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Abstract 

This master thesis is a continuation on previous theses that are trying to find a best solution 
for a problem at Ferruform AB, the last one written by Jonas Holmgren and Stefan Lindqvist 
in 2007.  

When Ferruform AB cold form and weld their rear axle housings (RAHs) unwanted residual 
stresses build up in the material. This affects the form stability and fatigue life of the 
components and is today dealt with by heat stress relief. Heat stress relief is both a time and 
an energy consuming method which Ferruform wants to exchange to a method that fit 
better into their manufacturing line.  

In this work the two alternative methods Vibratory Stress Relief (VSR) and Bend-
Straightening (BS) have been evaluated by comparing them to the heat stress relieving (HSR) 
method and untreated components (noHSR). They have been evaluated on how they affect 
the form stability of the axle and how well they fit into Ferruforms production.  

Production: 

• Concepts have been done to see how the different alternatives would fit into 
Ferruforms factory. 

• The concepts have been evaluated in the areas that Ferruform put value in. 

Form stability: 

• A total of 24 rear axle housing have been exposed to each of the different methods, 
six to each. 

• All axles have been exposed to a repeated load for ten cycles, and then the alignment 
of the axle ends compared to before loading have been investigated.  

The results from this study were that the BS method is superior to HSR and VSR. Both from a 
production and a form stability point of view. 

Production: 

• A concept with one BS machine parallel to the oven that can be evolved into an 
automatic robot station with two machines and no oven was the best option. 

Form stability: 

• The BS method work as well as the HSR method in a form stability aspect while the 
RAHs treated with VSR failed to live up to the requirements and behaved similarly to 
the untreated RAHs.  

The recommendation based on this work is to look further into the BS method and starting 
with a full fatigue test to see if it works as well as HSR in a fatigue perspective as well. 
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Sammanfattning 

Det arbete som redovisas i denna rapport är en fortsättning på flera examensarbeten som 
försöker lösa ett problem på Ferruform AB varav den senaste är skriven av Jonas Holmgren 
och Stefan Lindqvist år 2007.  

Då Ferruform AB använder kallpressning och svetsning vid tillverkning utav sina bakaxlar 
uppstår det restspänningar i materialet. Dessa påverkar formstabiliteten och 
utmattningshållfastheten på komponenterna. Därför avspänningsglödgas alla bakaxlar i 
dagsläget. Ugnen som används för avspänningsglödgning har dock många negativa aspekter. 
Processen är långsam, dyr i drift och har otillräcklig kapacitet för framtiden. Därför utreds två 
alternativa metoder som skulle kunna vara aktuella.  

Metoderna är Vibratory Stress Relief (VSR) och Bend-Straightening (BS). Dessa jämfördes 
med den nuvarande avspänningsglödningen (HSR) och obehandlade axlar. Sedan 
utvärderades de både ur ett formstabilitets- och produktionsperspektiv.  

Produktion: 

• Utvärderingen gjordes genom att skapa koncept för de olika alternativen och sedan 
jämföra hur väl de uppfyller Ferruforms framtida produktionskrav av bakaxlar. 

• Koncepten har blivit utvärderade ur de aspekter som Ferruform tycker är viktiga för 
sin produktion.  

Formstabilitet: 

• Totalt har 24 st bakaxlar plockats ut ur produktionsflödet. I fyra grupper om sex 
stycken bakaxlar har de sedan blivit utsatta för de olika metoderna. 

• De har sedan blivit belastade med en repeterande last i tio cykler. Sedan har 
axeltapparnas läge innan och efter undersökts för att få en uppfattning hur de olika 
metoderna påverkar formstabiliteten.  

Arbetet både från ett produktions- och formstabilitetsperspektiv resulterade slutligen i att 
det bästa alternativet är BS-metoden. 

Produktion:  

• Det konceptet som uppfyllde produktionskraven bäst var konceptet med en BS-
maskin i parallellflöde tillsammans med ugnen. Konceptet kan sedan utvecklas till en 
helautomatisk robotstation med två maskiner. Samtidigt kan ugnen avvecklas helt 
från produktionen.  

Formstabilitet: 

• De axlar som hade blivit behandlade med BS-metoden uppfyllde kraven lika väl som 
HSR-metoden medan VSR-metoden fick underkänt med ett resultat som var 
likvärdigt med de obehandlade.  

Den slutliga rekommendationen från detta arbete är att undersöka BS-metoden vidare. 
Fullskaliga utmattningstester bör göras för att ta reda på om BS-metoden är lika bra som 
HSR-metoden i det avseendet också.   
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Nomenclature 

LTU  Luleå University of Technology 
  (In Swedish: Luleå Tekniska Universitet) 

RAH  Rear Axle Housing 

HSR  Heat Stress Relief 

noHSR  Untreated 

BS  Bend-Straightening 

VSR  Vibratory Stress Relief   

CT  Cycle time 

OPE  Overall Process Efficiency 

SPS  Scania Production System 

R-VSR  Resonant Vibratory Stress Relief 

S-VSR  Sub Resonant Vibratory Stress Relief 
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1 Introduction 
Scania is a global manufacturer of heavy duty vehicles such as trucks and busses. Their 
production units are spread all over the world. Ferruform AB is a fully owned subsidiary to 
Scania Construction Vehicles AB, located in Luleå. Ferruform was established 1967 and is 
today Luleås largest workshop industry and is a very important part for Scanias 
manufacturing of frame components in high strength materials, see components in Figure 
1-1. The factory has about 600 employees.  

The manufacturing at Ferruform is divided into different areas. This master thesis is 
performed at the Axle group which includes rear and support axles. Other areas include all 
different kinds of steel components such as support beams, bumpers, mountings etc. Almost 
all of these components, 90 %, are being delivered just-in-time on a daily basis to Scanias 
assembly line in Södertälje, Zwolle and Angers. The other 10 % are being shipped to other 
customers that include Volvo, MAN and VBG (Hägglöf 2011). 

The entire corporate of Scania uses a working methodology called Scanias Production 
System (SPS). SPS is a model that is supposed to give support and help for everyone, within 
the company, to fulfill the customers’ needs and at the same time increase profit, growth 
and competitiveness (Ferruform AB u.d.). 

At the moment Ferruform is planning an increase in production capacity and have to 
upgrade its facilities in order to be able to do this. This is done because of the increasing 
capacity demands from Scania. This master thesis is about the area around the rear axle 
housing production and especially the area around the heat stress relief that is being 
performed there.  

 
Figure 1-1 – Ferruforms components 
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1.1 Background 
In the current manufacturing method of the rear axle housings at Ferruforms axle 
department they treat the RAHs through an annealing oven after the welding operations of 
the RAHs. The ovens role is to heat up the RAH to an annealing temperature in order to 
release residual stresses that was induced earlier in the manufacturing process, performing a 
so called heat stress relief (HSR). The major reasons to why these stresses occur are when 
the banjo halves are being cold formed, welded together and when smaller components are 
welded on. The reason to why these stresses need to be relaxed is because they have a 
negative effect on the fatigue strength and the form stability of the RAHs.  

Scanias interest in increasing the capacity of the RAH manufacturing at Ferruform means 
that the oven will not be enough. Its capacity is too low. An existing alternative is to invest in 
an additional oven to be able to handle the larger quantities. 

However, there are problems with the oven. Ferruform has a very limited amount of space 
in their facilities and ovens are big, it is also very energy consuming and has an undesirable 
batch flow. Therefore Ferruform is interested in finding an alternative method to HSR, that 
way they hope to decrease the amount of space needed for the stress relaxation operation, 
lower energy consumption and achieve a better (single) flow in the process. Earlier thesis’ 
have found two realistic alternatives to reduce stresses in the RAH.  

1.2 Purpose 
The purpose of this master thesis is to continue to investigate the alternative methods to 
HSR that an earlier master thesis recommended in 2007 and hopefully recommend a 
method that is better than the current HSR (Holmgren and Lindqvist 2007).  

The two methods that will be investigated is bend-straightening (BS), foremost, and 
vibratory stress relief (VSR) as an interesting second choice. If these methods have the same 
positive effect as the HSR method does will be researched through experiments. These 
experiments will test how the treatments affect the form stability of the RAHs.  

How well the alternative methods fit in the production will be investigated by creating flow-
diagrams, production layouts and an economic calculation etc. 

A third choice that will have to be looked into is an expansion of the HSR method. That is an 
additional oven.  

Another purpose of this thesis is to explain how these different methods work. A good 
explanation to why a method works will be a great help in getting the funds needed to 
implement the chosen method. Of course this has to be intertwined with why this would be 
beneficial for the RAHs strength and production process.  

1.3 Goal 
The main goal with this project is to find an optimal solution for stress relief of the RAH that 
fits well into Ferruforms future plan for the production. In order to achieve this goal it has 
been divided into two parts. One defined from a production perspective and one from a 
form stability perspective.  
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1.3.1 Production 

• Present technical solutions to flow, layout and type of equipment needed in the 
production line for the alternative method.  

• Other desirable benefits from the alternative method should be; single flow, 
considerably lower operation cost and a lower equipment cost.  

1.3.2 Form stability 

• Present theory that explains how and why the different methods affect the residual 
stresses in the RAH.  

• Plan and execute experiments that show that the alternative method affect the RAHs 
in a way comparable to what the HSR do.  

1.3.3 Limitations 

In order to achieve these goals some limitations will have to be done because of the limited 
amount of time that is given.  

The following bullets will be the framework around this report.  

• No other alternative then VSR, BS and untreated (noHSR) will be taken into 
consideration.  

• The result of this thesis should be a recommendation to in which alternative to 
investigate further. 

• The recommended method has to be able to handle Ferruforms future increase in 
capacity. 

• The new method will be implemented in the current production line through 
production concepts. 

• The production concepts will only be focused on the area where the oven is today 
and the areas near the oven. 

• No full length fatigue testing will be done. This means that the result of this report is 
based on how the geometry is affected of the first cycles of a fatigue test, a test of 
form stability. This is due to lack of time. 

• The new method has to live up to the requirements in form stability that exists. This 
means that it have to be comparable to the present method.  

• No simulations of any sort will be done because of lack of time and the 
recommendation from the earlier thesis (Holmgren and Lindqvist 2007) to do 
validating experiments.  
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2 Project structure 
2.1 Work structure 
Our work is divided into two parts, one part is focused on production and the other part is 
focused on form stability. But the work has to be done parallel to each other to take the 
both parts and results into account. A report is created together and the writing is done 
constantly throughout the work period.  

• Every day a note was written to summaries what we have done and what to be done 
tomorrow.  

• A report to our supervisor at LTU was done every second week to follow up our work.  
• Meetings with the supervisors was planned to be done at least every fourth week or 

as needed. 
• One large project plan was done with milestones and two more detailed plans have 

been done for the two sections. 
• The project plans was adjusted when needed. 
• To gain knowledge interviews and meetings was setup with experts in areas of 

interest.   

2.2 Report structure  
Since this thesis report have two authors with two different areas of interest the report is 
structured in a way so it is clear who have done what. When a section has a subtitle that says 
“Production” it means that Patrik Mäki is the sole author of that section. When a section has 
a subtitle “Form stability” it means that Marcus Lind is the sole author.  On the sections with 
no subtitle both students have been involved.  

The ”Production” section will cover the following. 

• Theory 
o The theory part includes a study of Scania Productions system, SPS, to 

understand the production strategy at Scania. This was done by literature 
studies, interviews and information about SPS was taken from the internal 
website called Inline at Scania. 

• Current situation description 
o Describes the current situation today at the RAH manufacturing department 

at Ferruform. It includes a description of the manufacturing process of the 
RAHs, and the production line. This was done by interviews, studies and 
observations around the oven station. 

• Situation analysis 
o The situation analysis was focused on the oven station, and the process today 

in the production. A description of how the oven works and the process. This 
was done in the same way as the section above. 

• Scania capacity plan 
o  A study and a description of the future plan that Scania has set up for the 

capacity was done to understand the goals for the future production. The 
information was based on interviews and internal documents. Adfasdfasadasd 
ad 
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• Future requirements and goals 
o Describes the requirements that needs to be satisfied in the concepts of the 

new solutions, these are produced together with employees at Ferruform.  
• Concept generation 

o Include concept generation of the alternative methods from the last master 
thesis (Holmgren and Lindqvist 2007). These were developed together with 
Ferruform. 

• Evaluation process 
o Include an evaluation matrix to compare the methods to each other and an 

economic calculation model, which is developed with Ferruform. 
• Discussion 

o The earlier sections are discussed. 

The “Form stability” section will cover the following. 

• Theory 
o A theory part consists of a literature study on how the different methods 

affect residual stresses and how residual stresses affect fatigue strength and 
form stability. The literature study will be complemented by interviews with 
people from LTU, Ferruform and Scania. 

• The three alternatives  
o A continuation of the theory part where the different methods are explained 

in detail.  
• Performing the treatments 

o The treatments performed are documented and explained.  
• Form stability testing 

o The form stability testing performed in close cooperation with Scania 
Södertälje is documented and explained. 

• Results 
o The results from the form stability testing are presented. 

• Discussion 
o The form stability sections are discussed. 

  



  Three methods to treat residual stresses in rear axle housings 

6 
 

2.3 Planning 
Before the work started a project plan was made and the first draft looked like in Figure 2-1.  

 
Figure 2-1 - Planning of the project 

To be able to follow this project plan, more detailed individual week-plans were made.  

The fatigue test that was planned from the start ended up taking too much time and a new 
plan had to be made in October. In Figure 2-2 is Marcus’ time plan and in Figure 2-3 is 
Patriks. 

 
Figure 2-2 – Time plan, Marcus 
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Figure 2-3 – Time plan, Patrik 

3 Theory – Production 
3.1 SPS – Scania Production System 
Scania has implemented a strategy in the whole concern that is called SPS. The strategy is 
based on the TPS which is the role model for much of the lean production. SPS is a helpful 
method in the way of manufacturing and planning the work. It consists of core values, 
principles and priorities that help the company to become more effective and better in every 
single process in the company. Here below SPS is illustrated as a house, see Figure 3-2. Every 
part in the construction is important and stands for something that needs to be aware of 
when implementing the method. SPS is visualized as a house to show that it cannot be built 
up without a foundation, walls and a roof. (SPS booklet 2010) 

 
Figure 3-1 – The SPS house 

The gray areas are core values, yellow are principles and the green are priorities.  
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3.1.1 Core values 

The core values are very important parts in the SPS. The whole strategy develops from this 
foundation.  

3.1.1.1 Customer first 

The business is from the beginning build on understanding the needs of the customer and 
knowledge to supply solutions for the end customers. Therefore the focus should to know 
what are of value for the customers. This can for example contain that the deliveries are on 
time and the quality fulfill the customer needs. 

3.1.1.2 Respect for the individual 

To get stronger and better inside the company every employee should feel that they are 
important and are responsible for doing the correct things and have the opportunity to 
develop their knowledge and skills. Everyone’s knowledge and experience should be used in 
the best way to achieve higher efficiency in the production. 

3.1.1.3 Elimination of waste 

Because of the tough competition in the industry every single waste in the production that 
are not adding any value or provide benefits for the customers must be eliminated if the 
company wants gain in strength and competitiveness. Therefore every single eliminated 
waste is one step further towards a successful process. SPS defines waste in a concept that is 
called 7+1 types of waste, see the bullet list below: 

• Over-production  
• Unnecessary work 
• Unnecessary movements, actions and lifts 
• Unnecessary transportation 
• Unnecessary buffers 
• Faults, reworking and scrapping 
• Waiting time 
• Unexploited competence 

 

3.1.2 Principles 

Everything that is done in the production is a part of a flow and the principles provide the 
users of SPS a way to think and act in every situation. SPS have four main principles and they 
are: normal situation – standardized working method, night from me, consumption 
controlled production and continuous improvement. 

3.1.2.1 Normal situation – Standardized working method 

The normal situation is an important base in the strategy and a mode when everything are in 
a good control and everybody knows what to do and what has to be done in the work 
toward the same goal to serve the costumers in a best way. This is an important starting 
point where waste and deviations can be detected and eliminated, and then the continuing 
improvement process can be made to gain higher efficiency in the production. In this mode, 
deviations do not necessary need to be something bad, on the contrary it presents an 
opportunity to improve the production. That is why it is important to identify this normal 
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situation and always aim for it to be able to detect deviations and waste that do not belong 
in the process. To get to this starting point everybody has to work according to the SPS main 
principles and sub-principles. The six sub-principles are: standardization, takt, leveled flow, 
balanced flow, visual and real time. 

Standardization  

The strategy is to always use the latest best working method in the process and create a 
standard for it. The goal is to get everyone to follow that new standard in the production to 
gain benefits from it.  

The benefits with everybody always doing the same thing and following a standard are that 
it is easier to detect similar deviations in the process and to fix them. If deviations are 
detected although the latest standard has been used, the standard has to be updated with 
new inputs and knowledge that can fix the deviations. Every time when a standard need to 
be update it is a step forward in the process of getting better and gain knowledge of the 
process, it is a continues improvement. 

Standardizations can be used in many different areas, for example safety reasons, quality, 
develop the process and when teaching new employees. 

Takt 

The production takt need to follow the demand from the customers. This is important to 
avoid over production. When the system is following the demand from the customers a takt 
system can feel the demand through the whole production line. When the takt is identified it 
is easier to control if the production is satisfying the demand and unnecessary operations 
and deviations can be detected. See also section 3.1. 

Leveled flow 

The incoming orders from the customers can be various. To create a leveled flow through 
the production the strategy are to use buffers of finished products to meet up the demand 
in those periods when the demand from the customers are very high. And those periods 
when the demands are lower the buffers of finished products can be built up again. With this 
strategy the flow in the production can be relative smooth despite variations in the demand.  

Balanced flow 

The work should be spread out on every resource to gain optimal capacity in the production 
and be more effective in the whole production line. That generates a smooth flow through 
every operation and it is easier to optimize the processes.  

Visual 

To be able to check the status against the normal situation all information should be easy to 
see and follow. It is important to have a flow that is easy to control in a visual way. Because 
then it is easier to detect deviations in real time. The visual control can be done in many 
ways, for example light signals can tell the operators that something have happened in the 
process and the operator can act in a predefined way.    
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Real time 

Deviations can happen anytime and to be able to detect them is important. For example it is 
important for the operators to get the information immediately. That increases the chances 
in real time to discover for what reason the deviations has happened. It is important to get 
as much information and knowledge as possible to be able to analyze the reasons and find a 
solution to fix it.  

3.1.2.2 Right from me 

It should be easy to always act the in right way. For example detected deviations should 
always cause a reaction to fix it. It is not accepted to take, give or leave deviations to 
anybody. With knowledge, methods, tools and instructions the right things should always be 
done. A Poke-yoke could be effective to use. If the standard has been followed and 
deviations still are detected, the standard should be improved. 

3.1.2.3 Consumption controlled production 

The demands and consuming from the customers are signals when there is time to produce 
more or less. For example more products should be produced when the buffer begins to 
shrink.  

The customers can also give forecasts about how much products they think they need in a 
near future so the production can adapt to that. It is very important to have a good 
communication with the customers to detect if the forecasts are going to be changed in the 
near future, too prevent overproduction and muda in the production. 

3.1.2.4 Continuous improvement 

The company always needs to work towards continuous improvement. It is an ongoing 
process to always try to find better solutions everywhere. The normal situation is the main 
starting point for the continuous improvement and therefore it should always be updated 
and improved.  

