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Abstract 
 

The purpose of this project was to, with the help of supervisors and colleagues, develop a concept 

suggestion for a surfing leash that is better than the ones found on the market. The purpose was also to 

create a decision basis for Invencon AB for the continuance of the development of the concept. 

A planning phase started of the project. In this phase a project plan was created where, for example, the 

methods to be used were defined and their different time-schedules where specified. A feasibility study 

was then performed, and the information gathered from the study was summarized into a market 

requirement specification. This specification was used as a guiding document in the idea generation and 

during the development of the different concepts. 

A final concept was chosen at the end of the concept selection phase. This concept was presented to the 

project commissioner. A handover of relevant documents to the project commissioner was made to 

facilitate their decision on the continuance of the project. 

The developed concept has an integrated quick release in the ankle straps clamping function. This allows 

for the surfer to detach from the surfing leach both safer and faster in a dangerous situation. On both the 

ankle strap and on the railsaver there are developed attachments where the cord is to be attached. These 

attachments are designed so that each part of the conceptual surfing leash can be replaced individually. 

This allows for the surfer to only replace the damaged parts of his surfing leash. 

A technical requirement specification was also created. This aimed to facilitate the continuance of the 

project, if the decision is made to continue developing the concept. 

The conclusion of the project is that it is important to create a comprehensive view over the surfing leashes 

performance and to where focus should be aimed. A heavy-tailed process was therefore important for the 

end-result, i.e. to direct a lot of time to the phases that lead up to the concept selection phase. 

It was also clear that cooperation and discussion was important in a project that aims to create concepts. 

To be able to discuss ones thoughts and ideas with a project partner has facilitated both the generating and 

the validating of ideas. To work with a detailed plan and have a clear structure in the work was vital when 

working close to a project partner. 

 

 

  



 
 

 

  



 
 

Sammanfattning 

 
Syftet med detta projektet var att med stöd av handledare och kollegor, ta fram ett konceptförslag för en 

surfing leash som är bättre än de konkurrenter som finns på dagens marknad. Syftet var också att skapa 

ett beslutsunderlag till Invencon AB för fortsatt utveckling av det framtagna konceptet. 

Projektet startade med en planeringsfas där en projektplan skapades. I denna projektplan så specificerades 

det till exempel vilka metoder som skulle användas under projektet och hur mycket tid som åsättas till var 

och en. En förstudie gjordes sedan där den funna informationen sedan summerades till en 

kravspecifikation ifrån marknaden. Denna kravspecifikationen användes som riktlinjer vid ide generering 

och vid utvecklingen av koncept i konceptvalsfasen. 

I slutet av konceptvalsfasen valdes det bästa konceptet fram. Detta konceptet presenterades för 

projektbeställaren. En överlämning av rapporter och relevanta dokument gjordes till projektbeställaren 

som beslutsunderlag för vidareutveckling av det framtagna konceptet. 

Det framtagna konceptet har en integrerad quick release i spännfunktionen på ankle strapen. Detta gör att 

en surfare både snabbare och säkrare kan lossa sig från surfing leashen vid farliga situationer. På både 

ankle strapen och på rail savern så finns det två infästningar där linan ska fästa. Dessa infästningar är 

konstruerade så att varje del utav den konceptuella surfing leashen ska gå att byta ut var för sig, något som 

gör det möjligt att enbart byta ut skadade delar hos surfing leashen. 

En kort teknisk kravspecifikation skapades också. Denna var till för att underlätta för projektbeställaren 

vid val av att vidareutveckla konceptet. 

Slutsatsen av projektet är att det var viktigt att skapa sig en helhetssyn för hur surfing leashen ska prestera 

och vilka problem som var viktiga att fokusera på. Att arbeta med en baktung process var därför viktigt 

för resultatet, alltså att lägga mycket fokus på de faser som leder upp till att konceptgenereringen.  

Det var också tydligt att samarbete och diskussion är en viktig pelare i koncept genererande projekt. Att 

kunna diskutera tankar och idéer med en projektmedlem har underlättat i både validering och framtagning 

av koncept. Att arbeta med en detaljerad planering och att vara strukturerad i sitt arbete var också vitalt 

för att kunna ha ett samarbete med en projektmedlem. 
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1. Introduction 
This work was done as a Bachelor Thesis for a Bachelor of Science in Mechanical Engineering. The thesis 

was done in cooperation with the companies Invencon AB and Endless Sessions based in Karlstad and 

South Africa respectively. 

The project is commissioned by Invencon and Endless sessions and it was performed in collaboration with 

another student, which will be referred to as the project partner throughout this document. 

1.1 Background 

Surfing leashes are widely used in the surfing community. They were first introduced to the surfing 

community in the early 1970s as a mean to optimize the surfing time by preventing the board to float away 

during a wipe-out [1]. In later days, the leash has been developed in to a piece of equipment that is essential 

to most surfers due to its many advantages. These advantages are the following: 

• The leash prevents the board from departing from the surfer during a wipe-out. This optimizes 

time spent surfing, it minimizes the risk of the board damaging other surfers and it allows for the 

board to be used as a lifebuoy [3-4]. 

• The leash acts as a guideline to the surface when a surfer is submerged under water [2]. 

A surfing leash can be divided in to three main parts. The ankle strap, the cord and the rail saver. 

The ankle strap is the part that is placed around the surfer’s ankle. The strap is secured using Velcro and 

the inside is usually lined with a silicon material to prevent it from twisting around the ankle [4]. 

The rail saver connects the surfing leash to the board. It is used to prevent the cord from damaging the rail 

of the surfboard. It attaches to the board with a leash string that is held in place by three layers of Velcro 

[4]. 

The cord makes up the major part of the surfing leash. The cord is typically made in polyurethane and 

comes in different thicknesses and lengths depending on the type of board and what conditions it will be 

used in [4]. 

