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Abstract 
 At cable winding today one uses one portal, one caterpillar, one 
spooling boom and one tower and the same kind of set of equipment for 
unwinding. This kind of solution is both expensive and unpractical when one 
of the components of unwinding/winding is stationary for a long time without 
being used. 
 
 To save unnecessary expenditure and maintenance it would have been 
practical to only use one set of caterpillar, tower, spooling boom and portal 
that later on can be rotated around the turntable when exporting the cable.  
 
 The project that this work includes is to bring a concept that excludes 
two sets and thus provides the system with a rotatable spooling system. To get 
as much information about the product and of the manufacturing as possible 
several interviews has been done of the forging shop Ronneby Svets & Smide 
and also their fitters.  
 
 At the concept generation several proposals was developed and to go 
further with only one of them a QFD and a SWOT analysis was made to get 
the best concept. Verification of solid mechanics on the construction with 
FEM-analysis has been implemented on beams, tubes and tube constructions.  
 
 The project comprises constructing of details and drawings for 
structure of the concept and also commitment of assembly, maintenance, 
ergonomics and shipping. At the assembly has bolted joints been used on 
most attachments for fast assembling on site instead of welds. For 
commitment of maintenance it is thought that one should easily access for 
control and tighten afterwards of example the slewing ring. At the ergonomics 
the idea is put for example to accessing the workspace or maintenance areas 
in form of a ladder or a staircase. The shipping has played a major role for the 
construction parts and has then been divided for easiest and most practical 
way to be transported smoothly.  
Keywords: Rotation, innovation, efficiency, maintenance, manufacturing, assembly.  



 

Sammanfattning 
 

Vid kabelnedläggning idag så använder man sig av en portal, en 
caterpillar, en läggararm och ett torn och detsamma för upptagning. Denna 
lösning är både dyr och opraktisk då komponenterna utav 
upptagning/nedläggning står stilla länge utan att bli använda.  

 
För att spara på onödiga utgifter och underhåll så hade det varit 

praktiskt att bara kunna använda sig utav en uppsättning av caterpillar, torn, 
läggararm och portal som sedan kan roteras runt vid exportering av kabeln.  
 
 Projektet som detta arbete omfattas av är att ta fram ett koncept som 
utesluter två uppsättningar och på så sätt förser systemet med ett roterbart 
läggarsystem. 
För att få så mycket information om produkten och av tillverkningen som 
möjligt har intervjuer gjorts av smidesverkstaden Ronneby Svets & Smide 
samt deras montörer. 
 
 Vid konceptgenereringen togs flera förslag fram och för att gå vidare 
med ett utav dem gjordes en QFD samt SWOT analys för att få fram det bästa 
konceptet. Verifiering av hållfasthet på konstruktionen genom FEM-analys 
har genomförts på balkar, rör och rörkonstruktion.  
 
 Projektet innefattar konstruering av detaljer och ritningar för 
uppbyggnad av konceptet samt åtagande av montering, underhåll, ergonomi 
och frakt. Vid montering har bultförband på de flesta fästpunkter använts för 
snabb montering på plats istället för svets. För åtagande av underhåll är det 
tänkt att man skall komma åt lätt för kontroll eller efterspänning vid 
exempelvis kranslager. Vid ergonomin är tanken lagd för till exempel åtkomst 
till arbetsytan eller underhållsområden och då i form av stege samt trappa. 
Frakten har spelat stor roll för konstruktionsdelarna och har då delats upp för 
att på lättaste och praktiska sätt kunna fraktas smidigt.  
 
Nyckelord: Rotation, innovation, effektivisering, underhåll, tillverkning, montering.  
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Notations 
 

F  Force N 
L  Length  m 
f Displacement mm 
E Young’s modulus Pa 
I Moment of inertia m4 
σ Stress Pa 
A Cross section m2 
Q Total force N 
q Distributed load N/m 
Fcr Critical force N 

 
 
Abbreviations 
 

RSS AB Ronneby Svets & Smide AB 
CAD  Computer-aided design 
FEM Finite element method 
SWOT Strengths, Weaknesses, Opportunities and Threats 
QFD  Quality Function Deployment 
kg Kilogram 
N Newton 
m Meter 
mm Millimeter 
cm Centimeter 
Pa Pascal 
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Index 
 

Spooling boom The arm that transport the cable. 
Wagon  Moves the spooling boom from side to side. 
Centre pivot Holds the center together with a big bearing.  
Tensioner                       Pulls the cable down and up from the turntable. 
Turntable Stores the cable in sections. 
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1 Introduction 
 

 This thesis is performed in cooperation with Semcon Caran AB in 
Karlskrona and the department of mechanical engineering at Blekinge 
Institute of Technology. 

 
 
1.1 Semcon AB 
 
 Semcon is a global technical company within product development 
and technical information. They have 3 000 employees that develop products, 
facilities and product information solutions for the whole product 
development chain and they also offer services within quality, education and 
methodology developments.  
 
