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Abstract 
This bachelor thesis treats the product development process in general and the 
product development of a surf leash in particular. The thesis mainly concerns the 
product development of the surf leash cord and assembly. 
 
The product development process was initiated in South Africa, where problems with 
the surf leashes provided on today’s market was experienced. They get worn out to 
quick and it is expensive to replace a complete surf leash, as it is not possible to 
replace a broken part individually.  
 
The product development project aimed to obtain a well-defined final concept with an 
associated technical requirement specification for the surf leash, within the given time 
frame. To do so, the product development process was divided into four different 
phases, project plan, market requirement specification, concept selection and 
technical requirement specification.  
 
During the project plan phase, a plan for the product development process was 
created. Necessary methods and tools were selected for respective phase and a time 
schedule was created.  
 
The market requirement specification is mainly based on a market survey which was 
performed. The market survey contributed with valuable information, which has been 
used throughout the complete product development process to increase the costumer 
value in an efficient way.  
 
The concept selection is based on the outcome of the idea generation process, which 
were generated with regard to the requirements and desires in the market requirement 
specification. Various matrices were used to narrow the range of possible solution and 
to find the optimal concept for the cord and assembly.  
 
The concept selection phase resulted in a cord with a core of an elastic material with 
a protective cover in a material with less elasticity. This is made to protect the inner 
core from getting stretched-out and not return to its original length, the outer cover can 
also be constructed to make the cord less prone to tangle. The assembly consists of a 
male connector with a small trace which is connected to a receiver with a double pin 
lock mechanism. This creates a module-based, rotational free assembly which is easy 
to attach and detach. Thus, the surf leash can be optimized after personal preferences 
and allows for a broken part to be replaced individually.  
 
The technical requirement specification is based on available information and can be 
used as a basis for future work with layout- and detail construction.  
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Sammanfattning 
Denna kandidatuppsats behandlar produktutvecklingsprocessen i allmänhet och 
produktutvecklingen av en surf leash i synnerhet. Uppsatsen avser främst 
produktutvecklingen av surf leashens lina med tillhörande infästning.  
 
Produktutvecklingsprocessen initierades av att en person i Sydafrika, som upplevt 
problem med dagens surf leash. De förbrukas alldeles för fort och det blir dyrt att byta 
ut en komplett surf leash, då det inte finns möjlighet att ersätta specifika delar. 
 
Målet med produktutvecklingsprojektet var att ta fram ett väldefinierat slutgiltigt 
koncept med tillhörande teknisk kravspecifikation för surf leashen inom den givna 
tidsramen. Produktutvecklingsprocessen delades upp i fyra faser, projektplan, 
marknadskravspecifikation, konceptval och tekniskkravspecifikation.  
 
Under projektplansfasen skapades en plan för produktutvecklingsprocessen. 
Nödvändiga metoder och verktyg valdes ut för respektive fas och en tidsplan 
skapades.  
 
Då erfarenhet och kunskap angående vågsurfing saknades, grundar sig 
marknadskravspecifikationen till mångt och mycket i en marknadsundersökning som 
genomfördes. Denna marknadsundersökning bidrog med värdefull information, som 
använts genom hela produktutvecklingsprocessen för att öka kundvärdet på ett 
effektivt sätt. 
 
Konceptvalet grundar sig i idéer som genererades med hjälp av brainstorming och 
benchmarking för att uppfylla kraven och önskemålen i marknadskravspecifikationen. 
Idéerna har sedan genomgått ett flertal olika matriser för att minska urvalet av möjliga 
koncept och tillslut identifiera det optimala konceptet för linan och dess tillhörande 
infästning.  
 
Konceptvalet resulterade i en lina bestående av en inre kärna i ett elastiskt material, 
med ett skyddande hölje av ett material med lägre elasticitet. Detta för att skydda den 
inre kärnan för att sträckas ut och inte återgå till sin ursprungliga längd. Det yttre höljet 
kan med fördel konstrueras för att motverka att linan trasslar sig. Infästningen består 
av en hankoppling med ett spår, som ansluts till en mottagare med två runda pinnar 
som förs ner för att låsa. Spåret gör det möjligt för infästningen att rotera i båda 
ändarna, samtidigt som låsmekanismen gör det möjligt att demontera surf leashen. 
Vilket skapar en modulbaserad lösning som gör det möjligt att byta delar separat för 
att anpassa surf leashen efter personliga preferenser eller byta en skadad del.  
 
En tekniskkravspecifikation togs fram med hjälp av tillgänglig information och skall 
fungera som underlag för framtida arbete med layout- och detaljkonstruktion.  
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1. Introduction 
This bachelor thesis project in mechanical engineering will be performed in 
collaboration with Invencon AB and Endless Sessions and aims to develop a surf 
leash. Where the main target is to evaluate alternative solutions to the surf leashes 
provided on today’s market, in order to increase customer value. To do it in a proper 
way, the engineering product development process will be executed [1].  
 
In the product development project, the surf leash has been divided into different parts. 
Where this report will focus on product development of the leg rope with its associated 
parts and the assembly. Since these parts do interfere with the parts the other student 
is mainly focusing on, references to his thesis will occur throughout the report.  
 
The contact at Endless Sessions is a surfer himself and will provide the project with 
valuable information as experience and knowledge about surfing is missing.  
 

1.1 Background 
Surf leashes was first introduced to the surfing community in the early 1970s [2-3]. The 
idea was for the leash to prevent the surfer from being left without his board after a 
wipe-out. Therefore, it helps the surfer to optimize the time spent surfing but also works 
as a lifebuoy. Which can be lifesaving in many situations as surfing often takes place 
under extreme conditions.  
 
As time progressed the leash went from being viewed as an optional piece to a must 
for most surfers, due to its many advantages. At many famous surfing spots, it is even 
mandatory to use one as it stops the surfboard from injuring nearby surfers [4]. 
 
When it comes to the surf leash as a product, it can be divided into three primary parts, 
ankle strap, leg rope and rail saver.  
 
The part which attaches the surfer to the surf leash is the ankle strap, which is attached 
around the surfer’s ankle. The strap is secured around the ankle using Velcro and the 
inside is usually containing silicon or similar material to prevent it from spinning around 
the ankle. A swivel connects the ankle strap to the leg rope and makes it free to rotate 
in order to prevent coiling and tangling [3-4]. 
 
The leg rope as mentioned above is connected to the ankle strap but also to the rail 
saver using swivels. As type of surfboard and conditions vary the leg rope comes in 
different thicknesses and lengths [3-4]. 
 
The part which connects the surf leash to the surfboard is the rail saver. It is connected 
to the surfboard with Velcro which is folded and secured around a leash string. A leash 
string is simply a rope which is attached to the surfboard with a knot. As mentioned 
before, the rail saver is attached to the leg rope with a swivel in order to make it free 
to rotate. The main function with the rail saver, apart from attaching to the board, is to 
prevent the surf leash to damage the tail of the surfboard [3-4]. 
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With today’s surf leashes there are a few problems. They seem to coil and get tangled 
around the surfer’s leg and therefore prevent their surfing at max capacity. This is 
usually dealt with be the swivel assembly at both end of the cord. A quick-release 
function is also found on most surf leashes today as it can get stuck in coral reefs and 
seaweed, which drags the surfer down under the water and a quick way for realising 
the surf leash is necessary. If a surf leash is dragged over a reef or ran over by another 
surfboard’s fins, the leg rope runs a risk of breaking due to the damage [4]. 
 

1.2 Problem definition 
Most surfers experience breakage of their surf leash at some point, and in extreme 
conditions it might happen more than once under the same surf session. On today’s 
market there is no surf leash that allows for a broken part to be changed individually, 
thus the complete surf leash has to be replaced. This results in expensive and time-
wasting changes. 
 
As experience and knowledge about surfing is missing in the project, the thought is to 
use Endless Sessions and also market surveys to identify the problems with today’s 
surf leashes. Therefore, the problem definition might be developed in alignment with 
these identified problems. 
 

1.3 Goals 
With basis in the above mentioned problems and the result of the market survey the 
goal is to produce a well-defined concept with an associated technical requirement 
specification. Which by the end of the project should be handed over to Invencon AB 
and Endless Session for evaluation. 
 
The above mentioned concept will be a complete surf leash containing the result of 
this thesis about the surf leash cord and assembly and the development of the ankle 
strap and rail saver [5]. 
 
In order to reach the goals, the methodology of engineering product development 
processes will be used [1].  
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2. Method 
In this chapter each phase of the product development process with associated 
activities will be described. The focus is on the methodology and execution based on 
the literature and proven methods for product development.  

2.1 Project Plan 
The project plan aims to map the project, create a time schedule and allocate 
resources [1]. Focus lays on “how” to execute the product development project with 
the given timeframe and resources [6].  
 
As the project plan consists of different parts and a variety of activities, each will be 
described respectively with focus on the methodology and execution.  

2.1.1 Introduction 
Relevant background content for the product development project of the surf leash 
cord is presented in the introduction, similar to the introduction in this report. What 
separates them is that the introduction in the project plan also consists of descriptions 
for the project organisation, documentation and control processes.  

2.1.2 Project Schedule Plan 
As the product development project of the surf leash cord has to be executed in a 
specific timeframe, the project schedule plan is highly important to accomplish the 
goals within time. In the project two methods were used to create a project schedule 
plan, first the methodology of Work Breakdown Structure, followed by a Gantt-
Schedule. 
 
A Work Breakdown Structure (WBS) divides the project into different work packages. 
Starting with the main phases followed by their associated activities in a relevant order 
into a tree-diagram, as shown in Appendix 1 [6]. Relevant main phases and activities 
based on the methodology of engineering product development processes where 
considered as the WBS were created. 
 
Based on the WBS a Gantt-Schedule was created. The Gantt-Schedule visualises the 
main phases and activities in a coordinate system. Where the x-axis contains the main 
phases and activities and the y-axis represent time. So, each activity is plotted 
horizontally with a length equivalent to the timeframe for that specific activity [1]. The 
Gantt-Schedule therefore works as the time schedule for the project, as shown in 
Appendix 1.  

2.1.3 Risk Analysis 
As it is hard to predict different scenarios, a risk analysis was performed. The method 
of Failure Mode and Effect Analysis (FMEA) were used. It aims to predict possible risks 
and their associated consequences to minimize their impact on the future work with 
developing a new surf leash. The methodology of FMEA systematically reviews risks 
based on their effects, causes, controls and identifies their Risk Priority Number (RPN), 
calculated as the product of the scaled categories of probability, severity and detection 
for each risk [7]. As shown in Appendix 1. The potential risks were based on the 
activities identified in the WBS, in order to consider the whole project. As new risks 
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might be identified throughout the project, the FMEA is a living document which can 
be updated accordingly.  

2.2 Market Requirement Specification 
In this phase the focus shifts to what the development of the surf leash cord should 
accomplish. This material should also create a basis for construction- and design 
solutions, as well as evaluation of concepts [1].  
 
The first step will be to create a market requirement specification in order to meet the 
market’s needs and desires. This specification will contain needs and desires identified 
throughout a market survey. 
 
A technical requirement specification will be made later on in the project, as it is may 
look different depending on what concept that has been selected. But a Quality 
Function Deployment (QFD) will be performed in order to translate the needs and 
desires into product characteristics with technical target values.  

2.2.1 Stakeholders 
Everyone that might be interested or affected by the product development of the surf 
leash in one way or another, e.g. financially, has to be listed. As their needs and desires 
has to be taken into consideration and therefore be a part of the requirement 
specification. It can be individuals, groups, companies or organisations [1].  
 
So, to initiate the market requirement specification phase, all potential stakeholders 
where listed and motivated. As it is important to consider them throughout the entire 
phase.    

2.2.2 Feasibility Study 
The feasibility study aims to compile background information about the market, design 
and technology [1]. 
 
It is used to understand what kind of solutions for the surf leash and especially the cord 
that is already provided on today’s market and which are patented. The feasibility study 
contains a patent analysis as well as a competitor analysis.  

2.2.2.1 Existing patents 

A few existing patents of surf leashes was studied to get a wider understanding of what 
is already patented, but also their function. While studying these patents the focus was 
to evaluate the solutions for the cord with its associated assembly. As only a fraction 
of all existing patents concerning surf leashes was evaluated, a more detailed patent 
analysis might be necessary in the concept selection phase. 