The cord is attached to the rail saver and the ankle strap using some sort of assembly, usually swivels that 

allow rotation. Some surfing leashes also has a quick release mechanism that allows the surfer to quickly 

detach him/herself from the surfboard when needed [2,4]. 

This report will focus on development of the ankle strap, quick releases connected to the ankle strap and 

the rail saver whilst the project partner focus on the development of the assembly, the cord and the quick 

releases connected to the assembly. 
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1.2 Purpose 
 

The purpose of the project was producing a concept suggestion for how a surfing leash could be designed. 

 

This report will cover the procedure for the development of the ankle strap, the rail saver and the quick 

releases connected to the ankle strap. The assembly, the cord and the quick releases connected to the 

assembly will be covered in the report written by the project partner [1]. 

 

1.3 Aim 
 

The aim of the project was to develop well defined concept suggestions for a surfing leash that is better 

than the alternatives found on today’s market. Then decide, in accordance with Endless Sessions and 

Invencon AB, which of the concepts that was the most suitable for the market. This decision will be based 

on this report and the report from the project partner [1]. 

The methodology of the engineering product development process was used throughout the project. This 

process consists the following phases: project plan, requirement specification, concept selection and layout 

and construction. 

1.4 Problem formulation 
 

The concepts produced needs to be capable of being integrated with the concepts for the assembly and 

cord developed by the project partner. This report will focus on the solving of the following problems: 

- An ankle strap should be comfortable, have no rotation and should be more resistant to wear and 

tear than the ones found on the market. 

- A rail saver should have an easier attachment and should have more protective features than the 

current ones on the market. 

- A quick release should be both easier to find and to detach than the ones found on the current 

market. 
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2. Methodology 
 

2.1 Project Plan 

 

The project plan lays the foundation for the entire continuance of the project. The project plan is a tool of 

guidance which aims to map the project, create a time schedule and to allocate the resources available [5]. 

A project plan can for example contain a background of the problem, aims for the project, a list of people 

involved in the project, documentation handling, control process, a work breakdown structure, a time 

schedule in the form of a GANTT-chart and a failure mode and effects analysis. These different sections 

will be individually described below. 

The background describes the layout of the surfing leash, why the project was initiated and the problems 

found in the surfing leashes provided today. 

The expected result of the project is stated in the aims of the project plan. 

The different persons that are connected to the project is described in the section named Organization. 

These were listed in order to help with the project’s internal communication. Contact information to 

project members, project managers, the supervisor and the course examiner is stated here. 

A guideline for documentation is stated in the project plan. This was put together so that the correct version 

of a document always was worked up on and to prevent documentation from being deleted or lost. This 

was especially important to determine since there were two intertwining projects relevant. 

How to make sure that the project progresses in alignment with the universities and project commissioners’ 

standards is stated in the control progress. 

Since this report and the report of the other project member intertwines and depends on one another, a 

common project plan was put together. This project plan can be seen in Appendix A and it contains a 

background of the problem, aims for the project, a list of people involved in the project, documentation 

handling, control process, a work breakdown structure, a time schedule in the form of a GANTT-chart and 

a failure mode and effects analysis.  

The most important parts of the project plan will be described below. 

 

2.1.1 Work Breakdown Structure (WBS) 

 

A Word Breakdown Structure was created in order to break down the project into smaller work 

packages. This was done in order to get a bigger understanding of what was needed to be done during 

the different phases of the project. These work packages were divided into main phases and their 

associated activities and they were put together in a tree-diagram [5]. Each section was given an 

estimated timeframe to complete. This is then used in to create a GANTT-chart.  
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2.1.2 GANTT-chart 

 

A GANTT-chart is a simple and effective method to create a detailed work schedule. The broken-down 

sections from the WBS are used in a coordinate system with their timeframes on the horizontal axis and 

their chronological order on the vertical axis [5]. The chart is used to get a quick overview of how the 

project progresses and the timeframe of each task [5]. 

 

2.1.3 Risk analysis (FMEA) 

 

A failure mode and effects analysis, or FMEA, was set up in order to predict possible risks and to evaluate 

their consequences on the project [5]. Each risk is given a number between 1 to 10 on severity of the risk, 

the occurrence rate and on how easily it is detected [6]. These are then multiplied with each other which 

results in a risk priority number, or RPN. If the RPN is high, an action to reduce it will be recommended 

whereas the revised process results in a lower RPN. 
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2.2 Market Requirement specification 

 

A market requirement specification was created in order to gain insight to the users views of the surfing 

leashes provided on the market. This document works as a basis for evaluation of generated concepts in 

the concept selection phase [5]. 

The different stages to creating a market requirement specification are described individually below. 

 

2.2.1 Stakeholders 

Potential stakeholders for the project were documented. This was made to be able to correctly identify the 

needs and expectations found on the market. A stakeholder could for example be someone that is 

financially interested in the product development project. 

2.2.2 Feasibility study 

A feasibility study was conducted in order to gain background information about the stakeholders, the 

design and the technology of the surfing leashes provided on the market. 

The feasibility study consists of a patent analysis, a competitor’s analysis and a market survey. These will 

be described below. 

2.2.2.1 Patent analysis 

Existing patents were collected and analysed to make sure that none of the concept found risk patent 

intrusion. Since there weren’t enough time to scan all relevant patents around the world, a delimitation 

was made to only focus on the patents found during a brief search. These patents have a small description 

and a figure to easier understand them. The patents can be found in appendix B Figure 5-8. 

2.2.2.2 Competitors analysis 

 

A competitor analysis was performed in order to find openings in the market. Four surfing leashes from 

the biggest brands was studied. They were ranked from 1-5 on each requirement/desire found in the market 

requirement specification.  

2.2.2.3 Market survey 

 

A market survey was conducted to identify the needs and desires that exists for the end-user. The market 

requirements specification is mainly based on the answer received from this market survey. 

