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Abstract
The goal of the project was to develop a tool for the mining industry that could be used to
improve the cable handling in the mines. The tool was developed from identified needs to the
status of a field test prototype through the use of methodical product development strategies.
Initially the area of mining cable handling in the open-pit mine in Aitik was studied and charted
in the search for needs. The most suited product opportunity was chosen and its product
characteristics where derived from the identified needs and through concept work. The product
characteristics where realised through simulations using virtual prototypes which in turn were
used as blueprints to manufacture a prototype

2



Contents

1 INTRODUCTION.................................................................................................................................................5

1.1BACKGROUND......................................................................................................................................................5
1.2PROJECT OBJECTIVES..............................................................................................................................................5
1.3PURPOSE.............................................................................................................................................................6
1.4METHOD.............................................................................................................................................................6

1.4.1Methodical product development...............................................................................................................6
1.4.2Product development plan..........................................................................................................................7

2 PROJECT GOALS...............................................................................................................................................9

2.1INITIAL DESIGN SPACE............................................................................................................................................9
2.2COMPREHENSIVE NEEDS.........................................................................................................................................9

3 DESIGN SPACE EXPLORATION...................................................................................................................10

3.1TOOLS..............................................................................................................................................................10
3.1.1Need finding description..........................................................................................................................10
3.1.2Benchmarking description.......................................................................................................................10
3.1.3Related technology description................................................................................................................10
3.1.4Starting conditions....................................................................................................................................10

3.2INITIAL DESIGN SPACE..........................................................................................................................................11
3.2.1Design space overview.............................................................................................................................11
3.2.2Need finding and evaluation....................................................................................................................12

3.3SPECIALISED DESIGN SPACE...................................................................................................................................16
3.3.1Benchmarks of alternative methods for replacing the protective sheet..................................................16
3.3.2Benchmarks of alternative cone peeling methods...................................................................................17
3.3.3Related technology research for replacing the protective sheet.............................................................18
3.3.4Related technology research for cone peeling.........................................................................................19
3.3.5Conclusions from the specialised design space.......................................................................................20

3.4ALTERNATIVE MARKET.........................................................................................................................................21

4 ROADMAP..........................................................................................................................................................22

4.1MISSION STATEMENT ..........................................................................................................................................22
4.2INITIAL PROTOTYPE CHARACTERISTICS.....................................................................................................................23

5 CONCEPT DESIGN AND PROTOTYPING....................................................................................................25

5.1FIRST ITERATION.................................................................................................................................................25
5.1.1Concept Generation.................................................................................................................................25
5.1.2Concept Evaluation..................................................................................................................................26

5.2SECOND ITERATION..............................................................................................................................................28
5.2.1Concept Generation.................................................................................................................................28
5.2.2Concept Evaluation..................................................................................................................................30

5.3THIRD ITERATION................................................................................................................................................34
5.3.1Concept Generation and evaluation........................................................................................................34
5.3.2Concept selection.....................................................................................................................................36

5.4CONCEPT DEVELOPMENT.......................................................................................................................................37
5.4.1Concept sections.......................................................................................................................................37
5.4.2Required features.....................................................................................................................................37
5.4.3Feature relations......................................................................................................................................38

5.5ITERATIVE PART DEVELOPMENT..............................................................................................................................38
5.5.1First iteration............................................................................................................................................38
5.5.2Virtual assembly.......................................................................................................................................42
5.5.3Second iteration .......................................................................................................................................43
5.5.4Final virtual assembly and manufacturing..............................................................................................44

5.6FINAL PROTOTYPE TESTS.......................................................................................................................................45
5.6.1Early prototype observations...................................................................................................................45

3



6 DISCUSSION AND CONCLUSIONS...............................................................................................................46

7 REFERENCES....................................................................................................................................................47

APPENDIX A1.......................................................................................................................................................48

APPENDIX A2.......................................................................................................................................................49

APPENDIX B1.......................................................................................................................................................50

APPENDIX B2.......................................................................................................................................................51

APPENDIX B3.......................................................................................................................................................52

4



1 Introduction

1.1 Background
The mining companies in northern Sweden depend on their heavy machinery to keep the ore
production running. Unexpected breakdowns can cause production standstill and profit
reductions. Therefore they have continuous development projects that aim to prevent and handle
breakdowns throughout the production chain. 

Electrically powered machinery is being used in the mines. The machinery gets their power
from ground running cables, and sometimes the cables are damaged. These faults cause
machine downtime and have to be fixed quickly. The repaired cable also has to be prevented
from failing again. 

The mining company Boliden hired the service company JUC to develop a device for use in
their mine in Aitik. The device was supposed to assist the electricians in peeling the edges of
the protective sheet on the damaged cable. This could help in making the cable splice stronger.
The device was supposed to be developed and sold by JUC.

A prototype of the device was constructed and tested with the mining cable. The first test results
were promising but there was still work to be done. At this stage the remaining work of
finishing the device was offered as a thesis project. 

JUC

JUC was established in Gällivare in the year 1998 and after a period of significant growth they
now employ approximately 30 employees. They are primarily a service company for among
others, the mining industry. They develop speciality products; do repair work and improvements
to suit the needs of heavy industry. 

Boliden

Boliden is one of the leading mining and smelting companies in the world with operations in
Sweden, Finland, Norway and Ireland. Boliden's main products are copper, zinc, lead, gold and
silver. The number of employees is approximately 4 500 and the turnover amounts to
approximately 2.2 billion euro annually.1

Aitik

Aitik is located near Gällivare; Boliden operates an open-pit mine there which is one of
Europe's largest producers of copper, and also a major producer of gold and silver.
The mine started operating in 1968 and today, it mines some 18 million tonnes of ore annually.2

1.2 Project objectives
The project objectives were set together with JUC and Boliden. The project should primary
focus on the Aitik mine and the service electricians there. Alternative markets should be
investigated and adjusted for as well, if there is time. 

· The first step for the project should be to collect as much information as possible about
the mine electricians’ work, their methods and the available equipment.

1 Boliden Magazine 1/2006 www.boliden.com  
2 Operations / Aitik www.boliden.com
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· Based on the gathered information the second step should generate and evaluate
concepts that meet the needs found in the mine.

· Then the best suited concept should be selected and further developed.
· The developed concept should then be made into a final prototype that could be tested in

the mine.

1.3 Purpose
The purpose of this thesis is to show the process of developing a product and how it can be
applied to a real scenario. The thesis is intended for anyone who wants to learn more about how
the different stages in product development can be applied to a real case scenario.

The writers’ aim has been to describe the process without getting into deep analysis of case
specific details like the mining procedures or the finer construction issues. Therefore the thesis
also should be suited for interested readers that might not have previous insight into mining or
machine construction.

1.4 Method
The product development method used during the project is a mix of the method described in
Product design and development3 and the methods used in the course Sirius: creative product
development at Luleå University of Technology

1.4.1 Methodical product development
The generic development process can be said to consist of a few larger phases, which follow a
chronological order:

· Project goals
· Design space exploration
· Roadmap
· Concept design and prototyping
· Detail design
· Product launch  

More detailed information about the individual phases and their purposes can be found under
their respective chapters further down in this report.

The project follows a generally chronological order but product development is an iterative
process.3 Early phases will have to be revisited and reworked as the project moves along and
new information is learned. For example new information could be learned during the concept
design and prototyping phase that alters the conclusions in the roadmap. 

Each phase has a set of tools that are used in order to achieve the goals of the phase. These tools
are characteristic for the phase they are associated with but they can also be used in other
phases. For example, Benchmarking is a tool in the Design space exploration phase, but it is
also used during the Detail design phase.

3Ulrich-Eppinger ”Product design and development” 2000
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Various methods were used throughout the different phases of the project; information was
gathered through different media, like interviews, email exchange, literature studies, and web
research. Concepts have been developed through brainstorming, sketches, functional prototypes,
virtual prototypes and calculations. The final prototype has been developed with CAD-software
and various manufacturing techniques.4

1.4.2 Product development plan
The development plan is based on checkpoints that have been used in the Sirius course at Luleå
University of Technology.

