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Abstract

This bachelor degree thesis was assigned to us in the fall semester of 2001.
The purpose was to redesign a machine for the company Asea Brown
Boveri (ABB) in Karlskrona. ABB HVC in Karlskronais manufacturing
high voltage cables. Amongst these the seacables are the largest and most
complex. The seacables are heavy naval cables and lies on the bottom of the
sea. For these heavy-duty applications the cables need good armouring. The
armouring, which is made of steel, needs a corrosion protection layer that is
very wear resistant. For this ABB usesindustrial bitumen, aform of asphalt.
The cables run through awhole production line where the bitumen is
applied on the cables at atemperature of 160°C. In this working station the
cable armouring wires are winded on the cable and the bitumen is applied.

The present machine is old and needs replacement. In fact the whole AR 50
lineisin plan for restoration. This project isto redesign the bitumen
application machine and eliminate the present problems. The machine still
works, but not satisfying. It is a hazardous workplace when the bitumenisa
very dirtying mediathat sticks to aimost everything and it is very hard to
clean. It isaso very hot and a splash could burn a person. Thereisalso a
problem with slag products from the armouring in the surplus bitumen.

The main work has been concentrated on eliminating the larger problems
and develop awell working machine that is easy to run and maintain. By
applying Fredy Olssons method for product development the work has
proceeded step by step. The work started with finding different concept
solutions. To simplify the work the machine was divided in four parts, the
container for storage and heating, the nozzle for transporting and spreading
the bitumen on the cable, the reservoir for collection of the surplus bitumen
and to separate the slag particles and the table to hold the distribution rings
and the adjustment screw, thisto get a better view of al parts and
components. These ideas from this phase where evaluated with main focus
on the criterions. For al the four units one solution was filtered out for
further development.

In the primary construction phase the concepts where transformed in to a
whole machine. This phase contains research of components and detail
construction of unique parts. Small adjustments of the concepts from the
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first stage had to be made to create the best solutions.

The machine process can be described shortly. From amain tank outside
the building the bitumen is transported to the container where it is reheated
to 160°C. From this container the liquid is pumped up through a heated
pipe and by anozzle spread over the cable. On the cable two rings spread
the bitumen as a smooth layer on the cable. The surplus bitumen will fall
down in to the reservoir where the slag particles are separated. From here
the surplus will run back to the container for recycling. To be added the first
of the two rings aso collects the incoming armouring wires and by the
rotation of the cable they are winded around it. This leads to large |oads on
the construction when the cable traction force is 12 tons.

Picturel: The present machine at ABB HVC ARS0.
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Preface

This project to develop a new machine for applying of industrial bitumen
on seacables has been made in collaboration with ABB High Voltage
Cablesin Karlskrona. It isapart of the program Product Development on
Blekinge Institute of Technology as a degree thesis to Bachelor of Science
in Engineering with emphasize on Product Development.

We here wish to thank all involved persons and companies who have
hel ped us proceeding with the project. A big thanksto ABB for the
opportunity to make this degree thesis with them.

A special thanks to our supervisors, Mats Walter and Morgan Klang at
BTH and Torsten Axelsson at ABB.
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1. Introduction

1.1Background

ABB HVC in Karlskronais manufacturing high voltage cables. Amongst
these the seacables are the largest and most complex. The seacables are
heavy naval cables and lies on the bottom of the sea. For these heavy-duty
applications the cables need good armouring. The armouring, which is
made of steel, needs a corrosion protection layer that is very wear resistant.
For this ABB usesindustrial bitumen, aform of asphalt. The cables run
through awhole production line where the bitumen is applied on the cables
at atemperature of 160°C. In this working station the cable armouring wires
are winded on the cable and the bitumen is applied.

The purpose with this project is to redesign this machine for applying
bitumen on the seacables. The present machineis old and needs
replacement. There are some problems with the machine that need to be
eliminated. This project is apart of the program Product Development on
Blekinge Institute of Technology.

1.2 Presentation of Blekinge I nstitute of Technology

The school isrelatively young. It was founded in 1989 and has grown into
an internationally competitive school with the mission to lead nationally in
the profile areas: applied information technology and social and commercial
devel opment.

The school is divided on three locations: Campus Grasvik in Karlskrona,
which includes Annebo, Soft Center in Ronneby and Campus Karlshamn in
Karlshamn.

The Information Technology has spread faster in Blekinge then any other
county in Sweden. The Institute is close co-working with the business and
commerce. This has helped to create a unique environment, which
continues to stimulate the development of new companies.



Bitumen Applicator '1|=

In 1999 the Institute gained University status, which isasign of an
excellent profile strategy and competes. This has further lead to spread the
good reputation of the school.

General
1989, the Institute founded
1999, the Institute gained the right to run PhD programs in technology

1999, the Institute merged with The Baltic International School of
Public Health

2001, the Institute was officially validated to award the Degree of
Master of Engineering

5,500 individual students (converted to full-time students: 3,100) 2001
425 employees (2001)
Turnover in 2001: 320 MSEK

Education

55% technology, 15% humanities, 15% social sciences and 15% health
sciences

Approx. 35 programs

65% of students enrolled in an average program come from other
regions

Approx. 190 courses
9 Master's degree programs (4 — 4.5 years)

The first and perhaps most prominent software engineering coursein
the country

International student exchanges
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Departments
Human Work Science & Media Technology
Business Administration
Spatial Planning
Humanities and Social Science
Mechanical Engineering
Science, Health and Mathematics
Software Engineering and Computer Science

Telecommunications and Signal Processing

Department of M echanical Engineering

The department is educating and researching in the field of product
development. The work is done with an overview of product development,
which contains environmental aspects, simulation, experiment and
presentation with aid of virtua reality technique (VR).

The IT-profile of the school is very visualized in the department. The
education programs of the department contain alot of computer
applications. For modelling and simulation in 3D I-DEAS Master seriesis
mainly used, a CAD/CEA/CAM program. This program uses the Finite
Element Method for advanced structural dynamics- and stress-analysis. For
testing and simulating system dynamics the program ADAMS is used.

The virtual presentations of constructions can be made with dVise
(Mockup2000). Here the 3D products from I-DEAS are installed. This
gives agod overview of the construction in the right environment. Factory
simulations can be made with QUEST. It is possible to transfer the models
from I-DEAS to this program and give them different characteristics.



Bitumen Applicator "l‘

The education programs of the department
Master:

Master of Science in Mechanical Engineering with emphasis on
Structural Mechanics

Bachelor:

Product development (Bachelor of Science in Engineering with
emphasize on Product Devel opment)

Virtual Productdevelopement and Design (Bachelor of Sciencein
Mechanical Engineering)

Technics:
Y TH Construction/Production

Construction and Production technique

1.3 Presentation of ABB High Voltage Cables

ABB isaglobal leader in power and automation technologies that enable
utility and industry customers to improve performance while lowering
environmental impact. ABB has approximately 152,000 employees in more
than 100 countries.

The ABB Power Technology Products division covers the entire spectrum
of technology for power transmission and power distribution. It includes
transformers, switchgear, breakers, capacitors, cables as well as other
products and technologies for high- and medium-voltage applications. All
products are currently developed to fit into a common Industrial 1T
architecture. The increased use of information technology (IT), including
online product configurators, enables ABB Power Technology Products to
deliver within best-in-class cycle times. The division focuses on customers
such asindustrial, commercial, utilities and external channel partners, e.g.
distributors, system integrators, contractors and OEMs (original equipment
manufacturers). It has approximately 27,000 employees.
[WWW.ABB.COM]
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ABB High Voltage Cables is a part of the Power Technology Products
division. It islocated on Verké in Karlskrona. The company devel ops and
produces high- and intermediate voltage cables together with control- and
signal cables.

Picture2: The ABB HVC on Verkd, with the 90m tower to the left

The company started 1870 as Liljeholmens fuse wire factory. Thiswas
when Alfred Nobel recently invented the dynamite, a product that lead to a
demand on fuses. A couple of years later the company also started making
ropes. After 1883 the company, as aresult of the recent raise in use of
electricity, the company also started making cables. When ASEA, 1916,
bought the company the factory became concentrated in cable
manufacturing.

ABB High Voltage Cables has great experience in manufacturing and
installation of sea cables. The company has constructed the largest sea cable
in the world. Thisinstallation was performed in 1994 and is named The
Baltic Cable. This cable is 250km and lies between Sweden and Germany.

5
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1.4 Method

This project has been performed with a product development method
constructed by Fredy Olsson. It isamethod that can be followed step by
step in histree books, product renewal, concept construction and primary
construction. [1][2][3]

In the picture the method strategy can shortly be visualized.

Develop many alternative Evaluation of the concepts and
concepts suggestions filtration of the most interesting —‘

L Presentation of Further development of the
the best concepts concepts to a primary,
preliminary usable product

\ 4
Presentation of the
primary product

The project started with defining the product and the problems. The old
machine needs some redesign to work satisfying. The criterions with
demands and wishes where put up for a guideline of what functions the
machine had to handle.

When thisis done the work with coming up with new concept solutions
started. In this particular project there was not room for any overwhelming
changes. The basic processis kept. The machine was divided in four units
to get a better view of the whole system an all parts. The concepts where
then evaluated with ABB and with main focus on the criterions. The chosen
concepts are the presented in the end of the concept construction phase.

In the beginning of the next phase, the primary construction phase, al the
parts and components are defined in alist.
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After this the biggest work of the project started. All components for the
machine had to be found and all unique part was designed. These where put
together to a, hopefully, working machine. The product is presented in the
fina compile.
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Concept Construction
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2 Product definition

Fredy Olsson has in the book Concept Construction a method for defining
the product called the PPOME. In English thiswill be translated PPSME.

[2]

2.1 Product

The machine is made for applying corrosion protection on sea cables. The
corrosion protection in this caseis so called bitumen. Industrial bitumenisa
kind of viscous asphalt. In room temperature bitumen is a solid witch

means that bitumen must be heated to be able to be applied to the cable. At
about 160°C bitumen is enough easy flowing to effectively be applied and
spread over the cable. The machine is supposed to be a part of a production
line and shall therefore be adapted for cable speed and forces.

The product shall be reconstructed to promote continual production, mainly
by avoid flooding of the bitumen. A stop because of flooding leads to
extensive extrawork when bitumen solidifies quickly into a sticky mass.

The machine shall effectively collect the surplus. The cable itself provides
with alot of slag particles that easily accumulatesin the machine. Cleaning
shall therefore be able to take place while the machine is running

The machine, thus, will be looked upon as a reconstruction where
modernizing of components and fulfilling of new criterions and wishes will
comein first hand.

Today the machine consists of a number of components with different
tasks. To get alook in to which parts the construction needs to contain
following list can be regarded.

11
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BITUMENAPPLICATOR
Application unit
Heating unit
Transport unit

Recycling unit

The application unit is the part that puts bitumen on the cable. Even the
nipples that spread the bitumen as a smooth layer on the cable are
categorised here. These nipples are the only parts that have to be the same.
They arein fact made by ABB only for this purpose.

All part of the machine that isin direct contact with the bitumen needs to be
heated. Bitumen has a process temperature at 160°C. The heating unit is not
only one component but isincluded in several parts.

Transport unit includes all pipes and tubes and also the pump system.

The recycling unit is avery important part of the construction. To be able to
collect the surplus bitumen, and re-use it, an effective system, that also
includes cleaning of slag particles, is needed.

2.2 Process

The machine is working by a number of processes. The main processisto
apply bitumen on the cable. Several bi- and help processes make the
machine work in areliable way.

The main process starts manually adjustment of the flow. The bitumen shall
then be transported up to the cable where it will be applied. Bitumen is then
spread as a smooth layer over the cable. The surplus bitumen shall then be
collected for automatically be re-used.

12
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Manually adjustment of
flow
v
I Transport of bitumen L_ Collecting of dag
particles
v
Application of bitumen T
on cable
Recycling of bitumen I
v
Distributing of bitumen
over cable Collecting the surplus I
I Main process I " Part- or biprocess

2.3 Surroundings

ABB in Karlskronawill be the location where the machine will operate.
The factory is structured in production lines, which the cables are passed
through. The general environment in the factory is clean when the processes
mostly are tied to workstations. The environment where the machine will
operate istotally depending on how well it is constructed. The
contamination the machine is supposed to handle first comes from the own
main process. Another important issue to consider isthat all components
and materials must manage the process temperature at 160°C.

The space the construction is allowed to occupy isto acertain level limited.
The floor area of 2*2 m can be disposed. In height there are no specific
limitations but that the incoming pipe can’'t be moved. Thisis no problem
because the machine does not gain any advantages in height extension.

13
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2.4 Man

The personnel who are going to operate the machine should not need any
extratraining than the basic instructions. Simple control panels are
therefore important. When the bitumen is such a hard substance, that in an
eventual flooding it provides with so much extra cleaning work, the
machine has to be constructed ergonomic and easy to handle. If the cleaning
isfacilitated it will be much more pleasant to work with the machine. Even
the service needs consideration. Technicians should not be prevented in
their work by the fact that bitumen easy contaminates the surroundings.

2.5 Economics

Considering the economics of the product there are no specific limitations.
This project will only lead to two machines therefore no optimisation of
production methods are needed either. According to ABB aredlistic cost to
build a machine like this would be around 1.5 Msek. All other costs such as
service and maintenance should be kept to a minimum.

14
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3. Product study and arrangements of
criterions.

3.1 Product study

Today a heated bitumen tank, with a pump inside the tank, is used to
pumping forward the bitumen up to the nozzle. The nozzle lays over the
cable and spreading the bitumen over the cable. The nozzle is hanging over
the cable and adjusting with help of arope. Under the cable two separated
reservoirs lays. These two reservoirs will take up all the surplus of the
bitumen that will flow off the cable. By these two reservoirs the surplus can
bring back to the bitumen tank by downward flowing. Outside the building
alarge heated tank is standing. From this outside tank fills the bitumen tank
by heated pipes. Inside the bitumen tank alevel control is placed to control
when the bitumen tank needed to get filled. The control panels are placed in
different places behind and over the cable. This leads to that the control
panel will be very dirty and it is very difficult to get hold of the control
panel without being dirty and it is also dangerous to be near the cable when
the production line isworking. It is also important to take care of the
sulphide hydrogen, therefore air ventilate is needed over the nozzle and
over the bitumen tank.

| 'H I l'||||

..‘ it Hl iy =

ol

Picture3: Bitumen Tank The Machine

15
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3.1.1 Experience and imperfection

Flood: because the slag particles sticks on the walls and accumul ates, this
leads to that the surplus cannot get threw the channel back to the container.