 Semcon has more than 30 years of experience in automotive, life 
science, telecommunications, energy and other development- intensive 
industries.  
 
 They increase the customers’ sales and competitiveness through 
innovative solutions and genuine engineering skills. The group has sales of 
2.5 billion SEK and operations in more than 45 locations around the world 
[1]. 

 

 
 

Figure 1.1. Semcon headquarters in Gothenburg [2].  
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1.1.1 Semcon Caran AB in Karlskrona 
 
 Semcon has operations in three cities in southeast of Sweden; 
Karlskrona, Olofström and Kristianstad. They have skills in calculation, 
construction, product development, technical information product technology.  
 
 Mechanics - Karlskrona is mainly working with missions about steel 
constructions, handling equipment and product development. Their missions 
include calculations, construction, project management, manufacturing and 
testing. They meet customers in shipbuilding, manufacturing companies, 
offshore and the Swedish military.  
 
 Technical information - They produce user instructions aimed to 
different targets within IT, telecom, workshop industry and the Swedish 
military. They also perform information analyses, system safety work, spare 
parts registration, illustrations, animations and web solutions [3].  

 
 
1.2 Definition of problems 
 

• Having one tensioner with tower for winding and one caterpillar stand 
for unwinding is very ineffective and expensive due to that they are 
not used very frequent. 

 
• Having fixed attachments in the ground is not the best solutions for 

every cable site since they need to be flexible.  
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1.3 Purpose 
 
 This thesis is to prove that the knowledge attained during the years of 
studying mechanical engineering at Blekinge Institute of Technology can be 
applied in realistic cases within the field of engineering. The purpose is to 
find an innovative solution that is based on the goals of the projects.    
 
 
1.4 Goals 
 
 The main goal with the thesis is to find a solution to move the 
tensioner with tower and the portal around the turntable as one unit, this 
makes it possible to only have one unit per turntable and also move it too any 
location around the turntable. The secondary goal is to look on the attachment 
of the stands to the ground and see if there is some solutions to change the 
present solution. These solutions should be flexible so that they can be applied 
on similar constructions in the future. 

 
 
1.5 Approach 
 
 The approach for this thesis is to gather information about the product 
from Semcon. When having enough information of the product some research 
of competitors and their suppliers will be made, also looking into other similar 
industries with heavy construction and transportation. When having enough 
background analysis and understanding around the product a generating phase 
of different concepts with brainstorming exercises will be done. To choose 
one concept to work furthermore with an evaluation of the concepts with tools 
such as QFD (Quality Function Deployment) and SWOT (Strengths, 
Weaknesses, Opportunities and Threats) analysis is needed. The final concept 
will be built in Autodesk Inventor Professional and also in a FEM analysis in 
Autodesk Simulation Multiphysics to verify the solid mechanics.  
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• Discussion with Semcon about the problem 
• Research on competitors and other industries 
• Interview  
• Generate concepts 
• Evaluate the concepts 
• Choose the best concept 
• Model the concept 
• Verify the concept with FEM 
• Discuss the results  
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2  Product definition  
 

2.1 Product 
 
 The turntable is used to store finished cable that is waiting to be 
shipped out overseas. The other products associated to the turntable is the 
tensioner, tower, spooling boom, portal and control cabin. The turntable has a 
diameter of 38 meters and has an empty circular hole in the center with a 
diameter of 10 meters. The turntable has a capacity of carrying around 7 000 
tons [4].    
 

 
Figure 2.1. Layout for working position [4]. 
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2.1.1 The cable 
 
 The cable that is stored on the turntable is an umbilical solution. It is 
a special cable made with stainless steel pipes that is supposed to protect 
pneumatics, hydraulics and also a power cable. The diameter for the cable can 
be as large as 300 mm [4]. 
 

 
 

Figure 2.2. Umbilical cable [5]. 
 
 
2.2 How it works today 
 
 The cable enters the tensioner, which is standing on the top of the 
tower, which pulls the cable with a force of about five to six tons. After 
passing through the tensioner the cable enters the spooling boom where it 
simply is being transported out over the turntable. The cable passes over the 
portal which support the spooling boom and makes the spooling boom move 
horizontally on wagon. The wagon is moved with wire in both ends of the 
wagon. The last part in the front of the spooling boom is jointed to be able to 
move vertically and horizontally. A control cabin is attached to the spooling 
boom above the portal where one is able to operate the spooling boom. All the 
time the turntable is rotating from engines underneath the turntable. The 
turntable is supported by rails to divide the force [4].  
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3  Research and analysis 
 

3.1 RSS AB 
 
 Ronneby Svets & Smide AB is located in Ronneby, Blekinge. They 
have built equipment for the submarine, power and umbilical cable industry 
for 20 years and have great experience in the area. They manufacture and 
assemble products for the cable industry.  Some of the major customers are 
ABB HVC, Pirelli/Prysmian Cavi e Sistemi, Nexans, Oceaneering Multiflex 
and AkerSolutions [6].  
 