“A development process specifies the phases a development project will pass trough and the
checkpoints along the way. When these phases and checkpoints are chosen wisely, following
the development process is one way of assuring the quality of the resulting product.”5  

Phases and checkpoints used for this project 

Project goals

· Selecting an initial design space
· Identify comprehensive needs

Design space exploration 

· Iterative project focusing to find and select a promising product opportunity
1. Research product opportunities 
2. Evaluate and narrow alternatives

Roadmap

· Formulate a mission statement for the chosen product opportunity
· Convert the needs into initial target product characteristics

Concept design and prototyping

· Iterative concept work refining the product characteristics:
1. Generate concepts guided by the product characteristics
2. Evaluate concepts and refine product characteristics

· Assign constant product characteristics values for the final prototype 

4Ulrich-Eppinger ”Product design and development” 2000 s245
5Ulrich-Eppinger ”Product design and development” 2000 s12
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Detail design of prototype

· Testing of the product prototype to refine product characteristics

Remaining phases and checkpoints after thesis completion 

Further iterations of the Concept design and prototyping phase 

· Setting final product characteristics 

Detail design of final product

· Design for series manufacturing and assembly
· Ensure that the product complies with safety regulations

Product launch

· Compiling product user instructions
· Market introduction 
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2 Project goals
Comprehensive and realistic goals are required in order to make the best use of the time
available for a project.   

2.1 Initial design space
The initial design space can roughly be described as the project playing field or area of interest.
The larger the initial design space is, the longer time and the higher number of workers required
if it is to be properly explored. 

Given the timeframe and manpower available, the initial design space was set to span the
workspace of the Aitik electrical service group. Also JUC and Boliden had already
acknowledged that that area had product opportunities. 

2.2 Comprehensive needs
The project stakeholders all have individual needs for the project outcome. Their existence is
the reason to have a project at all so it is important that they are correctly understood.  

Needs for thesis completion

· The work is carried out at Luleå University of Technology by Jakob Nilsson and Jimmie
Segerstedt

· The product is developed with mechanical and industrial design techniques
· The project challenges the product developers 
· The workload is sufficient, 20 weeks full time

JUC needs for the product ranked by importance

1. The product is economically sound
2. The product satisfies Boliden’s needs
3. The product satisfies other companies needs
4. The product fits the company profile

Boliden’s needs in their Aitik mine ranked by importance

1. The workplace conditions are safe
2. The production is continuous
3. The mine is a ergonomic workplace

These needs are used to find more specific needs and evaluate potential product opportunities in
the design space.
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3 Design space exploration
The design space exploration is a knowledge build-up phase and its purpose is to gather
sufficient information to establish a roadmap for the project.

3.1 Tools

3.1.1 Need finding description
To gather user needs for the product. The information is gathered by observations of user
behaviour, interviews, questionnaires and other means of collecting information. The needs are
then formulated in a way that neither suggests a solution nor adds specific weight to the needs.

”Express the need in terms of what the product has to do, not in terms of how it might do it.”6

3.1.2 Benchmarking description
To test, evaluate and learn from existing solutions. This is done in order to learn what has been
done, how it can be done and how well existing solutions suits the needs.

3.1.3 Related technology description
Related technology is explored to find alternative solutions. It can be all kinds of alternative
existing technology from other fields that might reveal new ways of satisfying the needs. 
Sometimes solutions to similar problems in other fields can be adapted to the cause. 

3.1.4 Starting conditions
The parts worked with within the phase are the needs and the design space. More specific needs
are learned and the focus area is narrowed as alternative ways for the project are removed.

The starting conditions going into this phase from the project goals phase are the comprehensive
needs from the project stakeholders and the initial design space that spans the field of the Aitik
electrical service group.

The first objective of the phase is to learn the needs of the users and find product opportunities.
And after that, to narrow down the number of alternatives and increase specialisation. This is
done in order to find which product opportunities that should be pursued.

6  Ulrich-Eppinger. ”Product design and development” 2000 s61
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3.2 Initial design space
The design space exploration phase began with an on-site survey of the initial design space, the
field of the Aitik electrical service group.

The duties of the service group are to ensure that the electrical mining equipment is kept
operational, to prevent unwanted breaks whenever possible and fix them when they happen.

3.2.1 Design space overview
These are the elements that make up the initial design space:

• Service staff

They are experienced electricians and machine operators.

• Cable end connectors

They are used to connect and disconnect the cables. They use a basic eye and bolt principle.

• Ground running cables

The cables are each 250 m long 6kV mining cables from Nexans. They are polyurethane
(PUR) sheeted and have 3x95^2mm insulated copper conductors.7

• Cable splices

When cables get damaged they are repaired rather than thrown away, since the repair cost is
much less than the price of a cable. The aim of a cable splice is to recreate the damaged
section of the cable. The method used today basically does this by rebuilding the different
layers of the cable with various kinds of tape. This results in a 0.5-1 meter long and 1-2
centimetres thicker spool over the repaired area. 

• Electrician’s equipment

Various fault finding and safety gear is used, such as electromagnetic field sensors and spike
generators.

• Service wheel loaders

These are diesel powered wheel loaders equipped with motorised cable drums that are used
to place and remove ground running cables when electrical mining machinery changes
location as the mining progresses. They are also used to replace damaged cables.

• Connector boxes

They are rugged stainless steel boxes for quick extension and division of cables. They are
used in great numbers and make up the lion's share of the cable connections in the mine.

7  Interview with Bo Siverhall, Aitik, 2005-09-12
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• Connector stations

The stations are well protected semi-permanent power outlets and they are placed at strategic
locations around the mine. They make up the backbone of the in-mine power grid. As the
mining progresses they have to be moved to allow further blasting. 

• Cable ditches

These are special metal or concrete profiles that are placed over cables that cross roads. This
is done to prevent cables from being run over.

• Anchors 

They are heavy concrete cylinders with wire handles. They are meant to prevent unnecessary
pull on the ground running cables as the connected electrical machinery moves around.

• Cable drum on moving machines 

Some machines are a equipped with motorised drums that wind in the cable as they move
towards an anchor and winds it out as it moves away.

• Electrically powered machines

The rock excavators that load the dump trucks and the drilling machines that make the holes
for the dynamite are electrically powered.  

• Other machines

The dump trucks that transport the blasted rock out of the mine and the rock movers that
move it around and shape the terraces are all diesel powered. 

3.2.2 Need finding and evaluation
Initial need finding was done in the mine from the costumer’s perspective, in this case
Boliden’s. Their main concerns were safety, downtime and ergonomics.

Insufficient safety
The electricians in the mine make use of an electricity sensor attached to a long pole to make
sure that there is no current flowing trough a cable before they start to work on it. However they
feel that this is not enough to ensure full safety at all times. For instance when they are
disconnecting cable ends from connector boxes. Today they try to increase safety by throwing a
wrench across the exposed poles as a test to make sure that they will not get electrocuted.

Various faults causing downtime
When a cable is damaged it usually short circuits and triggers a safety fuse. This means that the
electrical equipment connected to the faulty cable can not be used until the cable has been fixed.
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Unwanted breaks ranked by commonness
1. Sometimes the rock movers have to adjust ground running cables. Their scoops are built for

moving several tonnes of rock and not for picking up cables. This is why the most common
cable faults are caused by rock movers that accidentally bruise the cables.

2. Connected cables and their connector boxes are frequently dragged along coarse rock.
Sometimes this smashes the connector boxes and scrapes the cables. 