2.2.2.2 Competitors 

Four different surf leashes provided on today’s market was studied. To find background 
information about their design and technology, which can be used throughout the 
market requirement specification phase.   
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2.2.2.3 Market survey 

The feasibility study also contains a market survey, which aims to understand the 
market and identify its needs and desires. It also creates a basis of understanding for 
the surfer’s everyday experience associated with the surf leash. The market survey 
was performed and contained questions about the complete surf leash. Thus, 
information about the cord and its assembly was sorted out and used during the rest 
of the market requirement specification phase [5]. 

2.2.3 Painstorming 
Painstorming is a method which reveals potential problems, these problems are called 
pain points. The methodology of painstorming also generates solutions for these pain 
points, but in this project, it has only been used to identify pain points as shown in 
Appendix 6. According to the methodology of painstorming, the most frequent pain 
points are identified by four steps. First step is to identify customer segments. Second 
step is to list as many of their potential pain points as possible. Third step is to select 
the most frequent pain points. Finally, the fourth step is to rank the most frequent pain 
points [8]. 
 
Most frequent pain points regarding the surf leash cord with its associated assembly 
has been ranked based on the performed market survey. Thus, it can be seen as a 
tool to create the market requirement specification.  

2.2.4 Unique Selling Point 
The Unique Selling Point (USP) to a product characteristic makes the product stand 
out compared to the competing products. It is important that the unique selling point 
clearly communicates the value of the benefits that the product provides [9]. 
 
Identified Unique Selling Points from the market survey should be highly considered 
for a successful development of the surf leash.  

2.2.5 Market Specification of Requirements 
The market specification of requirements is built upon the identified requirements and 
desires obtained from the market survey. Listed requirements have to be fulfilled while 
desires are ranked from 1-5, where five is the highest rank and should therefore be 
prioritized in that order. In the requirements specification the requirements and desires 
are divided into functions or limitations, as shown in Table 2. Where functions are 
related to the expected function of the product and limitations are restrictions for 
possible product solutions [1]. 
 
A competitive analysis is included in the requirements specification, where four of the 
most known surf leashes provided on today’s market has been studied. The analysis 
is based on the identified customer requirements and desires. Normally a requirement 
specification does not necessarily contain a competitive analysis, in this case it was 
made as a foundation for the quality function deployment. Respective surf leash where 
ranked from 0-5 on each requirement or desire individually, where 0 indicates that it 
does not exist on the surf leash in question and 5 indicates that it exists and cannot be 
improved.  
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2.2.6 Quality Function Deployment 
Quality Function Deployment, QFD is a method that identifies, and transfers 
customers’ needs and desires into product characteristics. Which helps to focus on the 
right product characteristics of the surf leash throughout the product development 
process in order to increase customer value. The method of quality function 
deployment also takes competitors in consideration, which visualises where the surf 
leash stands on the market today. By successfully implementing the quality function 
deployment, the product development of the surf leash can deliver a higher quality in 
terms of costumer value [7]. 
 
An efficient tool for working with quality function deployment is the Quality House, 
shown in Appendix 8. Which is a matrix chart that systematically analysis the 
relationship between customer needs/desires and the product characteristics. By 
doing so, a technical weight is obtained which describes the importance of each 
product characteristic. To develop the surf leash in the most efficient way. The quality 
house also contains a competitive assessment where the surf leash developed in the 
project is compared to a competitor’s product based on the identified customer needs 
and desires. In the competitive assessment each individual need or desire is ranked 
on a scale of 0-5, where 5 is the highest. A competitive assessment based on the 
product characteristic is also included in the bottom of the quality house, where the 
characteristics are ranked on a scale of 0-5 similar to the needs and desires. The roof 
of the quality house contains a correlation analysis as the product characteristics may 
have negative or positive correlations, which has to be taken in consideration [7]. 
 
The competitors which has been analysed in the quality house are the same as 
mentioned in the feasibility study and evaluated in the market specification of 
requirements. 

2.3 Concept Selection 

2.3.1 Function analysis 
To facilitate the concept selection phase, a function analysis for the cord and assembly 
were done. As it is highly important to consider the functions throughout the idea 
generation process. Each part of the surf leash was studied individually to identify the 
main functions and support functions crucial for the product [1].  

2.3.2 Idea generation 
For idea generation, it exists several tools and methods. Which all aims to identify as 
many solutions as possible that fulfils the requirements and desires in the requirement 
specification. The existing tools and methods can be divided into two different 
categories, creative methods and systematic methods [1]. 
 
During the development of the cord and assembly of the surf leash, one method from 
each category were used to find a wide range of solutions that fulfils the requirements 
and desires in the requirement specification. These two methods were brainstorming 
which is a creative method and benchmarking which is a systematic method.  
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2.3.2.1 Brainstorming 

Brainstorming is a creative method, which is well-known and often directly associated 
to idea generation. It is most efficiently performed in a group of people with a 
designated leader, given the problem definition the group should generate as many 
solutions as possible. Brainstorming targets the quantity of ideas before the quality of 
the ideas and through generating as many ideas as possible, group members can help 
each other to come up with ideas associated to others [1]. 
 
Brainstorming was implied in the development of the surf leash cord and assembly. 
Through a workshop with four people and one designated leader which also took part 
in the process. The brainstorming session was initiated by looking at the surf leash as 
a whole product, in order not to neglect any possible solution and not limit the thinking 
to today’s surf leashes. As that was done, the session moved on to look at the cord 
and assembly. Which were presented with their associated functions identified in the 
function analysis to facilitate the brainstorming process.  

2.3.2.2 Benchmarking 

Benchmarking is a systematic method which is based on information research about 
how similar problems has been solved. The information research does not necessarily 
have to be about a similar product or even a product in the same branch, as similar 
problems may occur in other application areas as well. The research can be performed 
in different places such as the literature, internet, catalogues, booklets, patents, 
various journals, etc. [1]. 
 
Benchmarking was implied in the development of the cord and assembly of the surf 
leash by studying one part at the time. With regard to the identified problems in the 
market survey and the functions identified in the function analysis. Similar to the 
brainstorming process, the surf leash as a whole product were studied first to not 
neglect any possible solution. The majority of the research was done on the internet, 
where solutions for similar problems were studied.  

2.3.3 Morphologic matrix 
The morphologic matrix is a tool for creating concepts, through combining different 
sub-solutions from each sub-function into total solutions. These total solutions have to 
fulfil all of the requirements in the requirement specification and be geometrically and 
physically realizable, else they will be neglected. This method is used to generate as 
many total solutions as possible, based on the generated ideas from the idea 
generation process [1].  
 
The sub-functions and sub-solutions are implemented in the morphologic matrix and 
through drawing polygons in the matrix, total solutions are obtained [1]. As shown, for 
example in Table 3. 
 
Solutions generated from brainstorming and benchmarking for the cord and assembly 
were categorized into the identified sub-functions from the function analysis. The 
solutions could therefore be seen as sub-solutions to the different sub-functions. These 
sub-solutions and sub-functions were implemented in the morphologic matrix 
individually for the cord and assembly.  
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2.3.4 Elimination matrix 
The elimination matrix aims to eliminate “bad total solutions”, obtained from the 
morphologic matrix. Each existing total solution is evaluated with regard to the below-
mentioned factors in the elimination matrix, as shown for example in Table 7.  
 

• Solves the main problem. 
• Fulfils the requirements in the requirement specification. 
• Can be realized. 
• Is within the cost frame. 
• Is advantageous in the aspects of environment, ergonomics and safety. 
• Fits the market. 
• Sufficient information. 

 
If the total solution fulfils all the factors or if any factor has to be investigated further, it 
will proceed in the concept selection process. Total solutions which doesn’t fulfil all the 
factors, will be eliminated [1]. 
 
The elimination matrix has been used for both the cord and assembly in the concept 
selection process, to narrow the range of possible total solutions obtained from the 
morphologic matrix for respective part.  

2.3.5 Pugh’s relative decision matrix 
Pugh’s relative decision matrix is a tool to further reduce the amount of total solutions, 
through eliminating the worst total solution. This decision is made from relative 
comparisons between different total solutions based on the criteria in the requirement 
specification. These criteria together with the total solutions are implemented in Pugh’s 
relative decision matrix, as shown for example in Table 12. Where one total solution is 
used as a reference which the other total solutions will be compared to. For the 
reference solution a well-known or already existing solution is often used, to facilitate 
the process. All of the total solutions are compared to the reference and scaled 
between better, equal or worse for each criterion. The assessments are then 
summarized and a net value for each total solution compared to the reference is 
obtained. If the net value is positive or zero the total solution will proceed, else it will 
be eliminated. The reference will always obtain a net value of zero and proceed in the 
process. Based on the net value, the total solutions can also be ranked [1]. 
 
If there are still several existing total solutions, Pugh’s relative decision matrix can with 
advantage be performed again. To further reduce the amount of total solutions, by 
selecting the highest ranked total solution from previous iteration as a reference. The 
process can be repeated until a satisfying number of ranked concepts are obtained [1]. 
 
Throughout the process new solutions might occur, they can be implemented and 
evaluated in the matrix to see where they stand compared to the existing total solutions 
[1]. 
 
Pugh’s relative decision matrix where used to select a few total solutions for the cord 
and assembly, which could be evaluated further.   
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2.3.6 Final concept selection 
As the cord and assembly will be integrated in the complete surf leash, an optimal 
concept can not be selected without taking the complete product in consideration. 
Therefore, the remaining solutions which passed all of the methods will be 
implemented as sub-solutions to sub-functions for the complete surf leash. This will be 
done according to the same process and methods which are described above. 
 
First the sub-solutions and sub-functions for all parts of the surf leash will be 
implemented in a morphologic matrix [5]. 
 
An estimated cost analysis for each obtained total solution will be done, as it will help 
to compare different total solutions for the complete surf leash with each other [5].  
 
All of the parts have already passed an elimination matrix, thus it is not necessary to 
perform one for the complete surf leash. The total solutions will therefore be directly 
implemented in Pugh’s relative decision matrix. Which will be repeated until a 
maximum of five total solutions remains, where one is clearly ranked above the others. 
This solution will be the final solution for the complete surf leash, with the others as 
backup solutions if a problem occurs further ahead in the development process [5]. 
 
The solutions for the cord and assembly in the final total solution for the complete surf 
leash. Will be the final concept selection for these two parts individually, as they are 
the best solution based on the whole picture.  

2.4 Technical Requirement Specification 
The technical requirement specification is used to list the technical criteria that has to 
be considered and fulfilled under the layout and detail construction process. It contains 
requirements and desires strongly connected to functions, materials and dimensions.  
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3. Results 
In this chapter, the result for each phase with associated activities in the development 
project of the surf leash will presented.  

3.1 Project Plan 
The project plan can be seen in Appendix 1. It is based on the development process 
for the whole surf leash [5]. The work plan for the development of the surf leash was 
divided into four different phases, project plan, requirement specification, concept 
selection and layout- and detail construction. Where the last phase is not necessary to 
perform, in order to achieve the given goal. Therefore, it can be seen as a time buffer 
in case the other phases are postponed.  

3.2 Market Requirement Specification 
The result for each activity of the market requirement specification phase will be 
presented individually in this chapter. 

3.2.1 Stakeholders 
The identified stakeholders for the development project of the surf leash are presented 
in Appendix 2 [5]. with short motivations. Competitors and big brands in the surfing 
branch were listed as stakeholders, e.g. as they are potential buyers if a patent should 
be obtained in the future.  Five different surf customer segments were listed, as their 
requirements and desires may vary.   

3.2.2 Feasibility study 
The feasibility study contains three main parts, therefore the result for each part will be 
presented individually.  

3.2.2.1 Existing patents 

There are several existing patents for the surf leash as it has been around for about 
50 years. A few of them has been studied and they are shown in Table 1. A summary 
of each patent can be read in Appendix 3. 
,  
Table 1. Studied existing patents for surf leashes and associated parts. [10-15] 
No. Title Patent No. Date 
1 Quick release surf leash assembly 5,643,028 1997-07-01 
2 Reinforced surf leash 20150274265 2017-02-28 
3 Surfboard leash 3,931,656 1976-01-13 
4 Surfboard ankle leash quick release 4,234,990 1980-11-25 
5 Leg rope 4,285,083 1981-08-25 
6 Amphibious tourniquet US D791,951 S 2017-07-11 

3.2.2.2 Market survey 

The market survey was posted on Facebook groups and website forums strongly 
connected to the surfing community. It led to 78 responses from people all over the 
world and valuable information for the continuous work with the product development 
of the surf leash was obtained. The complete market survey and all of the responses 
can be read in Appendix 4 [5]. 
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A short summary of the result of the market survey is shown below: 
 

• 85,1% of the surfers is always using a surf leash. 
• 78,1% said that the surf leash is not supposed to break. 
• 85,1% replaces their surf leash 1-2 times per year. 
• 41,2% said that the surf leash usually breaks at the swivel. 
• 30,9% said that the surf leash usually breaks at the cord. 
• 50,7% said that they use different surf leashes depending on the surf conditions. 