 From the interview with some of the employees at RSS AB a good 
picture of the work around the construction of a turntable was enlightened 
(see appendix 1). The welders Pierre Nilsson and Per Holmberg went through 
the work process when assembling the turntable at the working site and had 
some ideas on how to solve the problem with the rotation around the 
turntable. They also talked about their experience with other turntables they 
have seen on the different sites all over the world. At the RSS office Kenneth 
Steinwig showed the manufacturing process of a spooling boom in their 
factory and gave some feedback on the thinking so far.  

 
Figure 3.1. Spooling boom under construction  
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3.2 Competitors products 
 
 Research around the competitors in the cable industry was analyzed 
to find new inspiration for the concepts and also to see if they have a solution 
to the problem at hand. The design of the turntable with spooling boom look 
quite similar in companies that were analyzed. Some of the turntables did not 
have a center pivot, some had centerless solution. A company that makes this 
kind of turntables is DEMAnor that is located in Norway [7]. The companies 
that has been analyzed and is using the different turntables are ABB HVC, 
Nexans, AkerSolutions, NSW and NKT cables.     

 
 
3.3 Products in similar fields 
 
 Study of different industries that uses transporting of heavy 
equipment under harsh conditions has been done to get a wider perspective 
and inspiration for moving the heavy equipment around the turntable. The 
different industries studied are shown below. 
 

• Cranes using rails and caterpillar treads.  
• Traverse 
• Crane trucks.  
• Trains 
• Paper industry  
• Mining industry  
• Car industry 
• Truck industry  
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4  Brainstorming session  
 

 The brainstorming sessions is made to generate ideas for the future 
concepts. 

 
 
4.1 In the session 
 
 In the brainstorming session three clusters were made: attachment, 
movement and portal. From those clusters ideas was generated using popcorn 
brainstorming on a whiteboard [8]. The ideas was generated from previous 
experience and thoughts about how different technologies are used today, for 
example on movements: How do you transport something?  
 
 
4.1.1 Ideas 
 

 
Figure 4.1. Brainstorm.  
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5  Concepts  
 

 A series of concepts have been generated through the brainstorming 
session, the several meetings and the research. These concepts will be 
evaluated to see which of them that is the best solution to the problem. The 
concepts that is impossible to construct is neglected from the start and will not 
be shown in the list down below.    

 
 
5.1 Concept 1, original with rails 
 
 The concept is using the original construction when it comes to the 
tower, spooling boom and portal. It moves around the turntable on classic 
rails, this concept has two fixed positions where the tower and portal can be 
placed. At this position there are bolts in the ground that the tower and portal 
can be fixed in. To move it around the turntable hydraulics is used to lift the 
tower and portal. When they are in position they are put down on the bolts 
and screwed to the ground. In the center the portal is supported by beams 
from the inner circle, they are supposed to take up the forces from the portal 
and stabilize it.    
 
 
 
 
 
 
 
 
 
 

Figure 5.1. Original with rails. 
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5.2 Concept 2, crane on rails 
 
 This concept is showing the tower standing on classic rails and is able 
to be transported around the turntable. The tensioner and the spooling boom 
are supposed to be working like a crane when turning around. The concept 
uses the same technique as a crane with rotation and counter weights.  
 
 
 
 
 
 
 
 
 
 
 

Figure 5.2. Crane on rails. 
 
 
5.3 Concept 3, crane with caterpillar threads 
 
 In this concept the same structure for the arm and tower is used as in 
the previous concept, instead of having the tower on rails it moves around the 
turntable with caterpillar threads. This makes the concept very mobile and can 
therefore be used on several different turntables instead of one. The 
construction around the caterpillar threads is heavy and is using that to 
stabilize the concept when it operates.   
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Figure 5.3. Crane with caterpillar threads. 

 
 
5.4 Concept 4, two portals on rails 
 
 This concept is almost similar to the first concept except that this has 
two portals which has some benefits. When moving/transporting the tower, 
the portal is moving with it and it does not need to be raised due to the 
spooling boom. The other thing is that the construction will be much more 
stable.  
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 5.3. Two portals on rails.  
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5.5 Concept 5, hydraulic arms and rails 
 
 This concept is using the original tower in a smaller design and 
instead of having a portal to support the spooling boom there is hydraulic 
arms in the middle of the boom that support the weight. The arm is adjusted in 
both side and height axis with the hydraulics. This concept also uses the rails 
as transport around the turntable.     
 

Figure 5.5. Hydraulic arms and rails.  
 