The market survey contains questions that aims to create a bigger understanding in to the market of surfing 

leashes for the project members.  

The market survey was conducted between the project members and can therefore be seen in both reports. 
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2.2.4 Painstorming 

 

Painstorming was used to identify potential problems with the surfing leash provided on the market and 

to rank them based on their importance for the targeted customer segment. This method is often used to 

generate solutions for the identified pain points, but in this project, the method was only used to identify 

the pain points and to rank these. This is done by first identifying the customer segments, then to list pain 

points for the different customer segments, then to select the most frequently appearing problems and 

finally to rank these by their occurrence rate [7]. 

The pain points used in the painstorming mainly comes from the market survey and through interviews 

with the project commissioner from Endless Sessions. 

 

 

2.2.5 Unique selling point (USP) 

 

The unique selling point (USP) is based on an important product characteristic that makes one’s product 

stand out in comparison to competing products on the market. To have a strong USP is often essential to 

make a product successful and it is therefore important that the USP clearly communicates the customer 

value that its benefits create [8]. 

2.2.6 Market specification of requirements 

The market specification of requirements works as a guideline throughout the project and it includes the 

requirements and desires identified in the market survey plus some requirements from the project 

commissioner from Endless Sessions. The requirements are criterion that our concept needs to fulfil. The 

desires are ranked from 1 to 5, where five has the highest priority. All the criterion is categorized as either 

a function or a limitation, where functions are related to the actual performance of the product and 

limitations are restrictions for the concepts [5]. 

The document also includes a competitive evaluation of three of the bestselling surfing leashes found on 

the market. This evaluation is based on the criterion in the market specification of requirements. The 

competitors were given a rating between 0 to 5 on every criterion, where a zero means that the 

function/limitation doesn’t exist/is poorly executed and a five means that it is close to perfection. 
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2.2.7 Quality function deployment (QFD) 

A quality function deployment (QFD) was made in order to translate the criterion from the market 

specification of requirements in to technically measurable specifications. This helps to identify the critical 

construction parameters of the project and it gives a clear indication on where focus should be directed. 

In order to accomplish this, the house of quality was implemented, which is a tool in the quality function 

deployment [5]. 

Each criterion is given a number in the matrix. These numbers are a representation of how much the 

criteria correlates to the specific product characteristic. The level of correlation is presented with a number, 

for example: 

• 9 = strong correlation 

• 3 = moderate correlation 

• 1 = weak correlation 

The roof of the quality house shows the correlations and their effects that the product characteristics have 

on one another. A plus means that the correlate positively to each other, a minus means that they correlate 

negatively, and a blank box means that they do not correlate at all.  

Two competitor evaluations are also found in the quality house. The first one is on the right side of the 

matrix and is based on the competitor evaluation found in the market specification of requirements. The 

second evaluation is found on the bottom of the relationship matrix and is based on the product 

characteristics. The ranking systems for both evaluations are from 0 to five where a zero means that the 

function/limitation doesn’t exist/is poorly executed and a five means that it is close to perfection.  
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2.3 Concept selection 

 

The concept selection phase aims to generate as many solutions as possible, good or bad, to each individual 

part of the surfing leash and then to modify and combine these solutions to gain complete concepts. These 

concepts are evaluated through different matrices and through information gathering. The matrices are 

used to create a clear overview of the different concepts possible and to sort out the best concept.  The 

concepts are continuously sorted out and the further this phase progresses, the less concepts are left. In the 

end of the phase, one concept is chosen as the final concept for the project. 

2.3.1 Function analysis 

A function analysis is conducted for the surfing leash and for the parts individually. This is done since it 

is important to consider the actual functions of the parts when generating ideas. 

2.3.2 Idea generation 

 

The focus with an idea generation is to identify as many solutions as possible that fulfils the different 

criterion found in the market specification of requirements. There exists several different methods and 

tools that can be used to generate ideas. These methods and tools can be divided in to two groups, creative 

methods and systematic methods [5]. 

To create a wide range of solutions, one method from each group is used. These two are brainstorming 

and benchmarking and they are described below. 

2.3.2.1 Brainstorming 

 

Brainstorming is a creative method which aims to generate as many solutions as possible to a given 

problem formulation. It is conducted between four persons with one designated leader. This leader is a 

part of the generation process, but his/her main function is to guide the participants in certain directions. 

The participants can be experienced in the field of product development but are hopefully new to idea 

generation on surfing leashes. In this method the quantity of the ideas are more important than the quality 

[5]. 

 

The brainstorming session is initiated with generating ideas on the entire surfing leash, this is done so that 

the participants aren’t limited in any way except for the fact that their ideas should meet all the criterion 

from the market specification of requirements. The brainstorming is then broken down in to generating on 

each individual part of the surfing leash. The functions from the function analysis are used as a base for 

the idea generating. 

2.3.2.2 Benchmarking 

 

Benchmarking is a systematic method which aims to generate solutions by researching how similar 

problems has been solved. This can be solutions that are used in other lines of business or that already has 

been solved by a competitor on the market. This research can come from literature, internet, booklets, 

patents etc [5]. 

Benchmarking is performed for the surfing leash as a whole and for each part individually. The functions 

from the function analysis are used as a base for the idea generating. 
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2.3.3 Morphologic matrix 

 

Morphological matrices are a tool to gain a clear overview of the combinations that are possible to create 

using the solutions generated in the idea generation phase. The goal with the morphological matrices is to 

find the solutions that fulfils all criterion from the market specification of requirements. The solutions also 

has to be reasonable (based on aspects such as economic, technical difficulty, environmental impact etc.) 

and has geometrically and physiologically compatible sub-solutions [5]. 

The functions from the function analysis are used as sub-functions for the matrices. The solutions 

generated on each function are used as alternative sub-solutions. These sub-solutions are the ones that 

were combined with each other. 