3.2.2.3 Competitors 

Four well known surf leashes provided on today´s market has been selected and 
analysed as possible competitors. The selected surf leashes are FCS Freedom Leash 
6´, DaKine Kainui 6´, Revolwe x Slater Design 6´and Jordy Hex Cord Channel Islands 
6´. Product characteristics and details associated to the cord and assembly for each 
leash individually is shown in Appendix 5. and will later be used for competitive 
assessments and benchmarking.  

3.2.3 Painstorming 
The method of painstorming were used to summarize and rank the identified problems 
obtained from the market survey. As the market survey was made for the complete 
surf leash, so was also the painstorming as shown in Appendix 6 [5]. Thus, only the 
cord and assembly are developed in this thesis, the identified pain points associated 
to these parts creates the basis for the market requirement specification. The ranked 
pain points can be used in the market requirement specification to rank desires. 
 
Below the five highest ranked pain points obtained throughout the painstorming 
process are listed: 
 

1. Losing the surfboard in dangerous situations. 
2. The swivel breaks too easy, too often. 
3. The cord breaks too easy, too often. 
4. Hard to detach in dangerous situations. 
5. Expensive to replace a broken leash with a completely new. 

3.2.4 Unique Selling Point 
The obtained unique selling points are shown in Appendix 7. and was created with the 
result of painstorming as a basis. As the surf leash is a product which will be sold as 
whole, they mainly concern the complete surf leash [5]. All of the identified unique 
selling points do concern the cord and assembly and are therefore highly important to 
consider throughout the development of these parts. The identified unique selling 
points are listed below: 
 

1. Interchangeable 
2. Quick-release 
3. “Unbreakable” 
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3.2.5 Market Specification of Requirements 
Based on the market survey and the result of painstorming a market specification of 
requirements concerning the cord and assembly was created. The market specification 
of requirement is presented in Table 2. It contains three requirements that has to be 
fulfilled during the development process of the surf leash cord and assembly. These 
are, quick release, cord should be free to rotate at both ends and different lengths on 
the cord.  
 
Table 2. Market specification of requirements for the cord and assembly of the surf leash. 

# Criteria Explanation 
Requirement = R 

Desire = D, X 
(D = weight 1-5) 

Function = F 
Limitation = L 

 
FCS 

Leash 6' 

 
DaKine 
Kainui 

 
Revolwe 

x  
Slater 

Design 6' 

 
Jordy 
HEX 

CORD  
Channel 

Islands 6' 

1 Quick release 
A manual mechanism which 
detaches the surf leash in 

dangerous situations. 
R F 3 2 2 2 

2 Environmentally 
friendly Recyclable D, 4 L 1 1 4 1 

3 
Cord should be 
free to rotate at 

both ends 

An assembly between cord 
and ankle strap/rail saver 

which makes the cord free to 
rotate. 

R F 5 5 5 5 

4 Low weight A low weight, as it affects the 
surfing experience. D, 3 L 4 3 3 3 

5 Less drag 
The surf leash should cause a 

low amount of drag as it 
affects the surfing experience. 

D, 3 L 3 3 3 3 

6 Price, 20 - 30 $ 
As identified in the market 

survey, people are willing to 
pay 20-30$ for a surf leash. 

D, 2 L 2 3 4 4 

7 Interchangeable 
A module-based surf leash 

where the main parts can be 
switched/replaced. 

D, 5 F 0 1 2 2 

8 Cord should not 
lose its elasticity 

The cord should not lose its 
elasticity and get stretched 

out. 
D, 3 L 4 3 2 4 

9 

Stronger 
attachment 

between ankle-
strap/rail saver 

A stronger assembly between 
cord and ankle strap/rail 
saver. (Today's swivel) 

D, 5 L 3 3 3 3 

10 
A cord which is 

less likely to 
break 

Stronger and better resistance 
against cuts and bruises. D, 4 L 4 3 3 3 

11 Less impact by 
aging 

Less prone to break due to 
wear and tear, UV-light. D, 2 L 3 2 2 3 

12 Cord should not 
tangle 

Cord should not tangle around 
leg or other parts. D, 3 L 4 3 3 4 

13 Less memory in 
cord when coiled 

Should go back to its original 
state after being coiled. D, 3 L 3 2 2 4 

14 Different lengths 
on cord 

Different sizes for different 
conditions and board lengths. R F 1 5 4 4 

3.2.6 Quality Function Deployment 
From the quality house two primary product characteristics were found which are most 
important to consider throughout the development of the cord and assembly. These 
product characteristics are the material of the cord and the type of assembly, as their 
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technical weight with respect to the identified requirements and desires are the highest. 
The result of the quality house for the cord and assembly is shown in Appendix 8.  

3.3 Concept Selection 

3.3.1 Function analysis 
The identified functions for the surf leash as whole, assembly and cord are shown in 
Appendix 9. with their associated description. These functions are mainly based on the 
problems identified in the painstorming process and aims to solve them.  

3.3.2 Idea generation 
A summary of the ideas and possible solutions obtained during the brainstorming and 
benchmarking sessions for the surf leash, assembly and cord are presented in 
Appendix 10.  
 
For the assembly nine solutions were obtained. These solutions could be divided into 
three sub-functions, rational free, quick release and less tangling.  
 
For the cord ten solutions were obtained. These solutions could be divided into five 
sub-functions, drag, strength, durability, coiling and elasticity. 

3.3.3 Morphologic matrix 
The morphologic matrix and the obtained total solutions for the assembly and cord will 
be presented individually. 

3.3.3.1 Assembly 

The morphologic matrix and possible total solutions for the assembly is shown in Table 
3-4. 
 
Table 3. Morphologic matrix with sub-functions and associated sub-solutions for the assembly. 
Sub-function Alternative sub-solution 
Attach 
components 

Swivel Air 
compressor 
hose 
attachment 

Vacuum 
cleaner hose 
attachment 

Computer 
charger 
attachment 

Water hose 
attachment 

Magnets Large-small 
hole 
attachment 

Swivel, 
spring, 
snaplink 

Prevent tangling Extended 
horn 

       

 
Table 4. Possible total solutions for the assembly. 
Number Total solution 

AS1 Swivel + Extended horn 
AS2 Air compressor hose attachment + Extended horn 
AS3 Vacuum cleaner hose attachment + Extended horn 
AS4 Computer charger attachment + Extended horn 
AS5 Magnets + Extended horn 
AS6 Large-small hole attachment + Extended horn 
AS7 Swivel, spring, snaplink + Extended horn 
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3.3.3.2 Cord 

The morphologic matrix and possible total solutions for the cord is shown in Table 5-
6. 
 
Table 5. Morphologic matrix with sub-functions and associated sub-solutions for the cord. 

Sub-function Alternative sub-solution 
Shape Cylindrical Streamlined Spiral shaped cylindrical cord 

Strength Steel cord Strong homogenous cord Strong core 

Elasticity Elasticity in material Springs 
 

Protection Longer core Limited stretch in cover Protection cover 

 
Table 6. Possible total solutions for the cord. 
Number Total solution 

C1 Cylindrical + Steel cord + Springs 
C2 Cylindrical + Steel cord + Springs + Protection cover 
C3 Cylindrical + Strong homogeneous cord + Elasticity in material 
C4 Cylindrical + Strong core + Elasticity in material + Longer core 
C5 Cylindrical + Strong core + Elasticity in material + Limited stretch in cover 
C6 Streamlined + Steel cord + Springs 
C7 Streamlined + Steel cord + Springs + Protection cover 
C8 Streamlined + Strong homogeneous cord + Elasticity in material 
C9 Streamlined + Strong core + Elasticity in material + Longer core 

C10 Streamlined + Strong core + Elasticity in material + Limited stretch in cover 

C11 Spiral shaped cylindrical cord + Strong homogeneous cord + Elasticity in 
material 

C12 Spiral shaped cylindrical cord + Strong core + Elasticity in material + Longer 
core 

C13 Spiral shaped cylindrical cord + Strong core + Elasticity in material + Limited 
stretch in cover 

 

3.3.4 Elimination matrix 
The elimination matrix for the assembly and cord will be presented individually. For 
solutions that obtains a question mark, further information and data has to be gathered. 
A decision will be made based on the acquired information and data. Then the final 
solutions for each part will be presented. A short motivation for respective decision is 
presented in the discussion section of the report 

3.3.4.1 Assembly 

The elimination matrix and remaining solutions for the assembly is shown in Table 7-
8. 
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Table 7. Elimination matrix for the assembly. [1] 
Elimination matrix Elimination criteria 

(+) Yes 
(-) No 
(?) More info required 
(!) Control requirement specification 

 

Decision: 
(+) Move forward with solution 
(-) Eliminate solution 
(?) Search more info 
(!) Control requirement specification 
Comment Decision 

AS1 + + + + + + +  + 
AS2 + + + + + + +  + 
AS3 + + + + + + +  + 
AS4 + -      Not reliable and strong enough - 
AS5 + + -     Cost and size to be strong enough - 
AS6 + + + + + + +  + 
AS7 + + + + + + +  + 

 
Table 8. Remaining solutions for the assembly. 

Remaining solutions 
AS1 (+): Swivel + Extended horn 
AS2 (+): Air compressor hose attachment + Extended horn 
AS3 (+): Vacuum cleaner hose attachment + Extended horn 
AS6 (+): Large-small hole attachment + Extended horn 
AS7 (+): Swivel, spring, snaplink + Extended horn 

 
All of the remaining solutions are possible to move forward with. Therefore, the 
remaining solutions are also the final solutions and proceeds in the concept selection 
process. Which are shown in Table 20.  

3.3.4.2 Cord 

The elimination matrix and remaining solutions for the cord is shown in Table 9-10. 
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Table 9. Elimination matrix for the cord. [1] 

Elimination matrix – Cord Elimination criteria 
(+) Yes 
(-) No 
(?) More info required 
(!) Control requirement specification 

 

Decision: 
(+) Move forward with solution 
(-) Eliminate solution 
(?) Search more info 
(!) Control requirement specification 
Comment Decision 

C1 + + + + -   Safety issues due to steel cord - 
C2 + + + + + + +  + 
C3 + + + + + + +  + 
C4 + + + + + + ? Longer core, functionality, drag ? 
C5 + + + + + + +  + 
C6 + + + + -   Safety issues due to steel cord - 
C7 + + -     Hard to get a braided steel cord in 

streamlined shape, cost - 

C8 + + + + + + ? Streamlined shape, repeating 
change of drag ? 

C9 + + + + + + ? 
Streamlined shape, repeating 
change of drag. Longer core, 
functionality, drag 

? 

C10 + + + + + + ? Streamlined shape, repeating 
change of drag ? 

C11 + + + + -   Recoil after wipe-out - 
C12 + + + + -   Recoil after wipe-out - 
C13 + + + + -   Recoil after wipe-out - 

 
Table 10. Remaining solutions for the cord. 

Remaining solutions 
C2 (+): Cylindrical + Steel cord + Springs + Protection cover 
C3 (+): Cylindrical + Strong homogeneous cord + Elasticity in material 
C4 (?): Cylindrical + Strong core + Elasticity in material + Longer core 
C5 (+): Cylindrical + Strong core + Elasticity in material + Limited stretch in cover 
C8 (?): Streamlined + Strong homogeneous cord + Elasticity in material 
C9 (?): Streamlined + Strong core + Elasticity in material + Longer core 
C10 (?): Streamlined + Strong core + Elasticity in material + Limited stretch in 
cover 

 
The final solutions for the cord are presented in Table 11, as the decision whether to 
neglect or move forward with the question marks has been made.  
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Table 11. Final solutions for the cord. 
Final solutions 

C2 (+): Cylindrical + Steel cord + Springs + Protection cover + (Slippery coating) 
C3 (+): Cylindrical + Strong homogeneous cord + Elasticity in material + (Slippery 
coating) 
C5 (+): Cylindrical + Strong core + Elasticity in material + Limited stretch in cover + 
(Slippery coating) 
C8 (?): Streamlined + Strong homogeneous cord + Elasticity in material + (Slippery 
coating) 
C10 (?): Streamlined + Strong core + Elasticity in material + Limited stretch in 
cover + (Slippery coating) 

 
Table 11 still contains two solutions with a question mark. It was decided that a 
streamlined shape should move forward in the development process of the surf leash 
cord. A motivation for this decision can be read in the discussion section of the report.  