The Nozzleisonly hanging in arope. Thisis atemporary solution.

The machine isworking today but it isfull of different temporary solutions
that together make a bad working machine, full of problems.

3.1.2 Production background

The machine that ABB is using today is old and has many problems.

- Dangerous to work with because the control panelsis placed near the
cable, with risk for personal damages.

- Dirty to work with, because the bitumen splash over the personal that’s
working with the machine.

This machine must be changed to perform the Occupationa Safety and
Health Act. [30]

3.1.3 Market background

Because this machine only existing in two examplesit is not necessary with
amarket study. Perhaps the concurrents in sea cable manufacturing are
using asimilar machine.

3.1.4 Economics background

Because the machine only exists in two examples the cost is no big
question. The limitation can be approximated to 1,5Msek. Thisisthe
estimated total cost of a machine of thiskind. [10]

16
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3.2 Criterions

3.2.1 Demands

Function and performancecriteria’s

1.

The construction must manage a sea cable with a diameter up to
200mm.

2. The bitumen must hold 160°C through the whole process.

3. The construction must be adapted to existing nipples.

4. The construction must work with the production line AR 50,

reference to cable height.

5. The construction must hold for atraction force up to 10kN.

During a possible failure the bolt in the fundament should brake
before the construction is damaged.

Workingcriteria’'s

o~ w0 D

The spreading flow has to be controlled manually.

The bitumen container must be possible to air ventilate.
The surplus must be collected without risk for flooding.
The bitumen container must have aform of level control.

The construction must work with the production line AR 50,
reference to working velocity on the cable, stops.

Personal security criteria’s

1.

The Control panel must be separated from the construction to
minimize the personal damage risk.

17
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3.2.2Wishes

Function and performancecriteria’s
1. Foor surface at maximum 2000* 2000mm.
2. Reservoir measures approximately 500* 1600mm.

Working criteria’s
3. Thetimeto heat up all componentsto 160°C at maximum 24h.
4. The dlag in the bitumen container needs to be easily removed.
5. Thedag inthe surplus reservoir needs to be easily removed.

Personal security criteria’s
6. The Control panel must be separated from the construction to

minimize the personal damage risk.

Ergonomic criteria’s
7. Ergonomic design to adjustable parts and control panels.

Cost of production criteria’s
8. Maximum cost of 1.5 million Swedish crowns.

18
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3.2.3 Importance judgment of wishes
IN PAIR COMPARISON METHOD [1].
Criteria
WISHES
1] 2[3|4|5|6|7[8]|9]10]Kf Pi_| Ki
1{ol12]o]JojJofOo]O| 21| -] - 1 4 | 6%
2|-1/]o0o|lo|o|Jof|O|O]| -] - 3 2 | 3%
3ol 2|22 |2]|2]-]|- 5 17 | 25%
41-2l0]l0]0| 1| -] - 7 6 | 9%
5|2]0|0] 2] -] - 9 10 | 15%
6 | 2|22 ]-] - |1 13 | 19%
7140 -] -] 13 9 |13%
8|8 -] -1]15 7 | 10%
9 - -
10 -
Summa: 68 |100%

Explanation:  Ki = Weight factor
Pi = Tota points
Kf = Correction factor

Tablel: Evaluation of wishes|[2]

19
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Explanation to table

1

© N o g &~ WD

Compare A/B. If A ismore important than B, A gets 2 points. If
they are similar important 1 point will be put out. If B isthe more
important A gets Op.

Compare A/C, A/D etc.

Compare B/C, B/D and so on.

Add horizontal

Add vertical = pi.

Control S pi = nn where nn isthe number of criterions.
Calculate ki = pi/S pi

Control that S ki = 100%.

The order of wishes after they have been weighted.

1

© N o o &~ W

The timeto heat up all components to 160°C at maximum 24h.

The Control panel must be separated from the construction to
minimize the personal damage risk.

The slag in the surplus reservoir needs to be easily removed.
Maximum cost of 1.5 million Swedish crowns.

The slag in the bitumen container needs to be easily removed.
Ergonomic design to adjustable parts and control panels.
Floor surface at maximum 2000* 2000mm.

Reservoir measures approximately 500* 1600mm.

20
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4. Primary product concepts

The machine today isworking well despite the known problems. Therefore
thereis no need for atotally new working principal. Though there might be
ways of improving the effectiveness, both in the process and in the
€conomics.

We have chosen to divide the machine in four parts, and use the same basic
concept as the old machine. These are the vital parts of the machine that
needs to change to solve the known problems.

The container.
The nozzle

The reservoir
Thetable/ frame

d w D PP

4.1 The Machine

The principal concept of the machine can be shaped in different ways. The
basic concept of the machine isworking today. Therefore one alternativeis
to keep the old concept. This leads to more time to find better solutions for
the real problems. The actual work of finding concepts is based on keeping
the old basic look of the machine. Just to get alook in to how alternative
solutions could look like following two examples can be regarded.

4.1.1 Apply by gravity

The bitumen is applied directly from the incoming pipe from the main
container outside the building. This means that the reservoir and the
container can be the same element. The surplus will still be collected under
the cable but will stay in the reservoir. The bitumen will be pumped directly
from the reservoir back up on the cable.

This idea means some extrawork if it is even able to realize. Because the
incoming pipe goes directly to the nozzle for applying, and bitumen needs
to be pumped up again from the reservoir the to pipes will collide. The

21
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incoming flow will aso be much harder to control if it has to be applied by
gravity. If not this solution will need an extra pump system.

This concept means that we are unable to take part of the experience from
the old machine.

4.1.2 Trough container construction

This concept is based on atotally sealed system where the cable is passed
through the container. This means that much less pipes are needed. All
components, including pumps and the nozzle are inside the container. There
are some advantages with this system for example the flooding risk would
be eliminated but only if the holes, where the cable comesin and out, can
be sealed properly.

Thisidea can probably not be realized though. The rings that distribute the
bitumen over the cable need to be moved and this concept makes this
operation virtually impossible. Other adjustments, like the flow, also
become harder if the system is closed like this and there is no overlook of
the operation.

22
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4.2 The container

The function of the container isto store the bitumen during the process.
When the reservoir collects the abundant bitumen it should be lead back to
the container as fast as possible to prevent flooding. The container today is
the place where the slag particles accumulate. In the future we want to be
able to remove the particles before they come as far as the container. All
particles can’t possibly be removed from the reservoir. Some of it will
aways follow the bitumen to the container. In some way it must be possible
to clean the container as well. Nowadays cleaning is made between orders,
once or twice ayear. For this operation there is maybe not needed a
complex method.

Pictured: The present container

23
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4.2.1 Removabletop

Thisisthe solution used today. The walls of the container are filled with oil
so this way to open the container is absolutely the easiest. We want to come
up with a concept that allows removing of the particles from the reservair.
This means that the cleaning of the reservoir is not needed as often as today
(1 or 2 times every year). Regarding this no complex method is needed for
this process. To open up the top could still be the most effective way.

4.2.2 Bottom hatch

The aternative method is to modify the container, and find a system to
collect and emptying the particles from the bottom. If the bottom leansto a
pocket the heavier particles will hopefully accumulate here. To be ableto
remove these particles without stopping the production aform of closing
deviceisneeded. Using a system similar to an airlock this can be solved.
The cleaning can then be performed only by opening a hatch on the side of
the container.

4.2.3 Alternative heating methods

Early in the project the decision was made not to change the way of heating
for the container. Heating with oil has proven to be areliable and working
way. To save alot of research time the old concept is kept.
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4.3 The Nozzle

The nozzle spreads the bitumen on the cable. This unit aso contains the
tube leading the bitumen from the container. The problems with these
elements are to find an easy adjustable mounting for the nozzle and the
tube. The placement is the most vital part of these concepts.

e TS ;:.:- LR

Pictureb: The present nozzle
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4.3.1 Easy adjustable aluminium profile

Thiskind of system should be able to position the nozzle in the right place
when the diameter of the cable changes due to productions facts. It must
have the possibility to move the nozzle in the all directionsin afast and
quite precision way. The system consistsin three aluminium profiles that
make this kind of movement possible and has to be able to resist the weight
of the nozzle as the pressure of the bitumen. These profiles could be placed
on the table above the cable, on the deposit behind the machine or it could
be placed on the ground. It has to be easy to reach and must be protected
from possible bitumen floods.

The main advantages of this solution is that gives an easy and quickly
way of positioning the nozzle over the cable. The disadvantage is that the
system is not heated so taking away the bitumen from the guides it might be
complicated.

Picture6: Easy adjustable aluminum mounting.
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4.3.2 Mounting on thering

On this solution the nozzle and the ring will act as one piece. We can put
the nozzle by the ring, then the bitumen will fall directly on the cable, or we
can put it over thering, in this case the ring should have holes from where
the bitumen can pass through to the cable. The tube that provides bitumen
to the nozzle has to be flexible enough to reach the position needed by the
nozzle. The nozzle hasto be easily removed from the ring when a new
diameter of cable is needed and has to be aso easy to put again on the new
ring.

The advantage of this system is that the nozzle is placed alwaysin the
right place in aquick way but it makes harder to change the rings, and if we
put the nozzle above the ring this should have a different design, and the
bitumen can solidify inside the rings once they are changed.

Picture7: Nozzle mounting on the ring.
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4.3.3 Mounting on the screw

In this system the nozzle will be placed on the screw so that the screw
should give the longitudinal movement. The other two spatial movements
will be provided by aluminium profiles. The system hasto be easy to place
and has to be protected from occasional bitumen floods. The main problem
isthe little space we have between the screw and the cable to put the
aluminium profiles that can make it difficult to work with the system.

Picture8: Nozzle mounting on the screw.
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4.3.4 Rotablearm

The system consists on a rotable arm from which the nozzle hangs. This
arm should be able to locate the nozzle at its new position over the cable.
The system consists on an articulated arm that can be moved easily in a
three-dimensional way. The arm has to be able to support the weight of the
nozzle as the pressure of the bitumen. It could be placed on the deposit, on
the table above the screw or on the floor. It has to be protected from
bitumen floods and has to be easy to reach.

Picture9: Rotable arm mounting for the nozze.
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4.4 Thereservoir

The reservoir is the element witch purpose isto collect the surplus bitumen.
This part needs to be placed directly beneath the cable. The main problem
today with the present construction isthat it is far to small and provides
with a great risk of flooding. It needs to change so that thisrisk comesto a
minimum. The reservoir isin direct contact with the container and leads the
bitumen back to this. Because of the problem with slag particles from the
cable following the bitumen back to the container, and in the worst scenario
get stuck in the pump, the best solution would be that in connection with
the reservoir clean the bitumen from slag.

The problem with flooding is easily solved by making the collecting area
larger, the back flow easier and aso to a certain level the volume bigger.

The two problems with this part have al'so a connection. If the slag particles
is separated effectively the flooding risk will become much smaller. The
first thought was to empty the particles in the container when they have
accumulated in the bottom. This solution though would be more difficult to
construct. Therefore the work has been concentrated on finding a concept
for emptying the slag from the reservoir.

.

PicturelO: The reservoir.
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4.4.1 QOil filter / net

As known the biggest problem hereisto collect the particles generated
from the cable. If possible using akind of filter to stop the particles from
follow the bitumen to the container, where the cleaning will be more
difficult, could easily solve this. An oil filter would have the advantage,
depending on wereit is placed, that it is easily replaced and cleaned. Also a
filter isavery effective device that would collect almost all particles.

Looking at the negative sides, it may not be possible to heat up thefilter to
the needed temperatures.

After adiscussion with the company that provides ABB with bitumen, and
the ones that knows most about the asphalt, NYNAS, an oil filter would be
impossible to use. The viscosity of the substance makes filtration almost
impossible. If afilter isused it will have to be cleaned al the time to not
cause flooding.

As an extension of thisidea anet could be considered. This aternativeis
even smpler than thefilter. A net could easily be placed directly under the
cable and work as a strainer to collect the particles and |et the bitumen pass
through.

This concept falls at the same point as the filter. The net cant be heated at
the same time as it needs to be removable for cleaning. The bitumen will
probably coagulate on the net and cause afailure. [11]

4.4.2 Cyclone automatic cleaning

Thisisadevicethat by centrifugal force will separate the heavier particles
from the bitumen. This method is sometimes used for air cleaning. If this
method works it will mean an effective separation as well as easy removing
of the slag. The cyclone would be placed between the reservoir and the
container. This spaceislimited so arelatively big part as this can be hard to
fit in to the construction.