Understanding the end-customer’s needs is one important key in the work of continuously 
improving the quality. 
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3.1.3 Priorities 

Inside the SPS house is a green area with the four main priorities. This is a base for 
everybody to quickly make the right decisions. The four priorities are as follows: 

1. Safety/Environment 
2. Quality 
3. Delivery 
4. Cost 

The orientation order is supposed to be a support and help the company to choose the right 
priority when the process is in an abnormal situation. For example if a deviation has been 
detected in the quality for some reason, it gives an abnormal situation. That means the 
priority order has to be applied and the product should not be delivered to the customer 
when there are deviations in the quality. It is more important to fix the quality problems 
instead of delivering products with low quality. In a normal situation all priorities are equally 
important and should always be performed. 

4 Current situation description – Production 
This chapter describe the current situation today at the RAH manufacturing department at 
Ferruform. Below is a description of the manufacturing process of the RAHs and the 
production line.  

4.1 Description of the Banjo and the parts in the RAH 
Ferruform purchases 10 mm and 12 mm thick sheet metal. The sheet metals are then 
sheared in a shearing machine to the right geometry, see Figure 4-1, before the pieces are 
cold pressed to banjo halves, see Figure 4-2. These halves are then welded together to a 
banjo, see Figure 4-3. The further manufacturing process is described here below in section 
4.2. 

 
Figure 4-1 - Sheared sheet metal 

 
Figure 4-2 - Cold pressed to banjo 

halves 

 
Figure 4-3 - Welded to banjo 

The following parts on the RAHs are prefabricated; the reinforcement plate, the 
reinforcement ring, the drum or disc brakes and brackets. These parts are later welded on to 
the RAHs during the manufacturing process. Here below in Figure 4-4 are the different parts 
are pointed out. 
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Figure 4-4- Part description of the RAH 

4.2 Manufacturing process of the RAH 
Today Ferruform is using an electric oven in the production line to relieve the residual 
stresses that are built into the RAHs during the earlier manufacturing processes in the 
production line. Before the HSR station the RAHs are manufactured through a lot of welding 
stations with different welding operations to merge the different parts to the RAHs, see the 
parts in Figure 4-4. A description of the production line and the manufacturing operations 
are as follow (M. Bergman 2011). The HSR station is marked with a red frame, see Figure 4-5. 

 
Figure 4-5 - Manufacturing process of the RAH 
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1. Preparing for welding of the banjo halves: The banjos halves arrive at this station 
after they have been sheared from 10 mm and 12 mm sheet metal and then cold 
pressed to banjo halves. Here they are loaded one by one into the milling machine 
to prepare them for welding. See also the part description at 4.1 and Figure 4-4. 

2. Welding the banjo: After the milling operation the banjo halves are welded together 
to creates a whole banjo. This is done by two welding stations with two robots in 
each station. 

3. Machining the banjo: The inner contour and the ends are milled in this station. 
4. Jolting the banjo ends: Banjo ends are heated up and then jolted.  
5. Plane milling of the banjo. Cover and ring are added with tack welding: In this 

station several details are added to the banjo. For example cover, ring, breaks and 
suspension are tack welded manually. At the end of this station an operator checks 
the position of the tack welded parts. 

6. Cover and ring welded: The cover and the ring are then welded to the banjo by 
robots. In the end of this station they are marked with their ID-number.  

7. Finish welding: This is a large station which contains several cells where first 
bracket, lift loops and reinforcement plates are tack welded manually to the banjo. 
All those parts are prefabricated. After that finish welding is performed by robots in 
several weld cells. After this station the RAHs are almost complete.  

8. Oven – Annealing: The RAHs are going through an oven that performs HSR to 
reduce residual stresses that have been induced in the product in the production 
line. 

9. Blasting of RAH: The RAHs are blasted inside and outside. 
10.  Control – repair welding: A manually check of all RAHs are done after the blasting 

operation. If small defects are detected in the welds after the blasting they can be 
repaired immediately by a welder.  

11. Primer painting of RAH: After the blasting and control operations the RAHs are 
painted to protect them from oxidation and other surface defects. The paint has to 
dry for four hours. 

After these stations the RAHs are complete at the RAH manufacturing department and ready 
to be transported on pallets with forklifts to the machining department. 

At the machining department the RAHs are going through several final machining operations 
before the axle ends are assembled to the RAHs by laser welding. After that the axle ends 
are also machined before all RAHs are going through a last check, washed and finally packed 
and stored before they are transported with trucks to Scania at Södertälje or Sao Paolo in 
Brazil.  
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5 Situation analysis – Production 
The situation analysis is focused to the red colored station number 8 where the oven is 
today, in the production plant layout. See Figure 4-5.  

5.1 Process description at the oven station 
Here below is a process description of the oven station and a figure describing the process 
flow in the station. See Figure 5-1. The process flow has several motions in a certain order 
that is described below: 

 

 
Figure 5-1 - Overview of the oven station 

 
Figure 5-2 - Pallet with six RAHs 

 

1. The forklift loads the buffer ramp at the intake where the green big arrow is at point 
A with two pallets that are filled with six RAHs each. See the pallet at Figure 5-2 and 
the overview of the oven station in Figure 5-1. 
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2. The forklift unloads an empty pallet from the line at the big red arrow at point G so 
the pallet can be filled again with six new RAHs at the station before the oven station. 
 

3. A pallet from point A with six RAHs moves along the ramp to point B. When the oven 
is ready a new pallet moves from point B into the oven at point C. The oven has five 
sections inside itself. The sections one, three and five has space for two pallets each, 
and the sections two and four has space for only one pallet each, which totally gives 
a capacity of eight pallets inside the entire oven.  
 
Simplified the oven can be divided into eight different stations inside itself where the 
annealing process is done in different steps. Each station inside the oven has space 
for one pallet and the treatment time in every station is about X1 minutes with 
different temperatures up to nearly 600 °C. There are always eight pallets inside the 
oven. Every X1 minute the pallets moves one step forward to the next station inside 
the oven. A more detailed description about the annealing process inside the oven if 
found in section 12.1. 
 

4. When a pallet has gone through all eight stations inside the oven the annealing 
process is completed. The pallet with six RAHs moves outside the oven to point D and 
that means that every pallet inside the oven moves one step forward to the next 
station. After that the oven is ready to take in a new pallet from point B into the first 
station inside the oven. 
 

5. A robot picks up the RAHs one by one from the pallet to the blasting ramp at point E. 
From point E the RAHs moves along the ramp into the blasting station one by one. 
When the pallets are empty they move to point F where the exit ramp is. Finally 
when the empty pallets have moved along the exit ramp to the exit point at point G 
they wait for the forklift to pick them up. 
 
 

5.2 Disadvantages with the oven 
There are several negative aspects in the production today with the oven process. 

• The total amount of pallets inside the oven are eight because the oven has eight 
different stations inside itself and every station can take as maximum of one pallet at 
the time and that gives a batch flow. Every station has a treatment time of about X1 
minutes. 

• The CT for one pallet is about X1 minutes. With six RAHs in each pallet that gives a CT 
of approximately Y1 minutes for each RAH and it is already hard to manage a lower 
takt time at this moment. The oven station is soon one of the few stations left that 
prevents a lower lead time at the RAH manufacturing department. 

• High energy cost. The electric oven needs much power for the heating and it is 
almost always on. The energy consuming for the oven every year is approximately 2 
MWh. That gives an energy cost of around 1 MSEK every year if the price for 1 kWh is 
0.50 SEK (Hjälte 2006), see also appendix A. In the future the energy price could rise 
even more and that will give an increasing energy cost. 
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• The oven station takes a lot of space in the location today, around 150 m². (Lundin 
2011). 

• The oven has a ventilation system with fans on the roof outside the factory, they 
contributes to the noise level and emissions outside the factory (Niemi 2012).  

• Lots of forklift traffic around the oven station. There has to be a forklift to load and 
unload the station with pallets, and another operator to open and close the gates to 
the station for the forklift to access the station.    

• Difficult to check the RAHs during the process inside the oven. The pallets with the 
RAHs are inaccessible inside the oven during the annealing process for two hours. 
There are no possibilities to cancel the process just to pick out one pallet or only one 
single RAH if there is a need for it. 

• Difficulties to detect and find the reasons for deviations in real time, deviations are 
discovered on the RAHs after the oven station. Because of that the discoveries are 
immediately delayed by two hours because of the long process time of the oven. 
That gives immediately two hours of unnecessary waste in the production.  

• The capacity of the oven today is too low since Ferruform are going to increase the 
total capacity. Ferruform needs to investigate in a new oven to meet the 
requirements for the new capacity plan or investigate in new additional oven and use 
them parallel in the production. Because with the oven today it is hard to achieve a 
lower lead time. A new oven costs around 14-18 MSEK. A new oven will also require 
more space in the location than the previous setup and the total energy consuming 
and energy costs will increase.   

6 Scania capacity plan – Production  
Scania has started a plan to gain in capacity for the future. Today 100 000 trucks and busses 
are made every year. The goal for the future is to reach a production capacity of 150 000 
vehicles per year, an increase of 50 %.  

To reach the final goal the vision contains five steps with deadlines to move forward, these 
steps are like milestones. Today Ferruform are at step 3 and to complete step 3.5 Ferruform 
has to increase the capacity of the oven station to manage the lower takt time in the future. 
The CT has to be lower than Y2 minutes, and the deadline for that milestone is the first 
quarter of year 2014. 

With the capacity today Ferruform can produce approximately 100 000 RAHs every year and 
that are around 80% of the total production of RAHs at Scania. The other RAHs are made at 
Scanias production plant at São Paulo in Brazil. The capacity goal of step 3.5 are to reach a 
capacity of 110 000 RAHs per year at Ferruform. 

At Step 5 the goal capacity is 155 000 RAHs per year. The OPE is estimated to be around 80 
%. The actual OPE today can be lower and the OPE for the future goal can be higher. More 
about OPE can be found in appendix B. In Table 6-1 80 % is used. (Lundkvist 2011). 
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Table 6-1 - Capacity plan for the oven 

Step 3 (2011 Q3) Step 3.5 Step 4 Step 5
OPE 0,8 0,8 0,8 0,8
Shift 3 3 3 3
Working day/year 228 228 228 228
Hours/year 5200 5200 5200 5200
Hours/day 22,81 22,81 22,81 22,81
Minutes/day (OPE 80%) 1094,74 1094,74 1094,74 1094,74
CT ( Minutes ) 2,63 2,14 1,82 1,51
Nedded Capacity of RAHs/hour 23 28 33 40
Needed Capacity of RAHs/day 416 512 602 725
Needed Capacity of RAHs/year 94905 116636 137143 165298

Capacity plan for the oven

 

7 Future requirements and goals – Production  
This chapter describes the requirements that need to be satisfied in the concepts of new 
solutions. Here will also future goals be presented. Future goals are points that the concepts 
are going to aim at and they should support the development process of the concepts with 
the new solutions. 

7.1 Future requirements 
A CT of at least Y2 minutes is required for step 3.5 in the capacity plan. Today the CT is 
around Y1 minutes for the oven. The final goal for step 5 is to reach a CT under Y4 minutes. 

7.2 Future goals 
• A goal with lean production is to get rid of the batch flow that the six RAHs in one 

pallet are giving today. If that can be satisfied it might be possible to also reduce or 
eliminate the need of forklift driving to load and unload the station with pallets. With 
a one piece flow it would also be easier to detect and fix errors and deviations in the 
process in real time. 

• Another method for treating the residual stresses can be better and more effective 
from the energy consuming point of view compared to the oven. It is important to be 
aware of the energy consuming both from environmental and the economic 
perspective and the risk of high energy prices in the future. 

• Find a solution that helps Ferruform to reach the future goal of the capacity plan step 
5 with CT under Y4 minutes and an easy way to implement the new working station.  
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8 Concept generation – Production 
Next to the oven station is today an empty space that is used to store pallets. An idea is to 
move the oven station or the next method to this empty space to gain more space in the 
middle of the factory. The blue area represents the empty area and the green arrows 
visualize the forklift road, see Figure 8-1. The following concepts are going to be 
implemented in this blue area and along the wall. 

 
Figure 8-1 - Free space  

  

8.1 HSR concept 
The oven Ferruform are using today cannot manage to treat as many RAHs that Ferruform 
are planning to do in the capacity plan. Today the total treatment time in the oven is X2 
minutes, and the oven has eight treatment zones with one pallet in each zone. Each pallet 
has six RAHs. Totally there are 48 RAHs inside the oven all the time. Theoretically that gives a 
CT about Y1 minutes. 

If Ferruform are going to invest in a brand new and larger oven the goal will be to reach a 
capacity of step 5 in the capacity plan, and that is a CT under Y4 minutes. Theoretically the 
new oven needs a capacity of treating at least 80 RAHs with less than X2 minutes to manage 
that.  

But if Ferruform invests in a new but similar oven as Ferruform has today the cost is 
approximately 14 - 18 MSEK. A brand new oven concept is even more expensive, so the 
recommendation from Aichelin is to invest in another similar oven as Ferruform has today 
and run them parallel (Edh 2012).  
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Today there are 15 pallets for the station. If Ferruform is going to invest in an additional 
oven to double the capacity there will be a need of approximately the double amount of 
pallets as well.  

A problem with a new oven is that it takes a lot of space. If the ovens are going to be 
positioned as Figure 8-2 there will be no space for the forklift way as it goes today. The 
forklift way is marked with green color. 

A possibility is to position the ovens as in Figure 8-3, the forklift way is marked with green 
color and it should be possible to have it running as it is today. But in this case Ferruform has 
to move the working stations that are under the oven station in Figure 8-1 to achieve that 
space that it is needed. 

 
 

Figure 8-2 - Ovens side by side 
 
 

 

 
 

Figure 8-3 - Ovens side by side turned clock wise 
 
 

The energy consumption is expected to be the double as well as the energy cost. The fans 
contribute to increasing noise level outside the factory and it can be need of more fans with 
a new oven. The ventilation system also consumes energy. 

8.2 BS concept 
After several concepts were generated for the BS treatment method a feedback meeting 
was held. A vision on the layout of the BS method was presented on the meeting and a 
decision to further develop of the concept was taken, see the layout in Figure 8-4. 

A suggestion from the feedback meeting was to divide the concept into smaller 
implementation steps to make the implementation process easier (Bergman, Karlsson, o.a. 
2011)  

To meet the requirements for step 5 in the capacity plan the BS concept needs two BS 
machines. Together the machines give a CT of Y4 minutes, see Table 8-1. 
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Table 8-1 - BS capacity 

1 BS 2 BS 3 BS
OPE 0,8 0,8 0,8
Shift 3 3 3
Working day/year 228 228 228
Hours/year 5200 5200 5200
Hours/day 22,81 22,81 22,81
Minutes/day (OPE 80%) 1094,74 1094,74 1094,74
CT (Minutes) 3 1,5 1
Capacity of RAHs/hour 20 40 60
Capacity of RAHs/day 365 730 1095
Capacity of RAHs/year 83200 166400 249600

Bend-Straitening 3min (140-180sec)

 

As mentioned earlier this concept is placed in the blue area next to where the oven station is 
today. The idea with this concept is to make the implementation of the new station easier 
and smooth for the whole process. The concept allows the BS station to be used next to the 
oven station just to make sure that the BS station works properly before Ferruform decides 
to move forward with the new solution and eliminate the oven station to achieve more 
space in the middle area of the location. The same pallets can also be used in the new BS 
station just to make the transport into the BS station easier in the beginning. A further 
development for the BS station should be a one piece flow into the station to get rid of the 
pallets. 

An explanation of the BS station layout in Figure 8-4 is as follows. The intake for the BS 
station is at number 1. The forklifts can load the conveyer with pallets and create a buffer. 
The pallets move to point 2 one by one where a robot can pick up the RAHs one by one. The 
red ring at number 2 is to symbolize a rotating disc that rotates the whole pallet to help the 
robot to pick up the RAHs from the pallets. The robot loads the BS machine at number 3 and 
the BS machine starts to treat the RAH. 

When the pallet at point 2 is empty it moves forward to point 4 where the outlet is for the 
station. At point 4 the forklift can pick up the empty pallets from the station. When point 2 is 
empty a new pallet from point 1 is moving to point 2 and the cycle repeat itself over and 
over again. 

When the treatment in the BS machines is done at point 3 the robot unloads the BS 
machines and moves the treated RAHs to the conveyer at point 5. The conveyer gives a 
single piece flow out of the station and it moves over the forklift road into the blasting 
station at point 6. 

A further development would be to achieve a one piece flow into the station as well, when 
the oven station is eliminated. That would eliminate the need of pallets and forklifts at point 
4 and 1. 

In the future when the oven station is eliminated and the other stations after the oven 
station are moved up on the left side of the BS station. The one piece flow from the BS 
station can continue directly to the blasting station from point 5 instead of moving over the 
forklift road to point 6. 
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Figure 8-4 - BS Layout Vision 

8.2.1 Concept implementation, step 1 

The first implementation step for this BS station is to start with a smaller and simple station. 
For example the BS station does not need to be automatic from the start, which would only 
increase the risk of installation and automation problems in the beginning. The first step can 
for example include one operator which is manually loading the BS machine instead of an 
automatic robot, see Figure 8-5. In this way it would be easier to later integrate a robot in 
the station. Here below is a calculation of the total CT for the oven station and BS station 
together that this first step would give if the both stations are working parallel. 

𝐶𝑇 =  
1094.74 𝑚𝑖𝑛/𝑑𝑎𝑦

416 𝑅𝐴𝐻𝑠 𝑂𝑣𝑒𝑛 + 365 𝑅𝐴𝐻𝑠 𝐵𝑆
=  

1094.74 𝑚𝑖𝑛/𝑑𝑎𝑦
781 𝑅𝐴𝐻𝑠

= 1.40 𝑚𝑖𝑛𝑢𝑡𝑒𝑠 (8.1) 

 

This concept and implementation of the BS solution give a very low CT together with the 
oven under the implementation process. With this low CT the concept even manage to reach 
the goal for the final step in 2015 of the capacity plan. It also gives Ferruform time to 
evaluate and optimize the method for the future. 
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Figure 8-5 - BS Layout, Step 1 

8.2.2 Concept implementation, step 2 

After the method has been tested in the production line for a while the station can be 
expanded with a conveyer helping the operators and forklifts to handle the pallets in the 
station. The operators do not need to move around the pallets to grab the RAHs, it also helps 
the forklift to load the station with a buffer and then picks up the RAHs that have been 
treated, see Figure 8-6. 

 
Figure 8-6 – BS Layout, Step 2 

8.2.3 Concept implementation, step 3 

When step 2 is working fine the next step would be to integrate a robot to replace the 
operators, see Figure 8-4. There is also a conveyer marked with number 5 in the same figure. 
After RAHs has been treated in the BS machine the robot forwards the RAHs on the conveyer 
with the number 5. This conveyer is moving the RAHs over the forklift road to the blasting 
station at number 6. In the future the blasting station and the painting station are also going 
to be moved on the same side as the BS station, see Figure 8-7. That will eliminate the need 
of transporting the RAHs over the forklift road from point 5 to point 6. Instead the RAHs will 
continue to move to the left in Figure 8-4. 
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Figure 8-7 – Layout of the BS vision for the future with Free space 

Another solution can be a single flow directly into the robot BS station. Alternatively one 
operator is loading the intake for the conveyer with RAHs. The robot inside the station is 
then loading the BS machines. After the BS treatment is done the robot moves the RAHs 
forward on the conveyer out of the station and into the blasting station, see Figure 8-8. 

 
Figure 8-8 - Single piece flow into BS station 

8.2.4 Additional features with the BS machine 

According to brochures from MAE about manual straightening presses and automatic 
straightening, it is possible to include the straightening process in the machines after the BS 
treatment. With that it is possible for Ferruform to eliminate the straightening machine 
before the oven station, which also will open up more space in the factory. 