3.3.5 Pugh’s relative decision matrix 
The result of Pugh’s relative decision matrix for the assembly and cord will be 
presented individually below. 

 3.3.5.1 Assembly 

The decision matrix for the assembly with its associated key criteria is shown in Table 
12. A solution similar to the FCS Freedom Leash provided on today’s market were 
used as reference.   
 
Table 12. Pugh's relative decision matrix for the assembly. 

 
Criteria 

Concept - Assembly 
AS1 AS2 AS3 AS6 AS7 

Price 

 
R

ef
er

en
ce

 - 0 - - 
Interchangeability + + + + 
Size 0 0 - - 
Weight 0 0 0 - 
Free rotation 0 0 0 0 
Durability 0 - 0 - 

      
      
      

Total +  1 1 1 1 
Total 0  4 4 3 1 
Total -  1 1 2 4 
Net value 0 0 0 -1 -3 
Ranking 1 1 1 4 5 
Continue? Yes Yes Yes No No 

 
By performing the decision matrix above, three remaining concepts were obtained. 
These concepts are shown in Table 13. 
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Table 13. Remaining concepts for the assembly. 
Remaining concepts 

AS1: Swivel + Extended horn 
AS2: Air compressor hose attachment + Extended horn 
AS3: Vacuum cleaner hose attachment + Extended horn 

 
A new concept was added, as an idea came up during the work process with Pugh’s 
relative decision matrix. A second iteration was made which is shown in Table 14. The 
new concept is called ASNew and is used as reference concept for iteration two. The 
concept consists of a male connector in stainless steel that is connected in to a dock 
with a double pin lock mechanism. The male connector has a trail in it which the double 
pin connects in to when pushed down. This allows for the assembly to be rotational 
free and interchangeable. 
 
Table 14. Second iteration of Pugh's relative decision matrix for the assembly. 

 
Criteria 

Concept – Assembly 
ASNew AS2 AS3 AS1 

Price 

 
R

ef
er

en
ce

 0 0 0 
Interchangeability 0 0 - 
Size + + + 
Weight 0 0 0 
Free rotation 0 0 0 
Durability - - - 

     
Total +  1 1 1 
Total 0  4 4 3 
Total -  1 1 2 
Net Value 0 0 0 -1 
Ranking 1 1 1 4 
Continue? Yes Yes Yes No 

 
By performing the second iteration of the decision matrix, three remaining concepts 
were obtained. These concepts are shown in Table 15 and will proceed in the concept 
selection process. 
 
Table 15. Remaining concepts for the assembly after the second iteration. 

Remaining concepts 
ASNew: Chinook assembly + Extended horn 
AS2: Air compressor hose attachment + Extended horn 
AS3: Vacuum cleaner hose attachment + Extended horn 

3.3.5.2 Cord 

The decision matrix for the cord with its associated key criteria is shown in Table 16. 
A solution similar to the FCS Freedom Leash provided on today’s market were used 
as reference. 
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Table 16. Pugh's relative decision matrix for the cord. 
 

Criteria 
Concept - Cord 

C5 C2 C3 C8 C10 
Price 

 
R

ef
er

en
ce

 - + + 0 
Weight - - - - 
Drag + - + + 
Durability (stretch etc.) - - - 0 
Tangling - - 0 0 
Breakage resistant + - - 0 
      
Total +  2 1 2 1 
Total 0  0 0 1 4 
Total -  4 5 3 1 
Net value 0 -2 -4 -1 0 
Ranking 1 4 5 3 1 
Continue? Yes No No No Yes 

 
By performing the decision matrix above, two remaining concepts were obtained. 
These concepts are shown in Table 17. 
 
Table 17. Remaining concepts for the cord. 

Remaining concepts 
C5: Cylindrical + Strong core + Elasticity in material + Limited stretch in cover + 
(Slippery coating) 
C10: Streamlined + Strong core + Elasticity in material + Limited stretch in cover + 
(Slippery coating) 

3.3.6 Final concept selection 
The complete concept selection process for the surf leash as whole can be read in 
Appendix 11 [5].  
 
This process led to the final concepts for the assembly and cord presented in Table 
18. 
 
Table 18. Final concept selection for the assembly and cord. 

Part Description 

Assembly 
• “Chinook assembly”  

o Rotational 
o Interchangeable 
o Extended horn to prevent tangling 

Cord 

• Cylindrical 
• Elastic polyurethane core 
• Nylon braided cover to prevent over-stretch and tangling 
• Coating (water-repellent, reduced drag, etc.) 

3.3.6.1 Assembly 

The assembly consists of a stainless-steel male connector connected to a female 
receiver. The male connector has a trail in it, which the double pin lock mechanism of 
the female receiver connects in to when pushed down. This allows for the male 
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connector to be locked in place and rotate freely. This new assembly will make the 
concept interchangeable for the ankle strap, cord and rail saver. A sketch of the 
concept is shown in Figure 1b. 
 
The horn of the cord will be made longer, as shown in Figure 1a. To minimize the 
tangling of the cord and to provide stretch which lowers the forces on the assembly.  

3.3.6.2 Cord 

The cord consists of a homogenous core made from polyurethane, or another elastic 
material with similar or better mechanical properties. This core makes up the bulk of 
the cord and its main purpose is to keep the surfer attached to the board without hurting 
his/her ankle. The core will be combined with a nylon braided cover, or another material 
with similar or better properties. This cover will protect the core from wear and tear, 
over-stretch as its elasticity is less than the core, it will reduce tangling of the cord and 
it will work as a safety net if the core breaks. A sketch of the concept is shown in Figure 
1a.  
 
Male connectors will be mounted at the ends of the cord. These connecters will be 
used to connect the cord to the rail saver and the ankle strap. 
 

  
a) b) 

Figure 1. The final concept, a) cord, horn and assembly, b) assembly. 
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3.4 Technical Requirement Specification 
The technical requirement specification for the assembly and cord is shown in Table 
19. There is an associated explanation for each criterion, to clarify the criteria. Each 
criterion is marked as a requirement or desire based on the importance of the criteria.  
 
Table 19. Technical requirement specification for the assembly and cord. [16] 

# Criteria Explanation Requirement = R 
Desire = D 

1 Salt water resistant All materials in the surfing leash 
should be resistant to salt water R 

2 UV resistant 
All materials in the surfing leash 
should be resistant to UV-radiation 
(not as important in covered regions) 

R 

3 (C)* The braiding on the core should have 
less elasticity than the core itself. 

Less elasticity in the braiding is 
needed for it to function properly and 
prevent overstretching of the core. 

R 

4 
(C) Urethane core + braiding should have the 
same or better mechanical properties as a 6 - 
7 mm thick polyurethane cord. 

Polyurethane: young's modulus 
0,0025 - 0,03 GPa. 
Yield strength 40 - 51 MPa 
Water absorption 0,2 - 0,22 % 
Acceptable salt water resistance 
Poor resistance against UV radiation 

R 

9 
(AS)* The mechanical properties of the male 
connector and the chinook lock mechanism 
should be better or equal to the properties of 
stainless steel, austenitic, AISI 304 

AISI 304: young's modulus 190 - 203 
GPa 
Yield strength 205 - 310 MPa 
Toughness 15,6 - 25,3 KJ/m^2 
Excellent salt water resistance 
Excellent resistance against UV 
radiation 

R 

10 (AS) The horn, elastic plastic material 
Elastic, salt water resistant, UV 
resistant. Its main task is to protect 
and attach the male connector. 

R 

11 (AS) The chinook plate, plastic material 

Salt water resistant, UV resistant, 
non-elastic. Its main task is to create 
a sturdy surface for the male 
connector to connect to. 

R 

14 (C) Standard cord thickness, max 5-6mm Standard cord thickness should 
withstand waves up to 5 ft.  D 

15 (C) Optional cord thicknesses, 7-9mm Optional cord thicknesses, big 
waves, tough conditions D 

16 (C) Standard length 6' Standard cord length. D 

17 (C) Optional lengths 7', 8', 9', 10' Optional cord length, addons for 
different surfboard lengths. D 

18 (AS) Extended horn, 100mm 
Extended horn to prevent the cord 
from coiling/tangling around the 
surfer's leg 

D 

19 (AS) Chinook assembly, d=6-8mm 
Dimensions similar to today's swivel, 
to maintain the same strength and 
durability. 

D 

25 
Materials should be as environmentally 
friendly as possible without interfering on 
price or mechanical properties. 

If there are environmentally friendly 
options, they should be chosen. D 

26 Low weight (water and dry weight) Parts should not be oversized. D 

27 Low drag Parts should not be oversized. D 

 
*  AS: Assembly, C: Cord   
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4. Discussion 
4.1 Project plan 
Regarding the initial project plan the layout and detail construction were supposed to 
be the last phase and be complete before 20th May. As the goal for the development 
for the surf leash was to obtain a well-defined concept with an associated technical 
requirement specification. This phase could therefore be seen as optional, in case of 
time and as a time buffer.  
 
The layout and detail construction phase were never performed as the concept 
selection phase took more time and were more complex than estimated in the project 
plan. This phase was instead used as a time buffer, which was used for completing the 
concept selection phase but also the technical requirement phase.  
 
The timeframe for the whole development process for the surf leash in the project plan 
was estimated to the beginning of June. But the actual timeframe stretched only to 24th 
May. Which lead to less amount of time to complete the layout and detail construction 
if it were initiated. 

4.2 Requirement specification 

4.2.1 Stakeholders 
The list of potential stakeholders is kept simple as the surf leash is under development. 
Therefore, only stakeholders that is important to reach the given goal has been 
considered and used throughout the product development process. As these are 
directly connected to the initial desired result of the project concerning only the 
development process [1]. Thus, it is hard to identify suppliers, investors, etc. that plays 
an important role further on in the development and market launch processes.  

4.2.2 Feasibility study 
The existing patents section only covers a few patents for surf leashes and can 
therefore only be used as an indicator. When a concept is to be developed, a new 
more specified patent analysis has to be performed. As it is hard to identify patents 
and what they cover, it might be necessary to get expertise help in this area.  
 
The market survey resulted in very useful information for the development of the cord 
and assembly and creates the basis for the complete development process of these 
parts. Without a successful market survey, the development process would be a lot 
more challenging as knowledge and experience in the area is missing. The survey also 
led to a wide range of identified problems which makes it easier to develop these parts 
to increase the customer value the most and therefore also the future market potential.  
 
Most of the competitive assessments in this report is based on the identified 
competitors and their associated product characteristics listed in the feasibility study. 
The product characteristics listed doesn’t always cover all the comparison criterions, 
in this case engineering assumptions has been made or the criterion has been 
discussed with Endless Sessions has they have experience using different surf 
leashes.  
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In summary all these three sections included in the feasibility study resulted in 
background material concerning markets, designs and technologies. Which saves a 
lot of resources and time further ahead in the development process [1]. 

4.2.3 Painstorming 
The highest ranked pain points identified in the painstorming process for the surf leash 
are frequently associated to the cord and assembly. Therefore, it is highly important to 
focus on these problems in order to increase the customer value the most and 
therefore also the market protentional [8]. E.g. swivels break too often, the cord breaks 
too often, expensive to replace a broken surf leash with a completely new, are three 
pain points strongly associated to the cord and assembly ranked in the top five pain 
points with the surf leash. It would be optimal to solve these problems with the cord 
and assembly to increase the customer value and market potential in an efficient way.  

4.2.4 Unique Selling Point 
The unique selling points were based on the market survey, competitors and the most 
frequent pain points identified in the painstorming process. Which led to 
“interchangeability” as the most important aspect of the surf leash to focus on, as it is 
unique and would imply the greatest market potential and advantage [9]. The 
interchangeability and possibility to have a module-based surf leash demands an 
assembly which is can be easily detached and reattached, therefore the development 
process for the assembly should strongly prioritize the interchangeability.  

4.2.5 Market Specification of Requirements 
The market specification of requirements was totally based on the market survey and 
the identified pain points in the painstorming process, as it could be seen as the input 
information to the product development [1]. To rank the desires, the frequency of 
occurrence in the market survey and discussion with responsible person at Endless 
Sessions used.  
 
Quick-release is listed as a requirement, but for the cord and assembly alone it is not 
a requirement as it doesn’t necessarily have to be placed at these parts. For the surf 
leash as whole, a quick-release is a requirement.  
 