3. It happens, in spite of the cable ditches that cables get run over by heavy vehicles and thus
gets damaged. 

Fault consequences ranked by impact
1. When a motorised drum mounted on the excavators fail, the cable can accidentally be run

over. This is uncommon but the worst case of unwanted break since the excavators are few
and key parts of the mining process. The damaged cable is also difficult to replace since it is
winded on a drum rather than lying on the ground.

2. If the protective PUR sheet of the cable is pierced it can allow moisture to get inside the
cable. This can cause irregular ground faults along the cable that are hard to find. 

Finding and fixing faults
When a cable is damaged it triggers a safety fuse the electricians on duty takes a service wheel
loader to the affected area. There they locate the damaged cable and replaces it with a fresh one
which they brought along. The damaged cable is repaired later inside a workshop. A damaged
cable is discarded if  it is to badly worn out or if it has to many splices on it already. 

A faulty cable is located with varying difficulty depending on if the location is known or if the
electricians have to search. Therefore, the resulting downtime varies with the search time and
the travelling distance. The cable line to one machine can require 10 cables and as many boxes,
each cable being about 250 meters long. The search for and the identification of a damaged
cable or box is even more difficult in wintertime when they are covered in snow.

One of the electricians stated that they usually have one cable failure occur per week. But that it
could occasionally happen as often as three times a week. 

Cable handling problem
Since Boliden had problems with the cable handling by the rock movers they were positive to
find new ways to improve or replace the techniques used today.

Boliden is hoping to reduce cable damage by testing exchangeable cable lifting forks for the
rock movers. Since this might prove to be satisfactory it was decided to wait for the test results
before taking further action. 
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Cable splices quality problem
Previously made cable splices can sometimes cause faults. They can start to leak or snag on
rocks while the cable is being moved. The commonness of these faults naturally depend on the
quality and number of splices. 

Cable drums on moving machines problem 
The situation in which the drum cable is damaged while a excavator is operating is said to be
the worst type of fault since it takes time to unwind the damaged cable from the drum and
replace it. 

One way to reduce the downtime caused by these faults might be to add an extra cable
connector on the excavator. The alternative connector would be used to connect a fresh cable in
case of a cable failure. This would make it possible for the excavator to continue working until a
planned break, during which the original cable could be properly replaced. 

Heavy and failing connector boxes
The connector boxes used today weigh about 40 kg, this is considered to be to heavy. Attempts
have been made to create lighter boxes, but it has proved to be difficult to get them durable
enough. The durability is already a problem with the existing boxes as mentioned before.

Another problem experienced with the current model of boxes is that water and mud can get
inside them. This sometimes causes short circuits and makes them difficult to work with. A
prototype with legs was tested earlier; the outcome of those tests is unclear but there are no
boxes with legs in use today.

A set of needs for the connector boxes were derived from the information gathered through
interviews with the electricians.  

Needs: The connector boxes...
· can splice or divide 4 cables
· are easy to find in wintertime
· fit in the back of the pickup trucks used in the mine  
· are safe to work with
· can quickly connect or disconnect cables
· can withstand being dragged along rough rocks
· are waterproof 
· can be handled by one electrician 

Connector boxes prospects
When asked if they would consider buying further developed boxes from JUC, Boliden replied
that they did not wish for any further developing of the existing boxes. They would rather see a
complete rework of the electrical system in the mine. 

This was judged to be a to large undertaking for a thesis project.

14



Cable splicing ergonomics and quality
Boliden uses PUR sheeted cables and a tape splicing method. The drawbacks of this
combination is that the resulting splicing process is strenuous and has quality deviations caused
by the human factor.

The reason for choosing PUR sheeted cables is that they are very cut resistant and this extends
the life of the cable. However this complicates the task of cutting and peeling them. 

A set of needs for the cable and its splices were derived from the information gathered through
interviews with the electricians.  

Needs: The cable and its splices...
· withstands tension
· is durable 
· is rugged
· is waterproof
· is flexible 
· does work in -30 to +40 C
· is cost effective
· is safe

Overview of the current splicing process

• Fault finding 

The location of the short circuit in the cable is found by visual inspection when possible and
in other cases by spike generators or electrical sensory equipment.

• Removing protective sheet

The PUR protective sheet over the damaged area is cut open with a knife and removed so
that the electrician can get access to the conductors.

• Conductor repair

The electrician repairs or splices the damaged conductors and shields them with alternating
layers of conductive and insulating tape. This is done to recreate the shielding ability of the
original conductor's insulation.

• Cone Peeling

The previously cut edges of the protective sheet are carved with a knife into a cone shape.
This smoothes down the hard edges before adding the new PUR layer. 

• Protective sheet replacement

The visible conductors and the carved cones are covered in multiple layers of PUR non-
sticking tape until it forms a spool. This is done by hand winding of several rolls of tape
while keeping the tape stretched to avoid air pockets.

15



• Vulcanisation

The spliced part of the cable is placed inside an oven and heated to 190 C for three hours to
allow the layers of tape to vulcanise into a solid spool and merge with the freshly carved
PUR cones. This recreates the PUR sheet and seals the splice.

Cable splices prospects
The electricians in Aitik used a special splitting knife for the removal of the protective sheet.
They had welded it together from a broken knife blade and some tubing. This invention could
be commercialised and possibly sold to other companies that uses the same or similar cable as
the Aitik mine.

It is almost impossible to peel a smooth cone from the cut PUR end by hand carving. Therefore
Boliden has tested a belt sander as a way to achieve the cone shape. The results were partially
good as the resulting cone shape was acceptable. However sanding the PUR sheet caused it to
overheat and emit hazardous gas. This forced a retreat to the manual carving technique. There
have been some issues with getting the PUR tape to merge with the uneven carved cones
properly during the vulcanising process. Mine electricians from both Aitik and Kiruna were
positive to the prospect of future research of an improved cone profile to, if possible, improve
splice quality.

The hand winding of the tape is slow and cumbersome work for the electrician who has to keep
the tape stretched at all times to avoid air pockets. They would otherwise compromise the
quality of the new protective sheet. One of the Aitik electricians stated that one splice can
require about 1000 tape revolutions.

Since both Boliden and JUC supported the idea to investigate the cable splice area further it was
selected for further research, focusing on the cone peeling and the protective sheet replacement
steps. These steps were likely to cause the quality deviations mentioned earlier, they are also
both quite strenuous and could lead to work related injuries. 

3.3 Specialised design space
Since there are parts of the cable splicing used today that are dissatisfactory, alternative splicing
techniques were looked into to make sure that no better solutions did exist on the market
already.

3.3.1 Benchmarks of alternative methods for replacing the protective
sheet

Moulding 
Moulding could be used for replacing the protective sheet after the conductors has been
repaired. The method used is that a prefabricated mould is placed around the peeled area and a
two-component resin is poured in and left to harden.

16



The splices made with this technique have been judged to be to stiff for the mining cable but
new types of resins might create splices that are more flexible. 

Initial testing of the moulding technique for use with the PUR cable was committed in the Aitik
mine during the project and a special mould was to be created. The final outcomes of the tests
are not known. 

Heat shrink tube 
The heat shrink tube method could also be used to replace the protective sheet. The method
requires that a special tube be slipped onto the cable. This means that the cable would have to
be cut in half even for minor repairs. When the tube is in place it is heated and shrinks tight
around the peeled area. A drawback is that the shrink tube will stiffen in cold weather and
therefore is not suited for use in the mine.

Prefabricated splice or cold shrink tube
These two methods are similar to the heat shrink method; this technique also requires that the
cable be fully severed in order for a tube to be slipped on. In this method a mechanical restrainer
is removed to make the tube shrink. The technique can be used to repair the conductors as well
as replacing the protective sheet. The splices created with these methods are fragile and stiff and
would not stand the battering from the mine environment.

Rubber sheet wrapping 
This is a technique to replace the protective sheet is similar to the tape method. Wide and thick
rubber sheets are wrapped round the cable and made stick together by heating the splice in an
oven. This means that the previous 1000 windings of the tape method would be reduced to a
few revolutions. However no sheet wrapping method was found for the PUR sheeted cable.

