigger storage close to the assembly containing all 
material necessary for the product variation they build there (Figure I). This is being supplied by 
the logistic workers responsible for the inner storage. Who in their turn is supplied from the outer 
storage by the logistics workers there. The material is transported from the outer storage on pallets 
and placed in a free space on the racks that are situated along the walls and by some of the 
assembly stations. The inner logistics personal can then move around the material if necessary to 
get a better system for knowing where it is and they are as stated earlier the ones responsible for 
suppling the supermarkets with material. From the supermarkets, the material is then put at the 
assembly stations as needed and this work is done by so called “water spiders” . The water spider 
job is rotated between the assemblers.  
 

 
 
 
 

 
When a bin is emptied at the station it can be put at a higher shelf to be taken by the water spider, 
and put at a special shelf for the inner storage personal to refill. There are different variants of 
these supermarkets and as of today they are starting a new line that will share supermarket with 
an already existing line. Figure II shows the assembly line and the supermarket that the new line 
will share. This figure also shows the number of bins used in this system. The refilling process is 
continuous and split between different workgroups who can easily communicate thanks to the 
open environment and thereby counteract unnecessary running and other shortcomings. Most of 
the supermarkets have racks with inclining shelfs, consisting of many rails with wheels on them, 
while others just have ordinary shelves. 
 

 

Figure I: The bigger supermarket. Left: The supermarket from behind. Middle: 

The supermarket from the front. Right: The assembly station from the back.  
Photo: F. Vikström 
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Another system they use is kitting. By placing all necessary part for an end product on a big 
rectangular plate and in a bin (Figure III), it is easy to see when the product is done and the risk 
for missing parts is decreased. These kits are sent via a conveyor belt to assembly stations where 
they are built together. When the kits are emptied the bin and plate is sent back with the conveyor 
belt to be refilled again. At each of the assembly stations there is a small storage for fastening 
material such as screws and similar material (Figure III). The storage used to supply these can be 
seen in the Figure III and are bigger. This in turn is supplied by the logistic workers. If there 
would be a lack of material the workers could always call for more material. 
 
 

 

 
Some of the assembly stations are fixed-position stations (Figure IV) where the product is 
completed at the station. These stations are self-sustaining and gets their own material which 
means that they need to stop the assembling to get more material. They also change material 
presented at the stations by themselves depending on what material they need to that specific 
product. Bulky material is placed on pallets and are usually brought directly from the pallet to the 
assembly stations. These stations also have a supermarket in connection to the assembly. 
 

Figure II: The storage of material. Left: One of the 
supermarkets. Right: One of the assembly stations.  
Photo: F. Vikström 

 

Figure III: The kit assembly. Left: The boxes for kitting. Middle: The storage beside the assembly 
station. Right: The bigger storage for fastening material. Photo: F. Vikström  
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The sizes of the bins used are chosen from the size of the assembly stations and how much area 
is available. The weight also has an impact on the size chosen for the bins since they should be 
manageable. The order in the supermarket, in Figure I, is chosen by the workers’ suggestion, and 
are mostly placed in product groups. Some of the material is placed in a paternoster storage, this 
storage is digital and withdrawals are noted so that the provider will know when to bring more 
material to the storage. 
 

Figure IV: A fixed-position assembly station. Photo: F. Vikström 
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Benchmarking Brokk 
Brokk makes demolition machines and has a factory located in Skellefteå. At this factory, they 
have two assembly lines, one for smaller machines and one for bigger. By every assembly station 
there is a storage with a two-bin system, where each bin is marked on both the front and the back 
of the bin. The front is marked with the article number, name and description, while the back has 
article number, name, which rack it belongs to and the refilling level. Figure A shows the back of 
the rack and as seen some bins are placed with the front outwards, these are the empty bins that 
are to be refilled. The turning of the bins thereby is a signal to the Brokk workers responsible for 
refilling the bins. This worker will take the empty bins and bring them to a central storage which 
is located close by the assembly stations for the smaller machines. For the bigger machines, this 
works a little different since this assembly line is placed in another building nearby. The emptied 
bins are collected and placed on a pallet which is sent to the central storage and placed on the top 
shelf of a special rack, and then taken from there to be refilled and then sent back to the assembly 
stations for bigger machines. Since there is a storage at each assembly station there is a need to 
know where the box is to be sent back to when refilled. This is done by the marking on the back 
of the bins which says which rack it should be put in, this marking consists of a letter and a 
number. The letter tells if it belongs to the assembly for smaller or bigger machines and the 
number denotes which station on the line it belongs to.  
 
The central storage can be seen in Figure A and this consists of tilted shelfs with long bins and 
works with a Kanban system using two bins. The information usually placed on a Kanban card is 
however placed on the bins instead, so that the bins are used as the signal for refilling and also 
brings information on how much is to be filled and so on. These bins have a similar system as the 
others where the front only brings information of the article number and what type of product is 
kept in each box while the back tells more, such as refilling level. The bins at the central storage 
usually have a barcode on the back also. When a bin in this storage is empty, it is placed in the 
same rack as the empty bins from the bigger machine assembly, but not on the top shelf. This is 
done because the central storage is maintained by an external supplier. The supplier takes the 
empty bins with them to be refilled and also drops of the ones they have refilled since the last 
time they were there. The refilled ones are put directly back into the rack where they are supposed 
to be. The rack is marked with article number and type of product on both front and back of the 
shelfs. The racks at the central storage are marked with numbers, both shelf number and row 
numbers (Figure A) and the order in the central storage is according to the article numbers.  
 

 
Figure A: The storage at Brook. Left: One of the assembly station storages. 
Right: The central storage. Photo: F. Vikström 
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The old system used at Brokk were not as clear, they used fixed-position assembly stations with 
storages at each of these. Brokk did have external suppliers back then too but these would have 
to walk around in the production areas to get to the storages which entails a bigger risk and a more 
dangerous environment. At that time, there were no established refilling levels. This made for a 
quite sporadic refilling and also a possibility of running out of material since the supplier had a 
harder time getting to all storages and to see what needed to be refilled. This old system also 
brought about more running and looking for material for the assembler since there could be a lack 
at their own rack but still some left at another. Since the change, they have restricted the area the 
supplier needs to be in by making a central storage and putting empty bins at a special rack that 
is easily accessible for the supplier. The assembly workers no longer need to run around looking 
for material and the risk that a lack of material is to arise has been severely depleted because of 
the two-bin system where they have one week’s average consumption in each bin at the assembly 
stations. 
  
 