The market specification of requirements also contains a competitive assessment, 
furthermost to facilitate usage of the quality house but also as a reference to evaluate 
different solutions [1]. This assessment is based on the characteristics of the surf 
leashes listed in the feasibility study for each criterion in the requirement specification. 
It is important to consider that the surf leashes haven’t been tested and no experience 
or data gathered, so the assessment is completely based on the product information.  

4.2.6 Quality Function Deployment 
The two most important product characteristics to consider were found to be material 
of the cord and type of assembly, based on the requirements and desires from the 
market requirement specification and the identified relationships in the QFD [7]. Target 
values for the material of the cord was assumed to be similar to the FCS Freedom 
leash as it seems to have the best working and most durable cord [19-20]. For the type 
of assembly, the targeted values were more general and contained associated 
functions that has to be fulfilled.  
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As, the surf leash developed in the project isn’t an existing product, the row for “our 
product” has been left blank and can be used later on to perform a competitive analysis. 

4.3 Concept selection 

4.3.1 Function analysis 
To facilitate the idea generation process, functions associated to each part of the surf 
leash and the surf leash as whole were identified and listed. These functions were 
based on the information obtained through the market survey, but also from how surf 
leashes provided on today’s market are constructed and works. Necessary functions 
to consider in order to solve the problems obtained in the market survey was also listed 
in the function analysis. Since these functions runs a risk of being forgotten, as ideas 
for solving the identified problem has to be generated [1].  
 
The list of functions obtained through the function analysis is meant to be a basis for 
idea generation, where each function is considered in the brainstorming and 
benchmarking process. Without these functions it would be hard to generate ideas as 
they stand for what the product in question should achieve.  

4.3.2 Idea generation 
Through the idea generation process, new thinking solutions for the surf leash as whole 
were obtained. After discussion with responsible person at Endless Sessions which 
has a lot of experience in surfing and surf leashes, these ideas were neglected. The 
motivation was that the surfing community and market is very sensitive to relatively big 
changes and therefore developing a completely new thinking surf leash was seen as 
a risk when it comes to market potential.  
 
The idea generation process was therefore focused to the concept of today’s surf 
leashes as whole, where new thinking ideas for each part with its associated functions 
were generated. Brainstorming and benchmarking were found to be suitable methods 
for the idea generation process with the given conditions mentioned above [1]. 

4.3.3 Morphologic matrix 
As the morphologic matrix for the assembly and cord were performed, a few 
assumptions were made in order to narrow the range of possible combinations and 
total solutions.  
 
For the assembly, the air compressor hose attachment and water hose attachment 
have the same function, thus they have been merged into one solution. It is only the 
material which distinguish them. 
 
For the cord, it was found that several combinations could not be made due to 
geometrical or physical circumstances and should therefore be eliminated already in 
this stage [1]. One example is that a homogeneous cord can’t be combined with limited 
stretch in the cover. Slippery coating was also neglected at the time, as it can be 
applied on all total solutions and a decision whether to use it or not has to be made 
later on.  
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4.3.4 Elimination matrix 
The elimination matrix for the assembly did not result in any question marks and 
therefore no further discussion is necessary. As no further information had to be found 
in order to validate the concept [1]. 
 
For the cord, several concepts obtained a question mark. Motivations for decision 
concerning these concepts is presented below. 
 
Longer core – Neglect. 
A longer core with tubular casing of a more elastic material. The longer core with less 
stretch limits the stretch in the tubular casing and therefore prevents over-stretch while 
decreasing recoil. In order for it to work properly the inner core has to be several times 
the length of the tubular casing. Which implies that the inner diameter of the tubular 
casing has to be several times the diameter of the core, as the core element has to 
coil up inside it while not under tension. With regard to patent 3,931,656 the outer 
diameter of the tubular casing has to be 9-10 mm, which is more than the surf leashes 
provided on today’s market that has a thickness of 6-7 mm. Therefore, it would be a 
disadvantage, thus it would create more drag in the water. It has to be considered that 
the patent is from 1976 and with today’s technology and materials it might be possible 
to decrease the thickness. But as the inner element still has to coil up inside the tubular 
casing while not being under tension, the tubular casing requires an inner diameter a 
few times greater than the core element. Therefore, it would be difficult to invent a cord 
with this solution competitive to the surf leashes already provided on today’s market 
[12]. 
 
Slippery coating – Move forward. 
A superhydrophobic coating would allow the cord to repel water and therefore reduce 
the drag of the surf leash. The coating also shows good mechanical durability and can 
act as an anti-corrosion. There are also UV-resistant coatings on the market that could 
be applied to reduce the wear and tear of the cord due to UV-light [17-18]. 
 
Similar coatings have been applied to similar materials in other applications and 
markets. For the cord, it needs to be validated that a superhydrophobic coating can be 
applied, and that it gets the desired characteristics. Total cost and life-expectancy of 
the coating also needs to be calculated and validated [17-18]. 
 
Overall, a coating seems like a brilliant idea to apply to the final concept. Since a 
coating can be applied to almost any concept, it will not be brought along in the different 
matrices. Instead it will be brought to the final concept as an additional option. 
 
Streamlined shape – Move forward. 
It is impossible to validate the functionality of a streamline shaped cord without testing 
or simulating it in natural environments. Since the time frame does not allow to make 
any advanced tests or simulations, this idea will be moved into future work. However, 
it needs to be said that this could be a brilliant addon for an interchangeable surf leash 
where you could easily replace the ordinary cord.  
 
Regarding to theory and experimental data for two-dimensional bodies such as the 
cross section of the cord. A circular rod has a friction coefficient of 1.2 for laminar flows. 
Whilst an elliptical rod which is more streamlined has a friction coefficient of 
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approximately 0.25-0.60 depending on the ratio between length and diameter for 
laminar flows. So, based on theory and experimental data. Drag could be reduced 
significantly if the cord works under perfect conditions, which requires that the 
streamlined cross section is correctly lined with the waterflow at all time [32].  
 
However, the streamlined cord in concept C10 still needs to be tested and validated 
for it to be used as a final concept. This concept will therefore be brought along as an 
alternative to the regular cylinder-shaped cord, but it will not be a part of the total 
morphological matrix in order to minimize the concepts produced from the process. 
This can be done since the cord does not affect the layout of any other part of the 
surfing leash. 

4.3.5 Pugh’s relative decision matrix 
Pugh’s relative decision matrix for the assembly and cord, were used to sort out the 
best total solutions for each part. The iteration process was ended when a few total 
solutions were remaining for respective part. As the optimal total solution for each 
individual part might not be the best solution or even possible as the total solutions for 
each part of the surf leash is combined to a complete product.  
 
Each total solution in Pugh’s relative decision matrix were always compared to a 
reference solution [1]. The comparison was based on information obtained throughout 
the development work of the given parts and engineering-based assumptions. 
Therefore, the comparison might not always be completely accurate. Further 
evaluation based on tests and simulations could give a more accurate comparison and 
a different result.  

4.3.6 Final concept selection 
The surf leash as whole has to be considered as the best total solutions for the 
assembly and cord is selected. Thus, the optimal total solution for these parts are not 
necessarily the best total solutions or even possible as the complete surf leash is 
combined.  
 
Therefore, the same process as used for sorting out the best total solutions for the 
assembly and cord were used for the complete surf leash. The best solution obtained 
from Pugh’s relative decision matrix for the surf leash, resulted in a final concept 
selection. Where the total solutions for the assembly and cord in this concept, is also 
the best solution and final concept for these parts individually as the whole surf leash 
is considered.  

4.4 Technical requirement specification 
Information and data concerning what forces the assembly and cord is exposed to, is 
not available. Therefore, the technical requirement specification is based on which 
materials and dimensions surf leashes provided on today’s market is made of. This 
because it is known and tested that it works, but as the strife is to refine and make a 
better surf leash the technical requirement specification is made to find similar or better 
solutions for each criterion.  
 
The mechanical properties for each material listed in the technical requirement 
specification has to be validated and tested for its application, e.g. by strength 
simulations. Since the materials used, might be special made for its application and 
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the mechanical properties compared to the general materials found in CES Edupack 
might vary.      
 
Dimensions listed in the technical requirement specification is based on the 
measurements of the surf leashes provided on today’s market, presented in the 
feasibility study. The strife should be to minimize the dimensions as much as possible 
to make a surf leash which is lighter and produces less drag than the competitors.  

4.5 Future Work 
The next phase of the product development process for the assembly and cord is 
layout- and detail construction [1]. This phase is based on the final concept selections 
for the assembly and cord with its associated technical requirement specification. In 
this phase material selections, design, drawings and simulations has to be made, to 
test and validate the functionality and finally obtain complete blueprints for the parts.  
 
Since the final concept selection for the assembly makes the surf leash module-based, 
a few examples of addons for the cord is shown in Appendix 12. The addons for the 
cord makes it possible for the end user to customize their surf leash after their personal 
preferences and prevailing surf conditions. These addons creates development 
possibilities in the future and should be considered as they could result in an increased 
revenue stream.  
 

  



MTGC11 Lukas Fritz Rev. 1.4/2019-08-30 

 35 

5. Conclusions 
Several conclusions have been obtained throughout the product development process 
for the assembly and cord. A few has been more vital and are worth to point out, they 
are shown in Table 20. 
 
Table 20. Obtained conclusions followed by a short description. 
Conclusion Short description 

Workplan 

A well prepared workplan for the complete product 
development process facilitates the work. Especially 
as there are several methods and tools available, 
which are not necessarily optimal for the given case. 

Feasibility study 

The feasibility study creates a basis for the complete 
product development process and facilitates the 
forthcoming work. Therefore, it is worth to invest 
some time in this process as it will get payed back 
later.   

Complexity (concept selection) 

Complexity in the concept selection phase was 
obtained by a huge amount of possible concepts. It 
was solved by breaking bigger parts down to 
smaller. This was time consuming, so more time for 
the concept selection phase should be considered in 
the future.   

  
Seen to the final concept selection for the assembly, the main purpose of a module-
based solution was found thanks to the “chinook assembly” which is possible to 
easily attach and detach at the same time as its rotational free. When it comes to the 
cord a solution which is less prone to tangle and more durable was found. The 
solution for the cord is similar to the surf leashes provided on today’s market, whilst 
the assembly is more of game-changer because if its interchangeability.   
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Appendix 
Appendix 1. Project Plan 
A WBS was created based on the methodology of engineering product development 
process and resulted in the WBS presented in Figure 2.  
 

 
Figure 2. Work Breakdown Structure over the product development process of the surf leash. [5] 
 
Based on the WBS a Gantt-Schedule was created, which works as the time schedule 
for the product development process of the surf leash. The obtained Gantt-Schedule 
can be seen in Figure 3. 
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Figure 3. Gantt-Schedule for the development process of the surf leash. [5] 

 
The risk analysis based on the activities identified in the WBS resulted in the FMEA 
presented in Table 21.  
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Table 21. FMEA for the product development process of the surf leash. [5] 
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Appendix 2. Stakeholders 
The identified stakeholders are presented in Table 22. followed by a short motivation. 
 
Table 22. Identified stakeholders and their associated motivation. [5] 
Stakeholder Motivation 
Beginner surfer To get an efficient surf session where the surfer won't have to collect 

the surfboard at the beach after each fall. 
Intermediate surfer Demands a reliable, priceworthy, sustainable surfing leash which 

might work in different conditions or in some way can be optimized of 
doing so. Failure shouldn't imply a high cost. 

Advanced surfer Demands a leash which is optimal for the given condition, reliable, 
doesn't prevent the level of surfing and doesn't imply a high cost in 
case of failure. 

The competitive surfer Has limited time when competing and needs to be able to quickly 
change the surfing leash when it breaks. 

Big wave surfer Extreme conditions demand a quality leash which is sustainable and 
won't fail, as well as failure shouldn't imply a high cost. 

Surfers from all around 
the world 

Different surf locations provide different challenges for the surfing 
leash. 

Market leading 
companies in the field of 
surfing 

Potential buyer of patent. 

Invencon Project owner and project commissioner. 
Endless Sessions Project owner and project commissioner. 
Course examiner and 
supervisor 

Examiners in the course MTGC11. 

Laws and standards Laws and standards which affect the design, material selection, etc. 
of the surfing leash. 