2.3.4 Elimination matrix 

 

Elimination matrices evaluates the combinations created in the morphological matrices. The factors that 

the combinations are evaluated against can differ from project to project but can for example be: 

• 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 company/market. 

• Enough information. 

Each combination is given a plus, minus, question mark or an explanation mark for each of the evaluation 

factors. If a combination fulfils all the factors it proceeds from the elimination matrix. Factors that are 

hard to validate get a question mark. The combinations that gets a question mark on any factor, proceeds 

from the matrix, and the question mark is evaluated. If a combination doesn’t fulfil a factor, it is neglected 

[5]. 

  



18 
 

2.3.5 Pugh’s relative decision matrix 

 

Pugh’s relative decision matrix is used to rank the concepts. One of the concepts, or a competitor on the 

market, is first selected as a reference point. The remaining concepts are then evaluated against the 

reference concept on some key criteria. 

Each concept is given a plus, minus or zero on each key criterion. A plus means that the concept is better 

than the reference point in that certain criteria, a minus means that it is worse and a zero means that the 

concepts are equally good.  The concepts that has the same net value, or higher, as the reference concept 

proceeds in the process. The concept with the highest net value is now selected as a new reference point 

and all the proceeding concepts are evaluated against this new reference point in a new iteration. These 

iterations continue until no concept has a positive net value. 

 

2.3.6 Cost analysis 

 

A cost analysis is made to get a better understanding of the marginals between the different concepts. It is 

important to start a cost analysis early in a products development cycle, especially whilst developing a 

product in a competitive market. The cost analysis can be used as a criterion in Pugh’s relative decision 

matrix.  

A cost analysis can be performed by researching the internet for similar parts and materials as the ones in 

the concepts analysed. This allows for rough estimation of cost difference early in the project. 

The cost analysis takes the entire surfing leash into consideration, i.e. the ankle strap, assembly, cord, 

quick release and rail saver. 

  



19 
 

2.4 Technical specification 

 

A technical specification is created to get an understanding of the different technical criteria’s that needs 

to be fulfilled when choosing material and when dimensioning the surfing leash. It should be possible to 

create a prototype solemnly with the help of the technical requirement specification.  

A criterion can either be a requirement or a desire here. What differs from the market requirement 

specification is that the desires don’t get ranked from one to five based on importance. Instead, these 

desires are target values. The functionality of the criteria is required but the specific length, for example, 

is a desired target value. 

The technical specification is made for the entire surfing leash, i.e. ankle strap, assembly, cord, quick 

release and rail saver.  
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3. Results 
 

3.1 Project Plan 

 

A complete project plan over the project can be found in Appendix A. The project plan covers both this 

report and the report of the fellow project member [1]. 

The results from the most important parts of the project plan will be presented individually in this chapter. 

 

3.1.1 Work Breakdown Structure (WBS) 

A WBS was created during the project planning phase. It helps to gain a clear picture of the different 

phases and work packages that were performed. The WBS follows the methodology of the engineering 

product development process and consists of the following phases: project plan, requirement specification, 

concept selection and layout and construction. Each of these phases has several work packages. The WBS 

and all of its work packages can be seen in Appendix A Figure 3.  

3.1.2 GANTT-chart 

 

A GANTT-chart was created, based on the work packages from the WBS, as a time-schedule for all phases 

of the project. This document was dynamic throughout the project and was more of a guideline than a set 

time-line. The GANTT-chart can be seen in Appendix A Figure 4. 

All phases from the GANTT-chart up until the layout and construction phase where performed. This phase 

was not performed due to time constraints. 

3.1.3 Risk analysis (FMEA) 

The risk analysis was based on the work packages identified in the WBS. This document was dynamic 

and was altered throughout the project. The biggest risks found where the following: 

• Requirement specification phase: patent intrusion as an effect of not finding all the relevant 

patents. Action recommended where to find expertise help from Invencon. 

• Layout and construction phase: wrong materials chosen. Action recommended where to find 

expertise help from supervisors at Karlstad university. 

• Layout and construction phase: incorrect analysis of the surfing leash (FEM-analysis). Action 

recommended where to find expertise help from supervisors at Karlstad university. 

The entire risk analysis (FMEA) can be seen in Appendix A Table 30. 

  



21 
 

 

 

3.2 Market Requirement Specification 

 

The results from the market requirement specification phase will be presented in this chapter. Relevant 

appendices to this phase can be found in Appendix B. 

 

3.2.1 Stakeholders 

 

Stakeholders for the project were identified in this phase. The identified stakeholders mainly came from 

different kinds of surfers, market leading companies, the university and project commissioners. 

Identified stakeholders and their respective motivation can be seen in Appendix B Table 31. 

 

3.2.2 Feasibility study 

 

A feasibility study was conducted in order to create a general understanding of the market on which the 

concept generation phase could be built upon. The study includes a patent analysis, a competitor analysis 

and a market survey. 

3.2.2.1 Patent analysis 

 

There is an immense number of patents to be researched for a product with a market as big as the surfing 

leash. A delimitation was made here not to dig too deep into the existing patents. This delimitation was 

made in accordance with Invencon since we both thought that there were too many patents to look 

through. We decided that one afternoon was put aside to study existing patents. 

The patents found during the brief search were analysed and used to neglect concepts during the concept 

generation phase. The patents analysed that are relevant to this report can be seen in Appendix B Figure 

5-8. 

 

3.2.2.2 Competitor analysis 

 

Four of the biggest surfing leashes on the market was analysed in this phase. These leashes were the FCS 

Freedom leash, the DaKine Kainui, the Revolwe x Slater Design and the Jordy Hex Cord Channel Island. 

They all come in different lengths, but only the ones that were 6 feet long (183 cm) were analysed. 