For this application were bitumen is the fluid the method hasn’t been tested
so thereisreally no need to develop thisidea further because of the lack of
experience. Also with other machine elements the total coast will be much
higher. [11]
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4.4.3 Bottom hatch

After consulting with ABB about the characteristics of bitumen a couple of
conclusions can be drawn. In the beginning we thought that bitumen was to
viscous to be able to collect the particlesin the reservoir. Thisis not the
case. The particles most likely, by gravity, sink to the bottom rather quickly.
This makes the collection and cleaning easier. If the particles are allowed to
accumulate in some sort of pocket in the bottom of the reservoir the
cleaning can be performed from the outside. There are a couple of
questions, still, with thisidea. How much of the slag will in fact accumulate
here and how much will follow the bitumen back to the container. If this
concept can separate 60-70 % and only the remaining 30-40% gets as far as
the container the idea could be successful. To facilitate the particle flow the
bottom of the reservoir could lean with a certain angle towards the pocket.
The pocket should with advantage also be put directly in front of the return
pipe. The other hard thing isto create a hatch that is tight and easy to use.
This concept is a possible solution and most likely to work if put into
practice. [10][11]

45 Thetable/ frame

The table / frame hold the different parts which are mounted on the table.
From the cable come forces on 5-10 kN when the production is going. If a
cablejoin are going thru the first nipple and the personal don’t open the
nipple so the cable join can go thru. Then the cable gets caught in the nipple
and the forces can be so big as 12 kN. This construction must hold for the
forces from the cable. If a cable gets caught in the nipple must the bolts,
which are mounted in the floor, breaks before the construction will be
damages. It must be much space in the front on the table so the personal can
easily remove and cleaning different parts. The table must be so far from
the nozzle then it could be, because the risk for splash of bitumen from the
nozzle.
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4.5.1 Keep old concept

This solution is a strong construction and it can manage the forces from the
cablein avery good way. The problems are these: Difficult to clean and
remove the different parts. It’ s difficult to changes the adjustments on the
screw, because the bitumen splash over the screw and it’s hard to removeit.
Before you can clean the different parts you must remove it or reach them
from the front. That will be difficult if the table standing in front of the
other parts

Picturell: The present table.
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4.5.2. Protection over the old concept

It's similar to keep the old concept. The protection must follow the changes
in the adjustments on the screw. It must be movable and easy to remove.
The problem can be if the bitumen coagulated on the protection and prevent
the protection from being movable

Picturel2: Protection over the screw.
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4.5.3. Upper screw in front

The screw is placed upside and in the front of the cable line. It's also placed
in the front of the cable line, easy to the personal to do changesin the
adjustments. The consumption of the material to the construction will be
much larger if the screw lying over the cable line. But it will be easer to get
hold of the screw and to do the necessary changes in the adjustments
comparing if the screw lying behind the cable line. It will be much more
space under the screw comparing if we keep the old concept. The personal
can much more easily clean and remove the different partsif they are easy
to get hold of.

Picturel3: Screw above and in front.
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4.5.4. Upper screw behind

The screw is placed upside and behind the cable line. It’'s placed behind the
cable lineand it will be much more difficult to do the changesin the
adjustments for the screw. The consumption of the material to the
construction will be much larger if the screw lying over the cable line. But
it will be easer to get hold of the screw and to do the necessary changesin
the adjustments comparing if the screw lying behind the cable line. It will
be much more space under the screw comparing if we keep the old concept.
The personal can much more easily clean and remove the different parts if
they are easy to get hold of.

Picturel4: Screw above in the back.
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4.6 Concept evaluation

The real evaluation is based on our own thoughts and judgments and of
course together with Torsten Axelsson at ABB. We have also made
numerical evaluation to better show which concepts fulfil the criterions. For
this we have used methods from Fredy Olsson s book Concept
Construction. [2][10]

4.6.1 Demands

The criterions that need to be fulfilled are checked here. The concepts that
do not fulfil all demands do not get any further than this.
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Solution judgment Direct grouping method
Technical demands/ Economic demands
Scale: 3 Certainly fulfils the demand

2 Possibly fulfils the demand

1 Hardly fulfils the demand

0 Don't fulfil the demand
Nr Suggestion Description TB | EB | Go
4.2 Container - - -
4.2.1 | Removabletop 3 3 Yes
4.2.2. | Bottom hatch 3 3 Yes
4.3 The nozzle - -
4.3.1 | Easy adjustable aluminium profile 3 3 Yes
4.3.2 | Mounting on the ring 3 3 Yes
4.3.3 | Mounting on the screw 3 3 Yes
4.34 | Rotablearm 3 3 Yes
4.4 The reservoir - -
4.4.1 | Oil filter / net 1 3 No
4.4.2 | Cyclone automatic cleaning 2 1 No
4.4.3 | Bottom hatch 3 3 Yes
4.5 Thetable/ frame - -
45.1 | Keep the old concept 3 3 Yes
45.2 | Protection over the old concept 3 3 Yes
4.5.3 | Upper screw in front 3 3 Yes
4.5.4 | Upper screw behind 3 3 Yes

Table2: Evaluation of demands [ 2]
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4.6.2 Evaluation with ABB

The consulting with ABB must be seen as the most important evaluation.
During the project we have been in contact with Torsten Axelsson and
discussed possible solutions. The most relevant problems are collection of
the particles, minimizing the flooding risk and create an ergonomic and
easy maintained machine. [10]

4.6.3 Wishes

Last we evaluated the wishes to see which concepts are to prefer. The
concepts that passes are also the ones that both ABB and we think are the
best. They will be further developed in the primary construction phase and
hopefully put into use.

We have made these tables for two of the parts, the nozzle and the
table/frame. The other parts we have already chosen.

39



Bitumen Applicator FRIEPED
Solution
IN PAIRS COMPARISON METHOD
Thenozzle
Performance judgment
3 Suggestion satisfy certainly the criteria
2 Suggestion satisfy probably the criteria
1 Suggestion satisfy scantily the criteria
0 Suggestion is not satisfy the criteria
g B
g 52 8 % oz .
£ .| 5 g 3 s g 2 L5 o
al S| 2 8 & % o 5 8 g 8 £
5 = 3 S ¥l E| g x| & E|l 2
8 B 85 8 8 & & § 33 £l 3
Ll o T o » 2| O] Wl S|l F| O
Nr_|Description 0,05 |0,025| 0,21 |0,074/0,123|0,185| 0,16 |0,062/0,111| - | -
1 |Easy adjustable 3|1 3|3|3]3|3]|3|3]s73
Aluminiumprofile |t | 0.15 |0.075| 0.63 |0.222/0.369]0.555| 0.48 |0.186/0.333| 3 [0.252] Yes
2 [Mounting on the 3 3 3 3 3 3 3 2 3
ring 0.15 |0.075| 0.63 |0.222]0.369|0.555| 0.48 |0.124/0.333]2.9]0.247| No
3 |Mounting on the 3 3 3 3 3 3 3 2 3
screw 0.15 |0.075| 0.63 |0.222]0.369|0.555| 0.48 |0.124/0.333|2,9]0.247| No
4 |Rotable arm 3 3 3 3 3 3 3 3 3
0.15 |0.075| 0.63 |0.222|0.369|0.555| 0.48 |0.186|0.333| 3 |0.252| Yes

Table3: Evaluation of the nozzle cocepts [ 2]
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Solution
IN PAIRS COMPARISON METHOD
Thetable/frame
Performance judgment
3 Suggestion satisfy certainly the criteria
2 Suggestion satisfy probably the criteria
1 Suggestion satisfy scantily the criteria
0 Suggestion is not satisfy the criteria
Q
é o} = 2
5] 3| £ 2l <« T 0
8 . E g % < §_ 2 - % T
3 g 2 8 & § o § § =2 sz ¢
5 by e = ) = 5 : E el 2
8 B 8 3 8 35 g & & 3 £ 3
LL o T (9] (7)) 2 (@) Ll = [ =] ™
Nr__|Description 0,05 |0,025| 0,21 |0,074/0,123|0,185| 0,16 |0,062|0,111| - -
1 [Keep the old concept 3 1 3 3 2 3 3 1 3
0.15 |0.025| 0.63 |0.222|0.246|0.555| 0.48 |0.062|0.333| 2.7 | 0.24 [No
2 |Protection over the 3 1 3 3 2 3 3 2 3
Old concept 0.15 |0.025| 0.63 |0.222/0.246|0.555| 0.48 |0.124]0.333} 2.77 | 0.24 [No
3 |Upper screw in front 3 3 3 3 3 3 3 3 3
0.15 |0.075| 0.63 |0.222/0.369|0.555| 0.48 |0.186/0.333] 3 | 0.26 |Yed
4 |Upper screw behind 3 3 3 3 3 3 3 3 2
0.15 |0.075| 0.63 |0.222|0.369|0.555| 0.48 |0.186]0.222f 2.89 | 0.25 [No

Tabled: Evaluation of tble concepts [ 2]

41




Bitumen Applicator "l‘

5. Presentation of chosen concepts

The basic concept chosen is the same as the old machine. As seen above the
machine where divided in four parts (container, nozzle, reservoir,
table/frame). After evaluations and discussion with Torsten Axelsson the
concepts where chosen to fulfil the new demands and wishes.

5.1 The container

For the first part, the container, the same concept as in the old machineis
chosen. The container is built as a double walled construction. The walls
are well isolated and filled with oil. Element pipes electrically heat the oil.
When the ail is heated it expands why an expansion chamber isfitted on the
container.

Two pumps are used for the option of application on two places on the
cable.

The top of the container is removable to be able to clean out the slag that
dlips through from the reservair.

5.2 Thenozzle

The nozzle has to be placed over the cable in aquick and easy way by the
operator of the machine when the diameter of the cable changes. This three-
dimensional movement is possible with aluminium profile guides that have
to be able to support the weight of the nozzle as the pressure of the
bitumen. The system could be placed on the table that support the rings
whereit is easy to reach by the operator and it is protected from bitumen
floods. These profiles are easy to find in the market but in the other hand
these profiles are not heated so any bitumen on them will coagulate easily,
and make it difficult to remove, making the movement of the profiles
difficult.
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5.3 Thereservoir

The concept for cleaning the bitumen from slag is rather smple. The
particles are allowed to accumulate in a pocket in the bottom of the
reservoir, with advantage directly in front of the back flow pipe. To
facilitate the collection the bottom can lean towards the pocket. This pocket
isfitted with a hatch so the slag can be emptied from the outside. If the
hatch should be in form of aremovable container or just an opening to
scrape out the slag the primary construction phase will show. This might
need some testing to decide. The hard part isto get atight construction to
prevent any spill.

5.4 Thetable/frame

To facilitate the operation of the screw and to prevent it from being attacked
by the bitumen in an eventual flood, the screw placing is moved to the
upper side of the table, above the cable. Because the rings needs a support
on both sides of the cable the screw can be placed on either side. In the
front it will be most ergonomic though. After discussing this with Torsten
Axelsson we find this way the best. The table can hopefully be made as
strong to hold the weight of the ring at this location. The placement of the
frame must be tested to see if the construction will hold the forces from the
cable. Thisisthe next step of the work. The best thing to do is to make sure
that in an eventual flooding the construction wont lead to alot of cleaning
work. Therefore the placement and design is important.
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Picturel5: Smple sketch of the chosen solution (slag collection does not
chow).
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Primary Construction

45



Bitumen Applicator

46



Bitumen Applicator F LY 1]

6 Product draft

| the concept construction phase the machine was divided into four units,
the container, the nozzle, the reservoir and the table. These parts will now
be further developed in the primary construction phase.

6.1 The container

The container that stores and heats the bitumen will keep the old design.
The choice has been not to create a new container but to keep the old
drawings. This means that the container will only be treated in the
component chapter.

There are several components involved in the process of this unit. Most of
the old parts do not exist today and new aternatives have to be found.
Some of these parts will be treated with special care.

6.2 Thenozzle

The nozzle is arelative small part of the machine. This unit only contains
four parts. The actual nozzle that spreads the bitumen on the cable will be
specially constructed.

6.3 Thereservoir

The reservoir that collects the surplus bitumen is placed under the cable.
This part will also separate the slag particles, from the armouring, and the
bitumen. The reservoir will be designed specially and so will the slag
container.

6.4 Thetable

The table that holds the rings and the screw will mostly be specialy treated.
The actual tableisthe biggest mechanical problem of the machine. Most
parts will be designed and tested in the detail construction chapter.
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Chosen parts Designed parts
Routine (Special |Routine |Special

The Container

Pump X

Motor X

Heating elements X

L evelcontrol X

Expansion chamber|X

Pipes X

Isolation X

Thermometer X

Qil X

The Nozzle

Pipes X

Nozzle X

Nozzle heating X

Pipe mounting X

The Reservoir

Heating cable X

Isolation X

Sedls X

Reservoir X

Slag container X
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TheTable

Screw X
The screw nut X
Steel cylinder

Bearings X

Steel bearing house

Therings

Table

Tableb: Draft table of parts and components
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7 Components

7.1 The container

The container is the most complex part of the machine. It consists of
various different components that enable it to work satisfying, also to
control variables as the bitumen level and temperature.

7.1.1 Pump

The pump isfitted inside the container and will transport the bitumen up to
the nozzle for appliance on the cable. ABB has awish for two pumps to be
able to apply the bitumen at both cable rings.

We have not been able to measure the flow of the old pump, and because of
the age of the machine there are not alot of information about existing
parts. What is known is the effect and speed of the motor (1,1 kW and
308rpm). Thisinformation gives a capacity of 25 I/min. [18]

7.1.1.1 Criterions
Should have, at least, the same capacity as the old pump. (W)
Must fit inside the container.
Must stand a process temperature of 160°C.

Must work with industrial bitumen.

7.1.1.2 Research

Thefirst thing that was done was to look at the old pump. The present
pump is a so-called gearwheel pump manufactured by Albin Pump AB.
This company does not exist today so this option was closed.

Not all pumps work with industrial bitumen mostly because of the process
temperature.

50



Bitumen Applicator "h == ==

We have been in contact with a company called Telfain Mamé. They
recommended a gearwheel pump as the best choice for this application. A
gearwheel pump has a strong construction and works well with aggressive
fluids.

Two alternative gearwheel pumps has been looked closer at and considered.

IWAKI Gearwheel pump

Iwaki is acompany specialized in making pumps for aggressive fluids.
This pump is a magnetic powered gearwheel pump in stainless (A4) steel or
PV C. For transport, circulation and dosage of aggressive fluids. The Model
G hasaflow of 35 1/min and a maximum pressure of 7 bars. The pump
comes with amotor of 0,25-4 kW. [22]

Picturel6: Iwaki Pump Model G [22] Picturel?: Inside Model G [22]

TELFA Gearwhedl pump

Telfa pumps can be modified after the customers wishes. Different
materials and specia adapting means that Telfa can make a nearly optimal
solution for demanding applications for example viscous, wearing,
poisonous, fragile, corrosive or environmentally dangerous medias.

The series R-pumps handle high viscous and wearing liquids well. The R-
pumps has only two moving parts. This and the strong construction make
these pumps suitable for long continuous running. The pumps can be
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equipped with ajacket pump house for heating or cooling.
These pumps are especially suitable for industrial bitumen.