Existing patents Patent intrusion makes some concepts useless. 
Freedom Leash Competitor and potential buyer of patent. 
DaKine Competitor and potential buyer of patent. 
Billabong Competitor and potential buyer of patent. 
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Appendix 3. Existing patents 

A1.1 Quick release surf leash assembly 
Patent Number: 5,643,028 
Date: 1997-07-01 
 
A lock mechanism on the ankle band that can be switched to a locked position to 
maintain the first end of the cord attached to the ankle band and at least one unlocked 
position so that the first end of the cord releases under tension [5,10]. A description is 
shown in Figure 4. 
 

 
Figure 4. Quick release surf leash assembly. 
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A1.2 Reinforced surf leash 
Pub. No.: US 2015/0274265 A1 
Date: 2017-02-28 
 
A complete surf leash including a cuff for attaching to the surfer, attachment 
mechanism for attaching to the surfboard and a leash cord.  
 
The cuff has an inner surface with a pattern of compressible grip.  
 
The leash cord includes an elastic fibre rope core, which has a predetermined amount 
of stretch and an extruded thermoplastic urethane cord surrounding with a 
corresponding amount of stretch in terms of its elasticity [5,11]. A description is shown 
in Figure 5. 

 
Figure 5. Reinforced surf leash. 
 

A1.3 Surfboard leash 
Patent Number: 3,931,656 
Date: 1976-01-13 
 
A surfboard leash for attaching the surfer to the surfboard.  
 
The outer casing has a tubular form and is made of a material such as rubber and an 
inner cord of a material with a limited stretching ability, such as braided nylon cord. 
The length of the inner cord should be several times the length of the outer tubular 
casing. Which implies that the inner cord lies coiled within the outer casing when un-
extended. When the inner cord is extended to its maximum stretched length it is still 
less than the outer casing, thus the casing is protected from breakage [5,12]. A 
description is shown in Figure 6. 

 
Figure 6. Surfboard leash. 
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A1.4 Surfboard ankle leash quick release 
Patent Number: 4,234,990 
Date: 1980-11-25 
 
A cord connects the surfer’s ankle cuff to the surfboard, preventing the surfer from 
losing the surfboard. There is a quick release provided between the end of the cord 
and the ankle cuff, so that the surfer can manually release the cord in an emergency 
situation. This is made by removing a pin from the arms of the fork which connects the 
ankle cuff and the cord [5,13]. A description is shown in Figure 7. 
 

 
Figure 7. Surfboard ankle leash quick release. 
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A1.5 Leg rope 
Patent Number: 4,285,083 
Date: 1981-08-25 
 
A leg rope which connects the surfboard to the surfer’s ankle cuff. The rope is made 
of a flexible cord provided with a moulded end piece at each end. One of the ends has 
a swivel so that it can be attached to the ankle cuff and the other end has a braided 
cord which can be attached to the surfboard [5,14]. A description is shown in Figure 8. 
 

 
Figure 8. Leg rope. 
 

A1.6 Amphibious tourniquet 
Patent Number: US D791,951 S 
Date: 2017-07-11 
  
The design of the amphibious tourniquet, as shown and described. It is a cuff designed 
for wearing on a limb or equipment according to an embodiment [5,15]. A description 
is shown in Figure 9. 
 

 
Figure 9. Amphibious tourniquet. 
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Appendix 4. Market survey 

Gender 

 
Figure 10. Pie-chart representing gender. 
 

Age 

  
Figure 11. Pie-chart representing age. 
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Q1. At what level do you consider yourself as a surfer? 

 
Figure 12. Pie-chart representing the response for Q1. 
 

Q2. In which country/countries do you usually surf?  

 
Figure 13. World map and pie-chart representing the response for Q2. 
 

Q3. How often do you surf? 

 
Figure 14. Pie-chart representing the response for Q3. 
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Q4. Are you normally using a surfing leash? 

 
Figure 15. Pie-chart representing the response for Q4. 
 

Q5. Is the surfing leash supposed to break or not? 

 
Figure 16. Pie-chart representing the response for Q5. 
 

Q6. If yes or it depends, under what circumstances? 
This question obtained 21 responses and the conclusion was that a surf leash is 
supposed to break because of: 
 

• Extreme conditions, size of waves 
• Age 
• Wipe-out or other trouble  
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Q7. How often do you replace your surfing leash? 

 
Figure 17. Pie-chart representing the response for Q7. 
 

Q8. In case of failure, where does it usually break? 

 
Figure 18. Pie-chart representing the response for Q8. 
 

Q9. If other, describe where it usually breaks. 
This question got seven responses. Other possible places for the surf leash to break 
were where the string connects to the swivel and a pulled plug. 

Q10. Can you describe what typically causes the surfing leash to be replaced? 
This question obtained 65 responses, and the conclusions was that below-mentioned 
causes were typically the reason for a replaced surf leash: 
 

• Age 
• Breakage (mostly swivel or cord) 
• Fin cuts 
• Over pulled/stretched out cord, loses elasticity 
• Wear and tear, cracks, damage 
• Perished Velcro 
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Q11. Do you use different surfing leashes depending on the surfing 
conditions? 

 
Figure 19. Pie-chart representing the response for Q11. 
 

Q12. If yes, how many different surfing leashes do you use? 

 
Figure 20. Pie-chart representing the response for Q12. 
 

Q13. Do you consider surfing leashes to be a relatively big cost? 

 
Figure 21. Pie-chart representing the response for Q13. 



MTGC11 Lukas Fritz Rev. 1.4/2019-08-30 

 52 

Q14. How much are you willing to pay for a surfing leash? 

 
Figure 22. Pie-chart representing the response for Q14. 
 

Q15. Are you satisfied with the surfing leashes provided on today’s market? 

 
Figure 23. Pie-chart representing the response for Q15. 
 

Q16. What upgrades could be made to the surfing leash to make it better? 
This question got 47 responses and the conclusion were the below-mentioned 
upgrades: 
 

• Quick release, emergency pull pin 
• No breakage, more durable 
• A leash that when it breaks, you don’t have to buy a whole new one. 
• Less memory in the leash when coiled. 
• Soft enough to not cut into the tail of the surfboard. 
• Cause less drag. 
• Lighter 
• More cost effective, less expensive 
• Environmentally friendly 
• Doesn’t get in your way easily, less prone to tangle around fins and feet. 
• Better ankle strap 
• Better, stronger swivels 
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• An auto expansion capability based on torque with an auto breaking at a torque 
serious to the human body. 

• An extra-long leash for huge surf and a shorter one for up to ten metre. 
• Somewhere to put keys, larger key storage. 
• The SUP market needs a leash with a bigger rail saver. 
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Appendix 5. Competitors 
The studied competitors are shown in Table 23-26. 
 
Table 23. Details for FCS Freedom leash. [19-20] 

FCS Freedom Leash 6´ 
Details 

High tensile over-braided nylon cord – reduces tangling and drag 
Lightweight moulded pull tab – quick-release 
Composite horn that is extended to reduce tangling 
Stainless steel swivels 
Intended for up to 5 ft. (~1,5 m) waves 
Price: 45$ 

 
Table 24. Details for DaKine Kainui leash. [21] 

DaKine Kainui 6´ 
Details 

Double overhead to triple overhead intended use 
6,5 mm urethane Dura-Cord leash 
Redesigned moulded Opti-Flex leash ends for maximum durability 
6-, 7- and 8-foot lengths 
100% marine grade stainless steel swivels 
Easy Clip compatible for maximum safety 
Price: 32$ 

 
Table 25. Details for Revolwe x Slater Design leash. [22] 

Revolwe x Slater Design 6´ 
Details 

7 mm thick high strength polyurethane cord with up to 20% recycled content 
Stainless steel swivels 
Detachable/replaceable rail saver and cuff 
More sustainable and Eco-friendly than other leashes on the market 
Price: 30$ 

 
Table 26. Details for Channel Islands Jordy Hex Cord leash. [23] 

Jordy Hex Cord, Channel Islands 6´ 
Details 

Hexagonal cord that kink and stretch less than a traditional cylinder-shaped leash 
Precision swivel in stainless steel 
6 mm diameter cord 
Price: 28$ 
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Appendix 6. Painstorming 
The result of the painstorming process is shown in Table 27. 
 
Table 27. The result of painstorming, step by step. [5] 
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Appendix 7. Unique Selling Points 
The identified unique selling points are shown in Table 28. 
 
Table 28. Unique selling points with the associated possible slogan. [5] 

UNIQUE SELLING POINT 

1. Interchangeable 

"Customize and change the cord the way you want!" 

"Fast and easy to replace a broken cord!" 

"A broken cord doesn’t imply a whole new surf leash!" 

"Most cost-efficient surf leash on the market!" 

"A leash made for competitors." 

2. Quick-release 

"Safest surf leash ever built!" 

"Safest surf leash on the market" 

"Fast and easy to release!" 

3. Unbreakable 

"Safest surf leash ever built!" 

"Safest surf leash on the market!" 

"Strongest surf leash ever built!"  

"No more broken swivels!"  
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Appendix 8. Quality House 

 
Figure 24. Quality house for the cord and assembly. 
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Appendix 9. Function analysis 
The identified functions are shown in Table 29-31. followed by their associated 
description. 
 
Table 29. Functions associated to the surf leash as whole. [5] 

Surf Leash 
# Function Description 

1 Keep the surfer attached to the 
surfboard. 

So that the surfboard can be used as a lifebuoy in 
dangerous situations and maximizing the time 
surfing. 

2 Prevent the board from colliding 
with other people. 

By attaching the surfboard to the surfer, it won't hit 
other surfers as it is lost during a wipe-out. 

 
Table 30. Functions associated to the assembly. 

Assembly 
# Function Description 

1 Attach the different parts with 
each other. 

Attachment between ankle strap/cord and cord/rail 
saver. 

2 Prevent coiling/tangling 

E.g. the extended horn on the assembly between 
cord and ankle strap at the FCS Freedom leash or 
the swivels which makes the cord free to rotate at 
both ends.  

3 (Have a quick release 
assembly) 

Possibly the assembly and quick-release can be 
combined. 

4 Some elastic properties in the 
cover (horn) of the assembly. 

A damping effect as the cord merges into the 
assembly which is connected to the ankle strap most 
importantly but also the rail saver. 

5 (Interchangeable) An assembly between the three main parts which 
makes it possible to change them one by one. 

 
Table 31. Functions associated to the cord. 

Cord 
# Function Description 

1 Keep the surfer attached to the 
board. 

The link between surfer and surfboard. 

2 Allowing a free range of 
movement for the surfer. 

The cord shall not prevent the surfer from surfing at 
his/her potential level. 

3 Have a damping effect on the 
ankle during a wipe-out (elastic). 

The cord needs to have elastic properties to avoid 
damaging the ankle of the surfer.  

4 Have a minimum memory 
(material, shape) 

The material and the shape of the cord should be 
modelled so that it minimizes the memory of the 
cord. 

5 Tangle free (material, shape) The material and the shape of the cord should be 
modelled so that it minimizes tangling of the cord. 

6 Minimal drag The cord should be optimized to create as little drag 
as possible. 
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Appendix 10. Idea generation 
Generated ideas are shown in Table 32-34. The ideas are categorized into different 
sub-functions, where sub-functions inside brackets are optional and can be 
implemented if necessary. Each idea is followed by a short description, to clarify the 
solution. 
 
Table 32. Summary of ideas and solutions for the surf leash. [5] 

Surf Leash 
# Idea Description 

1 Surf backpack A backpack with a cord reel. The cord connects to the board and creates a 
surf leash that never comes in contact with water, which means zero drag. 

2 Snowboard 
binding Attach to the surfboard with a snowboard binding. 

3 Waist surf leash Surf leash attached to the waist. 

4 Ankle strap cord 
reel 

Cord reel on the ankle strap that feeds just enough cord all the time, which 
prevents it from dragging in the water. 

5 Magnets Attach to the surfboard with strong and water-resistant magnets.  

6 Suction cup surf 
leash A surf leash which is connected to the surfboard with suction cups. 

7 Bungee rope 
leash A surf leash consisting of a bungy rope with is pulled on to the ankle. 

8 Steel wire leash A simple surf leash consisting of a steel wire to make it stronger and more 
durable. 

9 Wetsuit A surf leash integrated to the wetsuit. 
 
Table 33. Summary of ideas and solutions for the assembly. 

Assembly 
# Idea Sub-function Description 

1 Swivel Rotation Swivels at both ends of the cord, in order to make it free to 
rotate. 

2 
Air compressor 
hose 
attachment 

Rotation, 
(Quick-
release) 

An air compressor hose attachment, that's free to rotate 
and easy to attach/detach. Interchangeable. 