 
 
5.6 Concept 6, circular upper rotation  
 
 This concept is using the same construction as the concept 4 with the 
two portals. Instead of using rails on the ground the movement is in the same 
height as the tensioner. The beams from the center is put on a moving band 
inside the circle construction. There are pillars holding up the construction, 
they are fixed in the ground with bolts. This makes the concept very stable. In 
the center there are beams supporting it from stresses.   
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Figure 5.6. Circular upper rotation 
 
 
5.7 Concept 7, new layout plan 
 
 This is not a concept on how to move the tower or the portal around 
the turntable, instead this is a concept on how to use less spooling booms with 
tower on multiple turntable. Today most of the cable industry is constructing 
turntable on some free space that they have, the space is limited. The concept 
is using four turntables and two towers with spooling booms. The turntables is 
placed in a straight line. They can have different diameters, but the center 
point of everyone have to be on the same centerline. This is necessary because 
the spooling boom have to reach the same place on every turntable. There is 
rails on both sides of the turntable that the tower can be transported on. In the 
end of the each turntable there is a possibility to move the tower to the other 
side, so that there is two on the same side. This makes it possible to construct 
or ship out two cables at the same time, this is a very rare case.     
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Figure 5.7. New layout plan. 
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6  Evaluation 
 

 After generating the concepts, they are needed to be evaluated to 
know which one to proceed with in the project. The concepts will be 
evaluated with a SWOT and a QFD analysis. Either one concept will be 
research more in detail or a combination of several different ones.   

 
 
6.1 SWOT analysis 
 
 SWOT analysis is a structured method to evaluate the strengths, 
weaknesses, opportunities and threats in a concept or project. It is possible to 
evaluate a product, service, place or person [9]. 
 
 
6.1.1 Concept 1, original with rails 
 

• Strength: Fast and easy transport. Stable.  
• Weakness: Cannot be placed anywhere. 
• Opportunities: Industries sees the opportunity to save money. 
• Threats: Possibility to derail. Failure of the bearing holding the portal 

 
 
6.1.2 Concept 2, crane on rails 
 

• Strength: Does not require a portal. Technique exist. 
• Weakness: Need to be short backwards due to curvature. Need to be 

well attached. Sprocket and engines need to be over dimensioned. 
• Opportunities: Saves material. Faster construction time.  
• Threats: Possibility to derail. 
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6.1.3 Concept 3, crane with caterpillar threads 
 

• Strength: Easy transport that also can be used on several different 
turntables.  

• Weakness: Expensive? Need to be short backwards due to curvature. 
• Opportunities: Flexible platform to other turntables.  
• Threats: The engine is not effectively used.  

 
 
6.1.4 Concept 4, two portals on rails 
 

• Strength: Fast and very stable. Everything is one unit and will 
therefore move very smooth around the turntable.   

• Weakness: Need to be well attached.  
• Opportunities: A platform to build forward solutions on. 
• Threats: Possibility to derail. Failure of the bearing holding the portal. 

 
 
6.1.5 Concept 5, hydraulic supported arms and rails 
 

• Strength: Does not require a portal.  
• Weakness: Attachments in the tower of the hydraulics. Length of arm. 

Tower need to be well attached. Difficult to repair the hydraulics. 
• Opportunities: None complex parts.  
• Threats: Leakage from the hydraulics. Instable. 

 
 
6.1.6 Concept 6, circular upper rotation  
 

• Strength: Fast and very stable. Everything is one unit and will 
therefore move very smooth around the turntable.   

• Weakness: Expensive, a lot of steel.  
• Opportunities: A platform to build forward solutions on. 
• Threats: New thinking with new problems. 
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6.1.6 Concept 7, new layout plan  
 

• Strength: Can use 2 tower with spooling boom on 4 turntables.  
• Weakness: Needs a tower and spooling boom that can be transported 

from turntable to turntable.  
• Opportunities: A new thinking when it comes to construct the layout 

for a cable factory. 
• Threats: Needs a new build site to construct this concept. 

 
 
6.2 QFD 
 
 QFD is a method to transform the demands into numbers so that it is 
easier to evaluate different concepts with each other. The QFD that is used in 
this project is a scaled down version of the original [10]. 
 
 
6.2.1 Weighting  
 
 At first the QFD needs a weighting percent so that it is easier to 
evaluate the concepts on the same level, some demands are more important 
and therefore the concepts with good quality in does demands should be 
rewarded for that. The demands that were used in the QFD for this project:   
 

A. Price                                                                 
B. Stable                                          
C. Service                                                              
D. Transport/movement                                                          
E.   Assembly            
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Notation: When weighting the demands the stability is at higher priority than 
the price because it is very important for the process and also an impact to its 
sustainability. Assembling the construction is also at a lower priority because 
it is only performed once of the constructions lifetime. Service is at higher 
priority, meaning lower service intervals, due to that it is probably performed 
more than moving the concept.  
 