It is also possible to include a crack detection system. A process-controlled evaluation 
system filters acoustic signals received by a piezo quartz receiver on the straightening 
hammer and it is able to separate characteristic crack frequency spectrums from disturbing 
noise. By visual or audible signal the operator can be informed about the crack. All data from 
the BS process is possible to save and store for example in excel files or be used for statistical 
process control. It should also be possible to have some sort of ID-tracking system with the 
one piece flow.   

 

8.3  VSR concept 
For the VSR method the treatment time for one RAH is about 60 minutes, the treatment 
time can be reduced to about 30-45 minutes in a best case scenario (Frank 2011). For this 
capacity calculation a time of 60 minutes are used to be sure that the RAHs are fully treated. 
See section 12.3 for more theory about vibration and section 13.3 for the set up used in the 
experiment of the VSR method. 
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The recommendation from Bonal was to create a batch flow with four times three RAHs in 
each batch (Frank 2011). That gives a batch flow of 12 RAHs treated with one and same VSR 
equipment for 60 minutes. In order to meet step 5 in the capacity plan, four of these stations 
need to be in used. That gives four batches and four VSR equipments and totally 48 RAHs 
treated for 60 minutes, see Table 8-2. 

Today Ferruform uses pallets with six RAHs. For this concept there will be need of a new 
pallet construction with 12 RAHs as Bonal recommend. The new pallets do not need to be 
made in that same special material as today for the oven requirement. These pallets just 
need to be able to fix the RAHs to the pallet during the vibration treatment. The total 
amount of new pallets will be eight. Four that always are in use and four that can be loaded 
with new RAHs during the treatment time. 

The VSR machines need a cooling time on about 15 minutes to recover after they have been 
used for 60 minutes, see appendix C. That gives a need for a backup with extra VSR machines 
in the concept. Bonal also recommends maintenance of the force inducers after every 2000 
operating hour. During the maintenance the bearings and brushes are replaced. Under one 
year there are 5200 operation hours and that will give a minimum of two maintenance 
occasions every year. Recalibrations of the transducers are needed one time every year. 
With this in mind it might be necessary with the double set of force inducers to reach a 
smooth flow. 

Table 8-2 - VSR Capacity 

1 Batch 2 Batches 3 Batches 4 Batches
OPE 0,8 0,8 0,8 0,8
Shift 3 3 3 3
Working day/year 228 228 228 228
Hours/year 5200 5200 5200 5200
Hours/day 22,81 22,81 22,81 22,81
Minutes/day (OPE 80%) 1094,74 1094,74 1094,74 1094,74
CT (Minutes) 5 2,5 1,66 1,25
Capacity of RAHs/hour 12 24 36 48
Capacity of RAHs/day 219 438 659 876
Capacity of RAHs/year 49920 99840 150361 199680

Vibratory Stress Relief (1 Batch = 12 RAHs)

 

 

The Table 8-2 shows the capacity for the VSR method with the different amount of batches 
and stations. Every station can take one batch with 12 RAHs. With four stations the CT are Z1 
minutes and satisfy the requirement for Step 5 in the capacity plan. If a one piece flow is 
used with the VSR method there is a need of treating at least 40 RAHs at the same time to 
get a CT under Y4 minutes. 

A vision for the VSR method is given in two different concepts. One is very similar to the BS 
method in a layout perspective and the other concept is to integrate the VSR method in the 
painting station where the RAHs are hanging one by one in a conveyer through the painting 
process. Both VSR concepts are explained below. 
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8.3.1 VSR concept 1  

The first concept is to have the VSR station on the other side of the forklift road parallel to 
the oven station. The layout is very similar to the BS method with the position along the wall 
where the free space is today, see Figure 8-9.  

The VSR station should work as follows. The VSR station is divided into four smaller 
workstations that can treat one pallet each, one pallet includes 12 RAHs. Every cell has a 
total of two VSR machines to rotate with. To achieve a smooth flow in the workstations 
every cell has space for two pallets. Because when a pallet is fully treated for 60 minutes the 
operator can disconnect the VSR equipment for recovery and connect the other VSR 
equipment on the new pallet and immediately start the treatment. After that the operator 
can empty the treated pallet before the forklift finally picks it up and reload the cell with a 
new pallet with untreated RAHs that are ready for treatment.  

Because of the long operation time of 60 minutes for the VSR method, the method needs to 
treat many RAHs at the same time to be effective and to achieve a low CT. This setup gives a 
batch flow. If all the four stations are loaded whit totally 48 RAHs which are treated at the 
same time for 60 minutes, that would give a CT of Z1 minutes for each RAH.  

When the treatment of the RAHs is done the operator picks up the RAHs from the pallets 
one by one with a lift tool, for example a Telfer, see Figure 8-10. With the Telfer lifting tool 
the operator can pass the RAHs forward to a conveyer at point 2. The RAHs are then moving 
along the conveyer to point 4 ready to be sent into the next station, which is the blasting 
station. A forklift can then remove the empty pallets from the stations as mentioned earlier. 
After that the station can be loaded with new pallets with RAHs that needs to be treated. 

To get a balanced flow a station can be ready every 15 minutes, and deliver 12 treated RAHs 
every 15 minutes. There will be a need of two VSR machines in every station to rotate with 
because of the recovery time on 15 minutes for the VSR machines after 60 minutes working 
time. This concept needs a minimum of eight VSR machines that are in duty. The total setup 
is 16 VSR machines. After 2000 working hours the eight VSR machines that has been in duty 
can be sent for maintenance and the other eight can be installed.  

This concept needs new pallets with the capacity of carrying 12 RAHs. Each cell has two 
pallets all the time and outside the stations four pallets is loaded with RAHs. That gives a 
total need of 12 new pallets for this concept. These pallets do not need to be made of that 
special material as those who goes through the oven station need. 

The floor should be isolated with rubber to eliminate the risk of vibrations to spread along 
the floor out of the workstations. 
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Figure 8-9 - VSR Concept 1 

 
Figure 8-10 - Telfer lifting tool 

8.3.1.1 Concept 1 implementation, step 1 

As for the BS method this VSR method also needs to be divided into smaller and easier steps 
that helps to test and implement the method completely, before Ferruform choose to move 
forward and eliminate the oven station.  

The first implementation step starts with one VSR workstation and it is supposed to be used 
parallel with the oven station, see Figure 8-11. The position in the location is at point 1 in 
Figure 8-9. 

The workstation is loaded by a forklift with a pallet with 12 RAHs. Then one operator 
connects the force inducer, see Figure 13-14 and Figure 13-11. When the force inducers are 
connected to the pallet the operator starts the VSR treatment. While the pallet with the 12 
RAHs is under treatment the forklift load the second pallet next to the first pallet just to 
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make the other ready to go when the first one is done. After 60 minutes when the treatment 
is complete the forklift pick up the treated RAHs and the operator start the treatment of the 
other pallet immediately, to achieve a smooth flow. 

With one VSR station the CT is 5 minutes. But if the VSR is used parallel with the oven station 
the total CT is 1.73 minutes, equation 8.2 and that satisfy the requirement for step 4 in the 
capacity plan which is a CT of Y3 minutes, see Table 6-1.   

𝐶𝑇 =  
1094.74𝑚𝑖𝑛/𝑑𝑎𝑦

416𝑅𝐴𝐻𝑠 𝑂𝑣𝑒𝑛 + 219 𝑅𝐴𝐻𝑠 1𝑉𝑆𝑅
=  

1094.74𝑚𝑖𝑛/𝑑𝑎𝑦
635 𝑅𝐴𝐻𝑠

= 1.73 𝑚𝑖𝑛𝑢𝑡𝑒𝑠 (8.2) 

For the first step there is a need of a minimum two VSR machines to alternately treat the 
RAHs and cool down for recovery. 

The first step also need three new pallets, two which always are in the station and one who 
is loaded with new RAHs.  

The floor should also be isolated with rubber to eliminate the risk of vibrations to spread 
along the floor out of the workstation. 

 
Figure 8-11 - VSR Station, Step 1 

8.3.1.2 Concept 1 implementation, step 2 

The second step would be to expand with four stations to prepare for the elimination of the 
oven. In this second step the stations will be loaded and unloaded by forklifts. Every 15 
minutes a station are ready to be set up with two new pallets, see Figure 8-12. The final step 
will be to integrate a conveyer to reach the one piece flow when the RAHs are leaving the 
VSR stations and moving into the blasting station.   

In this step there will be a need of a minimum of eight VSR machines. Alternately four are in 
use and four are cooling down for recovery. 
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Figure 8-12 - VSR Stations, Step 2 

8.3.2 VSR concept 2 

Another VSR concept is to treat the RAHs at the same time as the pallets are moving forward 
on a conveyer. This concept allows the station to be loaded with new pallets continuously 
and minimize the handling of the pallets and RAHs under the treatment process. 

This concept reminds very much of the oven today with the conveyer allowing the pallets to 
continuously move forward during the treatment process. The advantage with this concept 
compared to the oven is that it is easier to control the RAHs during the VSR treatment 
process when the operators can see all the RAHs all the time on the conveyer. That should 
increase the chance to detect deviations in real time.  

This concept also allows the treatment to be cancelled for one single pallet if there is a need 
for it. Because every pallet is equipped with a VSR-equipment with a force inducer and a 
power unit that is moving next to the pallet on a loop parallel to the conveyer. That makes 
the pallets independent of each other during the process.  

If some pallet needs to be removed from the station the VSR treatment can simply be turned 
off on the power unit and the force inducer can be removed from the pallet before the pallet 
is ready to be removed from the conveyer by a forklift. Here below is a description of the 
station.          

 
Figure 8-13 - VSR with conveyer 
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The intake for the station is at zone 1, see Figure 8-13. The forklift can load the station with 
pallets on the conveyer at zone 2. An operator can then connect the force inducer from the 
VSR equipment stock at point 5 to the pallet and start the VSR treatment at zone 2.  

The pallets then move to zone 3 and create a stock with the others pallets until the VSR 
treatment is complete. When the treatment is done a forklift can unload the station at the 
outlet at zone 4. An operator then disconnects the force inducer before the forklift removes 
the pallet. The disconnected VSR machine then moves from point 4 back to the zone 5 along 
the loop to be ready for the next treatment. While the VSR machines are moving to zone 5 
there are time for those to cool down and recover.  

This concept can for example be established after Concept 1 implementation, step 1 works 
properly. The idea is to minimize the need of forklift work under the VSR treatment process. 
Because when the pallets are moving forward from the intake at zone 1 it eliminates the 
need of first moving the finished treated pallet out from the station before a new one can be 
treated in the station. This will minimize the forklift driving in and out of the station. The 
forklift only has to load the station at zone 1 with pallets and unload at zone 4. An operator 
only needs to connect and disconnect the force inducer to the pallets before and after the 
treatment.  

In this concept there is a need of a minimum of five VSR machines. Four machines are always 
in use and one is always cooling down for recovery for 15 minutes.   

There is also a need of at least six new pallets. Four that always are in duty and two that can 
be loaded with new pallets. 

The implementation of this concept is similar to Concept 1 implementation, step 1 with one 
station and one pallet of 12 RAHs that is treated. For that the concept need at least two VSR 
machines. One is always in duty and one is in recovery mode. If the station is used parallel 
with the oven station and the speed is optimized it should give a CT of 1.73 min together. 
Next step is then to complete the concept with four stations that work properly before the 
oven can be eliminated.  
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8.3.3 VSR concept 3 

This concept includes the vibration treatment in the painting station. When the RAHs are 
entering the painting station they are mounted to a fixture one by one hanging horizontal 
and then looping around the painting line through the painting process, see Figure 8-14. 

 
Figure 8-14 - Fixtures with painted RAHs in the drying section of the painting loop 

The advantage with this concept is the possibility of two treatments at the same time in one 
single station, in this case VSR treatment and painting of the RAHs at the same time. It would 
practically eliminate the need of a single relaxation station in the factory. Another advantage 
with this concept is the one piece flow in the painting loop. 

The CT for the painting loop of one RAH is about 20 minutes today in the painting station. 
After that the RAHs are stored in pallets to dry for four hours before the forklift are allowed 
to transport them to the machining department.  

Before the painting operation the RAHs are mounted in the painting fixture on the ends of 
the RAH, those areas are highlighted with white circles, see Figure 8-14. In this concept the 
vibrations will be injected into the RAHs in those areas where the fixtures are in contact with 
the RAHs. See also sketch of the horizontal VSR fixture in Figure 8-16. 

Today the RAHs are hanging horizontal over the ground in the fixtures and with the ends 
pointing to each other in the moving direction. After the painting operation the RAHs are 
moving to the end of the loop into a drying section. In this section of the loop the fixtures 
with the painted RAHs are turned a bit to give space for more painted RAHs that need to dry 
in this section, that stock of painted RAHs hanging in the fixtures can also be seen in Figure 
8-14.  

One solution to save more space in the line could be to mount the RAHs in a vertical hanging 
position in the fixtures instead with the ends of the RAHs pointing in the vertical direction, 
see Figure 8-15.  
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Figure 8-15 - Vertical Fixture 

 

 
 
 
 

 
 

Figure 8-16 - Horizontal Fixture 
 
 
 

Today it is possible to have a maximum of 15 RAHs in the painting loop. To get a CT at Y4 
minutes for step 5 there need to be at least 40 RAHs in the loop all the time, see the capacity 
plan of the oven at Table 6-1. The VSR treatment takes 60 minutes, see section 13.3. It can 
be necessary to extend the painting loop to achieve more space for all the 40 RAHs. One 
solution to achieve more space can be to hang the RAHs in a vertical position to save more 
space in the line-up, see Figure 8-15 and Figure 8-16. Here below is a description of the 
concept with the two different hanging positions.        

8.3.3.1 Concept 3 implementation, step 1  

First step in the implementation work of this concept should be to start with a smaller VSR 
station with a capacity to treat 12 RAHs every hour. If the VSR station can treat 12 RAHs in 
every hour that would give a CT of 5 minutes and parallel together with the oven the CT will 
be reduced down to 1.73 minutes. That will satisfy the needs for the capacity plan step 3.5, 
see Table 6-1 and the calculation in equation 8.2. 

The only difference is the way the RAHs are hanging in the fixture in the loop. The idea is to 
first start with a loop where the RAHs can be treated with the vibration method in a fixture 
while they are hanging. Below is a description of the working process in the stations, the 
process is the same for the both stations. 

 
Figure 8-17 - VSR Loop Step 1, RAHs Hanging Vertical 
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Figure 8-18 - VSR Loop Step 1, RAHs Hanging Horizontal 

The intake in both stations is at point 1. One forklift loads the station with two pallets with 
totally 12 RAHs. One operator move the RAHs from point 1 to point 2 one by one with a 
Telfer lifting tool for example, see Figure 8-10. The RAHs are then attached to the fixture in 
the loop and immediately the VSR treatment is started. At point 3 the RAHs can be arranged 
closer to each other to minimize the need of space in the loop. When the RAHs has been 
treated for 60 minutes they move to point 4 where an operator unloads the RAHs from the 
loop one by one to the pallet at point 5. The forklift picks up the pallet at point 5 which is the 
outtake. 

In the concept with the RAHs hanging horizontal the fixture needs to be able to turn around 
to reduce the need of space in point 3.  

In the concept with the RAHs hanging vertical they do not need to be turned to reduce 
space. If they are hanging vertical there will be need of possibilities to move the RAHs in a 
horizontal hanging position when the operators are going to handle the RAHs with the Telfer 
lifting tool to load and unload the fixtures.       

8.3.3.2 Concept 3 implementation, step 2 

The next step in the implementation of the concepts will be to expand the VSR loop with a 
capacity of minimum 40 RAHs in the loop to satisfy the requirements in the capacity plan 
and to slim down the CT to less than Y4 minutes, see Table 6-1. The VSR machines need a 
cooling time of 15 minutes to recover when they have been used for one hour. That gives a 
need of 10 extra VSR machines in a buffer all the time for recovery, when 40 VSR always are 
in use.  

8.3.3.3 Concept 3 implementation, step 3 

The final step 3 in the implementation process should be to integrate the painting operation 
in the VSR loop. When the whole VSR loop are working optimized with the painting process 
integrated with the oven and the old blasting station and painting loop can be eliminated to 
achieve space in the middle area of the factory. See the changes in the layout in the before 
and after pictures in Figure 8-19 and Figure 8-20. 
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Figure 8-19 – Before: Layout of oven, blasting and painting stations today 

 

 
Figure 8-20 – After: Layout of the VSR vision for the future with free space 

The free space that will be received with this operation are about 65 meters long and 7 
meters wide, that give about 450 m² of free space in the middle of the factory. But there will 
be need of a forklift road that is at least 3 meters wide. 

8.3.4 The chosen VSR concept 

To choose one of the VSR concepts the costs, how easy the concept is to implement and 
how robust the concept is has to be taken into account.   

• Concept 1 and 2 has the same implementation step with one station that manages to 
treat 12 RAHs at the same time and together with the oven the CT is 1.73 minutes, 
which is an improvement toward the final goal of a CT under Y4 minutes. The first 
step should be easier to succeed with than the VSR concept number 3 which need 
new constructions for the painting loop.  

• The amount of machines is also less for concept number 2 and less handling is 
required. 

• One VSR machine cost about 58 KSEK. A console kit with computer to control the 
process cost about 140 KSEK. These are the costs for the three different concepts 
with the double set up. Because of the maintenance Ferruform should have the 
double set up to make the service and maintenance easier when they are needed to 
be sent to USA (Frank 2011). 

o Concept 1: 8 VSR machines cost 464 KSEK. With console kit 604 KSEK. The 
double set up with 16 VSR machines cost 928 KSEK and 1068 KSEK with 
console kit. 



  Three methods to treat residual stresses in rear axle housings 

34 
 

o Concept 2: 5 VSR machines cost 290 KSEK. With console kit 430 KSEK. The 
double set up with 10 VSR machines cost 580 KSEK and 720 KSEK with console 
kit.  

o Concept 3: 50 VSR machines cost 2900 KSEK. With console kit 3040 KSEK. The 
double set up with 100 VSR machines cost 5800 KSEK and with consol kit 5940 
KSEK. 

With this information the chosen concept for VSR is concept number 2. It should be the 
concept that is easiest to install and implement for Ferruform. It should also be robust with 
the perspective of lower amount of machines in duty and to control and handle. Finally it is 
also the cheapest concept to invest in. 

9 Evaluating process - Production 
This chapter is going to explain all the different parts that are going to be considered when 
evaluating the final concepts. That best final concept should be the recommendation to 
Ferruform for the future production due to the capacity plan. To compare the different 
concepts to each other, an evaluating matrix is going to be used. From the matrix the best 
method for Ferruform, production perspective, should be found. It is going to be completed 
together with an economic calculation model to show the payback time.  

9.1 Evaluating matrix 
For the evaluating matrix a model from Scania has been used. In the model it is possible to 
evaluate different methods or machines. In this case the following methods that have been 
evaluated are the HSR, the BS and the VSR method. These methods are compared and 
evaluated in different areas of interest. In this case these areas of interest are chosen with 
respect to the needs and requirements at Ferruform and for this specific project.  

First these areas of interest have to get a grade to show how important this variable is 
compared to the other ones in the model. This is done by a number between one and three. 
Where number one is standing for lowest importance and three is highest importance. In 
this case the importance for each variable was decided in a meeting with a group of people 
(Petterson, Bergman och Holgersson 2012).  

In the next step the methods was rated with grades from one to three depending on how 
well they meet the areas of interest. 

When this is done the model is calculating the points for each area of interest by multiplying 
the importance number with the grade. The lowest score a method can get on one single 
area of interest is three, and the highest is nine. After that all scores from all variables are 
summarized to a total sum. The method with the highest total should be the method that 
suit Ferruform best considering the areas of interest. In this case the BS method got the 
highest score and should suit Ferruform best, see appendix D. 
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9.2 Economic calculation with the MIKA model 
In this section the MIKA model is used for two investment cases. One is to compare an 
investment of the VSR concept against the HSR concept, and the other one is to compare an 
investment of the BS concept against the HSR concept. This is done to illustrate how much 
Ferruform can save money if they choose to invest in the alternative methods instead of an 
additional oven. For more details about the MIKA model and all the costs that has been used 
see appendix E, H and I. For the used excel document see appendix F and G.  