The pumps are delivered as a package with pump and motor. The capacity
is at 35/min and the effect of the motor 0,75-4kW. The pressureis up to 16
bars. [18]

7.1.1.3 Chosen pump

The choice fell on Telfa AB. Mainly because of the company experience
with industrial bitumen as pump media. Telfa has provided with helpful
information and help with choice.

The chosen pump is the Telfa R40 with an effect of 1,1kW and a speed of
400rpm. This gives a capacity of 35I/min. This pump isalso, dueto its
design, easier to fit inside the container. (Spec. in Al)

Price: 13630: - incl. motor.

Picturel8: Telfa Pump Series R[18]
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7.1.2 Motor

The motor is running the pump. It has to be placed outside the container if
no other alternative comes.

7.1.2.1 Criterions
The effect must be enough to give the pump a capacity of 25 I/min.

The effect must be able to control for different volume flow of the
bitumen.

The distributors of the pumps most often provide us with complete package
solutions including pump and motor. In this case when the pump was
chosen the motor was included. Therefore no extra energy has to be put into
comparing different motors. [18]

7.1.3 Elementpipes

A similar heating system as the present has been chosen. This means that
the bitumen isindirectly heated by oil. The oil is heated by elementpipesin
the bottom of the container.

There are alot of different heating elements on the market. However the
element has to be fitted from the outside of the container, this because the
spaceislimited inside. This also supports easy maintenance, if the elements
can be changed without taking the whole container apart.

7.1.3.1Criterions
Must heat up given volume from approx. 10-180°C.
Must stand petroleum products (oil).

Must be able to mount from the outside of the container.
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7.1.3.2 Research

The similar kind of heating pipes, as the ones used today, was only found in
one company. The company Backer BHV AB is specialized in different
industrial heating methods. The company was contacted and introduced to
the problems.

With help from the company a special solution was then designed. [12]

Calculations
Calculation of the heat loss of the open area:
AkDts
SE
Q2 = the heat leak through the isolation (W)

A = thetotal outside area of the object

Q=

k = value of the isolation

Dt = the temperature difference between the object and the surrounding.
S = the thickness of the isolation

E = correction factor

S = security factor

A=p*02%/4=0.0314m?

k = bitumen/air = 0.16/59/0.024 = 0.49
Dt =160 —-10=150°C

S =not exist

E =normally 0.8

S = not necessary inside the building
Q=3W
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Q2 = the heat leak through the isolation (W)

A = thetotal outside area of the object

k = value of the isolation

Dt = the temperature difference between the object and the surrounding.
S = the thickness of the isolation

E = correction factor

S = security factor

A=34nm’

k = 0.045 (for mineral wool)

Dt =160-10=150°C

S=0.06m

E =normally 0.8

S = not necessary inside the building
Q=478 W

Calculation of the heat loss through the steel lid:
AkDts
SE
Q1 = the heat leak through the isolation (W)

A = thetotal outside area of the object

Q=

k = value of theisolation

Dt = the temperature difference between the object and the surrounding.
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S = the thickness of the isolation
E = correction factor

S = security factor

A=12*10=12m°

k = bitumen/steel/air = 0.16/59/0.024 = 0.49
Dt =160 —-10=150°C

S =not exist

E =normally 0.8

S = not necessary inside the building

Q. =110W

Calculations of the effect need:
P=Q+Ph

_V.GCth

T h

P = necessary effect (W)

Q =the heat loss

Ph:

Ph = the need of effect to raise the temperature of the object to desired

temperature in h hour.

V = the volume of the object (litre)
G = density (kg/dm®)

C = heat capacity

th = desired temperature raise (°C)
h = heating time

V =520 litre
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G=104

c=2.09

th = 150°C

h =20 hours

Ph=3925W

P=Q:+ Q,+Ph=45kW

To heat up the volume of 170l of oil (+3501 bitumen) from 10-160°C in 20
hours an effect of approximately 4,5 kW is needed. Backer BHV AB
provides with different elementpipes, in different dimensions, for the best
solution. [X]

Calculation of elementpipes:
2* p*r* L =mantlearea

1 W/ecm?

r=0.007 m L=0.7m
Mantle area/ 1* 10 = 308 W

5.9kW /308 W =14.6 W » 15 units of element pipes with alength of 0.7
m. [6] [7] [14][29]

7.1.3.3 Chosen elementpipes

For the limited space in the bottom of the container an element with a
length of 700mm is chosen. The diameter of the pipeisonly 14mm, which
fitswell. The pipe has an effect of 1W/cm? which will give atotal effect of
308W / pipe. The recommendations, if a 20-hour heating time is wanted,
are to use 15 pipes.

Price: (If 15 pipes are used) 600-700:-/pipe

The priceis not exact because the pipes are made after an order depending
on specifications.
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If aprotection over the elements is wanted a standard pipe is agod solution.
Depending on the diameter of the protection pipe different fittingsis
recommended. If the inner diameter of the protection is the same asthe
pipe, 14mm, the best way is to have an open pipe that goes the whole way
through the container. Thisisif the elementpipe should brake it can be hard
to pull it out, with an opening on both sides you can both push and pull the
pipe lose.

If the diameter of the pipeislarger than the element one end can be closed.

7.1.4 Levelcontrol

To control the level of bitumen in the container some sort of measurement
device has to be used. If the level of bitumen getsto low it means that not
enough bitumen will be applied on the cable. Thisleads to problems when
itisnot easy to put in reverse and back the cable. The level of the bitumen
in the container must be over a certain level to sustain continuous run.

7.1.4.1 Criterions
Must stand petroleum products (industrial bitumen).
Must stand a process temperature of 160°C.
Must fit the depth of the container.

7.1.4.2 Resear ch

Today a capacitive levelcontrol is used. A capacitive control fits most
ligquids and some solid materials. It isrelatively cheap measurement type
that uses the electrical characteristics of the media.

Thistype would still fit the application well. A look in to different
aternatives has been done anyway.
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Ultrasound level control

Ultrasound is here used to measure the level of the media. It is an exact
method but a bit expensive.

¥

Picturel9: Ultrasuond level control [15]

Floatation device

A common method used with experience. Some floaters can measure up to
3m. For bitumen as media though it could mean problems. The bitumen in
the container isin both solid and

liquid form at different times. Because of the lack of experience with this
mediathis method is not chosen.

Picture20: Floatation level control [15]
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Pressure level control

An dternative that measures the surrounding pressure with compensation
for variations in atmospheric pressure. Does not work very well with solid
materials though.

Picture2l: Pressure level control [15]

7.1.4.3 Chosen level control

The chosen control will be of the same type as the old, a capacitive level
control. It uses the electric characteristics of the mediafor determining the
level. It works with most medias and most important, bitumen in solid and
liquid form. It is also no problem with the temperature of 160°C. Other
reasons are that ABB has used them before and has experience of the
method, and it is a simple and cheap way of measurement.

The company that will provide with the level control is Exac Industriteknik
AB.[15]
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Picture22: Capacitive level control [ 15]

Nivocap C100 with arod probe, High temp version. (Spec. in Appendix
A.2)

Price: 6325: - (excl)

7.1.5 Expansion chamber

The expansion chamber is needed when the oil inside the container
expands. It will be mounted at the side of the container.

7.1.5.1 Criterions
The volume must be at least 5% of the entire system volume.
Level indication should exist. (W)

7.1.5.2 Research

The present expansion chamber has a volume of approximately 45I. When
the volume of the ail will be the same, similar expansion chamber has been
looked at. The closest volumeis normally 501. Thiswill more than well fill
the criteria of 5%.
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Originally two companies where considered. Both had cylindrical chambers
at stock. It seems, though, that one of these companies, Metallprodukter
AB, has disappeared.

Thisleaves only one opportunity |eft.

The company Stdmsnéspannan is specialized in accumulation tanks for
heating houses. For these tanks, there are expansion chambers that could fit
this application. [21]

One thing that has not been found is any level indication for this tank.
Usually there are no indications on this type of chambers.

7.1.5.3 Chosen expansion chamber

Stromsnéspannan has atank of 501 that will fit the system. It has three
connection pipes, 1, 4 and 5 on the picture.

L &npy=

J@E 5
7
1
i\
3

Picture23: Expansion chamber [21] Picture24: Expansion chamber,
connections [ 21]

Thistank has alength of 790mm and a diameter of 300mm.
Price: 375: -
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7.1.6 Pipes

The pipes connected to the pump inside the container. Oneisfor suction
and on isfor pressure up to the nozzle.

(These pipes are not heated. They are indirect heated by the bitumen.)

7.1.6.1 Criterions
Must stand atemperature of 160°C.
Must fit the pump (diameter).
Must stand industrial bitumen.

Note: These pipes are not chosen because the container is not reconstructed.
The placement and exact height of the pump isleft to ABB to choose. It is
also depending on what kind of connections preferred.

Thisisan only standard 40mm pipe that can stand petroleum products.

7.1.7 | solation

The isolation in the container is a 60 mm thick layer in adouble walled
construction. The isolation is used to lower the heat |osses. Approximately
3.85 m? is needed to cover the walls and the bottom of the container.

7.1.7.1Criterions
Must stand the surrounding heat of 160°C.
Must fit in a double walled construction 50-60 cm wide.

No specific demands concerning heat conductivity or heat lossis put up.
The isolation is used to make the heat |0ss modest.
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7.1.7.2 Research

Most different fabricates of isolation looks the same. Isolation made of rock
wool is the concept that has been considered as the best and cheapest
aternative. Rock wool can stand temperatures up to well over the needed.
Nearly al-industrial and technical isolation is made of rock wool. Thisis
why no other aternative has been closer looked at.

The rock wool comesin different forms. Two products could fit this
application.

Carpets

Heat isolation for containers, ventilation canales, pipes etc. Carpets comein
different lengths and widths. The carpet that has been closer |looked at has
dimensions of 4000* 600 that would fit this application excellent. They can
also be obtained in 50 or 60 mm thickness.

Picture25: Carpet isolation 439-00 [ 24]
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Sheets

A sheet islike asmaller version of carpets. They are stiffer than carpets and
sometimes easier to work with. Mostly they stand for lower temperatures
than carpets and the heat conductivity is lower. The temperature at the
sheets looked at stand for 200°C.

Picture26: Sheet isolation 363-10 [23]
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7.1.7.3 Chosen isolation

Two companies are big in these applications Paroc Technical isolation and
Saint-Gobain Isover AB (Gullfiber). [23][24]

We recommend ABB to use a 60mm carpet for the container walls and
bottom.

If the old container concept is used less than 4m? (3,84) isolation carpet is
needed. The company Paroc Technic Isolation provides with carpets of
4000* 600mm (2,4m?). The name of this carpet is 439-00 and it has a
maximum allowed temperature of 250°C. The heat conductivity [l ], at
200°C, of this carpet is 0,072 W/m°C.

Price: 110:-/ m?

The priceis not exact. It isarecommended price depending of quantity and
place of purchasing.

7.1.8 Thermometer

The bitumen in the container must hold a constant temperature of 160°C.
To control this effectively some kind of thermometer is used. The
thermometer has to fit in the container to measure the temperature at all
times.

7.1.8.1 Criterions
Must stand industrial bitumen.
Must measure the interval 0-200°C.
Must fit the container (depth).
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7.1.8.2 Research

Thermometers for fixed montage have been looked at. Two different
companies sell similar products.

Backer BHV AB

The thermometer of type Pt 100 measures temperatures up to 400°C. The
thermo element has the dimensions 6* 250mm. Backer isreally specialized
in different heating methods but provides with complete solutions. This
thermometer costs 870: -. [12]

Temflow Control AB

Temflow is more specialized in temperature measurement. After contacting
the company and consulted them about the problems they recommended a
possible solution. A thermo element with material type K was
recommended. This solution is rather cheep and satisfying exactness. This
thermometer isin basic design 200mm long and the diameter is 3,0mm.
The priceis 380: - but costsonly 11: - extra per dm. [16]

7.1.8.2 Chosen Thermometer

Disregarding the convenience of buying different components from the
same deliverer the choice fell on Temflow. Mostly because the length can
be decided depending on where in the container the fitting will be.

T/C TypeK, Art. code : 12-K-200-176-3,0-21-3P2 (Spec. in A.3)

Price: 380: -

Length: 200 mm 11: - extra/ dm
Diameter: 3,0 mm

Material: Inconel

Free cable ends.
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7.1.9 Qil

Oil isthe media used for heating the container. The oil is heated by
elementpipes. The start temperature is about 200°C. Thisiswhile heating
the bitumen from solid form. When the bitumen has reached the correct
process temperature the oil temperature is lowered to approx. 180°C.

7.1.9.1 Criterions
Must be able to heat up to 200°C.
Should have the same characteristics as the oil used today. (W)

7.1.9.2 Research

The oil used today is Optimol KL3. Thisail is still used with industrial
applications. No other aternatives have been considered since ABB has
good experience with this oil.

7.1.9.3Chosen oil
Optimol KL3.

This aternative has been chosen because this oil is used today in the
container.

This ail is high temperature ail. It is withholding Optimols patent on
Optotec additives.

Optimol KL 3 has the best creep capacity of the different viscositiesin this
Optimol KL-series. [19]
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Technical datafor Optimol KL3

Data Unit Value
Viscosity 40°C mm?/S | 32
Viscosity 100°C | mm?%/S | 6.42
Lowest flow point | °C -60
Flash-point °C over 220
Density + 15°C glem® | 0.927
Temperaturezone | °C -60/+250
Coagulation point | °C -47

Table6: Oil charachteristics[19]

Thisoil can be used up to 200°C
Price: 147: -/ (170*147)=25000: -
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7.2 Thenozzle

The nozzle is the devise that spreads the bitumen on the cable. This unit
contains more parts than the actual nozzle. The transport pipes from the
container are the biggest part. The components in contact with bitumen
need heating. The pipes also need isolation to minimize the heat |oss.

7.2.1 Pipes

This are the two pipes transporting the bitumen from the container to the
cable. They need to be heated to about 160°C so the bitumen can run easy.
They have to be fitted on the top of the container and connected to the
pressure pipes from the pump. Also they must have some fitting for the
nozzle on the end.

Today atube with heating cable around is used. The tube isisolated and
covered with aluminium tape. Thereisno real mounting. A simple rope
fixes the tube.