 
  

 A B C D E  ∑ % 

A 0 0 1 0 1  2 20 

B  1 1 1 1  4 40 

C   0 1 1  2 20 

D    1 1  2 20 

E     0  0 0 
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6.2.2 QFD matrix   
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7  Final product  
 

 After the evaluation study a discussion with the supervisor took place 
about which concept to proceed with. From the evaluation, concept 6 was the 
right choice, but this construction would cost so much that no company would 
buy the concept. With some discussion and looking to the numbers of the 
evaluation the concept to build where concept 4. This concept have the same 
structure in the center as concept 6 and the same portals to support the 
spooling boom and the caterpillar. 
 

 
7.1 Concept 4 – two portals on rails 
 

The concept of the two portals on rails are joined together in the center 
of the turntable on the center hub. The caterpillar are supposed to be placed on 
the v-section over the turntable. To get to the caterpillar from the ground, one 
will simply have to go up through the caterpillar tower where a staircase are 
mounted. The placement of the staircase is using the empty space in the 
caterpillar tower and save space. On the top of the center the container have 
been placed where all the electricity and hydraulics are run through. The 
placement of the container facilitates that all the cables to the container can be 
connected even under transportation. This is possible due to an existing hole 
through the center pivot. Due to maintenance of the bearing in the center hub, 
a bridge platform are placed below the center hub where the mechanic easily 
will access the slewing ring. When the caterpillar tower and the portal are 
ready to be transported, the spooling boom are supposed to be attached to the 
end of the portal. For transporting, two undercarriage, one for each tower, are 
placed under the caterpillar tower and the portal tower by pulling the 
undercarriage. The caterpillar tower and the portal tower are raised from the 
ground by four hydraulic cylinders. To move the caterpillar tower and the 
portal tower two rods on each tower are attached onto the turntable and the 
whole construction will move together when turning the turntable.  
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Figure 7.1. Two portals on rails in transportation mode. 
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7.1.1 Center  
 

The center is built on top of the center pivot and is based on the lower 
section and the center hub. The lower section is built with rectangular tubes, 
which has 36 degrees between them. On the tubes there is a plate for the 
connection with the tubes that are supporting the center hub. The plate is 
welded one the end of the tubes. The plate connection has four holes for the 
bolted joints, it is the same connection between the support tubes and the 
center hub. Everywhere a plate is attached there is also stiffeners to take up 
the stresses that the plate is getting from the construction and it is welded as 
well to the parts. The supporting tubes has the same dimension as the lower 
section. There is additional tubes that are supporting the construction to take 
up the stresses and deformation. Between each support tube there is a 
connection tube, for making the construction more stable. This tubes are 
connected with a bolted joints in an angle iron that is welded to the support 
tubes. The center hub has a big hole in the center so that is possible for 
maintenance on the slewing ring and its bolts, these bolts are accessible and 
therefore a bridge is placed so that it is possible in a safe way maintaining the 
slewing ring. All of the parts in the center hub is connected with bolted joints 
with different sizes. The two different circular containers are constructed with 
a certain height so that there is a possibility to access the bolts for 
maintenance the slewing ring. The slewing ring itself is a V30S023 La 
Leonessa with possibility to take up the moment and vertical forces that the 
system is effecting it with. In the top there is a circular plate that the beams 
from the v-section and straight section are connected to. The holes in the plate 
are threaded. The plate is supported with tubes that is connected with angle 
irons and bolted joints to decrease the deformation of the plate. The angle 
irons is welded to the plate and the container.               
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Figure 7.2. Center. 
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7.1.2 V-section  
 

The v-section is angled from the straight section with 30 degrees. The 
v-section is built with HEB-700 beams that is angled with 12 degrees. It 
connects to the center hubs top with bolts and connects to the caterpillar tower 
with bolts as well. The connection in the center works that the center hub has 
threaded holes on the plate that has enough depth. The bolts are using special 
washers that has a wedge locking effect to prevent loosening. The two HEB 
beams are joined together with UPE-400 beams to help the construction being 
more stable. They will connect to the HEB beams with bolts through angle 
irons that are welded on the HEB beams. On top of the HEB beams there are 
drilled holes for another couple of HEB-300 beams that will set the ground for 
the caterpillar stand.  

 
 
 

 

 
 

Figure 7.3. V-section. 
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7.1.3 Straight section  
 

The straight section is made of two HEB-700 beams with twelve UPE-
400 beams joining them together from more stability. The UPE beams are 
welded to the HEB beams. The section is connects to the center hubs top with 
threaded bolts and connects to the portal tower with bolted joints. The bolts is 
using the same washer as in the v-section. Stiffeners are deployed where the 
holes are drilled to take up stresses. On top of the straight section there is a 
rail for the wagon that makes the spooling boom move from one side to the 
other. The wagon is connected to a wire that makes the wagon move.      

 
 
 

 

 
Figure 7.4. Straight section. 
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7.1.4 Caterpillar tower  
 

The caterpillar tower are built with square tubes as truss. The tower is 
built with an inward angle, 6 degrees on each side, to fit the v-section when 
they connects to each other. The tower are divided in two sections to facilitate 
transporting. The two sections are connected to each other through bolts and 
the tubes are welded to each other’s. Inside the caterpillar tower there is a 
built in staircase to enable access to the caterpillar.  