9.2.1 Comparing VSR vs. HSR with the MIKA model 

In Figure 9-1 all the expenses for the both concepts are inserted in the model. Under the 
investment category can all the investment costs be seen. In this case the implementation 
steps are made the first years, year number zero and year number one if Ferruform chooses 
to invest in the VSR method. Under the year number one the oven is eliminated in this case.  

If Ferruform chooses to invest in an additional oven it is done the year number two in this 
model for this case. The model shows that Ferruform is going to save a lot of money if they 
not invest in an additional oven. 

Under operating cash flow are the estimated costs that occur every year for these methods. 
The operating cost include transports is very huge for the HSR method compared to the VSR 
method, which in this case gives a positive sum for every year for the VSR method. This is 
money that Ferruform is going to save every year with using the VSR method instead of the 
HSR method. 

 
Figure 9-1 - VSR vs. HSR, summary 

In Figure 9-2 the investment costs and the operating cash flow are plotted in a graph with 
bars. The red small bars for the year number zero and the year number one is the 
investment cost and the operating cash flow for the VSR equipments those years. The red 
big bar on the year number two is to illustrate that Ferruform is saving money when they do 
not invest in the HSR method. In this case it will give a payback under the year number one 
when the oven is eliminated. Because Ferruform is saving a lot of money when they can get 
rid of the high energy costs from the oven every year, which is around 1 MSEK. 
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Figure 9-2 - VSR vs. HSR, payback time 

9.2.2 Comparing BS vs. HSR with the MIKA model 

As can be seen in the previous section the expenses for these both concepts are also 
inserted in the model, a summary can be seen in Figure 9-3. 

In this case if Ferruform chooses to invest in the BS method the implementation is also done 
under the first years, year number zero and year number one in the model. Under the year 
number one Ferruform can eliminate the oven and from that save a lot of money from the 
high energy costs for the oven every year. The payback occurs after 1.4 years. Year two 
Ferruform is going to save a lot of money when they do not need to invest in an additional 
oven.  

Ferruform will save a lot of money in the operating cash flow every year without the oven, 
because of the high energy cost, which is much lower with the BS method instead of the HSR 
method. 
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Figure 9-3 - BS vs. HSR, summary 

The two red bars in Figure 9-4 for year number zero and the year number one is the 
expenses for the BS concept. The green bar on the year number one is the saved money 
from the high energy cost without the HSR method as earlier mentioned. 

The big red bar in the year number two is to show that Ferruform saves a lot of money when 
they do not invest in an additional oven. The green bars on year number two and forward 
are the saved energy costs without the oven. 

 
Figure 9-4 - BS vs. HSR, payback time 
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9.3 Investment cost for the equipment for the three different methods 
This is a summary of the total investment cost for all the equipment that is needed in the 
different concepts. As the Table 9-1 shows the VSR concept is absolutely the cheapest to 
invest in. The HSR concept and the BS concept are both very expensive to invest in and in 
this case the BS concept has the highest investment cost. But as mentioned earlier in section 
9.2.2, the cash flow for the oven concept is incredibly high compared to both BS and VSR 
concepts. 

Table 9-1 - Investment costs 

Investment costs of equipment for the three concepts 
HSR equipment (KSEK) BS equipment (KSEK) VSR equipment (KSEK) 
Oven 18000 Two machines 16000 10 machines 580 
15 pallets 900 One robot 5000 Console kit + PC 140 
  

 
Conveyer 360 Conveyer 300 

    Six pallets 120 Six pallets 120 
  18900   21480   1140 
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10 Discussion – Production  
10.1 Concept generation 
During the project and the preparation for the experiments of all the methods I worked with 
a lot of concepts and ideas on a future concept solution for all the methods before we even 
knew if the methods worked the way we and Ferruform wanted. That could feel a little bit 
strange in the beginning to do in that way. But it also has given me a lot of experience and a 
good challenge to really think in an innovative way and learn and practice problem solving, 
and work with problems that I am interested in.  

It also gave me the opportunity to go deep into both methods in the beginning in the 
concept generation to have a plan of solution when we got the result from the form stability 
part.  

10.1.1 HSR concept 

The hope was to get more information from Aichelin about a new oven construction, if it 
was possible to achieve a one piece flow through the oven and if a lower cycle time could be 
reached with a higher capacity. Now they did not prioritize that question that much when 
the time was too short and that would need a bigger investigation from both sides and that 
would also infect on the cost. Now in the end we were running short of time. We got an 
answer that it should be possible to achieve a one piece flow but in this short way they 
recommend Ferruform to investigate in a new similar oven and use them parallel. Therefore 
I used that concept and thought we maybe could get more information from the 
investigation that Ferruform did when they bought the first oven. But we did not manage to 
find the source in the archive. The cost for the installation and preparations for the oven that 
is used today should be somewhere at Ferruform. If that information can be found it is 
possible to estimate the cost for a new oven and what preparation that is needed to do. 

When I worked with the layouts trying to figure how it could be possible to integrate a 
second oven I got a feeling of that this step with two ovens is not really easy to manage, and 
there is going to be a lot of changes to make it possible to have the ovens side by side for 
example. The energy consumption will also be the double with two ovens and there will be 
need of more expensive pallets made of that special material. In the end, it is a very 
expensive move to make. The economic benefits come when investing in the BS method, it is 
shown in the MIKA model.  

10.1.2 BS concept 

The BS method is a very straight forward method and the machines can be delivered 
complete with a working cell and robot that handles the RAHs the way it suit Ferruform best.  

The major problem was to find an intake to the BS station for the moment in the layouts. 
The goal was to achieve a one piece flow into the station also. But there are a lot of forklift 
roads between the stations that makes it difficult to cross them with a one piece flow. It 
could be easier to achieve a one piece flow after the oven is eliminated. I think the oven 
cause a lot of problem at the moment because it swallows a lot of space in the area.  

In Figure 10-1 is an idea of a long conveyer with one piece flow which finally moves over the 
forklift way into the BS station where a robot can pick them. Now the conveyer maybe had 
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to be longer and start from the welding station before instead to avoid the handling of 
forklift and pallets. But the figure is useful to show and to illustrate the limited space around 
the oven station. The forklift way is marked with green color. 

 
Figure 10-1 - BS one piece flow with conveyer 

I also had another idea. If it could be possible to integrate the BS station side by side to the 
oven station today in a following way, see Figure 10-2.  

The forklift way is marked with green color and the free space where the concept was 
positioned earlier is marked with purple color. This idea maybe can be possible if Ferruform 
can move away the working stations under the oven station. That maybe could be possible, 
because the BS machines eliminate the need of the straightening machine.  

If the oven then can be eliminated it is possible to expand with more BS machines in the area 
that is going to be free.  

 
Figure 10-2 - Oven and BS 
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Here below is almost the same idea, but with one piece flow instead of pallets. See Figure 
10-3 and Figure 10-4.  

The figures shows a possible one piece flow directly from the weld stations on a conveyer 
that moves and transports the RAHs over the forklift way. With this concept it should later 
gain the space in the location when the oven can be eliminated.  

As a vision I have put in three BS machines just to show the possibilities for the future, if it is 
possible to achieve those spaces under the oven station. It could be something to keep in 
mind for the future if the rumors are correct that it is maybe going to be some 
rearrangement of the welding stations under the oven station.  

 
 

Figure 10-3 - BS with one piece flow 
 

 
 
Figure 10-4 - BS with one piece flow without oven station 

 

Later the oven can be eliminated and that releases even more space in the location. The 
temperature in the RAHs and welds can be a problem that needs to be solved together with 
MAE if the temperature is over 200 °C in the RAHs. Therefore it can be good to have a buffer 
before the BS station. In the buffer the RAHs can cool down during the movement toward 
the BS station. 

BS also feels like a reliable method when Dana is using the method. I tried to get more 
information directly from Dana but did not manage to get any answers. It had also been 
interesting if we could have the opportunity to visit at MAE that manufactures the BS 
machines. 

Very late in this project we managed to get a movie from MAE for our final presentation at 
Ferruform. The movie shows the BS machine in action. We also discovered that the movie 
showed another concept of how the machine could be used with a conveyer moving straight 
through the BS machine. That would give the benefit of no needs of a robot to load the BS 
machine, which could reduce the investment cost in the end. Because of lack of time I did 
not investigated that idea further into to an alternative concept. 

Finally the BS method meets many of the sub-principles in the SPS, see section 3.1.2.1.        
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10.1.3 VSR concept 

The VSR method had a lot of development possibilities. Negatives are if it is really necessary 
to send the VSR motors to Bonal in USA every time it is time for maintenance and 
calibration. That is not good in an environment perspective, with lot of transports across the 
world, and it also gives unnecessary expenses. It is probably possible to find out another 
solution together with Bonal to make it work better.  

Another thing that we discovered during our visit at Kenfo AB was the need of air cooling 
with air pressure during the treatment. In this case we treated the RAHs right after each 
other and the VSR machine had not much time to recover as Bonal recommend after 60 
minutes use. It could be difficult to include air cooling in our concepts, especially in the one 
piece flow concept with RAHs hanging in a painting fixture and moving around one by one. 
They also move through an oven during the time when the paint is supposed to dry, and that 
can impact on the VSR equipment on a way we do not really know if they can manage to 
handle in a long time with or without air cooling.  

It would also be interesting to test the VSR method if it could give better welding properties 
as Bonal says. Then the method should be included during the whole welding process. In fact 
that seems to be very difficult in this case at Ferruform today to manage that test in the way 
that Bonal recommends to use the method. Shortly the method does not suit Ferruforms 
welding operations today for the rear axles, because there are too many short and different 
welding operations and the RAHs are moving around a lot in a very complex flow with many 
different handling operations along the way. That makes it very difficult to manage to 
include the VSR equipment on the RAHs all the time, and it can also be in the way for the 
welding operations.  

In the end it was finally found that the VSR method is a rather cheap method to invest in. All 
VSR concepts were cheaper than the others. But in this case the VSR treatment did not show 
to work in the way Ferruform want to use it, on RAHs with room temperature. Therefore the 
method is useless in this case after the results from the form stability part.  

10.2 Evaluating process 
The idea with the evaluating matrix was to show in an easy way the possibilities and 
negatives with each method, and how important different areas of interest is. The method 
with the highest score should be the best method and that should suit Ferruforms 
requirements the best way.  

It was very interesting to have those meetings with peoples form different areas that had 
the opportunity to discuss the different variables, compare them and together try to agree 
on an important scale from one to three, where the higher number is a higher importance. I 
think everyone can agree on that it was not as simple as we thought from the beginning. It is 
easy to be critical on why some variable had more importance than the other, but in this 
way of including a couple of people arguing and discussing anyways could give a clue of 
which method that finally should be the best. The variables was chosen by us in the 
beginning in that way we thought could be the best variables to compare the methods in a 
fair way and to meet the requirements from Ferruform. The variables were then changed a 
little bit after meetings with many people that had the opportunity to impact and give their 
own suggestion. Later we gave the methods grades on which way we thought they would 
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perform. I think the matrix gave a good hint on which method that is best. In this case the 
final score for BS method was much higher than the others.  

With the economic calculation model MIKA it was interesting to try a model that Scania uses. 
In this case it felt in the end maybe a little too unnecessary when I did not manage to get all 
the details of expenses that the MIKA needs. A larger investigation has to be done, and as a 
student trying to get numbers on areas which is outside of my range I felt my question was 
not highly prioritized and it was a time consuming process. But it was a very good experience 
and practice for me, even if the result is not so very exciting in the end.  

The model included many years in the future and I first tried to take the considering of the 
economic crises in Europe that burden the manufacturing sector for the moment of the 
years 2011 and 2012. Because of that the plan was to make the investment in many small 
investment steps further on for some years in the future, and in the same way the 
implementation of the final station could manage to be complete.  

It maybe could be realistic for the future, and it gave at least a hint of how it could look like. 
The result was that it could be hard to promote that kind of investment solution to 
Ferruform in an economic perspective. Because it was so obvious that the oven is very 
expensive to operate and cost too much to keep during that time of implementing the new 
solution. In a short way it would be much better to eliminate the oven as soon as possible 
and go straight into the new solution as fast as possible and make it work properly to 
achieve economic profits.    

That made me to shorten the MIKA model to fewer investment steps, but with larger 
expenses the nearest years. The result of that looked much better in an economic 
perspective with a shorter payback time.    
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11 Theory – Form stability 
In order to choose the best concept from the different methods it has to be validated that 
the alternative meets the demands on solidity that Scania CV AB sets. This means that after 
the RAHs have gone through the process it has to have at least the same solidity, or 
alignment behavior, as it has after heat stress relief. This will be validated through 4-point 
repeated loading done on RAHs treated with the different methods.  

To set up the treatments correctly and to understand what happens in the material some 
theory on how stress affects the properties of the material and the dynamics of residual 
stresses will have to be covered.  

11.1 Basic material theory 
The strength of a material can be measured with many different variables, most of these can 
be visualized with a stress-strain curve, see Figure 11-1. In this figure the “Apparent stress” is 
plotted, that is the force divided over the original cross-section area of the material. It is also 
possible to plot the “Actual stress” which is the force divided over the current cross-section 
area. This is because of the necking behavior materials have when being elongated, when a 
pulling force is applied the cross-section decreases. 

 
Figure 11-1 - Stress-Strain Curve with explanation of expressions 

Stress – The force that the material is pulled 
with, divided by the cross-section area. 
Measured in Pascal [𝑁/𝑚2]. 
Yield Strength Point – The stress limit where the 
material begins to deform plastically.  
Ultimate Tensile Strength (UTS) – The maximum 
stress a material can withstand before necking. 
Linear Elastic Region – The region where the 
material is still elastic. This deformation goes 
back when the load is removed, always.   

Strain – The amount the material has been 
elongated, relative to the original size. Unitless 
and often presented in percent.  
Necking – The process in which a ductile 
material starts to break and a “neck” is created. 
Breaking Strength – The point where the 
material breaks and split into two parts.  
Plastic Region – The region after the Linear 
Elastic Region. This deformation stays after the 
load is removed.  
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Another material property is hardness. This is a measure of the materials resistance to 
localized plastic deformation, such as dents and scratches.  

11.2 Residual stress 
Residual stress is a dislocation of the atoms in the material that remain after a load has been 
removed. This happen when the piece is exposed to; any plastic deformation, nonuniform 
cooling, or when the material goes through some phase transformations. Figure 11-2 and 
Figure 11-3 are examples of two different types of dislocations (Callister 2007).  

 
Figure 11-2 - Edge dislocation  

Figure 11-3 - Screw dislocation 

What happens when a material is exposed to a plastic deformation is that the atoms slip. 
The atomic bonds releases to reform at a new location. This happens in certain directions 
where the material is more likely to slip. That is in the direction of the plane that has the 
highest linear atom density. This direction is called a slip plane. In Figure 11-4 is an example 
of a slip.  

 
Figure 11-4 – Slip due to shear stress (Callister 2007) 

Described in Figure 11-4 is atomic rearrangements that accompany the motion of an edge 
dislocation as it moves in response to an applied shear stress. (a) The extra half-plane of 
atoms is labeled A. (b) The dislocation moves one atomic distance to the right as A links up to 
the lower portion of plane B; in the process the upper portion of B becomes the extra half-
plane. (c) A step forms on the surface of the crystal as the extra half-plane exits.  

In a soft, ductile, material these slip planes are undisturbed by dislocations and can 
therefore slip easaly. In a face centered cubic (FCC) structure it is easier for the slip within a 
grain to move into the next grain. While in the body centered cubic (BCC), Figure 11-5, 
structure the grain boundaries work as barriers and make it harder for the slip to continue, 
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see Figure 11-6. When this is understood it is easy to see that the smaller the grain size the 
more bounderies will exist, therefore smaller grains equal harder material (Callister 2007). 

 
Figure 11-5 – Two atom structures for metals 

 
Figure 11-6 - Grain boundary act as a barrier 

 

11.2.1 Plastic deformation 

An example when a material experience slip is when plastic deformation occur. Due to a 
force many small slips as the one described above, Figure 11-4, takes place. However a slip is 
usually not as perfect as in the figure. When a slip have taken place the material will have 
failed to bond perfectly and many dislocations will excist. These dislocation can be visualized 
as anchor points for the crystallographic structure and make the material harder therefore 
more resistent to future dislocation movement. Another result of these slips is that the 
material will be in tension, that is why it is harder. This tension in the material is what is 
called residual stresses.  

A ductile material is less resistent to dislocation movements and slip is abundant. The 
opposite to ductile is brittle and means that instead of bending when exposed to external 
loads, it cracks. In a brittle material dislocations are practically immobile and the extent of 
slip is very limited. (Stevens, o.a. 2000). 

This means that when a surface gets harder the chance of crack initiation decreases which 
improves the fatigue strength of the component. However with the trade-off being that the 
material becomes less ductile and the risk for a brittle crack increases.  

11.2.2 Nonuniform cooling 

When steel cool it changes properties such as density and structure. This means that if a 
piece is cooled in a nonuniform way it will have different densities in different areas, within 
the same piece. This expansion and contraction leads to dislocations and residual stresses 
just like a plastic deformation. An example when steel is exposed to nonuniform cooling is 
during welding. Since the heat from the weld is high and much localized, the material 
properties will change drastically around the weld, more about that in chapter 11.3.  

A simplified illustration of how residual stresses are being induced by nonuniform cooling 
can be seen below, Figure 11-7.  
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Figure 11-7 - Local temperature change in one strip of steel (Fuchs 1959) 

When one side is heated it wants to expand but the expansion is hold back by the cold part 
of the piece, therefore the heated part will be in compression. When the heated part then 
cools it wants to shrink but the cold part holds it back and the heated side will end up in 
tension. It could be explained by saying that the cold side pulls the cooled side apart. 

11.2.3 Phase transformation 

A phase of a material defines an area that has the same density, index of refraction and 
chemical composition. It tells you how the microstructure is organized and in which crystal 
system the atoms are structured. When steel is transformed from one phase to another, 
where the parent phase has a different density than the product phase, dislocations occur 
and residual stress is being induced. It could be that the atoms change from a body centered 
cubic to a face centered cubic structure. What happens is very similar to nonuniform cooling 
but it is caused of another physical phenomenon. 

11.2.4 Compressive, tensile and shear 

There are three ways in which a stress can be induced; compressive, tensile and shear. A 
residual stress is either tensile or compressive but in a material both types will co-exist. The 
sum of the residual stresses in a material always equal zero in order to satisfy the 
equilibrium equations ∑𝐹 = ∑𝑀 = 0. Which is understood since the piece is not moving. 

In fatigue strength perspective it is good, even wanted, to have compressive stresses on the 
surface while tensile stresses on the surface are detrimental for the fatigue life of the 
component (Webster och Ezeilo 2001). This is because in an area of compressive stress the 
atoms in the material are pressed together which makes it withstand crack initiation. On the 
contrary when the surface is in tensile stress, tensile stresses elevate the risk for crack 
initiation (Stevens, o.a. 2000). 
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11.3 Welding, a cause behind residual stresses in RAHs 
Because of the heat the material is exposed to when welding it is an important cause to why 
residual stresses exists in the RAH. 

The RAHs at Ferruform are being welded in a couple of steps in the manufacturing process. 
The ones most important for this report are the ones around the area that give in during 
tests of fatigue strength, the red areas in Figure 11-8.  