3 
Vacuum 
cleaner hose 
attachment 

Rotation, 
(Quick-
release) 

A vacuum cleaner hose attachment, that's free to rotate and 
easy to attach/detach. Interchangeable. 

4 
Computer 
charger 
attachment 

Rotation, 
(Quick-
release) 

A computer charger attachment, that's free to rotate and 
easy to attach/detach. Interchangeable. 

5 Water hose 
attachment 

Rotation, 
(Quick-
release) 

A water hose attachment, that's free to rotate and easy to 
attach/detach. Interchangeable. 

6 Extended horn Tangling An extended horn over the assembly that prevents the cord 
from tangling around the surfer's leg. 

7 Magnets - Magnets that attach to each other, directed to each other to 
make the attachment stronger. 

8 Large-small 
hole attachment 

Rotation, 
(Quick-
release) 

The cord is connected through the big hole and locked into 
the small hole. Quick-release by pulling cord towards you 
(upwards) or kicked downwards. Free to 
rotate, interchangeable. 

9 Swivel, spring, 
snaplink Rotation 

Swivels followed by a spring then a snaplink. Could be 
used for e.g. a steel cord to obtain elasticity. Free to 
rotate, interchangeable. 
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Table 34. Summary of ideas and solutions for the cord. 
Cord 

# Idea Sub-function Description 

1 Streamlined 
shape Drag A streamlined shape on the cord which reduces drag. 

2 Cylindrical 
shape Drag A shape similar to the majority of surf leashes provided 

on today's market. 

3 Slippery coating Drag A slippery coating or finish on the cord which reduces 
drag. 

4 Stronger core Strength, 
durability A stronger core which increases strength and durability. 

5 Core/cover cord 

Strength, 
durability, 
coiling, 
elasticity 

By combining different core/cover materials and structure 
different properties can be obtained. E.g. FCS Freedom 
Leash which prevents over-stretch, maintains elasticity 
and reduces coiling. 

6 Longer 
core/cover Durability Prevent over-stretch and maintains elasticity. 

7 Bungy rope Elasticity Cord similar to bungy rope with desired elasticity. 

8 Steel cord with 
springs Durability A very strong and durable cord with springs to obtain 

elasticity. 

9 Spiral shaped 
cord Drag, coiling 

Spiral shaped cord like SUP Leashes in order to keep 
the cord on the surfboard, which means no drag. A spiral 
shaped cord also prevents coiling. 

10 Homogeneous 
cord 

Strength, 
durability Same homogeneous material through the whole cord. 
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Appendix 11. Final concept selection Surf Leash 

1. Morphologic matrix 
From the reduced amount of solutions for each individual part of the surf leash, a 
morphologic matrix for the complete surf leash is made. The solutions for each part 
which passed the elimination matrix and Pugh’s relative decision matrix are 
implemented in the morphologic matrix, shown in Table 35 and the outcome of possible 
total solutions in Table 36.  
 
Table 35. Morphologic matrix for the surf leash. 
Sub-function Alternative sub-solution 
Ankle Strap A6 A9 A14 

   

Assembly ASNew AS2 AS3 
   

Cord  C5 
     

Quick release QNew Q3 Q4 Q8 Q11 Q13 
Rail saver R4 
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Table 36. Total solutions for the surf leash. 
No. Total solution Description (A, AS, C, Q, R) New 

No. 
1 A6+ASNew+C5+QNew+R4 Velcro, Chinook, Cylindrical, Chinook pull 

pin, Leash string TS1 

2 (Q3)+ASNew+C5+Q3+R4 
Release pin ankle strap, Chinook, 
Cylindrical, Release pin ankle strap, Leash 
string 

TS2 

3 A6+ASNew+C5+Q11+R4 Velcro, Chinook, Cylindrical, Velcro release 
loop, Leash string TS3 

4 (Q3)+AS2+C5+Q3+R4 
Release pin ankle strap, Air compressor, 
Cylindrical, Release pin ankle strap, Leash 
string 

TS4 

5 A6+AS2+C5+Q8+R4 Velcro, Air compressor, Cylindrical, Air 
compressor, Leash string TS5 

6 A6+AS2+C5+Q11+R4 Velcro, Air compressor, Cylindrical, Velcro 
release loop, Leash string TS6 

7 (Q3)+AS3+C5+Q3+R4 
Release pin ankle strap, Vacuum cleaner, 
Cylindrical, Release pin ankle strap, Leash 
string 

TS7 

8 A6+AS3+C5+Q11+R4 Velcro, Vacuum cleaner, Cylindrical, Velcro 
release loop, Leash string TS8 

9 A6+AS3+C5+Q13+R4 Velcro, Vacuum cleaner, Cylindrical, 
Vacuum cleaner, Leash string TS9 

10 A9+ASNew+C5+QNew+R4 Bicycle helmet buckle, Chinook, Cylindrical, 
Chinook pull pin, Leash string TS10 

11 A9+ASNew+C5+Q4+R4 Bicycle helmet buckle, Chinook, Cylindrical, 
Bicycle helmet buckle, Leash string TS11 

12 A9+AS2+C5+Q4+R4 
Bicycle helmet buckle, Air compressor, 
Cylindrical, Bicycle helmet buckle, Leash 
string 

TS12 

13 A9+AS2+C5+Q8+R4 Bicycle helmet buckle, Air compressor, 
Cylindrical, Air compressor, Leash string TS13 

14 A9+AS3+C5+Q4+R4 
Bicycle helmet buckle, Vacuum cleaner, 
Cylindrical, Bicycle helmet buckle, Leash 
string 

TS14 

15 A9+AS3+C5+Q13+R4 Bicycle helmet buckle, Vacuum cleaner, 
Cylindrical, Vacuum cleaner, Leash string TS15 

16 A14+ASNew+C5+QNew+R4 Elastic, Chinook, Cylindrical, Chinook pull 
pin, Leash string TS16 

17 A14+AS2+C5+Q8+R4 Elastic, Air compressor, Cylindrical, Air 
compressor, Leash string TS17 

18 A14+AS3+C5+Q13+R4 Elastic, Vacuum cleaner, Cylindrical, 
Vacuum cleaner, Leash string TS18 

 
The quick release for concepts 2,4 and 7 also works as a lock mechanism for the ankle 
strap. Therefore, these concepts don’t have different concepts for the ankle strap (A) 
and quick release (Q).  
 
As each individual solution already passed the elimination matrix and decision whether 
to move forward or not has been made. A new elimination matrix for the total solutions 
in Table 36. isn’t necessary and doesn’t benefit the development of the surf leash as 
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a whole product. Therefore, this phase of the concept selection for the surf leash is 
neglected, as it won’t add any value for the process.  

2. Concepts 
Brief description of each concepts and its individual parts. 

2.1 Concept No. 1, 2, 3 

A6/Q3 + ASNew + C5 + Qnew/Q3/Q11 + R4  
Concept 1 and 3 are similar concepts. They are built up by using Velcro as a lock 
mechanism for the ankle strap (A6), a stainless-steel male connector connected to a 
Chinook with a double pin lock mechanism as assembly (ASNew), a nylon braided 
polyurethane cord (C5) and a rail saver with extra padding connected to the surfing 
board using a leash string (R4). The only that differs between the concepts is the quick 
release and the ankle strap for concept 2. Concept 1 uses the double pin lock 
mechanism of the Chinook assembly (QNew), with an added loop for easy access, as 
a quick release. Concept 2 uses a pin release in the ankle strap as a quick release 
which also works as a lock mechanism for the ankle strap (Q3) and concept 3 uses the 
commonly uses Velcro release loop as a quick release (Q11). 

2.2 Concept No. 4, 5, 6 

A6/Q3 + AS2 + C5 + Q3/Q8/Q11 + R4 
Concepts 5 and 6 are built up using Velcro as a lock mechanism for the ankle strap 
(A6), a male and female connector that functions the same way as an air compressor 
assembly (AS2), a nylon braided polyurethane cord (C5) and a rail saver with extra 
padding connected to the surfing board using a leash string (R4). Concept 4 uses a 
pin release in the ankle strap as a quick release which also works as a lock mechanism 
for the ankle strap (Q3). Concept 5 has a quick release that utilizes the 
interchangeability in the air compressor-like assembly by either a button or a small 
cover that can be pulled back to release (Q8). Concept 6 uses the commonly uses 
Velcro release loop (Q11). 

2.3 Concept No. 7, 8, 9 

A6/Q3 + AS3 + C5 + Q3/Q11/Q13 + R4 
Concepts 8 and 9 are built up using Velcro as a lock mechanism for the ankle strap 
(A6), a male plastic thread that is connected to a plastic female receive that is put 
together just like the assembly on a vacuum cleaner (AS3), a nylon braided 
polyurethane cord (C5) and a rail saver with extra padding connected to the surfing 
board using a leash string (R4). Concept 7 uses a pin release in the ankle strap as a 
quick release which also works as a lock mechanism for the ankle strap(Q3). Concept 
8 uses the commonly uses Velcro release loop (Q11) and concept 9 utilizes the 
interchangeability in the assembly as a quick release by adding pressure points that 
pushes in the plastic, allowing the assembly to part (Q13). 

2.4 Concept No. 10, 11 

A9 + ASNew + C5 + QNew/Q4 + R4 
Concepts 10 and 11 are built up using a helmet buckle with a strap as a lock 
mechanism for the ankle strap (A9), a stainless-steel male connector connected to a 
Chinook with a double pin lock mechanism as assembly (ASNew), a nylon braided 
polyurethane cord (C5) and a rail saver with extra padding connected to the surfing 
board using a leash string (R4). Concept 10 uses the double pin lock mechanism of 
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the Chinook assembly (QNew), with an added loop for easy access, as a quick release. 
Concept 11 utilizes the helmet buckles lock mechanism as a quick release (Q4). 

2.5 Concept No. 12, 13 

A9 + AS2 + C5 + Q4/Q8 + R4 
Concepts 12 and 13 are built up using a helmet buckle with a strap as a lock 
mechanism for the ankle strap (A9), a male and female connector that functions the 
same way as an air compressor assembly (AS2), a nylon braided polyurethane cord 
(C5) and a rail saver with extra padding connected to the surfing board using a leash 
string (R4). Concept 12 utilizes the helmet buckles lock mechanism as a quick release 
(Q4) and concept 13 utilizes the interchangeability in the air compressor-like assembly 
by either a button or a small cover that can be pulled back to release (Q8). 

2.6 Concept No. 14, 15 
A9 + AS3 + C5 + Q4/Q13 + R4 
Concepts 14 and 15 are built up using a helmet buckle with a strap as a lock 
mechanism for the ankle strap (A9), a male plastic thread that is connected to a plastic 
female receive that is put together just like the assembly on a vacuum cleaner (AS3), 
a nylon braided polyurethane cord (C5) and a rail saver with extra padding connected 
to the surfing board using a leash string (R4). Concept 14 utilizes the helmet buckles 
lock mechanism as a quick release (Q4) and concept 15 utilizes the interchangeability 
in the assembly as a quick release by adding pressure points that pushes in the plastic, 
allowing the assembly to part (Q13). 

2.7 Concept No. 16 

A14 + ASNew + C5 + QNew + R4 
Concept 16 is built up using an elastic sock that you pull over your foot as an ankle 
strap (A14), a stainless steel male connector connected to a Chinook with a double pin 
lock mechanism as assembly (ASNew),a nylon braided polyurethane cord (C5), a 
double pin lock mechanism in the Chinook assembly as a quick release (QNew) and 
a rail saver with extra padding connected to the surfing board using a leash string (R4). 

2.8 Concept No. 17 

A14 + AS2 + C5 + Q8 + R4 
Concept 17 is built up using an elastic sock that you pull over your foot as an ankle 
strap (A14), a male and female connector that functions the same way as an air 
compressor assembly (AS2), a nylon braided polyurethane cord (C5),  a button or a 
small cover that utilizes the interchangeability in the air compressor-like assembly as 
a quick release (Q8) and a rail saver with extra padding connected to the surfing board 
using a leash string (R4). 