 

 
 

Figure 7.5. Caterpillar tower. 
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7.1.5 Portal tower  
 

The portal tower is supporting the straight section with its square 
tubes. There are rectangular tubes supporting the main tubes. There are plates 
in the bottom and the top for connection to the foundation and the straight 
section. In the top there are bolted joints with special washers. In the 
foundation there are threaded holes, the holes in the plate are bigger so that it 
is possible to miss the hole with a millimeter. All of the tubes and plates are 
welded together.   

   
 

 
 

Figure 7.6. Portal tower. 
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7.1.6 Undercarriage  
 

When transporting the two towers around the turntable, they are 
moved on undercarriage. They are shaped after the curvature of the rails and 
rolls on the flanged wheels. They are moved by hand under each tower but 
first after each tower has been raised by four hydraulic cylinders several 
millimeters. The undercarriage are built of rolled square tubes. They will 
attach to the lower section of the towers by putting a u-shaped scoop over the 
towers middle and lowest square tube when being moved straight under. The 
u-shaped scoop will also cover one of the undercarriages square tube and 
prevent movement sideways.  
 

 
 

Figure 7.7. Undercarriage. 
 

 
Notation: For more detailed information about the construction see the 
appendix 2 drawings.     
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8  FEM  
 

All of the part has been constructed and assembled. Those needs to be 
controlled for high stresses and displacements with the finite element method. 
For simple frame and beam analysis an add-on program in Inventor has been 
used and for the more complex problems Simulation Multiphysics. All of the 
supporting parts will first be analyzed with Inventor and those that are more 
critical will also be analyzed in Multiphysics. At some specific areas in the 
construction where it is critical a more precise analysis will be done. The 
safety factor that has been used are 1,5.  
 

 
8.1 Frame analysis 
 
8.1.1 Supporting tubes in lower section  
 

The supporting tubes in the center are placed with a load of 135 kN in 
each section. The tube is fixed in the ground in all directions and in the top it 
can only move in the z-axis. This is to simulate the real case scenario, when 
the tube is bolted to the center hub. From the pictures below it is clear that the 
tubes can handle the forces. The stress is 23 MPa and the displacement is 1 
mm.  
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Figure 8.1. Supporting tubes in lower section. 
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8.1.2 Portal tower  
 

At the portal tower there are two scenarios, the first one when the 
tower is fixed to the ground and all of the load comes from above and in the 
second when the tower raises so that the undercarriage can go under. In the 
first scenario the tower is fixed to the ground as the previous simulation. The 
force applied is 100 kN in each leg. The stress is 10 MPa and the 
displacement is  
0,3 mm.  

 
 

 

 
 
 

Figure 8.2. Portal tower mounted. 
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In the second scenario the forces are places under the rectangular tubes 
in the bottom and the legs are fixed in the top. This is to simulate the case 
when hydraulic cylinders are lifting the construction. The result here is more 
interesting because of the higher safety risk and stresses that may occur. The 
stress is 150 MPa and the displacement is 2,5 mm. The values are in approved 
range, but to make the values go down a reconstruction of the towers base is 
necessary.    

 

 
 

Figure 8.3. Portal tower lifted. 
 

The values from this scenario must be verified so that there is nothing 
wrong with the output from the program. For this elemental case 5 in Karl 
Björks handbook has been used [11].  
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f =
F ∗ L3

48 ∗ E ∗ I
 

 
F = 200 000 N 
L = 2,4 m 
E = 210 GPa 
I = 4,42 ∗ 10−5 m4 
 

f =
200 000 ∗ 2,43

48 ∗ 210 ∗ 109 ∗ 0,0000442
≈ 0,0062 m ≈ 6 mm 

 
This value is not at a reasonable range to the program. In this scenario 

there is no possibility to use an elemental case, due to that the Portal tower’s 
main tubes are holding back the tube like a spring. So this is the worst case 
scenario for the lift of the Portal tower. The actually value should be 
somewhere between the two elemental cases 5 and 22. The elemental case 5 
has a displacement of 6 mm and the elemental case 22 has a displacement of 
1,5 mm. Therefore the program is more accurate than the handmade 
calculations.      
 
 
8.1.3 Caterpillar tower  
 

The caterpillar tower has been analyzed as the whole assembly and 
also the lower section by itself. The lower section has been tested by itself to 
make sure that the construction can take the force from the hydraulics when it 
is being raised. The picture below shows the whole caterpillar having 150 kN 
in every plate on top and the tower is fixed in every leg.  
 

f 

F 

L 
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Figure 8.4. Caterpillar tower assembly. 
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The next pictures shows the lower section when it is being raised by 
150 kN in every force point. The results are in well approved range, but 
another model was made to show the difference of improving the framework 
just where the force is exposed.  
 