 
Figure 11-8 - Calculations of stresses when exposed to bending (Taipale "Under Revision") 

The welding used around this part is called MAG, metal active gas, and the process is highly 
automated by welding robots. Earlier the weld has consisted of three strings, one root string 
and two cover strings. However Ferruform is moving towards a more automated 
environment with robots welding only one string. This means that this is the kind of weld 
that will be used in this report (Gustafson 2011). 

When welding, the material around the bead is affected by the heat and the cooling 
afterward, the affected area is called the heat-affected zone (HAZ), Figure 11-9. 

 
Figure 11-9 - Heat-affected zone (Svetskommissionen u.d.) 

When the filler material in the joint cools down, it shrinks and the material around the 
penetration zone resists this shrinkage, this result in residual stresses. As described in 11.2.2. 



  Three methods to treat residual stresses in rear axle housings 

49 
 

A FEM-analysis on how residual stresses, that occur when butt welding, are distributed have 
been studied. In the report “Effect of welding conditions on residual stresses due to butt 
welds” (Teng och Lin 1998) it is gathered that the weld between the ends is in tension and 
the magnitude of this stress often equals the yield strength of the material, Figure 11-11. 
Another conclusion from that report is that the ends of the weld are in compressive stress 
while the bead between the ends is in tensile stress, as seen in Figure 11-12. 

 

 
Figure 11-10 - Geometry of welded plates 

 

 
Figure 11-11 - Longitudinal stress along the X-direction 

  

 
Figure 11-12 - Transverse stress along Y-direction 

More on how welding affects the RAHs can be found in the previous thesis “Alternative 
methods for heat stress relief” (Holmgren and Lindqvist 2007). 

  



  Three methods to treat residual stresses in rear axle housings 

50 
 

11.4 Cold-forming, another cause behind residual stresses in the RAHs 
When cold-forming the RAHs they are bent beyond their yield strength in order for plastic 
deformation to occur. This leads to dislocations in the material. The residual stress 
distribution in a cold-formed “C-shape”, like the ones in the banjo, can be seen in Figure 
11-13 and Figure 11-14 (Ph.D. P.E Yu 2000, 69). 

 
Figure 11-13 - Residual stress distribution on the outer fiber 

Here it is showed that the outer fiber in the bend is in tension. It is also noteworthy that it is 
in compression between the bend and the end.  

 
Figure 11-14 - Residual stress distribution on the inner fiber 

In the inner fiber the stresses in the bend are opposite to the outer fiber, compressive.  

From this theory it is understood that the areas on the RAH, see Figure 11-8, have residual 
stresses from both welding and cold-forming. Exactly how they are distributed is more 
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complicated to see and the fact that the heat from the weld anneals the material, to some 
extent, makes it even harder.  

11.5 Additional properties that affect strength and residual stresses 
There are many metal properties that affect the strength of the material. Here are a couple 
more than the once mentioned above.  

Steels yield strength, UTS and hardness increases with higher weight percent carbon but at 
the same time it lowers the ductility and impact energy. Therefore the fatigue strength of 
the material depends on the amount of carbon. 

Phase boundaries serve as barriers to dislocation motion much like grain boundaries, 
therefore more boundaries per unit volume means a harder material (Callister 2007). 

12 The three alternatives – Form stability 
12.1 Heat stress relief, the current method (HSR) 
Today the RAHs at Ferruform are treated with heat stress relief (HSR), with an oven from the 
German company Aichelin. The oven has five sections, three where the RAHs are being 
heated and two where they cool down in a controlled manner. The process can be seen in 
detail in Table 12-1. 

Table 12-1 – The temperatures in the oven (M. Bergman 2011) 

 1st section 2nd section 3rd section 4th section 5th section 

Activity Heating Dwell/heating Dwelling Cooling Cooling 

Temperature 560°C 585°C 590°C 300°C Room 
temperature 

Hold time 31 𝑚𝑖𝑛 15.5 𝑚𝑖𝑛 31 𝑚𝑖𝑛 15.5 𝑚𝑖𝑛 31 𝑚𝑖𝑛 

Position 1 2 3 4 5 6 7 9 

Even thought the active treating time in section two and three is about 45 minutes the total 
time from start to finish is closer to 2 hours.  

The idea with this method is by heating the RAH to 560 - 590°C the material will be in a state 
that is called recovery. When this happens the material softens and the yield strength 
decreases which means that the dislocations, that have a stress level close to the materials 
yield strength, can move into a more relaxed state. The heat also causes an increased rate of 
diffusion which relaxes residual stresses since it makes it easier for atoms to move. The rate 
at which this happens is decreasingly exponentially dependent on the time the RAH is held in 
the elevated heat (Stevens, o.a. 2000). That means that most stresses are relieved early in 
the process and as time passes the RAH reaches a state of equilibrium. Scania have decided 
that the minimum time the RAHs should be kept in this elevated temperature is 45 minutes.  
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A negative aspect with this method is that after HSR treatment the RAH will have a little 
lower yield strength and hardness but the impact lower residual stresses have on the fatigue 
strength and form stability outweigh that fact. 

The material Ferruform uses for their RAH is called Domex 420 and according to the 
manufacturer of that material the optimal temperature for HSR is between 530 and 580°C 
(SSAB u.d.).  

It has been shown in earlier tests performed by Scania, that heat stress treatment increases 
the fatigue strength with about 5%. The most important aspect, however, with the HSR is 
that it keeps the alignment of the axle ends. Without the HSR the alignment falls outside the 
accepted limit after just a couple of load cycles (Gustafsson 2002).  In other words, the form 
stability increases.  

The reason to this is that if the RAH is untreated it will be full of residual stresses that are 
redistributed when a load is exerted. When this happens the shape of the RAH changes or 
plastic deformation occur, more about this in the next section.  

12.2 Bend-straightening (BS) 
The first alternative method to HSR that was recommended by the work of Holmgren and 
Lindqvist in 2007 was the method called bend-straightening. This method is based on a 
technique called residual stress relaxation by cyclic loading and the theory of strain 
hardening. The idea is to expose the material to a load that exceeds the monotonic yield 
strength. That is to add a load that together with the residual stresses locally exceeds the 
yield strength of the material.  

When this happens the dislocations are being redistributed because of local plasticization 
and the tensile stresses relaxed. The amount of residual tensile stresses relaxed depends on 
the number of cycles but it has been empirically confirmed that the amount being relaxed 
during the first load cycle outweigh the amount relaxed in later cycles (M.Farajian-Sohi, 
Nitschke-Pagel och Dilger 2009) (Han, Lee och Shin 2002). The idea is to turn the detrimental 
tensile stresses into wanted compressive stresses. 

In an article from Welding in the World experiments on how cyclic loadings relax residual 
tensile stresses been performed. It is concluded that the amount relieved from repeated 
loading is, by far, most predominant after the first cycle and that the amount relaxed 
depends on the magnitude of the load applied. In the following figures it can be seen that 
when the load is at a certain magnitude the tensile stresses become compressive after one 
load cycle. 
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Figure 12-1 - Longitudinal residual stresses 

 
Figure 12-2 - Transverse residual stresses 

In Figure 12-1 and Figure 12-2 it can be seen that the tensile stresses turn into compressive 
after one load cycle. The amount the stresses shift increase with more cycles but it is very 
clear that the largest change appears after the first. That the load force affects how 
compressive the stresses become is also evident. The yield strength of the material in these 
experiments was 415 𝑀𝑃𝑎 and the load applied had the R-ratio (min stress/max stress) set 
to zero. That means that the specimens were only stressed in one direction, repeated 
loading. The same test was performed with the R-ratio set to -1, reversed loading, the load 
applied change in that case from –𝐹 to +𝐹, those results were however far from what was 
achieved with the repeated loading (Iida och Takanashi 1998). 

When residual tensile stresses are being relaxed by bending steel beyond its yield strength, 
compressive stresses will be induced in all the areas that have been bent beyond the yield 
strength. When a beam is bent, one side will be induced with compressive stresses and the 
other with tensile stresses, see Figure 12-3. When a solid beam is bent in all directions the 
result is compressive stresses on the surface all around and the tensile stresses end up inside 
the material (Vuorinen 2011). The stresses are distributed as in Figure 12-3. 

 
Figure 12-3 - Induced stresses by bending (Fuchs 1959) 

Both of these phenomenon occur naturally when the RAH is in place in the truck. Therefore 
when the residual stresses in the RAH are being relaxed in the beginning of the RAHs lifetime 
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plastic deformation occur and the geometry of the RAH changes. That is why the alignment 
of the axle ends fall outside the accepted limits very early in its life if it is untreated.  

By bending the RAHs, like they will be bent in-service, during production the residual 
stresses become distributed in a favorable manner. This should increase the form stability 
and thus make the axle ends stay linear when in-service.  

 

12.3 Vibratory stress relief (VSR) 
The effects of VSR are not yet widely accepted in the scientific community but many reports 
have been written and many theories on what happens with the material have been 
formulated. The problem is that these reports are of varying quality and often performed by 
companies selling the VSR equipment. However when contacting companies that have used 
this method they are very happy with it (Holmgren and Lindqvist 2007). There are also 
different theories on how to use VSR. Some think it is best to vibrate at the harmonic 
frequency while others argue for a lower frequency a couple of hertz below resonance. 
These two theories are called resonant VSR (R-VSR) respectively sub resonant VSR (S-VSR).  

Many reports about these different kinds of VSR methods have been studied. Here are some 
of them summarized in order to get a better understanding of the wanted effects on the 
material when using VSR.  

It has been shown that resonant cyclic loading can decrease the peak residual stress 
magnitude with about 40 % in cold-rolled mild steel. The explanation presented is that 
dislocation segments, freed from weakly pinned point defects by cyclic loading, migrate 
towards a more stable configuration under the influence of internal stresses and thermally 
excited lattice vibrations. It is this micro plastic process that is the reason the dislocations 
move to a more stable configuration and residual stresses being relaxed. At the same time as 
the amount of dislocations increases the residual stress peak magnitude is supposed to 
decrease. In the report read the VSR method relaxes residual stresses continuously for about 
104 cycles before the dislocations have found their stable configuration. In this report R-VSR 
was used (Walker, Waddell och Johnston 1994).  

A FEM-analysis on VSR have been performed which show that residual stresses can be 
relaxed with vibrations at the harmonic frequency and sub harmonic frequencies. However 
the best result in the FEM-analysis was given when the frequency matched the harmonic 
(Hahn 2002). 

Lockheed did an investigation in 1987 in order to explain how VSR works (Skinner 1987). VSR 
have been considered by the Aerospace industry since the 1960’s but the experience up until 
1987, when R-VSR was used, was bad. Therefore the new approach (in 1987) with S-VSR was 
investigated. In this study the S-VSR method demonstrated a significant improvement when 
applied to steels. It was also concluded that VSR is material sensitive and must be designed 
for the specific material in order to be effective.  

The mechanism behind why residual stresses should be relaxed by vibration is based on the 
following hypotheses.   
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• All metals have a natural frequency at which it will vibrate on sudden impact e.g. a 
blow from a hammer, and after impact it will continue to vibrate at that frequency 
until the energy have been dissipated through internal friction.  

• When the induced vibration coincides with the natural frequency the energies 
become additive, this is called resonance, and the energy going to be dissipated 
through internal friction increases dramatically.  

• The energy being dissipated in this manner is converted from mechanical to heat 
energy by the internal friction. The heat is dissipated through the metals grain 
structure to bring about a thermodynamic balance which will lead to relieved 
stresses. The vibration/heat energy affects the material in the same way as a thermal 
stress relieving process with an overall relaxation of the lattice.  

Other interesting aspects that are presented in this report: 

• The amount of energy dissipated can be calculated from a hysteresis loop, see Figure 
12-4. The energy needed for the loading part of the vibration cycle is the area below 
the O-A-I line. When released the energy recovered due to elastic behavior is the 
area below the O-B-I line. This means that the area between the two lines represent 
the energy dissipated through internal friction.  

 
Figure 12-4 - Hysteresis loop 

• The width of this area depends on the materials relaxation time and the strain rate 
according to 𝜀𝐴 − 𝜀𝐵 = 𝜏𝜀̇, where 𝜀𝐴is the strain to point 𝐴 in the figure and 𝜀𝐵is the 
strain to point 𝐵 in the figure. 𝜀̇ is the change of strain from 𝐴 to 𝐵 and 𝜏 is the 
relaxation time calculated in equation 12.1 
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• The relaxation time, 𝜏, can be calculated from a couple of material constants 

𝜏 = 𝑥2𝐶𝑝𝜌 𝜅⁄  (12.1) 

Where;  
𝑥 = 𝑇ℎ𝑒 𝑙𝑒𝑛𝑔𝑡ℎ 𝑜𝑓 ℎ𝑒𝑎𝑡 𝑝𝑎𝑡ℎ, 𝑖𝑛 𝑡ℎ𝑖𝑠 𝑐𝑎𝑠𝑒 𝑡ℎ𝑒 𝑔𝑟𝑎𝑖𝑛 𝑠𝑖𝑧𝑒 
𝐶𝑝 = 𝑇ℎ𝑒 𝑠𝑝𝑒𝑐𝑖𝑓𝑖𝑐 ℎ𝑒𝑎𝑡 𝑎𝑡 𝑐𝑜𝑛𝑠𝑡𝑎𝑛𝑡 𝑝𝑟𝑒𝑠𝑠𝑢𝑟𝑒 
𝜌 = 𝑇ℎ𝑒 𝑑𝑒𝑛𝑠𝑖𝑡𝑦 𝑜𝑓 𝑡ℎ𝑒 𝑚𝑎𝑡𝑒𝑟𝑖𝑎𝑙 
𝜅 = 𝑇ℎ𝑒 ℎ𝑒𝑎𝑡 𝑐𝑜𝑛𝑑𝑢𝑐𝑡𝑖𝑣𝑖𝑡𝑦 𝑜𝑓 𝑡ℎ𝑒 𝑚𝑎𝑡𝑒𝑟𝑖𝑎𝑙 

 
Therefore the relaxation time is a material constant depending on the material and 
so is the amount of energy dissipated.  

• Another material constant discussed is thermo elastic damping. That is when a 
metal vibrates its compressive regions become hotter while the tensile become 
cooler. This change in temperature causes a damping of the vibration. This means 
that the frequency induced will lag behind the resonance.  

In a book called Structural Analysis (Coates, Coutie och Kong 1990, 370-372) the ratio 
between the induced frequency, 𝜔𝑖, and the natural frequency, 𝜔𝑛, is being plotted together 
with the ratio between the damping, 𝑐,  and the critical damping coefficient, 𝑐𝑐. Critical 
damping is the optimal degree of damping, when the material returns to equilibrium without 
oscillating after an applied load. These two ratios give the expression in equation 12.2 for 
the magnification factor. 

𝑀𝑎𝑔𝑛𝑖𝑓𝑖𝑐𝑎𝑡𝑖𝑜𝑛 𝐹𝑎𝑐𝑡𝑜𝑟 =  
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(12.2) 

This factor explains how much a frequency induced in a material with a certain damping 
would be magnified. As seen in Figure 12-5 the ratio that is magnified the most depends on 
the material. In Figure 12-5 the magnification factor for a couple of materials is plotted. 
There the optimal frequency can be found, for aluminum it is the frequency corresponding 
to 0.97 % and for steel 0.94 % of the natural frequency.  
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Figure 12-5 - Magnification Factor 

This is why Skinner (Skinner 1987) recommends the S-VSR method. A frequency at 94 % of 
the natural would magnify the most in steel.  

To conclude many of the reports read have the same theory with the vibration energy 
dissipated through the material causing small temperature changes thus relaxing the 
residual stresses. However there are arguments for both R-VSR and S-VSR being the 
preferred method this could be because depending on the material, and its geometry, one 
could be better than the other.  

One thing the articles have in common is that they mention the natural frequency being out 
of tune before treatment and when the natural frequency being decreased, and stabilized, 
the treatment being a success (Wong och Johnson 1987, 15). However in an article from VSR 
Technology Group it is said that if the residual stresses have been decreased it is true that 
the natural frequency will be lower than before but to lower the frequency does not 
necessarily mean that the residual stresses have been relaxed (Walker, Waddell och 
Johnston 1994, 8)  

In this report the S-VSR method will be used and it will be carried out with the help of 
professional help from Bonal Technologies, a leading VSR company from Michigan, USA.  
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13 Performing the treatments – Form stability 
When research is being performed at Scania there are standards that have to be met in 
order for the results to be accepted by the organization. For a test of this kind at least six 
RAHs should be treated with each method, therefore six was the amount used. This means a 
total of 24 RAHs; six untreated (noHSR), six vibrated (VSR), six bended (BS) and six heat 
treated (HSR).  

For this test to give as much useful information as possible the kind of RAH used was one of 
the newer models that Ferruform produce in large numbers. In the machining department, 
before axle ends have been welded on, it is called 1531446. The finished product is called 
1743707 and it is a R780 12mm. This RAH uses pneumatic suspension and disk brakes.  

When full scale components are used lots of minor differences exist in the RAHs. The 
tolerances defined by Scania on how different each RAH is allowed to be are small but they 
still exist. An important factor is that during production the dislocations induced will not be 
exactly the same between the RAHs but the following actions were taken to make sure they 
would be as comparable as possible.  

• When different paths through the production are chosen it was documented.  
• The entire production was supervised. 
• They were all given an individual identification number. 
• If anything abnormal happened during the production, it was documented.  
• The procedure for prototypes was used. Therefore they were marked with prototype 

flags, color dot, weld wire, version number and a prototype number.  

For the last weld station the two robots called Löken were used because they use the weld 
technique that Ferruform want to use in the future. Löken uses a single bead MAG with tube 
weld wire. Another idea with using only Löken is that the risk for changes in the welding 
decreased.  

When the RAHs went through the production up to the point where they were supposed to 
be heat treated they were treated with the different stress relaxation methods. This means 
only six went through the oven while the rest went around it through their respective 
treatment. Then all 24 RAHs continued through the rest of the production where they in the 
end were measured, in order to know alignment of the axles before the form stability 
testing.   

13.1 Performing HSR 
This process has been used by Ferruform for a long time and the method have been defined 
and refined with the help of experts. How it is defined is described in section 12. 

The idea was to follow the time and temperature schedule in Table 12-1 but due to some 
unforeseeable problems the result was a dwell time at 560 - 590°C for about five hours 
instead of 45 minutes.  

However, since the temperatures effect on the material decreases with time the RAHs 
properties should be comparable to RAHs treated with the original dwell time. Therefore 
these RAHs were considered to be acceptable representatives for the HSR method.   
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13.2 Performing BS 
Together with MAE (a company in Germany who produces bend-straightening machines), 
LTU and Scania Södertälje an experimental set-up of the BS-method was formulated. The 
idea is to plasticize the RAH in the exposed areas in order to locally harden the material, 
redistribute residual stresses, raise the forms stability and finally straighten the RAHs. 

The BS procedure  

The RAHs was bent in all four directions, two in the vertical plane and two in the horizontal. 
When the RAH reached its yield strength, the deflection, at the center of the RAH, was 
measured. Then the bending was supposed to continue until the deflection was increased 
with about 10%. After that the load was removed and the treatment in that direction was 
complete (Mitze 2011).  

The bend order used can be seen in the series of figures below. The arrows symbolize the 
pressure points and the black blocks the supports.  

 
 

Figure 13-1 -1st direction, cover up 
 

Figure 13-2 - 2nd direction, cover down 

 
Figure 13-3 - 3rd direction, loops down 

 
 

Figure 13-4 – 4th direction, loops up 

In order to know when the material reached its yield strength, strain gauges was used 
together with the materials stress and strain curve. According to the materials, Domex 420, 
stress and strain curve plastic deformation occurs at 0.27 % strain, see Figure 13-5.  
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Figure 13-5 - True stress vs. strain for DOMEX 420MC (SSAB u.d.) 