7.2.1.1 Criterions
Must be heat able to 160°C.
Needs to be flexible, for positioning over the cable.

Must fit the rest of the pipe system (diameter, pressure, nozzle).

7.2.1.2 Research

In the concept phase different mountings for the pipe and nozzle where
considered. All ideas where based on a movable pipe or tube. If apipeis
used it needs some sort of joint for the adjustment to work. On the other
hand if aflexible metal tubeisused it will already have the ability to be
moved over the cable.
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Picture27: Metal pressure tubes [ 20]

7.2.1.3 Chosen pipe

The chosen pipeisaHydrametal tube provided by Witzenmann
Metallslangfabriken Sverige AB. The tube is made of austenitic steel with a
covering braiding in non-corrosive steel. [20]

The tube has abending radius of 130mm, which is enough. The outer
dimension is 51.6mm.

DN 40 Type: RS 341S12
Price: 800-1500: - /m depending on connections

7.2.2 Pipe heating

The pipe aso needs heating to compensate for the heat leak and to heat up
the bitumen when starting the machine.

7.2.2.1 Criterions
Must have enough effect to keep the bitumen temperature at 160°C.

Must be flexible to follow the movement of the pipe.
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7.2.2.2 Research

The company Varmekabelteknik AB provides with special solutions that
will fit this application well. [14]

Calculation of the pipe

Q =thelost of heating (W)

Dt = Temperature difference between the pipe and the surrounding.
k = the value of the isolation (k=0.0045)

dy = the isolations outside diameter (mm)

di = theisolationsinside diameter (mm)

S = security factor

Dt =160 -10=150 the process temp. minus the surrounding temp.

dy=0.1 the outside diameter of the pipe
di =0.04 the inside diameter of the pipe
s=1.2 inside the building

2:p -Dtk-1.16s
Qi=2P

=

Q =64.43 W per meter pipes
[6] [7] [14][29]
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7.2.2.3 Chosen pipe heating

A heating foil of silicon is choused. Thisfoil is used for applications with a
high surface effect need. It has an effect of 1,5 W/cm?2 (15KW/m).

Thefoil is made with aresistance wire, which is expanded between two
silicon plates. The element is mounted with special glue and will be
temperature controlled by aregulator or a sensor, placed directly on, or
close, to prevent overheating.

A cover of glass fiber rowing is used for protection over the foil. [14]

2 silicon element 50* 1500mm 375W/240V (Spec. in A.4)
Price: 961. - /piece

7.2.3 Isolation

| solation products for pipes exist on the market under the name pipe basins.
For this application athin isolation is wanted to make the system easy to
work with. A thickness of 30mm has been used for the calculations. The
whole pipe cannot be isolated regularly because this will reduce the
flexibility of the tubes.

7.2.3.1 Criterions
Must stand a temperature of 160°C.

Should have athickness of 30mm.

7.2.3.2 Research

For the other isolation products the company Paroc Technical Isolation has
been choosed. [23]

Paroc has pipe isolations that can stand temperatures up to 700°C.
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7.2.3.3 Chosen isolation

The chosen isolation for this application is a pipe basin from Paroc. The
number is 1745-00. The maximum temperature is 700°C and it is fireproof.
The inner diameter will fit the tube and the thickness will be 30mm.

Pipe basin 1735-00
Dimension 52*30* 1000
Price: 35: -/m

7.2.4 Nozzle

The nozzle isfitted on the end of the tube above. It spreads the bitumen
over the cable.

This part aso needs heating. There has been a problem at upstart with the
present nozzle. The bitumen has a tendency of coagulating here so when a
pressureis put on. A reaction similar to an explosion occurs when the lump
comes lose. This can be prevented with a more effective heating system and
more heat conductive material.

The real nozzle will be specially designed. The only thing that will be
chosen is the heating system.

7.24.1 Criterions
Must be heated to 160°C.
Must be able to fit the pipe.
Should prevent splash during upstart and run.
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7.2.4.2 Research

The nozzle needs an effective heating system. To prevent the present
problems a thorough calculation basis has been prepared.

Calculation of the heat loss through the open area:
AkDt's
SE
Q1 =theleak of the heat through the isolation (W)

A = thetotal outside area of the object

Q=

k = value of the isolation

Dt = the temperature difference between the object and the surrounding.
S = the thickness of the isolation

E = correction factor

S = security factor

A =0.024 m?

k = bitumen/air = 0.16/0.024 = 6.7
Dt =160-10=150°C

S=not exist

E =normally 0.8

S = not necessary inside the building
Qi=30W

Calculations of the heat loss through the walls:
AkDt's
SE

Q=
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Q2 = theleak of the heat through the isolation (W)

A = thetotal outside area of the object

k = value of the isolation

Dt = the temperature difference between the object and the surrounding.
S = the thickness of the isolation

E = correction factor

S = security factor

A =0.024 m?

k = 0.045 (for mineral wool)

Dt =160 —-10=150°C

S=0.02m

E =normally 0.8

S = not necessary inside the building
Q.=10W

Calculations of the needed effect:
P=Q+Ph

_V.GCth

T h

P = necessary effect (W)

Q =theloss of heat

Ph = the need of effect to raise the temperature at the object to desired
temperature on h hour.

Ph:

V = the volume of the object (litre)
G = density (kg/dm®)
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¢ = heat capacity
th = desired temperature raise (°C)
h = heating time

V =0.08* 0.2* 0.04=0.64 litre
G=104

c=2.09

th = 150°C

h =1 hour

Ph=58W
P=Q;+Q,+Ph=59W

[6][7][12][29]

As seen the needed effect is only 59 W to heat up the nozzle in about an
hour. To use heating cables here would be hard.

The company Backer BHV AB has a possible solution. They have
experience of industrial tool heating. The have a product for molten plastic
spray nozzles. It asakind of ring that can be places around the nozzle. The
effect of this product is 235 W, which isway over the needed. Thisisno
negative thing it means that the nozzle can be heated very quickly to clean it
before starting the machine. [12]
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7.2.4.3 Chosen nozzle heating

i

Picture28: Nozze heating [12]

The heatingsystem recommended for the nozzle is atool-heating ring. This
can be bought from Backer BHV AB. Thering has a diameter of 39 mm
and is 38 mm wide. It has an effect of 235 W.

Art. nr; 3058 80 39 58
Price: 465: -

7.2.5 Adjustable pipe mounting

Thiswas one of the big parts of the concept phase. It has actually cometo
be one of the lessimportant components. The transport pipe needs some
sort of mounting, both to support the weight of the metal tube and to adjust
the location over the cable. When different cable diameters are used the
distribution rings will move and the place for applying of bitumen will also
move. This means that the nozzle fitted on the tube has to be placed over
the right spot.

7.2.5.1 Criterions
Must be able to adjust the nozzle in 3 directions (x, y, z).
Must support the pipe.
Should be easy to adjust. (W)
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7.2.5.2 Research

This part isleft to ABB to choose. The mounting of the pipeisa bit
depending on the placing of al units. The space between the table and the
container is not decided in this stage. Thisis also because ABB will
probably lower the container down in the floor.

Many companies provides with aluminium profiles with specid
characteristics. Only recommendations of possible deliverers are made here.

Sapa Profiler AB
Sapaisan international concern specialized in aluminium products. [26]

Juralco AB

Juralco AB sdlls aluminium profiles and profilebased aluminium products
on the Swedish market. [27]
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7.3 Reservoir

The reservair is placed under the cable and the two rings. It will collect the
surplus bitumen and the slagparticles from the armouring. This reservoir
has to be heated to prevent the bitumen from coagulating. Under the
reservoir asmall container will be placed to collect the dlagparticles. Here
the slag can accumulate and be emptied easily. This container will be
separately heated when cleaning is undertaken.

7.3.1 Heating cable

The heatingsystem of the reservoir prevents the bitumen from coagulating.
There are no real demands of the temperature; the bitumen just needsto run
away back to the container.

The reservoir can be divided into two parts, the actual reservoir, for
collection of the surplus bitumen and the second part, the container trap
under the reservoir. This container isfor collection of the slagparticles.
These two parts need to be separately heated.

When the machine is running both parts will be heated but when the
reservoir is cool the container can be heated to clean out any slag particles.
The bitumen needs to be liquid to be removed.

7.3.1.1 Criterions
Must keep the reservoir warm enough for the bitumen to run easy.

Must have two separate heating systems. One for the reservoir and one
for the slag container.

Should take as little space as possible. (W)
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7.3.1.2 Research

A company called Varmekabelteknik was contacted for suggestions of
systems. The system is all depending on the needed effect. Most
heatingcables has effect in W/m. The ideal isto have avery small system
with high effect. The container is very small so there are no large areas to fit
the cable on. The volume though will only be 15-20l. The actual reservoir
will be abit bigger but here also the volume will not be large.

Calculation of the reservoir

Calculations of the heat |oss through the walls:
AkDt's
SE
Q1 = the heat leak through the isolation (W).

A = thetotal outside area of the object

Q=

k = value of the isolation

Dt = the temperature difference between the object and the surrounding.
S = the thickness of the isolation

E = correction factor

S = security factor

A =2¥05%1.5+ 2¢1.5¢0.2 + 2¢0.50.2 = 2.3 m*
k = 0.045 (for mineral wool)
Dt =160-10=150°C
S=0.015m
E =normally 0.8
S = not necessary inside the building
Q1=1294 W
81



Bitumen Applicator "l‘

Calculation of the heat loss of the open area:

Q2 = the heat leak through the isolation (W).

A = thetotal outside area of the object

k = value of the isolation

Dt = the temperature difference between the object and the surrounding.
S = the thickness of the isolation

E = correction factor

S = security factor

A=15*0.=0.75m°

k = bitumen/air = 0.14/0.024 = 5.8
Dt =160 —-10=150°C

S =not exist

E =normally 0.8

S = not necessary inside the building
Q.=820W

Calculations of the needed effect of the reservoir:

P=Q+Ph
qui?m

P = necessary effect (W)
Q =theloss of heat
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Ph = the need of effect to raise the temperature of the object to desired
temperature in h hour.

V = the volume of the object (liter)
G = density (kg/dm?)

¢ = heat capacity

th = desired temperature raise (°C)
h = heating time

V =25 liter
G=104
c=2.09
th=50°C

h =12 hours
Ph=63W

P=Q;+Q,+Ph=2177TW

Calculation of the container trap

Calculation of the heat loss through the walls:
AkDt's
SE
Q1 = the heat leak through the isolation (W)

A = thetotal outside area of the object

Q=

k = value of theisolation
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Dt = the temperature difference between the object and the surrounding.
S = the thickness of theisolation
E = correction factor

S = security factor

A =0.5*0.15*2 + 0.5*0.2*2 + 0.2*0.15* 2 -0.2*0.2 = 0.37 m?
k = 0.045 (for mineral wool)

Dt =160 —-10=150°C

S=0.02m

E =normally 0.8

S = not necessary inside the building

Q. =156W

Calculations of the heat |oss through the open area:
AkDts
SE
Q2 = the heat leak through the isolation (W)

A = thetotal outside area of the object

Q=

k = value of the isolation

Dt = the temperature difference between the object and the surrounding.
S = the thickness of the isolation

E = correction factor

S = security factor

A=0.2*0.2=0.04n7
k = bitumen/air = 0.16/0.024 = 6.7
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Dt =160-10=150°C

S=not exist

E =normally 0.8

S = not necessary inside the building
Q.=50W

Calculation of the needed effect:
P=Q+Ph
V-GCth
h
P = necessary effect (W)
Q =theloss of heat

Ph:=

Ph = the need of effect to raise the temperature of the object to desired

temperature in h hour.

V = the volume of the object (litre)
G = density (kg/dm?)

¢ = heat capacity

th = desired temperature raise (°C)
h = heating time

V =15litre
G=104
c=2.09

th = 150°C
h =12 hour
Ph=115W
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P=Q;+Q,+Ph=321W
[6][71[14] [29]

7.3.1.3 Chosen heating cable

A heating foil of silicon is chosen. Thisfoil is used for applications with a
high surface effect need. It has an effect of 1,5 W/cm2 (15kW/m?).

Thefoil is made with aresistance wire, which is expanded between two
silicon plates. The element is mounted with special glue and will be
temperature controlled by aregulator or a sensor, placed directly on, or
close, to prevent overheating. [14]

2 silicon elements 100* 1400, 1200W/240V (Spec. in Appendix A.4)
Price: 1797: - / piece

1 Apparatus locker Type 22 is needed to control the system (including the
system for the pipe. See above Pipe heating.)(See specification in Appendix
A.4)

Price: 8540: -
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7.3.2 | solation

Thisisolation is only to lower the heat loss a bit. The sides and bottom of
the reservoir should be isolated. Some isolation is aso needed for the slag
collection container under the reservoir. The reservoir should be easy to
remove for easy maintenance and cleaning so the weight should be
relatively small. If theisolation isto thick the reservoir will be bigger than
wanted.

7.3.2.1 Criterions

Must stand the surrounding heat of 160°C.

Should not expand the volume of the reservoir too much. (W)
Estimated thickness of isolation: 20mm

7.3.2.2 Research

A research of different types of isolation was performed earlier for the
container. Looking at those results and this application sheets seems more
suitable for the reservoir, much due to the thickness from 15mm and up.

Only one company has been found who manufactures sheets this thin, Paroc
Technic Isolation. [23]

7.3.2.3 Chosen isolation

One positive thing is that all isolation, both for the container and for the
reservoir, can be bought from the same distributor. Paroc isolation is one of
the major companies in Sweden working with isolation. A 15mm thick
sheet material, 363-10, is recommended. The sheet are 1200* 600mm and
easy to cut in preferred sizes. They are delivered as packs of 13 sheets with
atotal areaof 9,36m?. It stands for temperatures up to 160°C.

Price: 78:-/m?
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7.3.3 Seals

Underneath the reservoir is a container placed to collect any slagparticles
from the cable. This small container has to have an opening of some sort for
cleaning. To solve this a hatch is used. This hatch needs to be easily opened
when the bitumen is hot and liquid. For thisideato work a special seal is
used between the hatch and the container so the hatch can be manually
closed and tightened.