 
 

 
 
 

Figure 8.5. Lower section lifted. 
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Instead of controlling the stresses or displacement on the caterpillar 
tower a verification was done on how much pressure on the main tubes in the 
construction will hold, before it brakes. For this Euler’s fourth case in KTH’s 
handbook has been used [12].  
 

F𝑐𝑟 =
4π2 ∗ E ∗ I

L2
 

 
E = 210 GPa 
I = 1,59 ∗ 10−4 m4 
L = 3,3 m 
 

Fcr =
4π2 ∗ 210 ∗ 109 ∗ 0,00159

3,32
≈  121045396,13 N ≈ 120 MN 

 
This is a massive force that is required to brake the tube, even if the 

length is increased to the double the force is still massive. To see how big the 
safety factor the critical stress is divided with the allowed stress.   
 

Here is the improved lower section that has a significantly better 
results of both displacement and stresses.  
 

 
 

F 

F 
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Figure 8.6. Improved lower section lifted. 
 

From this numbers it is clear that improved lower section is more 
tolerant to the lift and is therefore something to think about for the portal 
tower as well. 
 

Control calculation of the improved stand where all the force is set in 
the two tubes that meets the force is shown below.  
 
 
Tube: 200x200x10 → A = 74,5 cm2 
F = 150 kN 
 

σ =
F
A
→

75 000
0,00745

= 10 MPa 

 
 
 
  

F 
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8.1.4 V-section  
 

The v-section has been analyzed in the frame-analysis tool to get a fast 
result of the displacement of what the weight of the caterpillar equipment 
causes. The amount of force in every arrow is about 50 kN. The results tells 
us that the displacement is just over 9 mm and a stress value of just over 59 
MPa which is a good value, but to assure that the construction will stay in 
solidity, stiffeners will be mounted on the beam and the model will be tested 
in Multiphysics tool for more accurate results. In the tests the beams has been 
fixed in both ends exactly where the bolted joints will be. Another test in 
frame analysis was also made, with a bit reinforced construction, with extra 
support tubes from the caterpillar tower, it can be seen in the second picture. 
The analysis shows an improved result of both a reduced displacement, with 
almost 4 mm, and stress with just over 11 MPa. The first picture is showing 
the first test with frame analysis. 

 

 

 
 

Figure 8.7. V-section. 
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Figure 8.8. V-section with support. 
 
 
8.1.5 Straight section  
 

The straight section is supported by the center hub and the portal 
tower. Those two are the fixed positions in this analysis and the force is set to 
30 N/mm at the same length of 1 500 mm, which is the length of the wagon 
that support the spooling boom. The stress is 23,5 MPa and the displacement 
is 4,6 mm.  
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Figure 8.9. Straight section. 
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The displacement is rather high, with some extra support from the 
portal tower could fix this problem. From the picture below it is possible to 
see that the support helped decrease the displacement with 1,45 mm. This 
value is in the acceptable range, but to make it more stabile a series of 
stiffeners will be placed inside the beam. This simulation is done in 
Multiphysics.  
 

 
 

Figure 8.10. Straight section with support. 
 
 

To verify the displacement from the straight section elemental case 22 
from Karl Björk’s handbook is used [11].  
 

f =
F ∗ L3

192 ∗ E ∗ I
 

 
F = 4 500 N 
E = 210 GPa 
I = 2,569 ∗  10−3 m4 

f 

F 

L 
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L = 19,7 m 
 

f =  
4500 ∗  19,7

192 ∗ 210 ∗ 109  ∗ 0,002569
≈  0,00332 m ≈ 3,3 mm 

 
 
The displacement from the program is 4,6 mm and the hand calculated 

verification is 3,3 mm. Due to the long length of the beam the own weight 
must be counted for. For this elemental case 26 from Karl Björk’s handbook 
is used [11].  
 

f =
Q ∗ L3

384 ∗ E ∗ I
 

 
E = 210 GPa 
I = 2,569 ∗  10−3 m4 
L = 19,7 m 
q = 241 kg/m 
 
Q = q ∗ L 
Q = 241 ∗ 19,7 = 4 747,7 kg =  46 575 N 
 

𝑓 =
46 575 ∗ 19,73

384 ∗ 210 ∗ 109 ∗ 0,002569
≈ 0,00172 m = 1,72 mm 

 
When adding the two elemental cases together the displacement is 5 

mm and this value is in the acceptable range from the programs calculation. 
Therefore it is possible to say that the calculation made by the program in this 
case is accurate.   
  

f 

Q 

L 

q 
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8.2 Multiphysics 
 

Due to the unwanted displacement in the v-section and straight section 
a more accurate analysis has been done. At first the displacement is analyzed 
without any reinforcements to see the value and after that two cases with 
support in different axis. The analysis is made on a HEB-700 beam and 
instead of having the full length of 24 meters, the beam is shorten down 
within the end fixed points to 19,7 meters. This is to simplify the model at its 
fixed connections. The reference for this analysis is the frame analysis on the 
straight section.      
 