To place the strain gauges at places where the largest strain will occur, upon bending, FEM-
simulations from Södertälje were used. In agreement with Södertälje the stress distribution 
found in these simulations should represent what will be induced in the situation at hand. 
Even though the simulations were made on RAHs with the gear house lid mounted. The 
strain gauges were therefore placed according to Figure 13-6 and Figure 13-7 (Taipale 
"Under Revision").   

 
Figure 13-6 - Strain gauge placement, vertical bending.  

 
Figure 13-7 - Strain gauge placement, horizontal bending. 

The strain gauges were connected in a half-bridge setup and two half-bridge channels were 
used for each bending. With four directions that is a total of sixteen gauges. Two half-bridges 
can be seen in Figure 13-8 and Figure 13-9. 
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Figure 13-8 - Strain gauge for vertical bending.  

 
Figure 13-9 – Strain gauge for horizontal bending. 

In order to track the deflection, while the strain was increased, a distance meter was used. 
The strain and deflection data was collected with LabView to find at which deflection the 
wanted strain was achieved. This was done with the first RAH in order to define the 
deflection needed in each direction. For the horizontal direction, 1st, the distance found for 
the strain 0.27 % was increased with 10 % and used to treat the five following RAHs.  

For the 2nd direction the same deflection as in the 1st was used due to problems with the 
strain measuring.  

For the vertical directions the straightening machine used was too weak and the maximum 
strain achievable was 0.15 %.  In order to maximize the effect only one pressure point was 
used, instead of two which was the idea. Therefore the following five RAHs were treated 
with the maximum force, of the press, in the vertical direction.   
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The deflection was measured at the center of the RAH and the deflections used for each 
direction is viewed in Table 13-1. It is the relative deflection that was measured and not the 
deflection from a predefined centerline.  

Table 13-1 - Distance deflected for each direction 

Direction Cover up Cover down Loops down Loops up  

Deflection 2.53 cm 2.53 cm 0.70 cm (0.9 % strain) 0.53 cm (0.14 % strain) 

According to MAE the pressure points had to be at least 300 mm away from the supports 
which was achieved by customizing the straightening press. Here is an overview of the set-
up when pressed in the “cover down” direction, Figure 13-10. 

 
Figure 13-10 - Experimental setup when pressed with cover down.  
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13.3 Performing VSR 
For this method equipment from Meta-Lax was used with the help from Bonal Technologies 
and Kenfo. Bonal Technologies is the manufacturer and world leader in the S-VSR method. 
They also have the patent for using it. Kenfo AB, a company in Sweden, has the Meta-Lax 
equipment and together with Bonal Technologies they performed the treatment of the six 
RAHs for this master thesis. 

The equipment used for the simulation was a 1701 series control unit with a #2AE force 
inducer and a transducer from Bonal Technologies. The eccentric weight in the force inducer 
was set to 40 %.  

 
Figure 13-11 - VSR treatment set-up 

With the control unit in Figure 13-12, the frequency that the force inducer in Figure 13-14, 
vibrates with was decided and shown on the display with red digits. The green digits are the 
amplitude picked up by the transducer, Figure 13-13. The transducer was placed between 
rubber pads and force inducer for best read. The graph unit, Figure 13-15, sketched the 
amplitude picked up by the transducer at the frequency decided with the control panel.  
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Figure 13-12 - Control unit 

 
Figure 13-13 - Transducer 

 
Figure 13-14 - Force inducer 

 
Figure 13-15 - Graph unit 

 

The VSR procedure  

To reserve the vibration energy to the RAH and stop it from spreading to surrounding 
materials the RAH was placed on rubber pads.  

For best effect the inducer was placed in the center of the RAH, with the rotation plane 
parallel to the longest length of the RAH, according to Figure 13-11 (Frank 2011). 

Then the following steps were performed: 

1. A reference scan was made where the sensitivity of the transducer was calibrated 
and a resonance frequency found. 

2. The frequency was lowered according to the equipment instruction and the S-VSR 
theory. That is so the amplitude picked up by the transducer is 1/3 of the one 
recorded at the resonance frequency, equivalently about 2 Hz lower. 

3. Then that frequency was kept for 45 minutes. 
4. A new check was performed to see if the resonance had shifted. As long as a shift is 

achieved, in any direction, the treatment is said to be successful.  
5. The frequency at the new resonance was once again lowered, as in step 2, and kept 

for about 15 to 20 minutes. 
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6. The last step was to do a final check to see if the resonance on the third scan ends up 
on the same level as the second.  

7. If the resonance is at the same frequency as on step 4 the treatment is said to be a 
success. If not, the steps 4 to 7 were repeated. 

After each treatment the result was a graph of the different resonance peaks, the graph for 
RAH #17 can be seen in Figure 13-16. 

 
Figure 13-16 - RAH #17 VSR treatment graph 

The graphs from each RAH have been analyzed and the frequencies used found in the peaks 
are in Table 13-2. 

Table 13-2 – Frequencies in hertz [Hz] used for the VSR treatment 

RAH ID Scan 1 Run 1 Scan 2 Run 2 Scan 3 Run 3 Scan 4 Run 4 Scan 5 Shift 

18 62 57.6 63.8 56.8 61.9 56.4 62 55.5 62.1 0.1 

17 62.8 57.8 62 56.4 61.5 55.7 62   -0.8 

24 64 56.8 63.2 58.1 63.1     -1 

14 61.8 56.2 68 56 66 56.2 67.8   6 

2 63.6 58.2 67 60.6 67     3.4 

23 64 55.7 64.8 57.6 65     1 

The complete graphs for each RAH can be found in Appendix J. 
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14 Form stability testing – Form stability 
The form stability testing was performed at Scania Södertälje at their facility for fatigue and 
strength testing. The test that was used is called “4-point-bending” and is used to investigate 
the fatigue life of different kinds of axles. In this report it is only the first part of a fatigue test 
that will be performed. This is to investigate how the alignment of the axle ends is affected 
early in their life. It is important for the life expectancy of the truck how well the RAH keep 
its geometry, it is not only the time until it cracks that is important, it is equally important 
how it behaves before cracking. This test show how each treatment affect the RAHs 
geometry behavior and in addition to that it has proven to work as an indication on its 
fatigue life length as well, see earlier report C103_170 (Gustafsson 2002). 

The 4-point-bending means that the RAH is fastened at four points, the spring mounts and 
the axle ends. The rig is constructed to simulate real life, in the truck, as good as possible. 
When the cylinder is activated and expanded it simulates the trucks load plus possible 
bumps in the road, see Figure 14-1.  

 
Figure 14-1 - 4-point-bending rig 

To fit the RAH in the rig the disc brake mountings pointing downwards had to be cut.  

The cylinders pressure has a leverage that is 1 𝑚 long, which means that the force the 
cylinder exerts can be converted to torque with a one to one ratio.  

For this test only 10 cycles was performed with a pulsating load of 𝑋 𝑘𝑁𝑚, that means the 
load went from 0 𝑁𝑚 to 𝑋 𝑘𝑁𝑚 and back 10 times. An example of how the torque affects 
the position of the cylinder can be viewed in Figure 14-2 and Figure 14-3.  
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Figure 14-2 - Example of load used 

 
Figure 14-3 - Example of elongation of cylinder 

The loading was controlled manually with the help of a ramping function in the MTS 407 
Controller. 

15 Results – Form stability 
When the form stability was measured the procedure was taken from an earlier report from 
Scania investigating HSR (Gustafsson 2002). 
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In order to understand the result presented below it is important to know the defined 
directions and planes, these can be seen in Figure 15-1. 

 
Figure 15-1 - Definition of directions and planes 

The requirements Scania has set for the RAHs and their axle ends alignment is that their 
directions are not allowed to divert more than 0.06 𝑚𝑚 per 100 𝑚𝑚. The axle ends 
direction are defined as the line between H and K respectively L and M while the centerline 
is defined as the line between H and M. A second requirement is that axle ends are not 
allowed to divert relative to each other, with the same tolerances.  

In Table 15-1, Table 15-2, Table 15-3 and Table 15-4 the deviations of the axle ends before 
the 4-point-bending is presented. Everything is measures in millimeters and all values are 
within the tolerances.  
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Table 15-1 - HSR before 

 
Left Right 

 RAH ID Vertical  Horizontal Total Vertical  Horizontal Total Between ends 
7 -0,010 -0,007 0,013 -0,010 -0,019 0,022 0,034 
11 -0,016 -0,016 0,022 -0,016 -0,016 0,023 0,044 
12 -0,009 -0,010 0,014 -0,009 -0,019 0,021 0,035 
16 -0,012 -0,005 0,013 -0,012 -0,019 0,023 0,034 
20 -0,021 -0,009 0,023 -0,019 -0,016 0,025 0,047 
22 -0,024 -0,010 0,026 -0,019 -0,014 0,023 0,049 

 

Table 15-2 - noHSR before 

 
Left Right 

 RAH ID Vertical  Horizontal Total Vertical  Horizontal Total Between ends 
8 -0,010 -0,016 0,018 -0,014 -0,017 0,023 0,041 
9 -0,009 -0,009 0,013 -0,012 -0,021 0,025 0,037 
10 -0,023 -0,014 0,027 -0,023 -0,016 0,027 0,054 
13 -0,005 -0,019 0,020 -0,010 -0,019 0,021 0,041 
19 -0,010 -0,017 0,021 -0,016 -0,028 0,031 0,052 
21 -0,009 -0,010 0,015 -0,017 -0,017 0,025 0,039 

 

Table 15-3 - VSR before 

 
Left Right 

 RAH ID Vertical  Horizontal Total Vertical  Horizontal Total Between ends 
2 0,000 -0,012 0,011 -0,002 -0,014 0,014 0,026 
14 -0,019 -0,007 0,020 -0,019 -0,016 0,025 0,044 
17 -0,010 -0,003 0,012 -0,009 -0,017 0,020 0,029 
18 0,000 -0,014 0,014 -0,010 -0,017 0,020 0,033 
23 -0,005 -0,007 0,009 -0,014 -0,016 0,021 0,030 
24 -0,007 -0,007 0,010 -0,012 -0,021 0,023 0,033 

 

Table 15-4 - BS before 

 
Left Right 

 RAH ID Vertical  Horizontal Total Vertical  Horizontal Total Between ends 
1 -0,003 -0,010 0,012 -0,005 -0,019 0,020 0,031 
3 -0,003 -0,010 0,011 -0,012 -0,019 0,022 0,033 
4 -0,005 -0,005 0,007 -0,010 -0,021 0,023 0,030 
5 0,000 -0,010 0,010 -0,002 -0,023 0,023 0,033 
6 -0,003 -0,012 0,012 -0,003 -0,019 0,019 0,031 
15 -0,009 -0,007 0,012 -0,012 -0,016 0,019 0,031 

It can be seen that the RAHs are not perfectly straight even before exposed to a load.  
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In Table 15-5, Table 15-6, Table 15-7 and Table 15-8 the deviations of the axle ends after the 
4-point-bending is presented. The highlighted numbers are the ones that exceed the 
tolerance.  

Table 15-5 - HSR after 

 
Left Right 

 RAH ID Vertical  Horizontal Total Vertical  Horizontal Total Between ends 
7 -0,031 -0,014 0,034 -0,031 -0,026 0,041 0,074 
11 -0,038 -0,024 0,046 -0,040 -0,024 0,048 0,094 
12 -0,030 -0,016 0,034 -0,031 -0,024 0,040 0,074 
16 -0,031 -0,012 0,034 -0,035 -0,028 0,045 0,078 
20 -0,040 -0,017 0,043 -0,042 -0,021 0,046 0,089 
22 -0,044 -0,019 0,048 -0,045 -0,023 0,046 0,094 

 

Table 15-6 - noHSR after 

 
Left Right 

 RAH ID Vertical  Horizontal Total Vertical  Horizontal Total Between ends 
8 -0,087 -0,042 0,096 -0,086 -0,052 0,100 0,195 
9 -0,072 -0,037 0,081 -0,080 -0,052 0,096 0,176 
10 -0,093 -0,045 0,103 -0,094 -0,051 0,107 0,210 
13 -0,072 -0,049 0,087 -0,075 -0,052 0,091 0,176 
19 -0,058 -0,044 0,072 -0,061 -0,054 0,082 0,154 
21 -0,077 -0,042 0,087 -0,087 -0,051 0,101 0,187 

 

Table 15-7 - VSR after 

 
Left Right 

 RAH ID Vertical  Horizontal Total Vertical  Horizontal Total Between ends 
2 -0,072 -0,038 0,081 -0,079 -0,042 0,090 0,171 
14 -0,073 -0,042 0,084 -0,079 -0,052 0,094 0,178 
17 -0,087 -0,037 0,095 -0,089 -0,054 0,103 0,197 
18 -0,072 -0,049 0,086 -0,079 -0,056 0,096 0,182 
23 -0,077 -0,045 0,088 -0,089 -0,058 0,106 0,195 
24 -0,084 -0,042 0,094 -0,089 -0,059 0,107 0,201 

 

Table 15-8 - BS after 

 
Left Right 

 RAH ID Vertical  Horizontal Total Vertical  Horizontal Total Between ends 
1 -0,028 -0,021 0,034 -0,028 -0,028 0,041 0,074 
3 -0,028 -0,009 0,029 -0,037 -0,019 0,041 0,070 
4 -0,035 -0,026 0,044 -0,040 -0,044 0,060 0,103 
5 -0,017 0,000 0,018 -0,023 -0,012 0,026 0,042 
6 -0,028 0,002 0,028 -0,030 -0,005 0,031 0,059 
15 -0,033 -0,012 0,035 -0,037 -0,021 0,041 0,076 
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In order to compare the treatments too each other the differences between the deviations 
before and after the 4-point-bending is calculated in Table 15-9, Table 15-10, Table 15-11 
and Table 15-12. 

Table 15-9 - HSR difference 

 
Left Right 

 RAH ID Vertical  Horizontal Total Vertical  Horizontal Total Between ends 
7 0,021 0,007 0,021 0,021 0,007 0,019 0,040 
11 0,023 0,009 0,024 0,024 0,009 0,025 0,050 
12 0,021 0,005 0,020 0,023 0,005 0,019 0,039 
16 0,019 0,007 0,021 0,023 0,009 0,022 0,044 
20 0,019 0,009 0,020 0,023 0,005 0,021 0,042 
22 0,019 0,009 0,022 0,026 0,009 0,023 0,045 

 

Table 15-10 - noHSR difference 

 
Left Right 

 RAH ID Vertical  Horizontal Total Vertical  Horizontal Total Between ends 
8 0,077 0,026 0,078 0,072 0,035 0,077 0,154 
9 0,063 0,028 0,068 0,068 0,031 0,071 0,139 
10 0,070 0,031 0,076 0,072 0,035 0,080 0,156 
13 0,066 0,030 0,067 0,065 0,033 0,070 0,135 
19 0,047 0,026 0,051 0,045 0,026 0,051 0,102 
21 0,068 0,031 0,072 0,070 0,033 0,076 0,148 

 

Table 15-11 - VSR difference 

 
Left Right 

 RAH ID Vertical  Horizontal Total Vertical  Horizontal Total Between ends 
2 0,072 0,026 0,070 0,077 0,028 0,076 0,145 
14 0,054 0,035 0,064 0,059 0,037 0,069 0,134 
17 0,077 0,033 0,083 0,080 0,037 0,083 0,168 
18 0,072 0,035 0,072 0,068 0,038 0,076 0,149 
23 0,072 0,038 0,079 0,075 0,042 0,085 0,165 
24 0,077 0,035 0,084 0,077 0,038 0,084 0,168 

 

Table 15-12 - BS difference 

 
Left Right 

 RAH ID Vertical  Horizontal Total Vertical  Horizontal Total Between ends 
1 0,024 0,010 0,022 0,023 0,009 0,021 0,043 
3 0,024 0,002 0,018 0,024 0,000 0,019 0,037 
4 0,030 0,021 0,037 0,030 0,023 0,037 0,073 
5 0,017 0,010 0,008 0,021 0,010 0,003 0,009 
6 0,024 0,014 0,016 0,026 0,014 0,012 0,028 
15 0,024 0,005 0,023 0,024 0,005 0,022 0,045 
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To get a visual idea of how the different methods stand against each other the differences 
have been plotted as normal distributed bell curves. The probability density function was 
calculated for standard deviations between −3𝜎 and +3𝜎.  

Because of the symmetry of the RAH the deviations from the left and the right axle end are 
seen as two different cases from the same population, therefore twelve measure points has 
been used for each of the directions in Figure 15-2 and Figure 15-3. 

 
Figure 15-2 - Deviation of axle ends in the vertical direction 
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Figure 15-3 - Deviation of axle ends in the horizontal direction 

 
Figure 15-4 - Deviation of axle ends relative each other 

The result shows that the BS method is comparable to the HSR and that the VSR treatment 
ends up with a result comparable to the noHSR RAHs. Therefore BS is the best choice of the 
two alternatives.  
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16 Discussion – Form stability 
16.1 HSR 
As explained in the section 12.1 the RAHs ended up being a lot longer in the elevated heat 
than what was planned. This could have the effect that the result from the HSR RAHs look 
better than it would have if the right dwell time would have been used. According to the 
theory the affect should be very small though.  

16.2 BS 
This treatment is a very delicate method that needs both simulations and experiments 
carried out in order to become optimized. However this was resources that we did not have. 
Because of that there are many aspects that could have been performed a lot better.  

The simulations that were used to place the strain gauges in the correct spot were 
performed on complete RAHs while this experiment was performed on incomplete RAHs. 
Two differences between the RAHs used in the simulations and our RAHs have been 
evaluated as most important. It is the lack of axle ends and no gear house. The reason to this 
is; without axle ends the load distribution will not be exactly the same and without the gear 
house the RAH will be less rigid.  

The straightening press that was used did not perform according to specifications. The 
maximum force was not the specified 1 𝑀𝑁 it was closer to 670𝑘𝑁. This meant that it was 
not possible to bend as much as recommended by MAE.  

The weak machine made us use only one pressure point, on the banjo, instead of two close 
to the spring brackets. This lead to that the RAH is not loaded in the same way as it is in the 
truck, which is the idea with this method.  

The loading was also wrong because of the lack of axle ends. The supports, which should be 
at the same place as the tires, were placed on the very end of the banjo instead. That 
shortens the distance between supports and load which is an important factor according to 
MAE.  

The supports are formed in a V-shape which creates two pressure points per side that 
focuses the load on a very small area. This created dents on the end of the axles. In the 
machining process before the welding operations of the axle ends, where the ends are 
cleaned, this was a problem. The dents were not cleaned and would possibly damage the 
welding station if nothing was done. Therefore TIG welding was used to fill the dents on the 
surface and make it round enough. TIG is a good welding method in a residual stress 
perspective but it is not perfect and some residual stresses were probably induced that 
might have affected the result of this master thesis. 

Another problem with the simulations was that they are not very precise. The area where 
the largest strain occurs is hard to translate to the real RAH. It is in other words hard to know 
how good the placement of the strain gauges was. It would be enough with a couple of 
millimeters in the wrong direction to get a bad read. This together with the human factor 
when attaching the gauges to the RAH is a large source for errors in the BS procedure. The 
deflections used in the 2nd direction were based on the 1st direction, due to problems with 
the gauges. This increases the possibilities for errors.  
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The spread of the data (the standard deviation) for the BS method is very large. This is 
probably a result of all the errors happening when performing the BS method on the RAHs. 
This could mean that we have been lucky when collecting the data and the treatment is not 
comparable to HSR at all.  

The data taken from RAH #4 is much worse than the rest. These data points affect the 
spread of the result. Nothing special seems to have happen to this individual and therefore it 
is not removed from the result. Even though it seems like it is something wrong this RAH. 