7.3.3.1Criterions
Must stand industrial bitumen
Must stand the temperature interval 10-160°C.
Should be easy to change. (W)

7.3.3.2 Research

The ideal seal would be some sort of string fitted in arail on either the
hatch door or on the container. 1t would be best to place the seal on the
hatch. Thisisonly to minimize the contact with the bitumen.

Seals of this kind have been hard to find. One company has been found
specialized in seals and seal components with focus on Swedish process
industry. Specma Seals has a kind of boxseal that will work. A boxseal isa
square shaped seal. It comesin various dimensions and materials. The seals
are made of fibres and most of them stand temperatures well over the
needed. [17]

7.3.3.2 Chosen seal

The product that will handle all the criterionsis a universal seal called
Specma 99. It works well with petroleum products and has a maximum
using temperature of 260°C. The seal is made of aramid fibres, which
makes it difficult for the bitumen to stick to the seal. [17]
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Picture29: Soecma Boxseal [17]

The chosen dimension is 6mm and it comesin a pack of 8m so it can easily
be changed when needed.

Art.nr: 327006 (Specin A.5)
Price: 1051: - / 8m
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7.4 Table

The redl tableistreated in the Detail Construction chapter. There are some
components included in this unit. The largest component is the screw with
mountings and bearings.

7.4.1 The Screw

The screw isapart that will be constructed to a certain level. It will be
mounted on the table and will hang over the reservoir. The screw will
support al the axial force and half of theradial. The screwsreal jobisto
move the first ring that collects the armouring wires together.

It does not need any exact precision. It will be manually adjusted mostly but
the option of using an electric motor is wanted.

The mounting has been redesigned so that the screw will not be exposed to
the bitumen. Thisisawish that is already fulfilled. (See detail construction
part)

7.4.1.1 Criterions
Must stand atorque of 5 kNm.
Must stand an axial force of 120 kN.
Must stand aradial force of 5 kN.
Should be able to control by an electric motor. (W)

Should be mounted so that its not exposed to bitumen in an eventual
flood.
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7.4.1.2 Research

Even if the screw and the measurements has to be designed different
suppliers has been considered. To be able to take the high forces the
recommendations have been to use a trapezoidal thread. The nut, on which
the cable rings will be mounted, must be made in a different material than
the screw. Otherwise the wear will be too big and the lifetime of the
product will be reduced. [13]

Star Linjarteknik

This company delivers high precision systems. Linear movement products
with low friction are the specialty. A complete system of a ballscrew, nut,
bearings, and mounting will be very expensive. [25]

Ledarskruv AB

Ledarskruv has a production completely adapted to the customers’ wishes.
A screw with atrapezoidal thread, diameter 90mm and with worked ends
will cost about 2500: -.

A bronze nut costs about 3500: -. [13]

7.4.1.2 Chosen screw

The choice fell on Ledarskruv AB. The Price differenceis quite big and
there is no need for the precision off the other screw.

The details of the screw can be viewed in the Detail construction part.

Price: 2500: - (screw)
Price: 3500: - (nut)
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7.4.2 Bearings

The bearings job isto support the screw and eliminate any wear between
the screw and the mounting. The bearings should be fitted inside a house
that is welded to the table. The hard thing that has to be considered is the
high axial force on one of the bearings. The weight of the cableis
distributed on two bearings at each end of the screw. One of these bearings
also has to support all the axial force.

The big difference between this application and most other bearing-
applications is that the rotation speed is not relevant. The speed, when
adjusting therings, is very slow when it is mostly adjusted by hand.

7.4.2.1 Criterions
Must stand an axial force of 120 kN.
Must stand aradial force of 5 kN.

7.4.2.1 Research

Two different bearings have been chosen. One on the right side to supports
the axial load and half the radial load. The other to the left supports half the
radial load and a moment of 54 KNm (Maximum load. Normal run: 4,5
kNm). The company contacted was only SKF, which isthe largest company
in Sweden in this application.

7.4.2.2 Chosen bearings

For the axial load on the right side of the screw:
33208. Conic roller bearing, one row.

Outside diameter: 80 mm

Inner diameter: 40 mm

Thickness: 32 mm

Price: 150: -
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This bearing is a single-acting bearing intended to transfer axial load only in
one direction. The holder for this bearing is a standard pressed holder of
steel plate.

This bearing has a static bearing capacity on 143 kN.

For the radial 1oad on the |eft side of the screw:

NNF 5008 ADA-2L SV, Cylindrical full roller bearing, two rows with
tightening material.

Outside diameter: 68 mm
Inner diameter: 40 mm
Thickness: 38 mm

Price: 593: -

Thisisan excellent bearing to take up radial load and it can also take up
axial load. An important thing is also that this bearing can take up a
moment.

This bearing has a static bearing capacity on 116 kN. [4]
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8 Detail construction

In this part of the project the unique parts will be constructed. The machine
isstill divided in four parts where the table will be the largest construction.
Some parts have had to be left unfinished. These are a bit depending on the
final placement. None of those parts are very difficult to construct. The
table though has been fully designed. Thisisthe most complex part of this
chapter. The reservoir has been design to the level that the cover plates,
over the isolation have been left. These are pretty hard to make drawings of
these thin coverplates. It is easier to put these coverson last in the
production.

This chapter contains FEM cal culations and analytic calculation.

8.1 The Container

The container will not be treated in this chapter. It isnot at all redesigned.
The old construction is kept. The parts that are fitted in the container to
ensure the process runs well and to control all parameters are chosen in the
chapter above. ABB has old drawings of the container that can hopefully be
used if they want to build a new one.

This decision where made to limit this project a bit and because it is not
absolutely necessary to reconstruct this part

8.2 The Nozzle

The nozzle is the part that spreads the bitumen on the cable. Thisisasmall
part and can be seen as the end of the tube transporting the bitumen from
the container to the cable.

The nozzle-heating device is chosen in the previous chapter. The
connections between the nozzle and the metal tube are not chosen exactly.

The diameter of the heating ring is 39mm, which means that the inner
diameter of the nozzle will be slightly smaller than the tube. [12]

The nozzle will be adjusted over the cable by an aluminium profile
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construction that can either be attached to the tube or to the nozzle
depending on the final design.

8.3 The Reservoir

The surplus bitumen that does not stick on the cable will fall down in to the
reservoir. The purpose of the reservoir isto collect the bitumen and by a
channel transport it back to the container. It is heated, asall partsin contact
with bitumen, to 160°C. This means that a double walled construction is
needed for heating elements (cable) and isolation.

The present reservoir is divided in two parts, afront that collects the
bitumen from the first ring and the rear to collect the surplus oft the second
ring.

The problems with the reservoir today are mainly that it isfar too small. It
does not collect the surplus satisfying. It isfar to low placed, so splashes
from the nozzle will stick to other parts of the machine or on the floor. As
seen in the picture below the environment will not be very pleasant.

8.3.1 New design

The reservoir has been totally redesigned to solve the unwished problems.
The volume has been made a bit bigger. It has not been made to big. The
bitumen is not wanted at all in the reservair, it should run back to the
container as fast as possible. The depth of the new container is not much
deeper than the old. The bottom area though has been made larger.

In the component chapter above the effect need is calculated. It is enough if
the bottom is heated to reach the requested temperature.

Even if it is enough to heat the bottom isolation is required all around, in
the bottom as well as on the sides.

The major new thing about the reservoir isthat a sort of trap isinstalled to
collect the slagparticles from the cable. The amount of slag differs between
different cables. Thisiswhy an easy cleaning deviceis used.
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In front of the channel that goes back to the container aholeis made. This
hole is app. 200* 200mm. The slagparticlesis heavier than the bitumen so
they will hopefully accumulate in the bottom and fall down the hole. To
collect the particles asmall container is fitted under the reservoir.

This container is separately heated. When the machine is stopped and the
remaining bitumen in the reservoir has coagulated the container can be
heated. When the container is heated, and the bitumen inside isliquid, it
can be opened and emptied. The volume of the container is only about 15l
so thereisno big loss of bitumen.

The container will be heated with cable aswell. The effect calculations are
made in the previous chapter.

The walls of the container will be isolated. The only part not isolated is the
hatch.

The hatch is a simple door with welded joints.

Theinner part of the container is designed for easy transportation of the
bitumen back to the container. The bottom leans to the middle where the
slag trap is. This opening in the bottom is fitted just in front of the back
flow channel. This makes the slag fall down and accumulate in asmall
container underneath the reservoir.

The reservoir and the slag container will be isolated with a 15mm thick
layer of rock wool. If the whole assembly, asafina protection is covered
with a steel plate of 2mm thickness the walls will be totally 20mm thick.

Two reservoir designs have been made. The first was a bit hard to fit with
the other parts, mainly the table. The slag container was to the right of the
reservoir.
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Picture30: Thefirst reservoir construction.

Thefinal reservoir where the slag trap is placed in the middleisalso seenin
Appendix A4. The container was moved because of the legs of the table
will make it hard to remove easily when cleaning should be performed.

Picture31: Thefinal reservoir (without isolation and cover).
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8.4 TheTable

Today the screw is mounted on atable under the cable. On the table isthe
reservoir that collects the surplus bitumen. The problems are that the screw
isvery exposed to any bitumen splashing from afar to small reservoir. The
placing of the screw makes it impossible to design a larger reservair.

There are no mechanical problems with the present table. These problems
together though gives the need of atotal redesign.

Picture32: Present table (In front low)

8.4.1 Solution alter native

The alternative chosen in the concept construction phase was to have the
screw over the cable in front. When modelling and testing this solutionin |-
DEAS, the concept was found to unsatisfying. A strong enough
construction was impossible to find without using space of the reservoir. If

98



Bitumen Applicator f‘h}% ==

this solution were built if would mean problems when removing the
reservoir for cleaning when several beams would be in the way. Regarding
this one other solution where chosen from the concept phase. The new
alternative is to move the screw to the backside, above the reservoir.

ABB want to have free space around the area where the steel armouring
wires spin around the cable. If this beam is kept there will be problems with
the adjustment space and the beam legs will have no protection from splash
from the nozzle. The problems with an unclean working station will remain.
Because of the wishes of a clean machine she area has been tried to make as
open as possible. Any beam legs to the left in the construction has been
removed (left in the picture below). The beam which holds the screw has
been made as short as possible. Because of the traction force of 120 kN, the
weight of the cable and the construction,

The solution is a beam of only one meter. The screw length is reduced from
1,2mto 0,8m. The total length with mounting ends and bearings will be
1000mm. Thiswill work aswell asthe old solution.

These changes have been made after consulting ABB and Torsten
Axelsson. [10]

8.4.2 Method

The table has two sides. In the rear side where the screw is mounted four
beam legs are supporting the horizontal beam. This sideis designed to hold
al the traction force from the cable and half the weight from the rings and
the cable. If the cable will get stuck at the rings the force will critic at 120
kN. Thisis an extreme case that will never occur. The boltsin the floor will
brake before thislevel isreached.

The front side is constructed to hold half the weight of the cable, rings
including mounting. For supporting the rings an arm that is free to move
horizontal is used. Thisarm cannot hold any force in this direction. It will
only slide on the beam when adjusting the rings.

If the cable gets caught at the first ring the bending moment from the arm at
the rear side, mounted on the screw, will be very high. The beam in the
right (of the picture) will be deformed in vertical direction dueto the
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bending moment. To prevent this incident the additional cable stabilizer
will be fitted on the construction. The cable weight on thisroller will
counteract the bending moment from the pulling force. Using this stabilizer
an incident with atipping table will be prevented. The bending moment
could lift the bolts from the foundation and there could be problemsto tip
the table back. If this occurs and there is nothing to prevent it there can be
problems of getting the construction back in place.

Picture33: Test tables.

To begin with different versions of tables where tested with the loads
applied. Above the steps can be seen. The simplest table to the left to the
more advanced to the right. These tables where to weak. The used
construction can be seen below.

To be able to manage the high load of 120kN the table will be quite big. It
will be built of beams (VKR 100* 100* 10). The construction is
dimensioned for this maximum load, which will never occur. The bolts
fixing the table to the floor will break at 82% of the maximum load. This
means that this construction will be very stiff an normal run when the load
isonly about 10 kN on the rings that holds the cable. The rear part will be
sturdier than the front because the screw is mounted on the upper horizontal
beam.
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Picture34: The chosen table.

8.4.3 Thewelding on thetable

The largest force that could occur is aforce on 120 kN. The place that has
the largest load on the welding is where the first vertical beams are
connected to the upper horizontal beam. The welding has two sides with a
length of 200 mm in the horizontal direction and an effectual throat on 5
mm.

With reduction for ending crater, the length is:

L =0,2-2*0.005=0,19

t=TIA
t = 120000/ (0,005*0.19*2) = 63 MPa
tn=0,6* Sy tv1=0,6* 169 MPa= 88,2 MPa

It is not necessary with a security factor because the force on 120 kN isthe
largest force which can occur on this welding.
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88,2MPa/ 63 MPa=1,4

This calculation has been ssimplified. The simplification means that the
cross force transfers only on the welding waist.

The welding has two sides with alength of 100 mm in the vertical direction
and an effectual throat on 5 mm.

With reduction for ending crater, the length is:

L =0,25-2*0.005=0,24

t=TIA

t = 120000/ (0,005*0.2*2) = 60 MPa
S = 169 MPawith aexceptional load

It is not necessary with a security factor because the force on 120 kN isthe
largest force which can occur on thiswelding.

169 MPa/ 60 MPa= 2,8

This calculation has been ssimplified. The simplification means that the
cross force transfers only on the welding waist.