2.9 Concept No. 18 

A14 + AS3 + C5 + Q13 + R4 
Concept 18 is built up using an elastic sock that you pull over your foot as an ankle 
strap (A14), a male plastic thread that is connected to a plastic female receive that is 
put together just like the assembly on a vacuum cleaner (AS3), a nylon braided 
polyurethane cord (C5), a quick release that utilizes the interchangeability in the 
assembly by adding pressure points that pushes in the plastic, allowing the assembly 
to part (Q13) and a rail saver with extra padding connected to the surfing board using 
a leash string (R4). 
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3. Estimated cost 
An estimated cost analysis for each concept has been performed, based on their 
unique parts which differs from the other concepts. The costs have been looked up on 
different sources on internet and can therefore only be used as a rough estimation. 
Real costs might differ as components are bought directly from the producer and in 
bigger quantities. The cost for each part is shown in Table 37. and the total cost for 
each concept is shown in Table 38. 
 
As the base components are the same for all of the concepts, they have been 
neglected. These base components are the Velcro rail saver, neoprene ankle strap 
and urethane core nylon braided cord. The estimated cost analysis focuses more on 
the parts which differs between the concepts, such as bicycle helmet buckle, Velcro 
and elasticity as attachment mechanisms for attaching the ankle strap around the 
surfer’s ankle.  
 
Table 37. Cost for each part of the surf leash. [24]-[31]  
No. Part Cost [€] 

1 Low profile Velcro 1,42 
2 Leash string 0,44 
3 Quick release pin 1,76 
4 Velcro release loop - 
5 Bicycle helmet buckle 1,15 
6 Neoprene ankle cuff - 
7 Urethane core nylon braided cord - 
8 Air compressor hose attachment 2,88 
9 Vacuum cleaner hose attachment 4 

10 US-Basecup Chinook Approx. 4 
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Table 38. Total cost for each concept of the surf leash. 
Concept Parts (A, AS, C, Q, R) Total 

cost 
TS1 Velcro, Chinook, Cylindrical, Chinook pull pin, Leash string 5,86€ 
TS2 Release pin ankle strap, Chinook, Cylindrical, Release pin ankle strap, 

Leash string 7,62€ 
TS3 Velcro, Chinook, Cylindrical, Velcro release loop, Leash string 5,86€ 
TS4 Release pin ankle strap, Air compressor, Cylindrical, Release pin ankle 

strap, Leash string 6,50€ 
TS5 Velcro, Air compressor, Cylindrical, Air compressor, Leash string 4,74€ 
TS6 Velcro, Air compressor, Cylindrical, Velcro release loop, Leash string 4,74€ 
TS7 Release pin ankle strap, Vacuum cleaner, Cylindrical, Release pin ankle 

strap, Leash string 7,62€ 
TS8 Velcro, Vacuum cleaner, Cylindrical, Velcro release loop, Leash string 5,86€ 
TS9 Velcro, Vacuum cleaner, Cylindrical, Vacuum cleaner, Leash string 5,86€ 

TS10 Bicycle helmet buckle, Chinook, Cylindrical, Chinook pull pin, Leash 
string 5,59€ 

TS11 Bicycle helmet buckle, Chinook, Cylindrical, Bicycle helmet buckle, 
Leash string 5,59€ 

TS12 Bicycle helmet buckle, Air compressor, Cylindrical, Bicycle helmet 
buckle, Leash string 4,47€ 

TS13 Bicycle helmet buckle, Air compressor, Cylindrical, Air compressor, 
Leash string 4,47€ 

TS14 Bicycle helmet buckle, Vacuum cleaner, Cylindrical, Bicycle helmet 
buckle, Leash string 5,59€ 

TS15 Bicycle helmet buckle, Vacuum cleaner, Cylindrical, Vacuum cleaner, 
Leash string 5,59€ 

TS16 Elastic, Chinook, Cylindrical, Chinook pull pin, Leash string 4,44€ 
TS17 Elastic, Air compressor, Cylindrical, Air compressor, Leash string 3,32€ 
TS18 Elastic, Vacuum cleaner, Cylindrical, Vacuum cleaner, Leash string 4,44€ 

 
If Table 38. is studied the total cost for the different concepts doesn’t vary so much. 
The reason is that the price has already been used as a criterion in both the elimination 
matrix and Pugh’s relative decision matrix. Therefore, the total cost is similar for most 
of the concepts but should still be considered as the concept selection phase is moving 
on to Pugh’s relative decision matrix for the surf leash as a whole product.  

4. Pugh’s relative decision matrix 
The remaining concepts are evaluated with the help of Pugh’s relative decision matrix. 
The market leading surfing leash, the FCS freedom leash, is selected as a reference 
to which our concepts are compared against on the following factors: 
 

• Price 
• Durability 
• Interchangeability 
• Design 
• Market potential 
• Quick release 
• Safety 
• Comfortable 
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Each concept that gets a higher net value than the reference product is brought forward 
in the process and the one with the highest net value becomes the new reference 
concept.  

4.1 Iteration 1 

The FCS freedom leash is the reference leash in iteration 1. Each final solution that is 
brought through iteration 1 results in a non-negative net value due to the fact that the 
first screening, in the decision matrices for each part, neglected all the concepts that 
were worse than reference concepts that were similar to the FCS concept. All concepts 
are therefore brought in to iteration 2. The first iteration of Pugh’s relative decision 
matrix for the surf leash is shown Table 39. 
 
Table 39. First iteration of Pugh's relative decision matrix. 
 
Criteria 

Final concepts  
FCS  1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 

Price 

R
ef

er
en

ce
 

0 0 0 - - - 0 0 0 0 0 - - 0 0 + 0 + 
Durability 0 0 0 0 0 0 - - - 0 0 0 0 - - - - - 
Interchangeability  + + + + + + + + + + + + + + + + + + 
Design + + + + + + + + + + + + + + + + + + 
Market potential + + + + + + + + + + 0 0 0 0 0 0 0 0 
Quick release + + 0 + + 0 + 0 + + - - + - + + + + 
Safety 0 0 0 0 0 0 0 0 0 - - - - - - 0 0 0 
Comfortable 0 - 0 - 0 0 - 0 0 + + + + + + 0 0 0 
                   
                    
Total +  4 4 3 4 4 3 4 3 4 5 3 3 4 3 4 4 3 4 
Total 0  4 3 5 2 3 4 2 4 3 2 3 2 2 2 2 3 4 3 
Total -  0 1 0 2 1 1 2 1 1 1 2 3 2 3 2 1 1 2 
Net Value 0 4 3 3 2 3 2 2 2 3 4 1 0 2 0 2 3 2 3 
Ranking 17 1 3 3 9 3 9 9 9 3 1 16 17 9 17 9 3 9 3 
Continue? + + + + + + + + + + + + + + + + + + + 

4.2 Iteration 2 

Total solution number 1 got the highest net value (shared with concept 10) out of all 
the concepts in iteration 1 which makes it our reference concepts for iteration 2. This 
concept is built upon A6+ASNew+C5+QNew+R4. The second iteration of Pugh’s 
relative decision matrix is shown in Table 40.  
  



MTGC11 Lukas Fritz Rev. 1.4/2019-08-30 

 68 

Table 40. Second iteration of Pugh's relative decision matrix. 
 
Criteria 

Final concepts  
1  FCS 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 

Price 

R
ef

er
en

ce
 

0 0 0 - - - 0 0 0 0 0 - - 0 0 + 0 + 
Durability 0 0 0 0 0 0 - - - 0 0 0 0 - - - - - 
Interchangeability  - 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Design - 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Market potential - 0 0 0 0 0 0 0 0 - - - - - - 0 0 0 
Quick release - + - + 0 - + - 0 0 - - 0 - 0 0 0 0 
Safety 0 0 0 0 0 0 0 0 0 - - - - - - 0 0 0 
Comfortable 0 - 0 - 0 0 - 0 0 + + + + + + 0 0 0 
                   
                    
Total +  0 1 0 1 0 0 1 0 0 1 1 1 1 1 1 1 0 1 
Total 0  4 6 7 5 7 6 5 6 7 5 4 3 4 3 4 6 7 6 
Total -  4 1 1 2 1 2 2 2 1 2 3 4 3 4 3 1 1 1 
Net Value  -4 0 -1 -1 -1 -2 -1 -2 -1 -1 -2 -3 -2 -3 -2 0 -1 0 

Ranking 1 19 1 5 5 5 12 5 12 5 5 12 17 12 17 12 1 5 1 

Continue? + - + - - - - - - - - - - - - - + - + 
 
Remaining concepts after the second iteration are shown in Table 41. 

Table 41. Remaining concepts after the second iteration. 
Concept No. Description 

TS1 Velcro, Chinook, Cylindrical, Chinook pull pin, Leash string 

TS2 Release pin ankle strap, Chinook, Cylindrical, Release pin ankle strap, 
Leash string 

TS16 Elastic, Chinook, Cylindrical, Chinook pull pin, Leash string 
TS18 Elastic, Vacuum cleaner, Cylindrical, Vacuum cleaner, Leash string 

4.3 Iteration 3 

A new solution was added in iteration 3 called TSNew. This concept is an improved 
version of TS2. Which consists of a stainless-steel male connector connected to a 
Chinook with a double pin lock mechanism as assembly (ASNew), a nylon braided 
polyurethane cord (C5), a rail saver with extra padding connected to the surfing board 
using a leash string (R4) and a pin release in the ankle strap as a quick release which 
also works as a lock mechanism for the ankle strap (Q3). The problem with TS2 is that 
the ankle strap can’t be tightened, it is a one size fits all. TSNew, on the other hand, 
has an added strap for tightening of the ankle strap around the ankle which gives more 
comfort and reduces the risk of rotation. The third iteration of Pugh’s relative decision 
matrix is shown in Table 42. 
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Table 42. Third iteration of Pugh's relative decision matrix. 
 
Criteria 

Final concepts 
1 2 16 18 TSNew 

Price 

 
R

ef
er

en
ce

 

0 + + 0 
Durability 0 - - 0 
Interchangeability 0 0 0 0 
Design 0 0 0 0 
Market potential 0 0 0 0 
Quick release + 0 0 + 
Safety 0 0 0 0 
Comfortable - 0 0 0 
     
      
      
Total +  1 1 1 1 
Total 0  6 6 6 7 
Total -  1 1 1 0 
Net value 0 0 0 0 1 
Ranking 2 2 2 2 1 
Continue? + + + + + 

 
After the third iteration of Pugh’s relative decision matrix, all concepts still have a 
positive net value and would proceed if the matrix was to be executed again. There is 
one concept which obtains a higher net value than the rest, which is TSNew. Therefore, 
a fourth iteration of Pugh’s relative decision matrix isn’t initiated. As five remaining 
concepts has been selected form thousand possible solutions and a concept with 
higher rank than the remaining four has been identified. The four concepts which 
obtains the second rank in the third iteration can be seen as possible solutions which 
could be used if something appears which makes TSNew not realizable.  

5. Final concept 
The final concept for the surf leash is TSNew, thus it obtained a higher positive net 
value than the remaining concepts in the third iteration of Pugh’s relative decision 
matrix. A summary of what the concept TSNew consist of is presented in Table 43. 
  



MTGC11 Lukas Fritz Rev. 1.4/2019-08-30 

 70 

Table 43. Final concept for the surf leash. 
Part Description 

Ankle strap 

• Neoprene ankle cuff 
• Pattern of friction material on the inside of the ankle cuff 
• Release pin attachment 
• Adjustable size by a strap 

Assembly 
• “Chinook assembly”  

o Rotational 
o Interchangeable 
o Extended horn to prevent tangling 

Cord 

• Cylindrical 
• Elastic polyurethane core 
• Nylon braided cover to prevent over-stretch and tangling 
• Coating (water-repellent, reduced drag, etc.) 

Quick-
release 

• Quick-release pin on the ankle strap 

Rail saver 
• Extra neoprene padding 
• High quality Velcro 
• Leash string 
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Appendix 12. Addons 
Possible addons for the cord is shown in Table 44. 
 
Table 44. Possible addons for the cord.  

Part Addon Description 

Cord 

Varying 
thicknesses 

The possibility to buy cords with different thicknesses, 
depending on surf conditions. 

Varying length Different cord lengths, for different types of surfboards. 

Pure urethane 
cord 

A cord made entirely of urethane, a cheaper alternative. 
(Slippery coating) 

Streamlined 
shape 

Possible addon for expert surfers, if it reduces drag. 

Colour Possibility to purchase cords in different colours. 

 
The addons shown in Table 43. makes it possible for the end user to customize the 
cord after their personal preferences and prevailing surf conditions. E.g. by offering 
different cord thicknesses and colours the end user have the possibility to create their 
own unique surf leash. It is also possible for the end user to upgrade the surf leash 
over time with a new and better cord, but also replace a broken cord. The 
interchangeability therefore creates a great opportunity for upsells, if the right addons 
for the cord is developed and brought to the market.   
 