  Without support the displacement is 3,3 mm, this is not the same value 
as the one from the frame analysis. This is due to that the program is not 
calculating the own weight of the beam.  
 

 
    

 Figure 8.11. Displacement without support. 
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In the first case the beam is supported with lots of stiffeners, which is 
used at the holes to take up the stresses. The displacement is fairly better in 
this cases, but is not an ideal solution to the problem.  
 

 
 

Figure 8.12. Straight section with stiffener support. 
 
In the second case two plates are placed on the middle of the beam to 

strengthen it. The displacement is 2,6 mm and this is a more satisfied value. If 
the displacement is a problem this is the best solution at hand. 
 

 
 

Figure 8.13. Straight section with a plate to support.  
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9  Conclusion  
 

The final concept in this thesis meets the goals and solves the problem 
of a rotatable spooling system. The concept was from the beginning supposed 
to be able to be transported around the turntable and stand everywhere. Why 
the operation was not made was first because of economic issue and second a 
lower safety of the idea.  

 
Benefits to present solution is that the system now only uses one set of 

tower, spooling boom, portal and tensioner to operate, this is also rotatable 
around the turntable. The spooling boom in the final concept is now much 
shorter than the present spooling boom and this saves costs of material and 
manufacturing. The container on top of the center hub is smart placed and 
follows during transportation due to the cables are drawn up through the 
center. The area on the v-section let one store tools and equipment. The 
staircase is mounted in the caterpillar tower which saves space.  

 
No calculations have been made on welding’s since Semcon is using 

the standards in Eurocode. The construction took more time than expected so 
there were no time over to make calculations on some of the bolted joints.    

 
Problems that must be seen over: 
 
The angle between the straight section and the v-section is now 30 

degrees. When looking at finished model one can immediately see that when 
having the spooling boom as centered as much needed to put down the cable, 
the curvature of the cable leaving the caterpillar is too high. One possible 
solution is to increase the angle between the straight section and the v-section 
and also move the caterpillar stand outwards.  

 
For maintenance of the slewing ring on the center hub safety must be 

installed when maintaining the outer side of the center hub, otherwise risk of 
falling down may be at risk. 
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Both straight section and v-section are using HEB-700 beams as a 
frame and from the FEM analyses they seems to do all right from static load 
but for safety they might have to be upgraded to HEB-800 or as much as 
HEB-1000. If those beams cannot take the load from what the cable is causing 
the beams should be replaced to a lattice construction. 
 

Since the spooling boom is attached to the caterpillar stand whose 
attachment will make a quite longer distance in vertical height to the straight 
section one good solution here is to let the spooling boom tilt from the 
caterpillar stand which inhibits the cable from stress and strain.  
 

When studying the lower section of the caterpillar tower when raising 
it for transportation, the choice of model should be the improved one, seen in 
the FEM analyses for sustainable reasons.  
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Appendix 1: Q&A from RSS 
 

• Can you explain the assemble process on site? 
 

They begin to pour concrete where the turntable are about to be placed. 
When the concrete has been solidified the center pivot can be attached in the 
center of the turntables area. After that the rails can be placed and secondly all 
of the turntable segments. When that process is ready remains only the center 
unit assembly to be placed and welded onto the turntable segments. When the 
turntable is mounted, the tower, the spooling boom and the portal is ready to 
be assembled, in that order.   

 
• How long does it take to assemble a turntable? 

 
It takes from 1 to 2 months to assemble the entire turntable and the 

features around it that is necessary for the products operation. 
 

• Is it difficult? 
 

It requires very high precision when the turntable is about to be 
assembled, “mm fitting”. Transporting all the parts is also a little bit of an 
issue.  

 
• Where can a problem occur? 

 
Most of the turntables they have assembled the problem has not been in 

the construction, instead in the materials. They suggest stainless steel in some 
of the crucial places.  

 
• Can you tell us something about the failure you have seen?  

 
One of the failures that occurred was on a spooling boom that did not have 

a portal for support, the construction is similar to a crane. When an operator 
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was driving the turntable with a cable the moment and stress became too big 
and the sprocket and engine broke down. 

  
• Do you make all the parts in the workshop? 

 
Most of the part are manufactured in the workshop, but some of the parts 

they cannot manufacture because of their size. The painting, sandblasting and 
hydraulics with electronics is made by other companies.  

 
• Do you have anything in the production that we can look at? 

 
A tour in the workshop and a look on a spooling boom that was under 

construction.  
  

• Do you have an idea to solve this problem? 

Using rails that can transport the tower around the turntable, some sort of 
connection to the rails so that it is stable and it would be good to have the 
same tower with spooling beam to several turntables.  
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Appendix 2: Drawings 
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