This calculation shows that the welding must have an effectual throat of 5
mm. [9] [29]

8.4.4 FEM -calculations of thetable

The table where tested in I-DEAS to visualize the stresses. The critical
locations can be seen in the picture below. The red parts are where the
stressis highest. [28]
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Picture35: FEM-calculation during normal run (rear). [ 28]
The load applied in x-lead is 10 kN on the tip of the horizontal beam. A

cable weight and the weight of the ring construction (5 kN) are applied in y-
lead.
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Picture36: FEM-calculation during failure (exceptional load)(rear). [28]
Theload applied in x-lead is 120 kN on the tip of the horizontal beam. A

cable weight and the weight of the ring construction (5 kN) are applied in y-
lead.
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Picture37: FEM-calculation during static load (front). [ 28]

The front part of the table is not exposed to any dynamic load. The only
load comes from the cable and the ring constructions. The static load in
vertical direction on thetip of the upper beam is 5kN.
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Picture38: Shear stressin the upper horizontal beam of the rear side of the
table. [28]

Viewing this picture the shear is larges in the middle layers of the beam.
Thelarge areas in the corners are in real life reduced due to the radius.
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Picture39: Shear stressin the upper horizontal beam of the front side of the
table. [ 28]

Viewing this picture the shear is larges in the middle layers of the beam.
Thelarge areasin the corners are in real life reduced due to the radius.

8.45 The screw

Today a screw with adiameter of 90mm is used and it has a trapezoidal
thread with athickness of 6 mm. The thread riseis 12 mm. We haven't
change anything at the screw, except the length of the screw. Today ABB
have a screw with alength of 1,2 meters and it must change to 800 mm
thread. 1m with the end worked for the bearings. The length of the screw is
changed, because of the construction of the table. The diameter is also
changed to 90mm.
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8.4.5.1 Material

The screw is made of steel SS 1312. [5]

8.4.5.2 Calculations

The cross section area of the screw: p* 0.09%/4 = 0.0064 m?

The moment is changed to two forces (one is going up and one is going
down).

The moment is 53,64 kKNm and the length of the screw nut is0.2 m.
53,64 KNm /(0.1*2) = 268,2 kN

The force from the cable weight is5 kN. The largest load is when the radial
force from the cable weight and the moment are in same direction.

268,2kN + 5kN = 273,2 kN

t =T/A t =273200/0.0064 = 43 MPa

tin = 0,6 * Sy tin = 0,6 * 220 MPa =132 MPa
132 MPa> 43 MPa

The largest axial force is when the cablesjoin gets caught in the first ring.
Then aforce 120 kN occurs. The area of the thread is the part that is
holding against the axial force.

0.2 /0.006 = 33 revolutions

33* 2*p*0,045 = 9,3 m long treads

9,3* 0.006 = 0.056 m?

s =F/A s =120000/0.056 = 2,15 MPa

These calculations show that the screw is holding for the forces. [5] [8] [29]
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8.4.6 The screw nut

This part is made to fit the trapezoidal thread on the screw. The inner
diameter is 90mm and it has an outer diameter in 130mm. The length will
be 200mm. One of the link arms that hold the first ring will be mounted on
the steel cylinder fitted on the nut. Thisiswhat makes the ring move.

8.4.6.1 Material

The screw will be made of bronze, this because of the wear. When steel is
used in amoving part, the nut, against another steel part the wear will be to
big and damage the threads of the screw. To minimize this wear the two
parts, the screw and the nut will be made of different materials. In this case
as steel screw and a bronze nut is recommended. [13]

8.4.6.2 Calculations

The calculation of the axial force:

The largest axial force is when the cables join (where to cables are fixed
together) gets caught in thefirst ring. Then aforce 120 kN occurs. The area
of the thread is the part that is holding against the axial force.

0.3 /0.006 = 33 revolutions

33* 2*p*0,045 = 9,3 m long threads

9,3* 0.006 = 0.056 m?

s =F/A s =120000/0.056 =2,15Mpa [5][8][29]

The calculation on the radial force:

The area of the screw nut who had a load against the surface are the half
area of the across area on the screw nut.

The moment is changed to two forces (one is going up and oneis going
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down).
The moment is 53,6 kNm and the length of the screw nut is 0.2 m.
53,6kNm /(0.1*2) = 268,2 kN

The force from the cable weight is5 kN. The largest load is when the radial
force from the cable weight and the moment are in same direction.

268,2kN + 5kN = 273,2 kN

The cross-area of the screw nut are: 0.006912 m?

= 6.91210 [

0. 01%- 0.0 -3
4

t=T/A t=273200/0.006912 = 39,5 MPa
This calculations shows that the screw nut holding for the forces. [5][8][29]
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8.4.7 The sted cylinder

This cylinder isfitted around the bronze nut. This solution is used when the
arm that holds the ring needs to be welded to the nut. Therefore a steel
cylinder is used. The cylinder is made to fit the nut inside. The cylinder is
open on one side and solid on the other. The solid side is for the traction
force of 120 kN. When the screw nut is placed inside the steel cylinder a
ring is placed to fit the hole and fixed with welding.

The outside diameter is 170mm and the inside is 130mm. Thelength is
250mm.

On the cylinder the link arm for the first ring is fitted.

Pictured40: The stedl cylinder.

Cadlculation on the radial force:
The area of the steelcylinder is: 0.009425 m?

0-[017- 019
4

The moment is changed to two forces (one is going up and one is going
down).

- 042510 °

The moment is 5 kNm and the length of the screw nut is0.2 m.

111



Bitumen Applicator "l‘

53,6 KNm /(0.1*2) = 268,2 kN

The force from the cable weight is5 kN. The largest load is when the radial
force from the cable weight and the moment are in same direction.

268,2 kN + 5 kN = 273,2 kN
t =T/A t =273200/0.009425 = 29 MPa

The calculation on the axial force:

0-l01F- 02
4

The areais: 0,005419 m?

s =F/A s =120000/0.005419 = 22,1 MPa

These calculations show that the steel cylinder is holding for the forces.
[518][29]

- 541910 °

8.4.8 Steel-bearing house

These bearing houses are a vital part of the construction. They are mounted
on the table and support the screw. In the houses the bearings are fitted to
support the loads from the cable and the weight of the ring constructions.

M12 bolts thru the steel-bearing house are 25 mm, wide the VKR-pipe 100
mm and thru steel plate 10 mm. The length on the M12 screw nut is 7,5 mm
and the free space for the steel cylinder is55 mm. All together itis
necessary with aM 12 bolt with a length in 200 mm.

M12 bolt have atensile strength on 53,9 kN. With two bolts it will be a
tensile strength on 107,8 kN. The weight of the cable and nipples etc. will
be around 5kN.

With aforce on 120 kN we have a shear stress on the two bolts.
t =T/A t =120000/(2*84,3* 10'6) =711 MPa
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It'simpossible for the bolts alone to take up all the force in axial direction.
Therefore the steel-bearing house must be welding fixed on the VK R-pipe.

Picture4l: Bearing house fitting on the beam. [4]

Calculation of the welding:

In the axial direction it’s aforce on 120kN and with an effective throat in 6
mm it will be a shear stress on 120 MPa (see cal culation below).

The length of the welding is 100 mm and it is welded on two sides.
With reduction for ending crater it’s the length:
L =0,1-2*0.006 = 0,088

t=T/IA
t = 120000/ (0,006*0.088*2) = 114 MPa
t’till = 0,6 * Siill t’till = 0,6 * 220 MPa= 132 MPa

It's not necessary with security factor because the force on 120 kN isthe
largest force which can came on this welding.

132MPa/ 114 MPa=1,16  [5][8][9][29]
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8.4.9 Thefirst ring

Thisring was not in this project from the beginning. ABB have expected to
keep the existing first ring. After several considerations the first ring was
impossible to keep. If the existing ring had been kept it would have been
impossible to open the ring and change the nipple for different dimensions
of the cable. This problem has lead to a different design of thefirst ring.
The solution means an extended version of the existing ring. On the
extended part of the construction the links are fixed on the ring and the
nipple can be changed easily.

Picture42: The lower half of thefirst ring.

Thisring islarger than the present construction. Today thisringis
dimensioned to hold the loads applied. The new construction isaversion
based on the old ring with only an extension for the link arms. This
construction is as sturdy as the old and will not need any further
calculations and tests. The critic parts will only be the welds.
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8.4.10 Thelink between thering and the steel cylinder.

These links are chosen after a several FEM-cal culations, the chosen
alternative is the alternative existing today, with exception of the thickness
for the VKR-pipe in the old construction. That thickness is unknown.

Chosen dternative;

VKR-pipe with asize of: 80*80*6,3. The thicknessis 6,3 mm. In the same
direction as the cable lineisan iron plate with a thickness of 10 mm, which
are welded behind the VKR-pipe. Thisiron plateis atriangle with a height
of 0,447 m and alength of 200 mm.

Picture43: Link arm.

8.4.10.1 FEM calculation of thelink arm

The calculation of this part is only performed by FEM-method in I-DEAS.
The construction is rather complex and is difficult to control by analytic
calculations. [28]
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Pictured44. FEM-calculation of the link arm. [ 28]

The applied forces are 5kN in positive y-lead. The maximum load of 120kN
isapplied in x-lead. This shows that the steel plate welded to the pipe will
have the greatest stresses (80.7Mpa).

8.4.11 The welding between the steel cylinder and thelink to
thering.

The welding has two sides with alength of 80 mm, two sides with alength
of 120 mm and a effectual throat of 5 mm.

With reduction for ending crater it’s the length:
L =0,2-2%0.005 = 0,19

t=T/A

t = 120000/ (0,005*0.19*2) = 63 MPa
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tin =0,6* S t-in = 0,6 * 169 MPa= 88,2 MPa

It is not necessary with security factor because the force of 120 kN isthe
largest force which can occur on this welding.

88,2 MPa/ 63 MPa= 1,4

In this calculation a simplification has been done. The simplification means
that the cross force transfers only of the welding waist.

The forces from the cable weight are not necessary to cal cul ate because
there are very small forcesin that direction compared to the force on
120kN. [5][8][9][29]

8.4.12 The welding between the steel cylinder and thelink to
thering.

The welding has two sides with alength of 80 mm, two sides with alength
of 120 mm and a effectual throat of 5 mm.

With reduction for ending crater is the length:
L =0,2-2¥0.005=0,19

t=T/IA
t = 120000/ (0,005*0.19*2) = 63 MPa
tin =0,6* S t-in = 0,6 * 169 MPa= 88,2 MPa

It is not necessary with security factor because the force of 120 kN isthe
largest force which can occur on this welding.

88,2 MPa/ 63 MPa= 1,4

In this calculation asimplification has been done. The simplification means
that the cross force transfers only of the welding waist.

The forces from the cable weight are not necessary to calcul ate because
there are very small forcesin that direction compared to the force on
120kN. [5][8][9][29]
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8.4.13 The welding between the link and thering.

The welding has two sides with alength of 80 mm in the horizontal
direction and an effectual throat on 5 mm.

With reduction for ending crater the length is:
L =0,16-2*0.005 = 0,15

t=TI/A
t = 120000/ (0,005*0.15*2) = 80 MPa
t+in =0,6* Sy tvn1=0,6* 169 MPa= 88,2 MPa

It's not necessary with a security factor because the force on 120 kN isthe
largest force which can came on this welding.

88,2MPa/ 80 MPa=1,1

In this calculation have a simplification been done. The simplification
means that the across force transfers only of the welding waist.

The welding has two sides with alength of 127 mm in the vertical direction
an effectual throat on 5 mm.

With reduction for ending crater the length is:

L =0,254-2*0.005 = 0,244

t=T/A

t = 120000/ (0,005*0.246*2) = 49,2 MPa
Siin = 169 MPawith a exceptional load

It is not necessary with a security factor because the force of 120 kN isthe
largest force which can occur on this welding.

169 MPa/ 49,2 MPa=34
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In this calculation asimplification has been done. The simplification means
that the across force transfers only of the welding waist.

In the vertical direction it is only the weight from the cable and the ring that
is applied on thiswelding. Thiswelding is an overlapping welding and
overlapping weldings should be avoiding, if possible. Therefore aM16 with
alength of 30 mm has been used to take up the vertical forces.

The vertica forces are about 5 kN.
The areaof aM16 bolt is: 157 * 10° m?

t =T/IA
t =5000/ 157 * 10°m?=31,8 MPa
tin = 0,6 * sy t-in = 0,6 * 220 MPa= 132 MPa

This M16 bolt holds for the forcesin vertical direction and the M 16 bolt
will not take up any forces from the horizontal forces due to the solution of
the construction. [5][8][9][29]

8.4.14 Thewelding on thefreelink for thefirst ring
The ring welding:

The welding has two sides with alength of 40 mm in the horizontal
direction and an effectual throat on 5-mm. This side takes only up the
vertical force on 5 kN.

With reduction for ending crater the lengthis:
L =0,08-2%0.005 = 0,07

t=T/IA
t =5000/ (0,005*0.07*2) = 7,1 MPa
tin =0,6* S t-in = 0,6 * 169 MPa= 88,2 MPa
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It is not necessary with security factor because the force on 120 kN isthe
largest force which can occur on this welding.

88,2MPa/ 7,1 MPa= 12

In this calculation a simplification has been done. The simplification means
that the cross force transfers only of the welding waist.

The load from the cable weight has is taken up by the angle in the
connection between the ring and the link.

The link welding:

The welding has four sides with a length of 40 mm in the horizontal
direction and an effectual throat on 5-mm. This side take only up the
vertical force on 5 kN.

With reduction for ending crater it’ s the length:
L =0,16 - 2¥0.005= 0,15

s =FA

s=5000/ (0,005*0.15*2) = 3,3 MPa

St = 169 MPa

It is not necessary with security factor because the force on 120 kN isthe
largest force which can came on this welding.

169 MPa/3,3MPa=51  [5][8][9][29]

8.4.15 Thethreelinksfor therings (except the link against
the screw)

For the link a VKR-pipe is chosen with a size of 40*40*2,5. The thickness
are 2,5 mm. Two of these links are fixed by welding to the table. The other
one of the links must be free in the same direction as the cable. A bended
steel plate with athickness of 3 mm is chosen for this solution. The steel
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plate has alength of 200 mm and bended 90 degrees in the middle of the
plate. The width of the steel plate is 100 mm.

Pictured5: Thelink arm.

Material

The material inthe VKR-pipe is steel SS 1412 and the bended plate are
made of steel SS1312. [5]

Caculations for the VKR-pipe:

t=TI/IA
t =5000/ 0.000372 = 13,4 MPa
tin =0,6* S t-in = 0,6 * 260 MPa= 156 MPa

This calculation shows that this three links holds for the load.