In spite of all these errors the BS method ended up with very good results compared to 
noHSR and VSR. 

16.3 VSR 
The S-VSR treatment was performed according the method Bonal Technologies proposed. In 
the results it is clear that it did not work. It would be interesting to try the methodology from 
a different company and maybe the R-VSR that uses the resonance frequency as treatment 
frequency. Another idea from Bonal is to integrate the VSR treatment with the welding 
processes which is said to be very effective.  

It would also be interesting to shift the placement of the transducer, maybe the resonance 
frequency might be different in different areas of the RAH.  

16.4 Form stability testing 
To fit the RAHs in the rig used for the 4-point-bending the disc brake mountings had to be 
cut. For some of the RAHs from the HSR group plasma cutting was used. It is possible that 
the heat from the plasma affect the residual stresses in the end of the RAH. For the rest of 
the RAHs a normal grinder was used that shouldn’t affect the material in any significant way.  

16.5 Results 
Due to the straightening that took place after the BS treatment. The BS RAHs are slightly 
straighter then the others before the form stability test.  

The spread of the result in the horizontal direction is taken as a result of the way the 
treatment was performed. In the vertical direction the load was controlled in a better 
manner and if that would be the case for the horizontal direction as well the result would 
have been less spread out.  

The precision of the measuring machine used is 0.0022 + 𝐿
300

 𝑚𝑚, 𝐿 is the distance 
measured. For these measurements 𝐿 is always 100 𝑚𝑚. After some trigonometry hat gives 
a precision on about ±0.00034 𝑚𝑚 for the deviations found in the result section.  
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17 Conclusion 
The concepts from the production sections are evaluated together with the results from the 
form stability sections and conclusions are made. 

This work confirms the results from earlier reports where the noHSR RAHs lose their 
alignment easier than the HSR RAHs, actually about three to four times easier, in the first ten 
cycles with an average load.  

The alternative method VSR is comparable to RAHs from the noHSR selection which means 
that the treatment had no measurable effect.  

The BS method is comparable to the HSR. The average deviation is about the same as the 
HSR but the spread of the values are larger. It is significantly better than the other two 
methods (noHSR and VSR).  

From the results in Table 15-5, Table 15-6, Table 15-7, Table 15-8 and Figure 15-4 it can be 
noted that the deviation between the axle ends fall outside the accepted limit for all RAHs 
no matter the treatment. However the deviations for the HSR and the BS in Table 15-9 and 
Table 15-12 only one of the deviations are larger than 0.006 𝑚𝑚. This means that if the axle 
ends would deviate less relative each other when leaving production it would prevent the 
axle ends from falling outside the tolerances during the first load cycles.  

The BS treatment fulfills the requirements of form stability. 

From the evaluating matrix the BS method got the highest score, see Appendix D. Therefore 
it is the most favorable alternative form a production point of view. See also a summary of 
the evaluation at Table 17-1. 

With the BS method Ferruform will achieve lower operating expenses and save money. The 
positive economical effect will impact faster if Ferruform invests in the new method and 
eliminates the oven, which can be seen in the section 9.2.2. 

That method gives possibilities for a one piece flow and can be used fully automatic with a 
robot cell. It should be easier to detect deviations and to discover them in real time with the 
visual flow compared to the HSR method. It could also be easier to reach the demanded takt 
and leveled flow with one piece flow compared to the batch flow with HSR method. These 
are some very important sub-principles in the SPS from section 3.2.2.1 that the BS method 
can achieve.  
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Table 17-1 – Conclusion 

 

18 Recommendation and future work 
The recommendation from this report is to investigate the BS method further. The first step 
should be to perform full length fatigue tests. To make sure it is tested in the correct way 
and that the RAHs have been treated in the optimal way. This should be performed by RTRS 
in Södertälje on RAHs that have been treated e.g. by MAE. The load signal that should be 
used can be found in Technical Report 7001793 (Tsychkova 2011). 

If the fatigue tests give a positive result the next step is to integrate the BS method in a 
parallel flow with the oven station, see the concept in chapter 8.2. Then work towards a fully 
automatic station that can reach a CT under Y4 minutes, with two BS machines.  

Something else that needs to be looked into is that the deviation between the axle ends fell 
outside the tolerances in all cases after ten cycles. A recommendation is to investigate the 
tolerances set for the axle ends relative each other and evaluate if the tolerances need to be 
tightened. 
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Fördelning/To  För kännedom/For information 

 

Energi mätnigen på Glögdugnen M33527 ut fördes under tiden 20061219 15.45 till 20061222 13.30  
Instrumentet var vid denna mätning inställt för:  

långtidsmätning:  
- spänning,  
- ström  

- effekter 
den periodiskt journalintervallerna var inställt med  60min uppdateringar  
För energin uppdateringar var 10min.. 

 
Aktiv effektförbrukning  
under den aktiva energimättiden var:  

Max kWh/h 353,66 20061220 17,45 
Min kWh/h 97,75 20061221 11,00 
Medel 261,82kWh/h 

 
Energi  
Totalförbrukningen är 18329,3kWh 20061222 12,30  

under en mättid på  68h och 45min 
 
motsvara en energi på  ca:262kWh per h under den aktiva totalmätningen  

Energipriset på 0,40kr 
Total arbetstid / År   320dagar *24h= 7680h 
Energipriset / År är då ca: 804.864kr 

  
 
motsvara en energi på  ca:262kWh per h under den aktiva totalmätningen  
Energipriset på 0,50kr 

Total arbetstid / År   320dagar *24h= 7680h 
Energipriset / År  är då ca: 1.006.080kr 
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MASKINUTNYTTJANDE - GRUNDLÄGGANDE OPE OCH OCE TEORI 
 

OPE är ett nyckeltal som beskriver hur väl investeringen utnyttjas när den är tänkt att a n-
vändas.  

OCE är ett nyckeltal som beskriver hur effektivt maskinerna används under den betalda 
produktionstiden (skiftgången) minus planerat stopp, helg och semester.   
  

Ett högt utnyttjande av maskiner och produktionsutrustningar är en förutsättning för att kunna 
bedriva en kostnadseffektiv produktion.  Bristfälligt fungerande produktionsutrustning gör det 

svårt att uppfylla ställda produktionskrav. De bakomliggande orsakerna till produktivitetsförluster 
är störningar och stillestånd av olika slag.  
 

Utrustningens totala effektivitet, OPE (Overall Process Efficiency), påverkas av tillgänglighet, 
operationseffektivitet (utnyttjandegrad av utrustningens prestanda) samt kvalitetsutbyte.  De 

olika delarna förhåller sig till varandra enligt figur 1. 
 
 

Figur 1 
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Effektivitetsförluster 

Effektivitetsförluster består av hastighets- och tomgångsförluster. Hastighetsförlusterna på-

verkar operationseffektiviteten. Utrustningen producerar inte alltid med den cykeltid som det 
är tänkt, eller köpt att göra. Hastighetsförluster kan vara till exempel vara reducerad matning 

eller reducerad skärhastighet. Ibland inträffar tomgångs- och småstoppsförluster. Exempelvis 
att inbanan är tom eller givarproblem. 
 

Är processen som man skall beräkna OPE värdet för, en serie av maskiner som är förbundna 
med varandra och det uppstår störningar i maskinerna som inte är flaskhalsen i processen så 

kan flaskhalsmaskinen påverkas genom att utbanan är full eller inbanan är tom, s.k. system-
förluster. 
 

 
Värdeökande operativ tid 

Den tid som kunden är beredd att betala för är den värdeökande operativa tiden. (Antal god-
kända artiklar x cykeltid). 
 

 
För att kunna höja effektiviteten måste orsakerna till förlusterna först identifieras, sedan ana-

lyseras och åtgärdas. 
 
OPE och OCE beräkning 

 
 

  x100
stopp Planerat -sbristBeläggning-tid Betald

 cykeltid x detaljer godkända Antal
OPE   

 

   
 

x100
stopp Planerat - tid Betald

cykeltid x detaljer godkända Antal
OCE   

 

 
Varför ska vi då göra OPE-mätning? 

 

 För att kunna följa upp hur effektivt vi utnyttjar våra maskiner, d v s för att få ett nyckeltal på 

om och hur vi förbättrar oss. 
 

 För att identifiera vilka de största förlusterna är och genom ständiga förbättringar arbeta bort 

dem och på så sätt öka OPE-värdet. 
 

 För att kontrollera om vår kapacitet i maskinerna är tillräcklig.  
 

 
Varför vill vi då höja OPE-värdet (dvs. vad blir resultatet av en ökad processeffektivitet)?  
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 Färre störningar ger högre kapacitet: 
- Vilket ger möjlighet till snabbare och säkrare leveranser. 

- Vilket gör att kapacitetsinvesteringar kan skjutas fram. 
- Vilket gör att artiklar kan insourcas då maskingruppen får överkapacitet.  

- Vilket ger mindre buffertar och därmed kortare genomloppstider.  
- Vilket ger färre risker för kvalitetsproblem. 
- Vilket gör det lättare att ha balanserat flöde (personal får tid att arbeta i andra   

      flaskhalsar på avdelningen). 
- Vilket ger mer tid för förbättringsarbete. 

- Vilket ger mer tid för förebyggande åtgärder.  
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Operation Manual Model 2700 Meta-Lax System

 Description of System Components

Vibration Force Charts for the various force inducers are in Appendix A.

CAUTION:  Force inducer will heat up during use.  Wear heavy
welders gloves to protect hands after Force inducer has been in operation.

Adjustment & Stop Wrenches:  The V8, 2A and 3A Force Inducers come with an Adjustment
Wrench and a Stop Wrench which allow the operator to select the Eccentric Weight Setting. The setting
depends primarily upon the flexibility of the workpiece.  Generally, more flexible workpieces require lower
eccentric settings and more rigid workpieces require higher eccentric settings.

Isolation Shoes:  Plastic isolation shoes are provided with each force inducer and are only to be used during
welding.  They simply slide over the clamping area of the Force Inducer so as to completely electrically isolate
the Force Inducer, which is grounded through the console, from the welder ground attached to the workpiece.

When Meta-Lax Weld Conditioning, use plastic Force Inducer isolation
shoes and make sure that the hold-down clamps are not directly touching the
Force Inducer or the workpiece.  Failure to completely electrically isolate the
Force Inducer during welding will result in damage to the Meta-Lax equipment.

Hold-down Clamps:  For the force inducer to vibrate any workpiece, it must be firmly attached to the
workpiece.  Clamps are provided for this purpose.  A minimum of 2000 lbs. (900 kg) clamping force per
clamp is necessary for the 2A force inducer and smaller force inducers.  A minimum of 4,000 lb. (1,800
kg) clamping force for the 3A force inducer.

Table 1:  Force Inducer Duty Cycle

Figure 4:
Adjustment
Wrench

Figure 5:
Stop Wrench

Since Force Inducers naturally try to vibrate loose and thus create a hazardous condition,
precaution must be taken to clamp the Force Inducer with enough force so as to prohibit it
from loosening up even at maximum RPM of the force inducer.

Figure 7:
Force Inducer
Hold-down
Clamps

80% 8 hrs. / 2 hrs.

Eccentric Weight Setting on
Force Inducer

7 hrs. / 3 hrs.70%

65% 6.5 hrs. / 3.5 hrs.

 60% 6 hrs. / 4 hrs.

Percent
Duty Cycle

Run Time/
Idle Time

V8 & 2A

-

20-60

3A

-

20-40

40-80

80-100

80-100

60-80

1 Hour / 1 hour50%- 1F & 1FD

Figure 6:
Isolation
Shoes
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Evaluation matrix of the three methods

Importance 1-3 Grade 1-3 Grade 1-3

Properties, Importance and grade is determined by the 

working group

Im
po

rta
nc

e

HSR G
ra

de

Poi
nt

s

BS G
ra

de

Poi
nt

s

VSR G
ra

de

Poi
nt

s

General Info.

Basic data 20 28 31

Power consumption 2 High 1 2 Low 2 4 Low 3 6

Average power required for one machine (max) 2 ~261,82kWh (353,66kWh) 1 2 ~3kWh (20kWh) 2 4 ~0,45kWh (1,8kWh for 4pcs) 3 6

Price of one Machine 2 14 - 18 MSEK 1 2 7 - 8 MSEK 2 4 0.056 MSEK (Console kit 0,14 MSEK) 3 6

Final concept; Number of machines 2 1 3 6 2 2 4 10 (4pcs alway in use) 1 2

Final concept; Total price of machines 3 14-18 MSEK 1 3 14 - 16 MSEK 2 6 0,72 MSEK 3 9

Recovery required 1 No 3 3 No 3 3 Yes, 15min reco after 60min work time 1 1

Cooling needs for the machine 1 No 2 2 No 3 3 Yes, Air cooling 1 1

Operator operation 40 39 24

Needed operators 3 1 2 6 1 2 6 1 2 6

Ergonomics for loading the station 3 Forklift and pallets 3 9 Several Possibilities 2 6 Several Possibilities 1 3

Adjustment for robot loading 3 Yes 3 9 Yes, recommendation from MAE 2 6 Potential 1 3

Usability 3 Good, forklift 3 9 Good, telfer lifting tool or robot 2 6 Need handling of the VSR-motor 1 3

Environment 3 Unclean 1 1 Clean 2 6 Clean 2 6

Noise level 3 Low 2 6 Low 3 9 High 1 3

Layout 7 16 21

Machine size (Wide x Depth x Height) 3 Large 1 3 Average 2 6 Small 3 9

Weight 2 Large 1 2 Average 2 4 Small 3 6

Need foundation 2 Yes 1 2 No, industrial floor is good enough 3 6 No, need damping 3 6

Treatment procedures 22 35 20

Treatment time per RAH 3

Required minimum 45min with temp 

560-590C° 1 3 It take 0,50min (30-35sec) 3 9 Required minimum 60min 2 6

Treatment capacity for one machine 2 18 (3 pallet) 3 6 1 1 2 12 2 4

One piece flow 3 Potential 2 6 Yes 3 9 Potential, batch flow is recommended 1 3

Satisfy Step 5 (CT 1.51 min) 3 Yes 0 0 Yes 0 0 Yes 0 0

Include welding control 2 No, control after blasting 2 4 Yes, included with ultrasound 3 6 No, control after blasting 2 4

Include straightening procedure 3 No 1 3 Possible to include 3 9 No 1 3

Maintenance 9 15 9

Need of regular maintenance 3 Yes 2 6 Yes 3 9 Yes, every 2000 operating hour 1 3

Easy of UFO / FU 3 Worst, has to cool down 1 3 Average 2 6 Average 2 6

Other 24 17 16

Education 3 Yes 3 9 Yes 3 9 Yes 3 9

Flexibility (for different RAH models) 2 High 3 6 Low 1 2 Average 2 4

Already exist 3 Yes, at Ferruform 3 9 Yes, at Dana 2 6 No 1 3

Total score 122 150 121

Summary

Basic data

Operator operation

Layout

Treatment procedures

Maintenance

Other

Total score 122

HSR

16

9

121

VSRBS

150

24 17

20 28 31

40

16

9 15

39 24

22 35 20

217
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1 Economic calculation with the MIKA model 
For the economic calculation the MIKA model is used. The model is also used by Scania for 
economic calculations and it helps to calculating the profitability of an investment in 
production equipment. The model gives net present value (NPV) of the cash flow and the 
payback time in years for the difference between the actual investment and the present 
situation, for example if the company are keeping the old solution.  

The MIKA model only focuses on the financial aspect of the project and gives an indication of 
the financial outcome of the investment. The model is not taking consideration of strategic 
fit, technical solutions, capacity, risk, financial situation and legislation for example.   

One requirement that is built into the MIKA model is that the new solution for the future has 
to generate a profit of at least 11 % of the initial investment. The model is taking that into 
accounting and the goal off 11 % is reached when the net present value is zero for the 
investment. With this model it is easier to validate if the new solution is profitable for the 
company and the shareholders. From a pure financial perspective with the MIKA model a 
solution with a positive NVP should be selected. (Hilborn och Lindegren 2006). The result of 
the MIKA calculations can be seen in Appendix F and Appendix G. 

1.1 Costs in the MIKA model 

1.1.1 Investment cost 

First the MIKA model requires costs for the investment and that includes some few specific 
categories that are going to be used to compare the difference between the actual 
investment and the present situation. Those are for example. Preparations, transportation, 
machine and equipment inventory, new machine, cost of renovation and maintenance, sale 
of old machine, installation, and other. Below are explanations of the costs.  

There are also two columns in the MIKA model, with and without.  

• With includes all the cost for the new concepts, in this case VSR or BS. 
• Without are all the costs if Ferruform do not invest in the new concept. It presents 

the situation today with the old oven and if Ferruform is going to invest in a new 
similar oven and use them parallel to each other.   

Preparations 
This part includes all the expenses that are made before the installation, for example 
investigation costs and modifications of building. In this case it has been hard to get these 
preparations cost because of all preparations is very variable to each concept and method. It 
is more honest to avoid these expenses in this case when there is no precisely information 
and a bigger investigation is needed to achieve correct expenses.    

Transportation 
Here is all kinds of transports costs that occur while getting all the equipments or machines 
delivered to the manufactory.  



Machine and equipment inventory 
All costs that are related to the purchase costs for machine and equipment. It also includes 
the increase or decreases of inventories stock caused by the investment. 

Installation 
All expenses associated with the installations process, and the starting up process. For 
example installation costs, testing of the product, education costs.  

Other 
I there are some other expenses that not belongs to those categories above.  

1.1.2 Operating cash flow 

This part considering all cash flows from the categories in the investment cost part. The 
operating cash flow part includes following categories and costs: Material, personnel, 
operating costs including transports, quality, administration, rent for building, internal 
allocations, and finally sales income existing machinery and equipment. Below are 
explanations of the costs. 

Material 

The material cost during the manufacturing of the product. For example cost of raw material 
and costs paid to the supplier. 

In this case there are no needs for material to be added into the operation. Therefore there 
are not any costs to take considering in the model.  (Lundin 2011). 

Personnel 

For example costs for personnel needed and changes in the shifts form.  

Operating costs including transports 

Different costs during the operation and transports. For example there are packing costs, 
logistic costs, utilities, repair and maintenance, and energy costs. 

In the situation today at the station there are not any special costs for packing, logistic, 
utilities to take in considering during the oven operation (Lundin 2011). Therefore those 
costs are not going to be included in the model.  

The repair and maintenance cost and the energy cost are going too included in the model. 

Quality 

Costs from example scrapped material, after market and warranty costs. 

In this case there are no quality problems in the operation that causing losses. Because of 
that there are not any costs to take in considering in the model (Lundin 2011).   

Administration 

Administration costs are for example IS/IT, travelling costs, telephone and consultants. 

In this case the estimates of the administration costs should be the same for all concepts as 
today. Therefore there are not any costs to take in considering in the model (Lundin 2011).   



Rent for building 

All costs that can be include in this category if they not already are included in the rent. For 
example rent for buildings and maintenance of buildings. It also includes internal rents.  

Scania owns the premises that Ferruform are using today and Ferruform has to pay the rent 
to Scania for the area the machines are taking in the premises. The cost for the area of the 
oven is going to be included in the model (Lundin 2011). 

Internal allocations 

For example production engineer if internal allocations are used, then it should be included 
in this category. 

In this case the costs for internal allocations are estimated to be the same for all concepts as 
today. Therefore these are not any costs to take in considering in the model (Lundin 2011).    

Sales income existing machinery and equipment  

In this case it is too risky to expect an income from an eventual sale of the oven. It can also 
be an expense to get rid of the oven, if there are no buyers. Because of that this are not any 
costs to take in considering in the model. If the sales of the oven can generate an income it is 
a bonus (Jönsson 2011).  