Characteristics for ankle strap, rail saver and quick releases for each of the competitor leashes was 

compared. Prices ranged from 28$ – 45$, materials where approximately the same for all the competitors 

except for the Revolve x Slater Design that focused more on environmentally friendly materials. Sizes and 

shapes differed between the competitors and it was clear that they all had their own unique selling point 

that they focused on. The entire competitor analysis can be seen in Appendix B Table 32-35.  

Characteristics for the cord and the assembly can be seen in the report of the project partner [1]. 
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3.2.2.3 Markey survey 

 

A market survey was conducted through different channels such as Facebook and forums. The targeted 

people were surfers from all over the world that ranged from almost no to several years of experience in 

the field of surfing. The answers from the survey were used as requirements/desires in the market 

specification of requirements. 

• 78,1 % of the participants stated that the surfing leash never should break. 

• 85,1 % stated that they replace their surfing leash 1-2 times per year. 

• 41,2 % stated that their breakage came in the swivel (assembly). 

• 50,7 % stated that they change surfing leashes depending on the surfing condition. 

• 45,1 % stated that they are willing to pay between 20$ - 30$ for a surfing leash. 

The entire market survey can be seen in Appendix B Figure 9-22. 

3.2.3 Painstorming 

 

Painstorming was used to identify potential problems with the surfing leash and to rank them based on 

their importance for the targeted customer segments. The pain points found during this phase was used as 

a basis for creating the market specification of requirements. The frequency of the pain points was used 

to rank the desires from 1 to 5. 

The painstorming covers the pain points found on all the parts of the surfing leash. It also states what level 

of surfer the pain point is relevant to (beginner, intermediate, advanced). The five highest ranked 

painpoints are: 

• Losing the surfboard in dangerous conditions. 

• The swivel breaks to often and too easy. 

• The cord breaks to often and too easy. 

• It is hard to detach from the leash in dangerous situations. 

• Expensive to replace a broken leash. 

All of the painpoints located in the painstorming phase can be seen in Appendix B Table 36. 

 

3.2.4 Unique selling point (USP) 

 

The unique selling points were based on the results from the painstorming. They were used during the 

concept selection as a guidance for what to focus on when generating ideas. These identified USP’s and 

their slogan can be seen in Appendix B Table 37.  

The three points to focus extra on were: 

• Interchangeability, i.e. each part of the surfing leash should be able to be replaced without replacing 

the entire surfing leash. 

• A quick release that is easier to reach and to detach. 

• An overall stronger and more durable surfing leash. 
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3.2.5 Market specification of requirements 

 

The main focus of the earlier phases in the market requirement specification phase were to gather 

information surrounding the surfing leash. This information led to a market specification of requirements 

which can be seen in Table 1. 

The document also includes a competitive analysis over four of the bestselling surfing leashes on the 

market. 

 

 

Table 1. The market specification of requirements for the surfing leash [13-17]. 

# 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 Pocket for storage 
A storage for keys and similar 

items on the ankle strap. 
D, 1 F 0 0 5 0 

4 
Comfortable ankle-

strap 

The ankle strap should be comfortable 

around the ankle. 
D, 4 L 4 3 3 4 

5 
The ankle-strap 

should not rotate 

The ankle strap should not rotate 

around the ankle. 
D, 3 L 4 3 3 4 

6 Low weight 
A low weight, as it affects the 

surfing experiance. 
D, 3 L 4 3 3 3 

7 Less drag 
The surf leash should cause a low 

amount of drag as it affects the surfing 

experiance. 

D, 3 L 3 3 3 3 

8 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 

9 Interchangeable 
A module-based surf leash where the 

main parts can be switched/replaced. 
D, 5 F 0 1 2 2 

10 
Durable attachment to 

the ankle  

A durable attachment for the ankle strap, 

so it doesn't detach from the ankle. 

(Prevent perished Velcro) 

D, 4 L 4 3 3 4 

11 Less impact by aging 
Less prone to break due to wear 

and tear, UV-light. 
D, 2 L 3 2 2 3 

12 
Rail saver, extra 

padding 

Softer padding so it doesn’t 

damage the board. 
D, 3 L 3 3 3 3 

13 
More durable leash 

string 

Stronger and less prone to break 

than the current ones. 
D, 1 L 3 3 3 3 
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3.2.6 Quality function deployment (QFD) 

 

A quality function deployment (QFD) was created in order to translate the requirements and desires from 

the market specification in to technically measurable specifications. The document identifies critical 

construction parameters and gives a clear view over the development issues of the surfing leash.  

Two of the construction parameters stood out due to their high technical weight. This indicated that focus 

should be put on these construction parameters that were the material and the design of the ankle strap. 

The competitive analysis based on criterion from the market specification of requirements showed that 

there is a big gap on the market in terms of interchangeability. It also shows that improvements in most 

areas are possible. 

The entire QFD for the ankle strap, rail saver and the quick release can be seen in Appendix B Figure 23. 

In the report of the project partner, you can see a QFD for the assembly, cord and the quick release [1]. 
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3.3 Concept selection 

 

The concept selection phase aimed to generate solutions to the problems found during the market 

requirement specification phase. The results from the different stages of generating, evaluating and 

neglecting solutions in order to find the best one, is described in this chapter. 

 

3.3.1 Function analysis 

 

A function analysis was made for the surfing leash as a whole and for each part individually. These 

functions were important to focus on during the generation phase.  

This report covers the function analysis of the surfing leash and for the ankle strap, the rail saver and the 

quick-release, which can be seen in Table 2-5. The function analysis for the cord and the assembly can be 

seen in the report written by the project partner. [1] 

Table 2. Functions associated to the surf leash as whole. 

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's lost during a wipe-out. 

 

Table 3. Functions associated to the ankle strap. 

Ankle Strap 

# Function Description 

1 Attach the surfer to the cord. Attaching the surfer to the rest of the surf leash. 

2 Lock mechanism that keeps the 
strap attached to the surfer. 

A durable and strong attachment that keep the ankle 
strap attached to the surfer's ankle.  