Cdculations for the steel plate:
t=T/IA A =0,1* 0,003 = 0,0003 m?
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t =5000/ 0.0003 = 16,7 MPa
tin =0,6* S ti =0,6* 220 MPa= 132 MPa

The thickness of the steel plate must be oversized because of the wearing
out of material from the steel plate when the plate is moving in the cable
direction. This steel plateislying over the upper horizontal beam and
follows the rings when changing on the screw adjustment of the ring.[5][8]

8.4.12 The second ring

Here the existing version is kept. The links are fixed in the ring with four
M 16 bolts because the existing ring has two M 16 holes on both sides. The
ring is not shown here. It can be viewed in the compile.

8.4.13 The welding on the linksfor the second ring.

For thiswelding the load is the same on both sides, why only two
calculations is necessary.

Thering welding

The welding has two sides with alength of 40 mm in the horizontal
direction and an effectual throat on 5-mm. This side take up only the
vertical force on 2 kN.

With reduction for ending crater it’ s the length:
L =0,08-2*0.005 = 0,07

t=T/A
t =2000/ (0,005*0.07*2) = 2,9 MPa
tin =0,6* Sy t =0,6* 169 MPa= 88,2 MPa

It's not necessary with security factor because the force on 120 kN isthe
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largest force which can came on this welding.
88,2MPa/ 2,9 MPa= 30

In this calculation asimplification has been done. The simplification means
that the across force transfers only of the welding waist.

The load from the cable weight is also taken up by the anglein the
connection between the ring and the link.

Thelink welding

The welding has four sides with a length of 40 mm in the horizontal
direction and an effectual throat on 5-mm. This side takes only up the
vertical forceon 2 kN.

With reduction for ending crater the lengthis:
L =0,16 - 2¥0.005= 0,15

s =FA

s=2000/ (0,005*0.15*2) = 1,3 MPa

St = 169 MPa

It is not necessary with a security factor because the force of 120 kN isthe
largest force which can occur on this welding.

169 MPa/1,3MPa=130  [5][8][9][29]
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Pictured6: The link arms to the second ring the left os on the backsid and
the left will be fitted in the front side.

8.4.14 The cable stabilizing roller

Thisroll exists today. From the beginning this part was not a part of the
project, but because of problem with atipping table, this part has been
taken in the project. The moments from the traction force establish an
upward force on the bolts in the floor to the right on the table. If the bolts
leave the floor upwards it can be very hard to push this part back down. If
the cable weight is 500-800 kg on the two rings that is holding up this part
it is necessary to push with the 500-800 kg to bring this part back in the
right position. Therefore a solution with thisroller has been placed on the
table construction. The cable weight on thisroller is about 500-800 kg and
that means that it will be much simpler to push down this part to the floor.
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Picture47: Placement of the cable roller(free beemto the right; orange)

Theroller iswelded to the crossbheam on the floor.

8.4.15 The boltsin thefloor

These are the bolts that fix the table to the floor. These bolts must be
broken before the construction can be damaged. The calculations are made
in two ways. One way isto calculate the shear stress from the traction force.
Another way isto calculate the stress coming from the bending moment.

Calculations of the traction forceis 120 kN:

t=T/A tin = 0,6 * Sy

St = 260 MPa

tan = 0,6 * 260 MPa= 156 MPa

A=Th A = 120kN / 156 MPa = 0.000769 m?
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Four bolts are wanted for security. Thisis the same astoday.
A/ 4=0,000192 m?

If four M 16 bolts are chosen the areawill be 0.000157 m?.
0,000157 / 0,000192 = 82 %

The four M 16 bolts will brake when the force is 82 % of the maximum
load.

The Stress from the bending moment:

The torque from the force of 120 kN is 53,64 kNm.
Changing the moment to two forces in different direction.
53,64 kKNm/ (0,6 m* 2) = 44,7 kN

From the cable weight on 8 kN coming:
8kN*0.6/1,2=4kN

44,7 + 4 = 48,7 KN

These 48,7 kN are drawing up the two bolts who are placed at the right (in
the picture).

One M16 bolt is holding for aforce on 100 kN which is pulling upwards.
[51[8][29]

8.4.11.1 Solution

M 16 bolts are chosen because they will brake at 82% of the maximum |load
and before the table construction is damaged. The calculations are quite
unsafe when the strength of the floor is unknown. The holes in the floor
could easily be damaged after a wile and these calculations should not be
trusted fully. Especially the lifting force cal culations depend on the
condition of the concrete.
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9. Fulfilling of the Criterions

The parts designed and the components chosen should all fulfil the
criterions. Thiswill now be checked in this chapter.

9.1 Demands

1.

The construction must manage a sea cable with a diameter up to
200mm.

This criterion will be fulfilled since the rings are constructed to
manage al nipple diameters up to 200mm.

The bitumen must hold 160°C through the whole process.

The bitumen will hold the necessary temperature when al
components in contact can be heated at the same time.

The construction must be adapted to existing nipples.
In the same hay as thefirst criteriais fulfilled thiswill be managed.

The construction must work with the production line AR 50,
reference to cable height.

The construction has been tested with consideration on the cable
weight. So has a the effected weldings.

The construction must hold for atraction force up to 10kN.

The construction will hold for the maximum force of 120kN. This
means that it will be very stiff in normal run.

During a possible failure the bolt in the fundament should brake
before the construction is damaged.

The bolts will crack at 82% of the maximum traction force of
120kN.

The spreading flow has to be controlled manually.

The pump speed is controllable with afrequency transformer. This
is adjusted manually.
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8. The bitumen container must be possibleto air ventilate.

The container is not redesigned so the ventilation opening can be put
anywhere.

9. The surplus must be collected without risk for flooding.

The reservoir is enlarged and the re-flow channel and opening will
be bigger. The slag will aso be able to remove to minimize the risk
of flooding due to accumulated particles in the bottom.

10. The bitumen container must have aform of level control.
A capacitive level control is chosen for this task.

11. The construction must work with the production line AR 50,
reference to working velocity on the cable, stops.

The traction force during normal run is 10kN. The construction
more than well hold for these forces. The speed of the pump is
enough to apply the bitumen in the needed volume. The stops are
aways depending on this working station and it is from here the line
is started. The time to heat the bitumen is reduced so the stops will
be shorter.

12. The Control panel must be separated from the construction to
minimize the persona damage risk

Thisisnot treated in thisreport at all but the components ar easy to
install and the control panels can be put anywhere. We have left this
to ABB.

9.2 Wishes

1. Floor surface at maximum 2000* 2000mm.

The floor areawill be 2200*2000. A bit bigger than wanted but this
will not be a problem since the whole line will be redesigned.

2. Reservoir measures approximately 500* 1600mm.
The reservoir will have an inner volume of 500* 1500* 200. Al
within the limits of the wishes.
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9. Thetimeto heat up all components to 160°C at maximum 24h.

The estimated time to heat up the container, which isthe largest
volume, is 20h.

10. The dlag in the bitumen container needs to be easily removed.

The slag will be emptied in the reservoir before it will run back to
the container. This means that the wont be alot of slag coming as
far asthe container. Thelid of the container will still be able to
remove for cleaning inside if some particles comes through.

11. The dlag in the surplus reservoir needs to be easily removed.

The slag will be collected in the small container under the reservoir.
Thiswill be able to clean when needed.

12. The Control panel must be separated from the construction to
minimize the personal damage risk.

This has not been considered in the project but thiswill be able to
do since the components connected easily. The placement of the
control panelsisleft for ABB to design.

13. Ergonomic design to adjustable parts and control panels.

The adjustment of the rings can be made manually by adding a crank
or amotor. The opening of the ringsis performed as regularly on the
old machine. An aluminium guide can perform the adjustment of the
nozzle and the pipe.

14. Maximum cost of 1.5 million Swedish crowns.

The total cost is hard to estimate. The whole machine is not
redesigned. This means that we can just calculate the cost of the
parts designed and chosen.

The important demand has been fulfilled with exception of the control
panels that has not been designed at a. Most of the wishes will be fulfilled
some has not been looked in to.

The main constructions are designed with consideration of the major
problems and could be ahelp for ABB when the new machine will be built.
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10 Product Compile

The machine has been constructed in away to eliminate the main problems
that ABB has experienced with the old design. Some of the minor details
have been left for ABB to add. Al components is chosen to make awell
working machine

10.1 Function

The bitumen is transported from a main tank outside the building (see
picture 3) to the inner container. In this container the bitumen can also be
stored when not in use. The bitumen will, from here, be transported by a
pump through a heated tube and by a nozzle spread over the cable. Two
rings will then distribute the bitumen evenly. One of these rings will aso
collect the incoming armouring wires. The surplus bitumen will fall down
into areservoir where it will be directed back down to the container. Under
the reservoir asmall container isfitted. The slag particles from the cable
will accumulate in the bottom of the reservoir and will fall down in to the
collection container instead of following the bitumen back to the main
container. All partsin contact with the bitumen will be heated to
approximately 160°C.

The two rings will be mounted on the new table construction. The first of
the rings are adjustable by a 800mm screw mounted on the rear side of the
table, and will only slide on the upper beam on the other side of the table.

A roller fitted on the right side of the table will stabilize the cable. This
roller also prevents the table from tipping in an eventual failure.
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10.2 Total Compile

Thisisthetotal compile drawing of the machine. All the designed parts has
been put together to show how disposition of the details.

Picture48: Designed part compile [ 28]

Thisisall the designed parts of the detail construction phase put together.
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10.2 Economic Compile

The total cost of this machineis hard for usto estimate. A calculation of the
total cost of the chosen components is made here.

Part Price
The Container
Pump+Motor 27300: -
Heating elementpipes 9500: -
Levelcontrol 6325: -
Expansion Chamber 375: -
Isolation 440: -
Thermometer 1520: -
Oil 25000: -
The Nozzle
Pipes 4000: -
Pipe heating 3900: -
Isolation 140: -
Nozzle heating 930: -
The Reservoir
Heating cable 3590: -
Apparatus locker 8540: -
Isolation 730: -
Sed 1050: -
The Table
Screw+Nut 6000: -
Bearings 750: -
Component cost 100090: -
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A.1 Pump

Kugghjulspump, serie R

Bitumen Applicator

Anvindningsomraden

Aatalt, hitumen, raolja, sulfatsapa, tallolja,
vay, gasol, farg, lim, lut, [Bsningsmedel, plast-
massa, melass, dijurfoder, chokladmassa mom.

Driftsfarhallande

Viskositeter: upp till 100.000 54
Arbetstemperatur: —60 1l +300°C.
Trychk: max. 16 bar.

Material

Pumphus/-hjul giutjdrn, std, rostfrin sl
Packningar; nitrilgummi, Viton eller FTFE.
Axeltitning: packbox, mekanisk plantatning
av kolfkeramik. Finns med spolning och fatt-
smitirjning och med dubbettétning

Drivning/motor

R-pumparma levereras normalt som kom-
platta pumpaggregat med olmotor eller

kuggvarelmator, Eimotor finns med valfn
spanning och kapsling; dven i explosions.
skyddat utférande.

5a har fungerar R-pumparna:

Motarn
driwer
fotar,
kugy-
hjualet

& med-
lepande, |
Mé grund,
ay ro-
torns och kuggh|ulets excentriska placanng
uppsthr luckor mellan kuggarna och skilje-
vagogen. Nar kuggarna ldmnar rotarm okar
volymen | utrymmet mellan dem, Undertryck |
uppstar och pumpmediet dras in fran sug-
sidan, Mar rotorn Ater griper tag i kugghjubet)
pressas mediet ut pa trycksidan

Specifikationar
Modell Viakositet | wasviol Kapncitet Trydk vid oliks motorefiaiter Wikt
oo ML Lrrmh st/ rpem) {miind firyek | Lar, eMect | kW) (151
nrs LE 3
R 1% 0 200§ 1450 43 2 B 1& "
10, 00 f 720 16 2 B 1&
SOUOH J Ao ne 2 B 15
EA L2 4
wdan 40 ELLNRE a8 2 [ 16 12
o,08] 4000 ¢ 730 3 2 E 1E
SO A0 K7 2 E 16
232 & 7.5
R 50 50 200 1860 12 x E 14 P
mad 4900 /630 7|5 z i 14
Se00d / 115 A E E 14
E | EF tr
RE5 Lirl 200 /53D k- o L] 14 48
(a5 A 800 114 2 E 14
SOa0d {200 57 2 E 13
% " RS
W 80 ap G 50D 16 2 U 12 75
[ AQDO £ 315 218 2 i 12
SOED | 18D 11,4 Fd L] 12
H ms 20
R 105 100 001 450 &0 Z & 2 ¥y
214 4000 1 280 a8 2 U] 13
S0e050 1 140 18 2 L] (F ]
L 22 E
(R 12% 00 450 100 7 [ 12 230
13,871} A000 /280 a2 X L1 iF |
J0004 1 140 3% z & 1E
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A.2 Levelcontrol
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A.3 Thermometer
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A.4 Heating Cable

(e i I

T.THORIN J=uliind OFFERT / TELEFAXMEDDELANDE

Sl B aw 1 sid
heblett Fo2-04-01 Preojekt Mir ARB

Offerimummur:  S0208033 Atz Wiikael Lejdeby
Viip referens L= Ale Syt

Tel: 045582981
timl:

Objekt; Varmhilining ay rbroth uppsamlingskar il 180°C
Mo hlinvistmg (ll Br [Grivgan beteifunde virmekabelinllipgning enfigh ovan bz vi nitjel
wit offerern nedanstende iaterial

Bahiilars 1,5 x 0,5 m Hﬁj:ll'.‘r:m ﬁwmmmmmn:m:zamm
Rir @ 40mm lingd ea. 2m isolerat med 30 mm { G5Wm)
Viarme elament
T ui Silioon chement 100 x (400mm | 200W [ 2400 Kr. 1,797/ 5 nio
Elarmarten lmrmas mot kamets dndersids och ger totall 2200WV via 230

Rar 2 st Silicon element 30 x | 50w 3TSW 240V Kr. 91/ mtpio
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B.16 Drawing 16
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B.17 Compile Drawing 17
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