3.3.2 Benchmarks of alternative cone peeling methods

Manual revolving knifes
These are similar to a revolving pipe cutter tool but this model is meant for removing insulation
and protective sheets from other types of cables. Special tools can create a cone in softer
protective sheets but no current revolving knifes were found that would allow a user to peel a
cone of the requested size in the PUR sheet.8

JUC cone peeler
As mentioned earlier in this report JUC did construct a prototype cone peeling device for
Boliden. The prototype used a motorised blade that circled around the cable and was able to

8Rotation knife tool - RKM 4595
http://library.abb.com/GLOBAL/SCOT/SCOT245.NSF/VerityDisplay/F878D57CF3150BE7C1
257022002F4B1C/$File/119-120%20Verktyg.pdf 

17

http://library.abb.com/GLOBAL/SCOT/SCOT245.NSF/VerityDisplay/F878D57CF3150BE7C1


quickly and without hazardous gas emission peel cables of a fixed diameter. A drawback of the
construction was that it could only peel cable ends, and therefore the cable first had to be
completely severed.

3.3.3 Related technology research for replacing the protective sheet
Techniques from outside the cable-splicing field might also be imported and used to solve the
identified issues to which there are no satisfactory in-field solutions. Therefore related
technologies where researched as well. 

Filament winding 
Filament winding is a technique for creating objects from composite materials. To create an
object a male mould is wound with carbon fibre filaments and continuously coated with resin.

All filament-winding machines successfully researched during this project required the mould
to be rotated for it to wind the filament onto itself. The filament roll translated along the rotating
mould thus controlling the overlap.

Plastic wrap machines 
Plastic wrap machines are used to wrap goods of various kinds. Commercially available
machines that could wrap stationary, rotating and translating objects were found. 

In order to use these machines the object to be wrapped would have had to be fed trough one
side of the machine. 

Tyre patching
Holes in a bicycle tyre are repaired by placing a rubber piece and some vulcanising glue on top
of the hole. 

An Internet search showed that there are different types commonly used PUR glues being sold.
But no mentions were found as to use PUR glues for cable repair.9 

The two component moulding resin mentioned above will merge with the cable surface as it
sets. This suggested that it might be possible to use a polyurethane glue to fasten a new
protective sheet to a splice. There are however no guaranties that such an untested method
should prove to be more efficient than the current one. 

Welding or soldering
According to the electricians the PUR sheet of the mining cable melts at 180 C. Similar to the
glue method described above it might be possible to weld or solder a new protective sheet in
place. However the PUR sheet will emit hazardous gas when heated. This technique was also
completely untested and has no guaranteed chance of working. 

9 More on PUR glue -
http://www.woodweb.com/knowledge_base/Polyurethane_PUR_adhesives.html

18

http://www.woodweb.com/knowledge_base/Polyurethane_PUR_adhesives.html


Summary
No specific related technology that would directly satisfy the needs for the protective sheet
replacement was found during the research committed. The information gathered was kept for
use as inspiration and reference material during the creative phases later.

3.3.4 Related technology research for cone peeling
The previous attempt by the electricians in Aitik of using a belt sander as a way of peeling the
cones was almost satisfactory, part from the unintentional heating of the cable and consequent
gas emission. The JUC cone peeler on the other hand did not cause noticeable gas emission but
was unable to peel mid-cable. If the advantages of these concepts were combined the basic
needs for the cone peeling would be satisfied.

Power tool peeling
Cutting characteristics for the PUR sheet were roughly established by trial and error in a
manually operated steel-milling machine. High milling and feeding speed was found to be
favourable. Using the pointers from the mill experiment a hand held electrically powered plane
designed to work wood was selected for further testing. 

First test

Test tool parameters:
· 12.500 rpm
· Two flat cutting teeth aligned parallel with the drum centreline
· Drum width 75 mm
· Drum diameter 60 mm
· 1030W

The first tests indicated that a handheld milling tool could be used to peel the edges of the PUR
sheet without signs of overheating the surface.

Second test

In a second test primitive safeguards were attached to the tool with standard electricians tape to
prevent it from digging too deep and damaging the conductors. In roughly half a minute with
the slightly altered tool a person without previous training could peel a smooth cone to and end
of the PUR sheet of a clamped down cable. The cut surface was lukewarm to touch after the
process. No measurements were carried out to actually measure actual surface temperature or
gas emission levels.

Observations

Being handheld the tool could follow the noncircular cable profile closer than a device based on
the lathe principle would have been able to do.    

Since the wood plane was not supposed to be used upside down on a semi-circular cable there
were some ergonomic issues with the work position and the manoeuvring of the machine. 
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3.3.5 Conclusions from the specialised design space

The peeling problem
No alternative tools specially designed to do the cone peeling of the thick protective sheet of
mine cables were found. However there where existing power tools on the market that appeared
to be up to the job. 

If there is a market pull from Boliden or other companies and if JUC finds it economically
sound to do so, a specialised tool could be developed. 

Since the primary focus of the project was set to investigate the needs in the local market there
have been little time to investigate the abroad markets for this need. 

A decision was made together with JUC to postpone further development of any peeling tools
for the moment.

Method for replacing the protective sheet
When alternative splicing methods was researched it became clear that there is strong
competitiveness and continuous research done in the field. However, the tape method for
splicing cable seemed to prevail and frequently be used even though it was old in comparison.
Its advantages were that it was so flexible and that it was the only tested and proven method of
splicing the PUR sheeted mining cable. With this method and some initial training, an
electrician can improvise and adapt the splice according to the situation. The resulting splice is
also of high quality when it comes to strength and flexibility. The drawback of the method is
mainly the cumbersome work. 

Product opportunity
It was judged that the project should not try to compete with established companies on their
turf. Neither could it be assumed that an entirely new and better method for cable splicing could
be developed inside the timeframe. 

The project therefore was directed to develop a device to improve the best existing, widespread
and long-lived method, the tape splice. 

In order for the product to be successful the splices created with the device would have to
perform as good or better than the existing manually taped splices but without the strenuous
work and quality deviations. 

To achieve this for the Aitik cable the cone peeling would have to be improved as well as the
taping. Accomplishing improved cones was judged to be probable with the use of altered or
conventional power tools.

With this the design space had been successfully narrowed to a field that showed persistent
product opportunities which supposedly could be pursued within the specified timeframe. 
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3.4 Alternative market
During the research of alternative existing splicing methods it was learned that the taped splice
method where used by power grid electricians as well. With the mining industry as primary
market these companies were surveyed as a potential secondary market for the device. 

Survey of the power grid cable splicing field
There are a number of power grid service companies in Sweden. Their job is to build and
service the power lines in their respective territories. Two of the companies that were contacted
were Umeå energi and ABB Power products. 

Umeå energi
Umeå energi produces, distributes and sells energy to approximately 54 000 private households
and companies.10

They explained that they had chosen to use only the tape method for all their splices since it was
the most flexible method known to them. They described that as long as you know what you are
doing you can improvise and handle any odd situation with the proper use of tape. Their
estimate was that they consumed 50-100 tape splices per year. They mostly apply them in cable
ditches to underground cable but sometimes in stranger places as well. They use 12kV cables
and flexibility were one of their top priorities.11

ABB Power products
ABB Power products sells, among other things, different kinds of cable splice. They usually sell
100-600 tape splices per year in total. Last year was a good one as they sold 500-600 tape
splices. Approximately 95% of those were exported to Jordan and Iran. Since they are niched to
taped splices they claimed to be very interested in selling new tools for taped splicing as well.12

Market differences
The cable types used in stationary power lines differ from the ones in the mines in terms of the
outer sheet. The power cables have only a thin protective layer and the mining cable, which is
moved around has a thick and durable protective sheet. This means that the composition of the
taped splices differ as well. A critical difference is that the tape splices for the power cables
contain a lot of  self vulcanising tape with a protective film layer which has to be peeled off
before applying the tape. 