3 Comfortable The ankle strap should be comfortable. 

4 Prevent rotation around ankle. Should not rotate around ankle 

 

Table 4. Functions associated to the quick release. 

Quick-release 

# Function Description 

1 Help the surfer to quickly 
remove him/herself from the 
leash/board. 

The surfer should easily be able to locate and 
trigger a quick release when needed. This is often 
in extreme conditions. 

 

Table 5. Functions associated to the rail saver. 

Rail saver 

# Function Description 

1 Protect the surfboard from being 
damaged by the leash string/cord. 

Stop the leash string/cord to dig in to the board 
by adding a rail saver. 

2 Attach to the board. Able to attach the leash string to the rail saver. 

3 Universal mounting with leash 
string. 

The attachment should be suited for all kinds of 
surfboards (that has a universal attachment 
point). 
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3.3.2 Idea generation 

 

The idea generating was performed using brainstorming and benchmarking. A summary of the ideas 

generated during this phase is presented in Table 6-9. This report covers the ideas generated on the surfing 

leash as a whole and individually on the ankle strap, the rail saver and the quick releases connected to the 

ankle strap. The ideas for the cord, the assembly and the quick releases connected to the assembly can be 

seen in the project partners report [1]. 

Table 6. Summary of the generated ideas for the surf leash. 

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 7. Summary of the generated ideas for the ankle strap. 

Ankle Strap 

# Idea Sub-function Description 

1 Ski boot buckle Attachment, 

(Quick-release) 

A ski boot buckle to attach the ankle strap around the 

surfer's ankle. 

2 High quality 

Velcro 

Attachment A Velcro strap to attach the ankle strap around the surfer's 

ankle. 

3 Bicycle helmet 

buckle 

Attachment, 

(Quick-release) 

A bicycle helmet buckle to attach the ankle strap around the 

surfer's ankle. 

4 Motorcycle helmet 

clip 

Attachment, 

(Quick-release) 

A motorcycle helmet clip to attach the ankle strap around 

the surfer's ankle. 

5 Friction material  Rotation Friction material on the inside of the ankle strap to prevent 

rotation. 

6 Elastic ankle strap 

sock 

Attachment Elastic ankle strap that can be pulled on to the surfer's 

ankle. 

7 Airplane safety belt Attachment, 

(Quick-release) 

An airplane safety belt buckle to attach the ankle strap to 

the surfer's ankle. 

8 Car safety belt Attachment, 

(Quick-release) 

A car safety belt buckle to attach the ankle strap to the 

surfer's ankle. 

9 Zipper Attachment A zipper to attach the ankle strap to the surfer's ankle. 

10 Padding  Comfort Padding on the ankle strap to make it more comfortable.  

11 Belt Attachment A belt buckle to attach the ankle strap to the surfer's ankle. 

12 Suction plugs Rotation Suction plugs to prevent the ankle strap from rotating 

around the surfer's ankle. 

13 No slip socks Rotation Similar pattern and material as no slip socks on the inside 

of the ankle strap, to prevent rotation.  

14 Ratchet strap Attachment, 

(Quick-release) 

A ratchet strap to attach the ankle strap around the surfer's 

ankle. 

15 Drawstring buckle Attachment A drawstring buckle to attach the ankle strap around the 

surfer's ankle. 
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16 Hook and loop Attachment Hook and loop function to attach the ankle strap around the 

surfer's ankle. 

17 Die-casted halves Rotation Two die-casted halves shaped according to the ankle in 

order to prevent rotation. As the ankle isn't symmetric. 

18 Hinge with quick 

release pin 

Attachment, 

(Quick-release) 

A hinge with a quick release pin to attach the ankle strap 

around the surfer's ankle. 

 

Table 8. Summary of the generated ideas for the quick-release. 

Quick-Release 

# Idea Sub-function Description 

1 Motorcycle helmet clip 

chin 

Quick-release Quick-release function on the ankle strap. 

2 Release pin hinge ankle 

strap 

Quick-release Release pin function on the ankle strap, as a quick-release. 

3 Bicycle helmet buckle Quick-release Quick-release function on the ankle strap. 

4 Ratchet strap Quick-release Quick-release function on the ankle strap. 

5 Car safety belt buckle Quick-release Quick-release function on the ankle strap. 

6 Ski boot buckle Quick-release Quick-release function on the ankle strap. 

7 Automatic quick 

release 

Quick-release An automatic quick-release triggered by a specific force or 

pressure. 

8 Velcro release loop Quick-release Ergonomic release loop on the ankle strap to release 

Velcro fast and easy.  

9 Knife Quick-release A knife attached to the surf leash, which can be used to 

break free. 

10 Large-small hole 

attachment 

Quick-release Quick-release by pulling cord towards you (upwards) or 

kicked downwards. 

11 Kitesurf quick-release Quick-release A quick-release by pulling a handle.  

 

Table 9. Summary of the generated ideas for the rail saver. 

Rail-Saver 

# Idea Sub-function Description 

1 Bar pad Protect 

surfboard 

A bar pad as cover on the cord, closest to the attachment point 

on the surfboard. 

2 Flat cord Protect 

surfboard 

A flat cord/part of the cord closest to the attachment point on 

the surfboard. 

3 Snaplink Attachment A substitute to the leash string. 

4 Leash string Attachment An elastic string attached to the surfboard by a knot, which the 

rail saver can be attached to. 

5 Extra padding Protect 

surfboard 

Extra padding in the rail saver to protect the surfboard. 