1.2 MIKA for the concepts 
Here are all the costs for the concepts going to be presented before they are putted into the 
MIKA model. There are going to be a MIKA calculations and comparisons for every concept.  

1.2.1 Investment cost for the VSR concept 2 

In Appendix F are the calculation done by the expenses that are listed here below. The result 
from this MIKA calculation is giving a payback time of 0 years for this concept, in this case of 
example if the investment is done rather quickly. It depends on how fast Ferruform chooses 
to invest in this concept instead of the new oven. The equipment cost for this concept is very 
low to be compared to the oven which immediately gives a payback time of 0 years. 

Transportation 

• With: The transportation expense to ship the VSR machines and equipment from USA 
to Luleå and Ferruform is about 7 KSEK (Hansson 2011). 
 

• Without: The expense to transport a similar oven to Ferruform is about 100 KSEK 
(Edh 2012). 

Machine and equipment inventory 

• With: One VSR machine cost 58 KSEK (Frank 2011). Five VSR machines cost 290 KSEK. 
With console kit 430 KSEK. The double set up with 10 VSR machines cost 580 KSEK 
and 720 KSEK with console kit.  
  
For the first implementation step Ferruform need four VSR machines and console kit 
with computer, an expense of 232 KSEK for the machine and 140 KSEK for the 
console kit, total expense 372 KSEK for the first step.  



 
Before the oven is going to be eliminated Ferruform has to invest in another six VSR 
machines to reach the amount of 10 VSR machines, an expense of 348 KSEK. Five 
machines are in duty and five can be sent for maintenance and service. 
 
This concept also require pallets, at least six for a smooth flow when four always in 
use. Then the other two can be loaded with new pallets. These pallets do not need to 
be made in that same special material as those who goes through the oven. The 
expense for one of these pallets cost approximately 20 KSEK (Andersson 2012). The 
total expense is about 120 KSEK for six new pallets for the vibration concept.  
 
A conveyer for the final vision cost approximately 20 KSEK/meter (Lindquist 2012). 
The length of the conveyer is around 15 meters and that will cost approximately 300 
KSEK. 

 
• Without: If Ferruform invests in a similar oven as they have today to use them 

parallel. That cost is around 14000 to 18000 KSEK (Edh 2012). In this case a cost of 
18000 KSEK is used to be on the safe side. 
 
Ferruform may also need more pallets for the new oven, if they are going to be used 
parallel together. The cost for one pallet is 80 KSEK, and that will give an 
approximately expense of 900 KSEK for 15 new pallets including a quantity discount 
of 25 %. Ferruform uses today 15 pallets for the oven, and this expense is if 
Ferruform has to double the amount of pallets for the new oven to reach a total of 
30 pallets. The high cost of these pallets is because of the special material that is 
used for the pallets to manage the heat inside the oven (M. Bergman 2011). 
 

Installation 

• With: An installation of the VSR console kit with computer made by Bonal cost is 
estimated to be around 100 KSEK (Frank 2011).  
 

• Without: A further investigation is needed to calculate the installation cost for a new 
oven. 

1.2.2 Operating cash flow for the VSR concept 2 

Personnel 

• With: There will be need of at least one operator that can handle the VSR station. 
The shift form is three shifts with 5200 working hours per years. The yearly expense 
for one operator that is working in three shifts is 460 KSEK. Expenses for three 
operators are 1380 KSEK (Lundin 2011). 
 

• Without: There will be need of at least one operator in every shift that can handle 
the new oven station. The shift form is three shifts with 5200 working hours per 
years. The yearly expense for one operator that is working in three shifts is 460 KSEK. 
Expenses for three operators are 1380 KSEK (Lundin 2011). 



 

Operating costs including transports 

• With: The transports expenses to get the VSR machines from USA to Luleå are 
around 7 KSEK with DHL. The totally cost to transport the machines back and forth 
from Luleå to USA for the maintenance is 15 KSEK. Two times a year gives an expense 
of approximately 30 KSEK (Hansson 2011). 
 
Maintenance of the force inducers after every 2000 operating hour is a 
recommendation from Bonal. Under the maintenance the bearings and brushes are 
replaced. Under one year there are 5200 operation hours and that will give 
approximately two maintenance occasions every year. A recalibrate of the 
transducers are needed one time every year. The expense of maintenance is about 
20 KSEK every year, together with the transports expenses totally about 50 KSEK for 
maintenance every year (Frank 2011). 
  
The power required is in average approximately 0.45 kWh (Frank 2011). The 
approximately yearly energy consuming of each single machine is then: 

5200 ℎ𝑜𝑢𝑟𝑠 𝑦𝑒𝑎𝑟⁄ × 0.45 𝑘𝑊ℎ 𝑥 0.50 𝑆𝐸𝐾 𝑘𝑊ℎ⁄  ≈ 1.2 𝐾𝑆𝐸𝐾/𝑦𝑒𝑎𝑟 (9.1) 

 
 
That gives an approximately energy expense of 5 KSEK for four machines in duty. For 
the first step with only one machine in duty the energy expense is around 1.2 KSEK / 
Year.  
 

• Without: The yearly maintenance expense for the new oven is estimated to be the 
same as the oven today. That is approximately 55 KSEK Appendix H. With a two oven 
stations the expense is estimated to be the double, 110 KSEK. 
The energy expense is expected to be the double, approximately 2000 KSEK per year. 
The expense for fire alarm call-outs per year is approximately 10 KSEK (Stewén 2012). 
 

Rent for building 

• With: The area of the VSR concept 2 in Figure 8-13 is around 75 m² measured in 
AutoCAD. The year rent for 2012 is 1.71 KSEK/m² (Lundin 2011). The year rent for the 
VSR station is estimated to be around 130 KSEK. For the first step with on treatment 
cell in Figure 8-11 the area is around 25 m² measured in AutoCAD. That gives a year 
rent of around 43 KSEK and including the oven station the total rent will be around 
300 KSEK each year.  
 

• Without: Ferruform has to pay a rent for the area of the new oven station that is 
estimated to be the same as the old oven station today. The total area that 
Ferruform is paying rent for is 17144 m², and the rent for year 2012 is 29360 KSEK. 
That gives a year rent of 1.71 KSEK/m² (Lundin 2011). The area of the oven today is 



around 150 m², and with two ovens the new rent is approximately the double, 514 
KSEK. 

1.2.3 Investment cost for the BS concept 

In Appendix G are the calculation done by the expenses that are listed here below. The MIKA 
calculation is giving a payback time of 1.3 years for this concept, in this case of example. This 
also depends on how quickly Ferruform want to invest in this BS concept. The MIKA model 
shows that benefits from BS concept depend on how fast Ferruform want to invest in this 
concept instead of a new oven. The shortest payback time will be if Ferruform chooses to 
invest in this concept as soon as possible and eliminate the oven as fast as possible, because 
the model shows that the cash flow is very high for the oven compared to the BS concept 
and that will give Ferruform a lot of cost savings in the future. One example is the energy 
cost. The energy cost for oven is around 1 MSEK every year, and with two ovens it will 
increase to around 2 MSEK. This is money that Ferruform can save with the BS concept. The 
investment cost for the equipment for the both concepts is very high, see also Table 9-1 in 
section 9.3. One of the major benefits with the BS concept compared to the oven concept is 
the cash flow. 

Transportation 

• With: The transportation expense to deliver the BS machines and equipment from 
MAE to Luleå is approximately 10 KSEK (Hansson 2011). 
 

• Without: The expense to transport a similar oven to Ferruform is about 100 KSEK 
(Edh 2012). 

Machine and equipment inventory 

• With: The BS machine is estimated to cost between 7000 KSEK and 8000 KSEK 
(Strömlund 2012). In this case 8000 KSEK is used to be on the safe side, and that gives 
around 16000 KSEK for two BS machines.  
 
A robot is roughly estimated to cost 5000 KSEK, see Appendix I. 
 
This concept also needs a conveyer around 15 meters long. A conveyer is roughly 
estimated to cost around 20 KSEK/meter (Lindquist 2012). The conveyer will then 
cost approximately 300 KSEK. A turning conveyer table for 2500kg cost approximately 
60 KSEK from Lyft AB (Nilsson 2012).  Totally the expense for the conveyer is around 
360 KSEK.  
 
This concept also requires pallets. These pallets do not need to be made in that same 
special material as those who goes through the oven. The expense for one of these 
pallets is roughly estimated to be around 20 KSEK (Andersson 2012). The final 
requires at least six pallets. The total expense is estimated to be around 120 KSEK for 
six new pallets. 
 

• Without: If Ferruform invests in a similar oven as they have today to use them 
parallel. That cost is around 14000 to 18000 KSEK (Edh 2012). In this case a cost of 
18000 KSEK is used to be on the safe side. 



 
Ferruform may also need more pallets for the new oven, if they are going to be used 
parallel together. The cost for one pallet is 80 KSEK, and that will give an 
approximately expense of 900 KSEK for 15 new pallets including a quantity discount 
of 25 %. Ferruform uses today 15 pallets for the oven, and this expense is if 
Ferruform has to double the amount of pallets for the new oven to reach a total of 
30 pallets. The high cost of these pallets is because of the special material that is 
used for the pallets to manage the heat inside the oven (M. Bergman 2011). 
 

Installation 

• With: An installation of the BS concept cost about 106 KSEK. That includes also three 
days training (Högner 2012). 
 

• Without: A further investigation is needed to calculate the installation cost for a new 
oven. 

1.2.4 Operating cash flow for the BS concept 

Personnel 

• With: There will be need of at least one operator that can handle the BS station. The 
shift form is three shifts with 5200 working hours per years. The yearly expense for 
one operator that is working in three shifts is 460 KSEK. Expenses for three operators 
are 1380 KSEK (Lundin 2011). 
 

• Without: There will be need of at least one operator in every shift that can handle 
the new oven station. The shift form is three shifts with 5200 working hours per 
years. The yearly expense for one operator that is working in three shifts is 460 KSEK. 
Expenses for three operators are 1380 KSEK (Lundin 2011). 

Operating costs including transports 

• With: The maintenance cost of the BS machines and equipments are estimated to be 
roughly around 25 KSEK every year, and the double for two machines, 50 KSEK. A 
roughly estimated maintenance cost from Dynamate was 40 KSEK for year 2011, for 
the straightening machine, but that is also an old machine. The new BS machine is 
expected to get free maintenance at least the two first years with the warranty.    
The maximum power required 20 kWh, but in average approximately 3 kWh (Högner 
2012). That would approximately give a yearly energy consuming for on BS machine 
of: 

5200 ℎ𝑜𝑢𝑟𝑠 𝑦𝑒𝑎𝑟⁄ × 3 𝑘𝑊ℎ 𝑥 0.50 𝑆𝐸𝐾 𝑘𝑊ℎ⁄  = 7.8 𝐾𝑆𝐸𝐾/𝑦𝑒𝑎𝑟 (9.2) 

For two BS machines that would finally be approximately 16 KSEK/year.  
 



• Without: The yearly maintenance expense for the new oven is estimated to be the 
same as the oven today. That is approximately 55 KSEK Appendix H. With a two oven 
stations the expense is estimated to be the double, 110 KSEK. 
 
The energy expense is expected to be the double, approximately 2000 KSEK per year. 
The expense for fire alarm call-outs per year is approximately 10 KSEK (Stewén 2012). 
 

Rent for building 

• With: The area of the BS workstation at implementation step 1 in Figure 8-5 is 27 m² 
measured with AutoCAD. With the year rent of 1.71 KSEK/m² that will give an 
expense of 46 KSEK every year. Including with the oven station the rent expense will 
be around 303 KSEK every year (Lundin 2011). For the final BS concept the rent is 
estimated to be around 170 KSEK for 100 m² every year, when the oven is excluded. 
 

• Without: Ferruform has to pay a rent for the area of the new oven that is estimated 
to be the same as the old oven today. The total area that Ferruform is paying rent for 
is 17144 m², and the rent for that total area of year 2012 is 29360 KSEK. That gives a 
year rent of 1.71 KSEK/m² at year 2012. The area of the oven today is around 150 m², 
and with two ovens the new rent is approximately the double, 514 KSEK (Lundin 
2011). 

 



 

 

 

 

Appendix F 



Investment Cash Flow

Investment VSR Concept 2 vs Oven (10 Machines with 4 in duty) Money in (or less expenses)

Date 2012-02-29

Prepared by Patrik Mäki

NPV (ksek) 23906 Discount rate 11% Money out (or increased expenses)

Pay-back (years) 0,000 (Default value)

All amounts in KSEK

Year 0 1 2 3 4 5 (2017) 6 7

With investment or without investment With Without Difference With Without Difference With Without Difference With Without Difference With Without Difference With Without Difference With Without Difference With Without Difference

Investment
Preparations
Modification of building 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Sum  Preparations (KSEK) 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Transportation
Transport of machine -7 0 -7 0 0 -100 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Sum Transportation (KSEK) -7 0 -7 -7 0 -7 0 -100 100 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Machine / Equipment
New machine -232 0 -348 0 0 -18000 0 0 0 0 0 0 0 0 0 0

Conveyer 0 0 -150 0 0 0 0 0 0 0 0 0 0 0 0 0

Console kit with PC -140 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Pallets -60 0 -60 0 0 0 0 0 0 0 0 0 0 0 0 0

Sum Machine / Inventory (KSEK) -432 0 -432 -558 0 -558 0 -18000 18000 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Installation
Installation of new machine -100 0 -100 0 0 -100 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Sum Installation (KSEK) -100 0 -100 -100 0 -100 0 -100 100 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Other

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Sum Other (KSEK) 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Operating Cash Flow
Material

0 0 0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0 0

Sum Material (KSEK) 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Personnel
Operator (working 3-shift) -1380 -1380 -1380 -1380 -1380 -1380 -1380 -1380 -1380 -1380 -1380 -1380 -1380 -1380

0 0 0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0 0

Sum Personnel (KSEK) -1380 -1380 0 -1380 -1380 0 -1380 -1380 0 -1380 -1380 0 -1380 -1380 0 -1380 -1380 0 -1380 -1380 0

Operation costs incl transports
Renovation old machine 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Energy costs -5 -1000 -5 -2000 -5 -2000 -5 -2000 -5 -2000 -5 -2000 -5 -2000

Repair and maintenance -50 -55 -50 -100 -50 -100 -50 -100 -50 -100 -50 -100 -50 -100

Logistic costs 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Packing costs 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Sum Operation costs (KSEK) -55 -1055 1000 -55 -2100 2045 -55 -2100 2045 -55 -2100 2045 -55 -2100 2045 -55 -2100 2045 -55 -2100 2045

Quality
0 0 0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0 0

Sum Quality (KSEK) 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Administration
0 0 0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0 0

Sum Administration (KSEK) 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Rent for buildings
Rent for the machine area -130 -257 -130 -514 -130 -514 -130 -514 -130 -514 -130 -514 -130 -514

0 0 0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0 0

Sum Rent for buildings (KSEK) -130 -257 127 -130 -514 384 -130 -514 384 -130 -514 384 -130 -514 384 -130 -514 384 -130 -514 384

Internal allocations
0 0 0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0 0

Sum Internal allocations (KSEK) 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Salesincome existing machinery and equipment
Sales income 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Scrap income 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Sum Sales Income (KSEK) 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Appendix G 



Investment Cash Flow

Investment BS concept vs Oven Money in (or less expenses)

Date 2012-02-29

Prepared by Patrik Mäki

NPV (ksek) 10118 Discount rate 11% Money out (or increased expenses)

Pay-back (years) 1,3 (Default value)

All amounts in KSEK

Year 0 1 2 3 4 5 (2017) 6 7

With investment or without investment With Without Difference With Without Difference With Without Difference With Without Difference With Without Difference With Without Difference With Without Difference With Without Difference

Investment
Preparations
Modification of building 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Sum  Preparations (KSEK) 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Transportation
Transport of machine from MAE -10 0 -10 0 0 -100 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Sum Transportation (KSEK) -10 0 -10 -10 0 -10 0 -100 100 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Machine / Equipment
New machine -8000 0 -8000 0 0 -18000 0 0 0 0 0 0 0 0 0 0

Conveyer 0 0 -360 0 0 0 0 0 0 0 0 0 0 0 0 0

Robot 0 0 -5000 0 0 0 0 0 0 0 0 0 0 0 0 0

Pallets -60 0 -60 0 0 0 0 0 0 0 0 0 0 0 0 0

Sum Machine / Inventory (KSEK) -8060 0 -8060 -13420 0 -13420 0 -18000 18000 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Installation
Installation of new machine -106 0 -106 0 0 -100 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Sum Installation (KSEK) -106 0 -106 -106 0 -106 0 -100 100 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Other

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Sum Other (KSEK) 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Operating Cash Flow
Material

0 0 0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0 0

Sum Material (KSEK) 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Personnel
Operators (working 3-shift) -200 -1380 -200 -1380 -200 -1380 -200 -1380 -200 -1380 -200 -1380 -200 -1380

0 0 0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0 0

Sum Personnel (KSEK) -200 -1380 1180 -200 -1380 1180 -200 -1380 1180 -200 -1380 1180 -200 -1380 1180 -200 -1380 1180 -200 -1380 1180

Operation costs incl transports
Renovation old machine 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Energy costs -16 -1000 -16 -2000 -16 -2000 -16 -2000 -16 -2000 -16 -2000 -16 -2000

Repair and maintenance 0 -55 0 -110 -50 -110 -50 -110 -50 -110 -50 -110 -50 -110

Logistic costs 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Packing costs 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Sum Operation costs (KSEK) -16 -1055 1039 -16 -2110 2094 -66 -2110 2044 -66 -2110 2044 -66 -2110 2044 -66 -2110 2044 -66 -2110 2044

Quality
0 0 0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0 0

Sum Quality (KSEK) 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Administration
0 0 0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0 0

Sum Administration (KSEK) 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Rent for buildings
Rent for the machine area -170 -257 -170 -514 -170 -514 -170 -514 -170 -514 -170 -514 -170 -514

0 0 0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0 0

Sum Rent for buildings (KSEK) -170 -257 87 -170 -514 344 -170 -514 344 -170 -514 344 -170 -514 344 -170 -514 344 -170 -514 344

Internal allocations
0 0 0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0 0

Sum Internal allocations (KSEK) 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Salesincome existing machinery and equipment
Sales income 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Scrap income 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Sum Sales Income (KSEK) 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Appendix H 



Yearly expenses for maintenance of the oven 

from Primo 

 

During the year of 2010 and 2011 Ferruform did some upgrades of the oven to increase the 

capacity. These years are highlighted in red for the expenses type of external and the 

personal yearly expenses to show that these expenses are much higher than the previous 

years. Because of that those are not going to be counted into the approximately average 

expenses for the yearly maintenance of the oven. 

The yearly expenses for material of the year 2011 are also very high if it is compared to 

previous year’s expenses of material. That can be the expenses of material that was needed 

in the upgrade of the oven.  Because of that 39401,41 SEK is not going to be counted. 

The personal expenses for year 2012 are also unsure if it is going to end up at 4945 SEK 

when the year 2012 has just begun. Because of that 4945 SEK is not going to be counted. 



To calculate the yearly average maintenance cost, the following values are used: 

 The total external expenses from 2009:  

26900,75 SEK. 

 The total material expenses from 2009 and 2010:  

(928,28 + 3671,29) / 2 = 2299,785 SEK 

 The total personal expenses from 1999 to 2009: 

(15720+40660+4280+17550+85683+13097,50+270,55+30386,56) / 8 = 25955,95125 

SEK 

All expenses together: 26900,75+2299,78+25955,95125 = 55156,48125 SEK 

The approximately average yearly expense for the maintenance is 55 KSEK. 
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Appendix J 


