10  Umeå energi homepage - http://www.umeaenergi.se/default.asp?id=1528&refid=1521
11  Interviev Jan Eriksson Umeå Energi 2005-11-28
12  Interview Pertti Pirainen ABB Kabeldon 2005-10-14
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4 Roadmap
The roadmap phase aims to establish a general direction of the project without prescribing a
particular way to proceed. That would reduce creativity and possibly block alternative solutions
in the conceptual phase. 

The roadmap consists of two parts, a mission statement and a set of initial product
characteristics.

4.1 Mission statement 
The mission statement is meant to act as a foundation for the conceptual phase. It is built on the
information gathered during the design space exploration phase. 

Product description

The device will create improved tape splices for mining cable with repeatable quality and
without straining the user.

Key business goals

By prototype testing and demonstration gather market information so that the device can be
tuned to the customers needs and thus gain competitive strength.

Primary market

Companies handling cables in tough environments.

Secondary market

Companies splicing cable on a regular basis.

Assumptions

The taped splicing method will remain competitive on the market long enough for the
stakeholders and users to profit from the device. 

Stakeholders 

JUC and Polhem Regio, who financed the development.
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4.2 Initial prototype characteristics

Using product characteristics is a way to transform the language of the customer to the language
of the engineer. It is an attempt to describe what the product has to do without prescribing a
particular way to proceed. 

“Developing an entirely new category of product is a risky undertaking, and to some extent the
only real indication of whether customer needs have been identified correctly is whether
customers like the team’s first prototypes.”13

Prototype needs
· Has a design suited for its purpose
· Allows for inspection of the splice during cable repair
· Is faster than today's methods
· Operates in a safe way
· Creates a higher quality splice than the current splices
· Can be used anywhere on the cable
· Can be used on a variety of cables
· Can wrap both the isolation and the outer shell
· Is comfortable to use

The needs are matched to corresponding product characteristics which each are assigned a
metric range. This can be seen in Table T1. These will act as target specifications for the device
during the conceptual phase. The product characteristics can not be assigned final and specified
metrics before it  is established what is possible to achieve and what is not. 

13Ulrich-Eppinger ”Product design and development” 2000 s55
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Table T1 - Product characteristics with target values.

24

Needs converted to PC

Y
es

10
 k

g

1 
pe

rs
on

Y
es

1 
h

24
0 

rp
m

0.
2 

m
/s

1 
m

in

C
E

-la
be

le
d

+
-1

0N

+
-2

 m
m

Y
es

<
40

 m
m

<
70

 N

<
20

 m
m

<
40

 m
m

P
U

R
, r

ub
be

r,
 P

E
X

<
1.

5 
m

Y
es

In
tu

iti
ve

, r
ob

us
t, 

er
go

no
m

ic
 in

te
rf

ac
e

M
as

s 
of

 th
e 

de
vi

ce

N
um

be
r 

of
 o

pe
ra

to
rs

 r
eq

ui
re

d

A
llo

w
s 

fo
r 

in
sp

ec
tio

n 
of

 th
e 

sp
lic

e 
du

rin
g 

ca
bl

e 
re

pa
ir

T
im

e 
to

 r
ep

ai
r 

a 
da

m
ag

ed
 c

ab
le

R
ot

at
io

na
l s

pe
ed

 o
f t

he
 ta

pe
 w

in
de

r

T
ra

ns
la

tio
na

l s
pe

ed
 o

f t
he

 ta
pe

 w
in

de
r

T
im

e 
to

 m
ou

nt
 th

e 
de

vi
ce

D
ev

ic
e 

co
m

pl
y 

w
ith

 s
af

et
y 

re
gu

la
tio

ns

T
en

si
on

 v
ar

ia
tio

n 
in

 t
he

 ta
pe

Q
u

al
ity

 o
f o

ve
rla

p

C
an

 b
e 

us
ed

 a
ny

w
he

re
 o

n 
th

e 
ca

bl
e

W
id

th
 o

f t
he

 ta
pe

V
ar

ia
bl

e 
te

ns
io

n

V
ar

ia
bl

e 
ov

er
la

p

C
ab

le
 r

ad
iu

s

R
an

ge
 o

f c
ab

le
 m

at
er

ia
ls

Le
ng

th
 o

f t
he

 jo
in

t

C
a

n 
w

ra
p 

bo
th

 th
e 

is
ol

at
io

n 
an

d 
th

e 
ou

te
r 

sh
el

l

Has a design suited for its purpose X X X
Allows for inspection of the splice during cable repair X
Is faster than today's methods X X X X
Operates in a safe way X
Makes a splice that is of higher quality than today's splices X X
Can be used anywhere on the cable X
Can be used on a variety of cables X X X X X X
Can wrap both the isolation and the outer shell X



5 Concept Design and Prototyping

With the Product Specification as a starting point, the Concept Design and Prototyping phase
was initiated. In order to keep this phase effective it is important to make sure that the concepts
are generated at the appropriate level. For example, it’s not effective to brainstorm about a
particular solution for a hinge on one concept when other concepts have only been generally
specified. It is very easy to get caught up in details too soon, and that may favour one concept
over another.
 
This phase consists of three sub-phases:

· Concept Generation
· Concept Evaluation
· Concept Selection

These sub-phases are repeated throughout this phase, each iteration refining the concepts
further.

5.1 First iteration

5.1.1 Concept Generation
The purpose of the first brainstorming sessions was to find general concepts on ways to apply
tape to a cable. It soon became clear that there are few ways besides revolving tape around the
cable to accomplish this, if the layers are to be uniform and not allow for any irregularities or air
pockets. This made the brainstorming revolve more around different ways to realise the motion
that would grant the correct overlap and stretch of the tape. This motion can be seen as a
combination of other motions; In its simplest form, the device must be able to move the tape in
the directions depicted in Figure F1, that is, translation of the tape along the cable and rotation
of the tape around the cable at a set distance.

Figure F1 - The motions needed to have a successful device.
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Appendixes A1 and A2 shows a summary of the different concepts. These concepts can be seen
as different ways to handle the two directions of movement from Figure F1, and the main
factors that set them apart from each other have been identified to, stability, portability,
precision, simplicity and adaptability.

5.1.2 Concept Evaluation
In order to narrow these concepts down they had to be evaluated, and it was chosen to do this
with functional prototypes. This was considered to be the best option since there were many
unknown factors and forces that could affect the device and the process of winding tape in
unpredictable ways. Especially stability and precision were deemed to be hard to estimate in any
other way.

Example: The device must be stable enough. From looking at the concepts, a relative order of
how stable each concept is can be determined, but until prototypes have been made, it is more or
less impossible to determine how stable the device actually needs to be. The least stable solution
of the concepts can prove to be stable enough.

Thus, a number of simple prototypes were made to get a general feel of how the different
concepts would behave. 

Basic prototypes

Stationary model
In Figure F2 a lathe has been used to simulate the rotational and translational moves that the
tape roll has to make. Needless to say, this setup was very stable. Trivial as it may seem, it was
an important prototype since it managed to wind the tape with great precision and speed, and it
gave a mental feeling that the goal of the project is indeed achievable. 

Figure F2 - A lathe is used to simulate the device
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Portable model
In Figure F3, a simple portable prototype can be seen. It is made out of two concentric rings that
are connected to each other. One holds the tape roll and the other one sits around the cable to
stabilise the device. It demonstrates that a portable device can be made stable enough to use. 

Note that the hand drill is connected to the centre of the device, which means that only the
general feasibility of the idea could be tested since the prototype could not be placed on the
middle of a cable. Making the prototype more elaborate would have been the wrong thing to do
at this stage.  Read more on time efficiency further down. 