6 Velcro rail saver Type Regular rail saver connected with Velcro. 

7 Rail saver integrated 

in cord 

Type A rail saver that is integrated in the cord. 
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3.3.3 Morphologic matrix, parts 

 

Morphological matrices were created for each part using the ideas generated from the idea generation 

phase and the functions found in the function analysis. The matrices were created in order to get a clear 

overview of the possible combinations. The morphological matrix and their possible combinations for the 

ankle strap and for the rail saver can be seen in Table 10-11 and Table 13-14.  

Table 10. Morphologic matrix with sub-functions and associated sub-solutions for the ankle strap. 

Sub-function Alternative sub-solution 
Attachment Ski boot 

buckle 

High 

quality 

Velcro 

Bicycle 

helmet 

buckle 

Motorcycle 

helmet clip 

Elastic 

ankle strap 

sock 

Ratchet 

strap 

Car 

safety 

belt 

Zipper Belt 

lock 

Drawstring 

buckle 

Hook 

and 

loop 

Comfortable Padding 
          

Rotational free Suction 

plugs 

Die-

casted 

halves 

Friction 

material 

        

 

Table 11. Possible total solutions for the ankle strap. 

Number Total solution 

A1 Ski boot buckle + Padding + Suction plugs 

A2 Ski boot buckle + Padding + Die-casted halves 

A3 Ski boot buckle + Padding + Friction material 

A4 High quality Velcro + Padding + Suction plugs 

A5 High quality Velcro + Padding + Die-casted halves 

A6 High quality Velcro + Padding + Friction material 

A7 Bicycle helmet buckle + Padding + Suction plugs 

A8 Bicycle helmet buckle + Padding + Die-casted halves 

A9 Bicycle helmet buckle + Padding + Friction material 

A10 Motorcycle helmet clip + Padding + Suction plugs 

A11 Motorcycle helmet clip + Padding + Die-casted halves 

A12 Motorcycle helmet clip + Padding + Friction material 

A13 Elastic ankle strap sock + Padding + Suction plugs 

A14 Elastic ankle strap sock + Padding + Friction material 

A15 Ratchet strap + Padding + Suction plugs 

A16 Ratchet strap + Padding + Die-casted halves 

A17 Ratchet strap + Padding + Friction material  

A18 Car safety belt + Padding + Suction plugs 

A19 Car safety belt + Padding + Die-casted halves 

A20 Car safety belt + Padding + Friction material 

A21 Zipper + Padding + Suction plugs 

A22 Zipper + Padding + Die-casted halves 

A23 Zipper + Padding + Friction material 

A24 Belt lock + Padding + Suction plugs 

A25 Belt lock + Padding + Die-casted halves 

A26 Belt lock + Padding + Friction material 

A27 Drawstring buckle + Padding + Suction plugs 

A28 Drawstring buckle + Padding + Die-casted halves 

A29 Drawstring buckle + Padding + Friction material 

A30 Hook and loop + Padding + Suction plugs 

A31 Hook and loop + Padding + Die-casted halves 
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A32 Hook and loop + Padding + Friction material 

 

Since the quick release only has one function, to quickly detach the surf leash when needed, no 

morphological matrix was created. The possible solutions for a quick release connected to the ankle strap 

are presented in Table 12. 

Table 12. Possible total solutions for the quick release. 

Number Total solution 

1 Motorcycle helmet clip chin 

2 Release pin ankle strap 

3 Bicycle helmet buckle 

4 Ratchet strap 

5 Car safety belt buckle 

6 Ski boot buckle 

7 Air compressor hose attachment 

8 Automatic quick release 

9 Velcro release loop 

10 Knife 

11 Large-small hole attachment 

12 Kitesurf quick release 
 

Table 13. Morphologic matrix with sub-functions and associated sub-solutions for the rail saver. 

Sub-function Alternative sub-solution 
Attach to the surfboard Snaplink Leash string 

 

Construction Velcro rail saver Integrated in cord No Velcro rail saver 

Protect the surfboard Bar pad Flat cord Extra padding 

 

Table 14. Possible total solutions for the rail saver. 

Number Solution 

R1 Snaplink + No Velcro rail saver + Extra padding 

R2 Snaplink + Integrated in cord + Bar pad 

R3 Snaplink + Integrated in cord + Flat cord 

R4 Leash string + Velcro rail saver + Extra padding 

R5 Leash string + Integrated in cord + Bar pad 

R6 Leash string + Integrated in cord + Flat cord 

 

  



30 
 

3.3.4 Elimination matrices, parts 

 

Elimination matrices were used to eliminate concepts that weren’t suitable based on some key factors that 

are presented in the methodology chapter. The elimination matrices can be seen in Appendix C Table 38-

40. 

 

The solutions that made it through the matrices are presented in Table 15-17. 

Table 15. Final solutions for the ankle strap. 

Final solutions 

A6 (+): High quality Velcro + Padding + Friction material 

A9 (+): Bicycle helmet buckle + Padding + Friction material 

A12 (+): Motorcycle helmet clip + Padding + Friction material 

A14 (?): Elastic ankle strap sock + Padding + Friction material 

A17 (+): Ratchet strap + Padding + Friction material 

A26 (+): Belt lock + Padding + Friction material 

A32 (+): Hook and loop + Padding + Friction material 

 
Table 16. Final solutions for the quick release. 

Final solutions 

Q1 (+): Motorcycle helmet clip chin 

Q2 (+): Release pin assembly 

Q3 (+): Release pin ankle strap 

Q4 (+): Bicycle helmet buckle 

Q5 (+): Ratchet strap 

Q8 (+): Air compressor hose attachment 

Q11 (+): Velcro release loop 

Q13 (+): Vacuum cleaner hose attachment 

Q15 (+): Large-small hole attachment 

Q16 (+): Kitesurf quick release 

 

Table 17. Remaining solutions for the rail saver. 