 
Figure F3 - Portable winder prototype

Forces model
In order to get an estimate of how big the strain forces in the tape is compared to other forces
like gravity and centripetal forces, the prototype in Figure F4 was made. It is similar to the
previous portable prototype, but the inner ring has been replaced with three rollers to determine
whether it is sufficient to support only the side where the tape roll is attached. The results were
that it did not seem sufficient to only support one side; the device became way too unstable
because the force of gravity and the centripetal force became much more prominent. Also, when
one of the rollers got stuck it tended to work as a pivot point around which the whole tape
machine would start to rotate.

27



Figure F4 - Portable device with three wheels as support against the tape force

Conclusions
The conclusions that can be drawn from these experiments is that it seems possible to make
some sort of wrapping device that can be either hand held, portable or stationary or a
combination thereof. The power required to operate the device is not greater than what comes
from a common hand drill. The experiments also give a hint at the required size of the device.

5.2 Second iteration
The first iteration step can in a sense be seen as an information gathering phase; since this was
an entirely new device, it served as a way to get a glimpse of how such a device would behave
in general.

Note on Related technology and Benchmarking
As new concepts were generated, new questions naturally arose. Thus, additional related
technology was researched throughout this phase. When the newfound material had an impact
of the direction of the project, for example as motivation for a choice that was made, the
material is mentioned directly in the text.

5.2.1 Concept Generation
With the newfound information from the prototypes, more brainstorming took place in order to
increase the number of possible solutions. A summary of the brainstorming can be found in
Appendixes B1, B2 and B3. Some main groups were identified as being essential for whatever
device that finally would be developed. The reason for the creation of these main groups was to
further simplify the problem, and to describe it more clearly. This in turn further narrowed the
design space in a natural way. These groups were developed with the product characteristics in
mind and they can be seen as a set of definitions that together define a broad concept.
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The groups were:
1. Linear translation
2. Rotation
3. Tape roll holder and stretcher
4. Power source
· Interaction

Groups summary
The groups were ranked by priority in the order shown above. The ranking illustrates how the
different groups are considered to be dependent of each other, and thus it suggests how the
subsequent work should be attacked. The Interaction group is considered to be very much
interdependent of the other groups, and thus it is not ranked. Note that this ranking is just a
general guideline that has been specified in order to further simplify and structure the process. 
Example: There was no point in specifying a power source before the linear translation had been
specified, since it probably would dictate what kind of source that would be used. 

1. Linear translation
The tape fixture can either travel along the cable by actually travelling on the cable, or relative
to some fixture attached to the cable or the ground. The solutions that operate directly on the
cable seem to be more portable. Different kinds of rail systems can be built to transform the tape
fixture along the cable, and various combinations of rollers can be used to operate directly on
the cable.
There are a number of different linear motion units on the market today. They range from small
to big in size and from high to low in precision. They are rather pricey, and generally designed
for a higher precision than is needed for this project. It is however possible to build a custom
linear motion unit by using a rack and pinion or similar methods.
Rollers or tracks that operate directly on the cable can be used, but it has to be possible to adjust
the ratio between linear and rotational motion.

2. Rotation
In order to get the tape fixture to rotate around the cable at any given position on the cable, and
at a set distance from the cable, some kind of circular path must be constructed for the fixture to
follow. Hubless circular motion devices exist, but they are not common. They can be found in
futuristic concepts of various transportation methods and in industrial products like x-ray
machines.

3. Tape roll holder and stretcher
The tape needs to have the same stretch during the whole winding, and some of the tapes that
the device should be compatible with have glue on one side. The most similar machines, like
foil wrapping machines, do not have satisfying solutions for both these factors. There are
however different ways to vary torque, for example different brakes and clutches that can be
found in small sizes.
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4. Power source
The only option here was some kind of electrical source. Operating the machine by hand was
dismissed since that would not have been much of an improvement from the current situation,
and any other power source were not practically realistic at the moment.

Interaction
How well the user interacts with the device is dependent partly on all the groups above, and
partly on the enhancements that will be made directly to the device to make the user experience
better, like handles, buttons etc. Since it is still very unclear what the device is going to look
like and how it is going to work, specific concept generation in this group has been conducted
sparsely at this stage in the process. That does not mean that the aspects of interaction with the
device have been left out, since it is part of all the other groups. 

5.2.2 Concept Evaluation
The previous concept evaluation phase contributed to get an over-all felling for the wrapping
procedure and the forces that come into play when wrapping. Now it was time to make some
additional prototypes to further determine the physical characteristics of the new concepts.

Prototype for rotation
The rotational motion for all the concepts generated is more or less the same; it consists of a ring
that rotates the tape roll and something that connects the ring with some point in the
surroundings. There is also some kind of power source that rotates the ring. Thus a mechanism
that satisfied this description was made, and it can be seen in Figure F5.

Figure F5 - Set-up that rotates a ring

The ring was also cut in two pieces and fitted with a hinge and locking mechanism in order to
simulate taping on the middle of a cable. It worked good enough to prove that it is a feasible
idea to tape in a hubless fashion.
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Translation and interaction evaluated
The translational motion can be solved in ways that look rather different from each other. Tree
characteristic principles were identified. Together, they span most of the space of the generated
translation concepts. This means that the behaviour of concepts that lies in between the
prototypes can be predicted to some extent.

Supportive rollers 
This concept consists of rollers connected at an angle on both sides of a ring that rotates around
the cable. It will hopefully give an idea of the physical characteristics of this and similar roller
solutions.

  
Figure F6 - The supportive rollers in action

Linear translation

It was hard to get an even overlap since the device had to be pushed by hand, so any bumps or
uneven passages posed a problem. The rotation of the tape also gives rise to a radial force as can
be seen in Figure F6. This force is experienced as a sinusoidal force to the rollers and the user,
and that makes the manual linear translation even harder to control, since the opposing force and
the friction between the rollers and the cable also varies in the same sinusoidal pattern.

Interaction

The supportive rollers gave a sturdy impression, and the force required to hold the wheels
against the cable was acceptable. It was however, as noted above, hard to push the machine
forward with an even speed. The prototype used plenty of space along the cable, which makes
the machine rather large for a portable machine. This distance could be made smaller, but it
would still require some access to the cable on both sides of the joint.
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Angled wheels 
Wheels mounted on the inside of a ring, and put in an angle relative to the axial axle of the
cable. Figure F7 shows the angled wheels concept mounted on a cable.

Figure F7 - The angled wheels solution

Linear Translation

The wheels, when put in an angle, make the ring translate on the cable with a decent overlap.
The wheels can be seen more closely in Figure F8.

Figure F8 - Detail of the angled wheels

Interaction

The device is comparatively small and was easy to handle. Figure F9 shows the opening
mechanism. The rollers are attached to the ring, so it is easy to attach the device on the cable.
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Figure F9 - The opening mechanism

Rail set-up
In this prototype, a rail comes out from one of the cable holders and is then attached to the ring
via a hand drill. Figure F10 shows the prototype.

Figure F10 - A rail set-up

Linear translation

The device was pushed by hand and it was rather hard to push the device with a constant speed.
The precision of the prototype was not satisfying to get a realistic read from the experiment.
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Interaction

The system felt very stable to work with. A big difference from the other set-up’s is that it’s
possible to let go of the device with both hands while the device stays where it was left.

Discussion
The concepts generated, and the functional prototypes that were built are not very detailed, and
that is so for a good reason. If too much attention is put on specific details at this stage, several
problems might occur:

· Everything will take much more time.
· Some objectivity is lost since different concepts might be developed to different stages, and

thus seem better than others.
· There is a big risk that specific solutions to problems get settled informally, which can work

as a mental block to finding better solution.
· In general, the more defined a solution is, the harder it is to change it, both mentally for the

group members and practically in terms of time and resources.

It can be seen as a state of mind. If the group members are generally aware of pitfalls like
choosing personal favourites, and know the benefits of thinking big and increasing the amount
of detail only when needed, the work will proceed much more smoothly.

The drawback of having loose prototypes is that they might give the wrong impression of the
real physical properties of a concept, especially when the relation between the forces is rather
complicated. For example, insufficient precision between certain parts might give rise to an
error that is perceived as a flaw of a particular concept, and thus the concept is eliminated for
the wrong reason. In order to avoid such mistakes, the data extracted from the prototypes has to
be analysed. Only observations that have an explanation that can be derived from the intended
design, and not only the actual design of the prototype, can be considered in the concept
selection. 

5.3 Third Iteration

5.3.1 Concept Generation and evaluation
The evaluated prototypes confirmed that each of the three main concepts could provide a
possible way to proceed. They were all estimated as being able to satisfy the product
specifications. Based on this information, the main concepts were further refined into three
preliminary solutions. This was done in order to be able to select one of the concepts. It might
seem strange that the concepts are suddenly rather specified, but this was done in order to be
able to present the concepts in a reasonable fashion to people that would come in contact with
this project. 
 

Rail set-up revised
The selling points of this concept are precision and stability. The ring is moved along the cable
by a linear motion unit. For example a rail made of a rack and pinion or a timing belt. It is then
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rotated around the cable with the help of an electric engine. The Linear translation is connected
with the ring via a gearbox. The rail can be hung on the cable or be attached to a workbench.
This design allows for a system that rotates and translates independent of the thickness and
structure of the cable. This solution gives a precise overlap, but the portability is limited. Figure
F11 shows a concept sketch of the device.

Figure F11 – The rail set-up candidate

Angled wheels revised
This solution emphasise on simplicity and portability. The tool is attached directly on the cable.
Rolls attached to the ring surrounds and keep the distance to the cable the same time as they
drive the device forward along the cable. This is possible since the angle of the rollers can be
varied. This solution is the most portable of the three. It can be driven by a common electrical
hand drill or with an electrical motor. Figure F12 shows an illustration of the angled wheels
concept.

Figure F12 – The Angled wheels candidate
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Supportive rollers revised
 An extra pair of rollers that presses against the opposite side was inserted in order to get rid of
the variable traction that comes from the sinusoidal force. 
The device needs to be driven with either an electrical engine and a variable gearbox, or a dual
set of electrical engines. The device should be rather stable and remain on the cable when not
operated. Figure F13 illustrates the supportive rollers concept.

 
Figure F13 - The supportive rollers candidate

5.3.2 Concept selection
In order to determine which concept would be best suited for prospective customers, feedback
was gathered from Boliden, LKAB, ABB, Umeå Energy and JUC. Mekanex, a company that
sells various mechanical elements was contacted and asked to control the feasibility of the
concepts. People that were involved with repairing cables were also asked for feedback. Based
on this input, the angled wheels concept was chosen. The main reasons were that it was the
most portable solution, would cost less to build, and would have a larger area of use.
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5.4 Concept development
The Angled wheels concept was selected for further development and the product
characteristics were upgraded based on the new information that was gathered in the concept
selection phase. Table T2 shows the upgraded product characteristics.

Table T2 - Metric product characteristics

After a main concept had been chosen it was split up in sections to allow for individual concept
generation of the parts.

5.4.1 Concept sections

Base section 

The base in the part that connects the user and the power source to the device.

Ring section 

The rotating ring connected to the base section.

Wheel section 

The angled wheels that are attached to the ring.

Tape section 

The part attached to the ring that holds the tape and makes sure it’s got the right tension.

5.4.2 Required features
The product characteristics describe the device as a whole but it also implies certain features for
each of the sections above.
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Intuitive, robust, ergonomic interface Yes
Mass of the device 5 Kg
Number of operators required 1 person
Powered by electric screw driver Yes
Allows for inspection of the splice during cable repair Yes
Time to repair a damaged cable 1 h
Rotational speed of the tape winder 1:8 or 1:16 of driver rpm
Translational speed of the tape winder 0.02*rpm/60 m/s
Time to mount the device 1 min
Device complies with safety regulations CE-labeled
Tension variation in the tape +-10N
Quality of overlap +-2 mm
Can be used anywhere on the cable Yes
Width of the tape <40 mm
Variable tension <70 N
Variable overlap <20 mm
Cable radius 40-80mm
Range of cable materials PUR, rubber, PEX
Length of the joint Infinite
Can wrap both the isolation and the outer shell Yes



Base section features

· Screw driver access point
· Hand support to allow user control of the machine
· Ring mount
· Power transmission to the ring section

Ring section features

· Power transmission from the base section
· Opening for mid cable access
· Mount for wheel section
· Mount for tape section

Wheel section features

· Direction control
· Rotation-translation ratio control, tape overlap
· Cable support 

Tape section features

· Tape magazine
· Tape feeder
· Tape tension control

5.4.3 Feature relations
One part in the finished prototype can cover several features. For example, in the base section, a
hand support could be constructed as an integrated part of the power transmission or the ring
mount.

The features controlled one another in other ways as well. For example, in the ring section, if a
belt drive was chosen for the power transmission it would have created a set of forces different
from the ones that would have been created by a cogwheel transmission. This would in turn
affect the type of ring mount that could be used and vice versa.

Note that the dependencies bridged the different sections as well, as seen in the required
features listing above.

5.5 Iterative part development
It was now time to develop the parts that would make up the final prototype. This step was also
done in an iterative fashion since there was not one part that already had any specified
dimensions. The features listed above are also interdependent of each other, which posed a
problem since all parts could obviously not be specified and constructed at the same time.

5.5.1 First iteration
To get a rough idea of the proportions of the device, a virtual assembly was made. The sections
in chapter 5.4.2 were used as a guide for the work order. First, the ring section was made since
it is dependent of what diameter the cable is allowed to have. After that, the parts in the wheel
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section and the tape section could be fitted onto the ring section, and lastly the base section
could be constructed.

Ring section developed
After some brainstorming and benchmarking, the choice fell on a ring with a flat doughnut
shape. It is a stable solution and it provides ample space for fixating the wheel suspension and
tape holder.

A number of concepts for the suspension of the ring unit were generated. Finally a proven
concept was selected for its size and simplicity. It uses V-notch bearings with a matching angle
on the inside edge of the ring unit. The special bearings could be ordered prefabricated.

A hinge type opening mechanism was incorporated in the ring unit to allow the device to be
mounted and dismounted on a cable. The position of the hinge axis and the dividing lines
between the two halves of the ring unit had to be carefully selected in order to be able to open
the ring wide enough and at the same time keep the size of the device small.

A transmission was needed in order to be able to turn the ring unit with an electrical screw
driver or an electrical drill. Different solutions involving cogwheels, chain drives, friction rollers
and belt drives were evaluated before it was settled that a cogwheel solution was to be used. It
had the advantage that it also could serve as a part in the suspension of the ring unit and that it
would not interfere with the opening mechanism.

A gearbox with two primary axes was also added to allow the user to set the total ratio to 1:15
or 2:15 depending on the speed of his power tool.

Wheel section developed
The wheels have several purposes. They have to make sure a distance between the device and
the cable is maintained, they have to ensure a correct overlap by making a spiral motion around
the cable, and they have to be able to change direction based on user input.

After several brainstorms, a final concept was developed which was based on the principles that
trolley wheels use; an offset pivot point makes the wheels sensitive to user input which should
ensure an intuitive way of handling the device.  After a general mechanical solution had been
set, a more detailed model was made. Figure F14 shows a 2D simulation in IDEAS where the
different factors that affect how the wheels behave are simulated. In this model, the relationship
between factors like
· Pivot points for the wheels 
· Length and angles of the linkage that holds the wheel
· Size of the wheels 
· Number of wheels
· Angle variation for the spiral motion 
· Size of the power transmission ring
· Size of the cable
can be simulated. After experiments with the model, the different factors could be configured to
get a satisfying solution. 
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Figure F14. 2D simulation of wheels and wheel linkage in IDEAS

The suspension has to support the tool's weight as well as the force from the stretched tape and
has to allow for uneven cables ranging between 30-80 mm in diameter.

Different concepts for the wheel suspension was generated and it was decided that the system
should keep the cable centred to keep the device from bobbing up and down during operation.  

To achieve this, a concept with coupled tilting arms as wheel suspension was evaluated through
dynamics simulations in ADAMS2005 View. A screenshot from the simulation can be seen in
Figure F15. The concept was tested for compatibility with a variety of cross-sections. The
simulations and manual calculations indicated that the concept was feasible and that this set-up
also would require less spring preload than a set-up with each wheel individually suspended.

Figure F15 - Adams simulation of the wheel suspension
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Tape section developed
The primary goals for the tape holder were to accommodate non sticking tape rolls in sizes from
30-120mm in diameter and to stretch the tape with a constant and adjustable force. The
stretching force should be independent from both the tape roll- and cable diameters. Secondary
goal included to accommodate tape rolls with glue and self vulcanising tape rolls with a
protective film layer.

Naturally weight, size and ergonomics were factors as well since the device was going to be
portable.

Several brainstorming sessions were carried out with these goals in mind. 

The concepts that were generated were sorted into four categories:

• Braked tape roll

These concepts uses a brake applied to the tape roll axis. 

• Clamping brake rolls 

These concepts uses two or more rollers that constrain the tape away from the tape roll.

• Tape roll touching brake roll

In these concepts one or more brake rolls are pressed to the tape roll.

• Electrically controlled brakes

These concepts uses sensors and electrical actuators to control the breaking force.

The Tape roll touching brake roll category was pursued since it would accommodate tape with
glue as well as non stick tape and it was judged to be the simplest way to achieve the desired
result.

A prefabricated clutch type brake was selected to provide an easy adjusted stretching force to
the tape without overheating the brake at high speeds. The tape is wrapped around the brake roll
and presses it to the tape roll to prevent the tape from slipping. The brake provides a constant
braking torque and has a fixed radius, this keeps the tape constantly stretched even as the tape
roll shrinks and the cable diameter increases.

Simulations were carried out in Matlab 6.5 to analyse how the force between the tape roll and
the brake roll varies depending on their relative position. It was finally decided that they should
be placed in a way which kept the size of the device small. The force between the tape roll and
the brake roll was increased with a spring to prevent slipping.

It should be possible to add an extra roll for removing the protective film from self vulcanising
tape rolls to the chosen design but this is not done in this project.
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Base section developed
The user interface had to allow the user to mount and dismount the device properly and give the
user control over the translational movement. It was difficult and time consuming to try to
determine how the interface would feel in real life. Therefore the handles were designed to be
adjustable so that later practical tests could determine the final position.

5.5.2 Virtual assembly
The different sections were assembled into a virtual assembly that can be seen in Figure F16.
There are many mechanisms that must be able to move and work together at a limited space.
The virtual assembly was then reviewed, and problem areas were identified.

Figure F16. The first virtual prototype
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5.5.3 Second iteration 
For the second virtual prototype, all the sections were reiterated to accommodate the changes
made while studying the first virtual prototype. Increased importance was also added to design
for manufacturing. Figure F17 shows the final assembly mounted on a cable. 

Figure F17 - The final assembly

In Figure F18, the flexibility of the wheel suspension is demonstrated. It is designed so that it
will be able to handle cables from 40-80 cm without problems. The wheels are also linked
together, which allows for several benefits; the device will always stay centred on the cable
independent of cable size and it will handle bumps and uneven cables better.
 

Figure F18 – Sequence from left to right showing the wheel suspension
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In Figure F19, the opening mechanism is shown. It has been simulated in I-DEAS to make sure
that it is possible to open and close the device around any cable within the diameter range. It can
be seen that the two lower wheels locks automatically to each other, forcing the other three
wheels to open up further.

Figure F19 - The opening mechanism

The angle on the wheels can be adjusted in order to make the ring unit of the device move along
the cable in a spiral pattern. An example of the ratio adjustment can be seen in Figure F20.

Figure F20 - The angle adjustment for changing the rotation-translation ratio

5.5.4 Final virtual assembly and manufacturing
When the virtual prototype was judged to match the product characteristics it was ready to be
converted into a final prototype. The parts needed to assemble the prototype were either ordered
as finished parts when possible, or ordered from the workshop at Luleå University of
Technology.

The assembly was performed without any critical setbacks. Although some minor adjustments
had to be done in order to sort out differences in dimensions between some of the manufactured
and the prefabricated parts. Figure F21 shows the final prototype.
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Figure F21 – The manufactured and assembled prototype

5.6 Final prototype tests
A rough test was conducted. Cables with a diameter between 40 to 80 mm were tested. Three
PUR tape rolls with approximately 30 mm width, 100mm outer diameter and 30 mm core were
used. The tests showed that the prototype could be mounted and dismounted to the cable,
provide variable tension to the tape and wind it with adjustable overlap. The error in tension and
overlap was not measured in the tests. The prototype weighs 4,5 kg without tape and power
source.

Further testing is scheduled to be conducted on site in the Aitik mine together with the
electricians and other prospective customers. 

5.6.1 Early prototype observations
The early tests revealed areas that the device can be improved in. The observations are
summarised in the list below.

· Use a “dead mans grip” for locking the device when the user lets go of the handle.
· A stand that can hold the device when not used
· Quick coupling for the power source
· Safety thinking; protection from moving parts, modifying shapes etc.
· A more intuitive interface

However, until the tests at the Aitik mine have been conducted, no further changes will take
part since that would not be motivated. Input from users and future buyers will determine which
direction the project will go.
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6 Discussion and conclusions
In this project our personal goal was to develop a prototype from scratch by using the product
development methods that we had learned during our studies. This was the primary motivation
for choosing this particular project, and in that respect the project has been very successful. We
have been able to go through all the phases that were planned for the project, and with positive
results. This has given us confidence that the process used is realistic and that we have enough
knowledge and skills to pull off a project like this.

There is a need for improvements to the taped cable splice method being used today. The initial
tests of the prototype has shown that a handheld device can be manufactured that assists the
electrician in taping the splices. It can be powered by a screw driver and can provide fast
winding with adjustable tension and overlap. The same technique should be possible to adapt
into a stationary splicing tool with increased precision as a result, if needed. The remaining
work on the product will firstly be to conduct further tests together with prospective customers.
Secondly, changes will be made to satisfy the customer needs, and lastly the product will be
optimised for manufacturing.

There is also a need for an improved technique to peel the edges of the protective sheet while
splicing PUR sheeted cables. The edges of the cable sheet can be peeled into smooth cones in
seconds with an electric wood-plane which probably would not cause the PUR to heat up in the
area where it emits hazardous gases. Simple safeguards can be fashioned and fastened to the
wood-plane to prevent it from damaging the cable’s conductors in the process.

Whether this project is a success in terms of economical profit is yet to be determined. The tests
that will be conducted at Aitik will hopefully give a clear indication whether it is economically
motivated to continue this project. We are hopeful that the tests will be a success so that we can
continue developing the product into at finished product. 

The parts in the final prototype cost 40 000 SEK. We believe that the price can be drastically
lowered if the manufacturing is adapted to cheaper production methods, especially if larger
batches are to be made. The question still remains if the demands and needs will be large
enough to make the product profitable.

In retrospect it can be noted that this project was a bit too big for two people for a final thesis;
the initial design space could have been set to be narrower, or the project goals could have been
adjusted. The results of this miscalculation can probably be seen in the selection phases where
subjective opinions are used in too large an extent in order to speed up the process.

One of the key lessons that we learned during this project is that it is very important that
everyone involved in the project get the comprehensive needs right and understand them. The
errors made there will multiply exponentially as the project progresses. It is essential to double
check with all stakeholders time and again.
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