Remaining solutions 

R1 (?): Snaplink + No Velcro rail saver + Extra padding 

R2 (?): Snaplink + Integrated in cord + Bar pad 

R3 (?): Snaplink + Integrated in cord + Flat cord 

R4 (+): Leash string + Velcro rail saver + Extra padding 
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3.3.5 Pugh’s relative decision matrix, parts 

 

The remaining concepts from each elimination matrix are evaluated using Pugh’s relative decision matrix. 

These matrices are intended to internally rank the remaining concepts in order to find the best ones. 

The decision matrix for the ankle strap used the following criteria’s: Price, comfort, durability, design, 

size, weight, how easy the attachment is and how easy it is to adjust the ankle strap for the user. 

The top three concepts from the decision matrix on the ankle strap are shown in Table 18. 

Table 18. Remaining concepts for the ankle strap. 

Remaining concepts 

A6: High quality Velcro + Padding + Friction material 

A9: Bicycle helmet buckle + Padding + Friction material 

A14: Elastic ankle strap sock + Padding + Friction material 

 

The decision matrix for the rail saver used the following criteria’s: Price, durability, how well it protects 

the board, how easy it is to attach to the board and the overall design.  

The top two concepts from the decision matrix on the rail saver are shown in Table 19. 

Table 19. Remaining concepts for the rail saver. 

Remaining concepts 
R1: Snaplink + No Velcro rail saver + Extra padding 
R4: Leash string + Velcro rail saver + Extra padding 

 

Since the quick release depends on the concepts for ankle strap and assembly, some concepts for the quick 

release are neglected when the concepts for ankle strap and assembly are put through their decision 

matrices. A decision matrix for the quick release was therefore not performed. 

The remaining concepts for the quick release connected to the ankle strap can be seen in Table 20.  

Table 20. Remaining concepts for the quick release. 

Remaining concepts 

Q3: Release pin ankle strap 

Q4: Bicycle helmet buckle 

Q11: Velcro release loop 

 

The decision matrices for the ankle strap and the rail saver can be seen in Appendix C Table 41-42. The 

decision matrices for the assembly and the cord can be seen in the report of the project partner [1]. 

  



32 
 

3.3.6 Morphologic matrix, entire surfing leash 

 

The concepts for each individual part were sorted out and reduced to a smaller number of concepts. These 

remaining concepts for each part were put through another morphologic matrix in order to find the possible 

combinations for the total solution. 

The morphologic matrix for the surfing leash can be seen in Table 21, and the combinations possible can 

be seen in Table 22.  

The concepts for assembly, cord and the quick releases connected to the assembly have gone through the 

same procedures as the ankle strap, rail saver and quick releases connected to the ankle strap. These 

procedures can be followed in the report of the project partner [1]. 

Table 21. 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 
     

 

Table 22. 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 
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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 

A: Ankle strap, AS: Assembly, C: Cord, Q: Quick release, R: Rail saver 

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).  
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3.3.7 concepts 

 

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). 

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). 

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). 

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 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). 
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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). 

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). 

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). 

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). 

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 
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assembly to part (Q13) and a rail saver with extra padding connected to the surfing board using a leash 

string (R4). 

3.3.8 Cost analysis 

 

A cost analysis was performed for each of the concepts seen in Table 23. This analysis was only done on 

the parts that differed between the concepts and it is roughly estimated costs found through sources on the 

internet. 

Table 23. The differential cost between the final concepts [19-26]. 

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€ 

A: Ankle strap, AS: Assembly, C: Cord, Q: Quick release, R: Rail saver 

 

As seen in Table 23, the differential cost for the concepts is low. The reason for this were because price 

was a sorting criterion throughout the project. No concept was therefore neglected as an effect of the cost 

analysis. 
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3.3.9 Pugh’s relative decision matrix, entire surfing leash 

 

Pugh’s relative decision matrix was used to find the best solution of the remaining concepts. The decision 

matrix for the remaining concepts used the following criteria’s: Price, durability, interchangeability, 

design, market potential, quick release, safety and comfort. 

Iteration 1 

The FCS freedom leash 6’ was used as a reference leash in the first iteration. This was done since the FCS 

leash is widely thought of as the current best one on the market.  

Iteration 1 can be seen in Table 24. 

Table 24. 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? + + + + + + + + + + + + + + + + + + + 

 

All concepts made it through the first iteration. This means that no concept had a net value lower than 0. 
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Iteration 2 

Total solution number 1 had the highest net value in iteration 1. It was therefore chosen as reference 

solution in iteration 2.  

Iteration 2 can be seen in Table 25. 

Table 25. The 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 iteration 2 can be seen in Table 26. 

Table 26. 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 
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Iteration 3 

A new concept was added in iteration 3, called TSNew. This concept is an improved version of TS2. 

TSNew 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.  

Iteration three can be seen in Table 27. 

 

Table 27. 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? + + + + + 

 

TSNew had the highest net value in iteration three and it will therefore be chosen as the final concept. The 

other concepts will be presented for the project commissioner as well, but TSNew will be the 

recommended concept. 
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3.3.10 Final concept selection 

 

The selected concept for this report is the concept called TSNew. A summary of the individual parts of 

TSNew can be seen in Table 28. 

Table 28. Summary of the final concept, TSNew. 

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 

 

This report mainly covers the development of the ankle strap, the rail saver and the quick releases 

connected to the ankle strap. These parts will therefore be thoroughly described. 

 

Ankle strap 

The ankle strap consists of a cuff in an elastic material, usually neoprene or Yulex, which is internally 

lined with a friction material, usually some kind of silicon grip, to reduce rotation around the ankle. The 

cuff is one long piece with a loop on the end of both sides. The cuff is wrapped around the ankle and the 

two loops are threaded through each other and locked in place using a release pin. This pin also works as 

a quick-release for the surfer. A strap is integrated in the cuff to enable a way of tightening the cuff around 

the ankle. A tighter fitted cuff is more comfortable and reduces the rotation around the ankle. A Chinook 

female receiver will be mounted at the heel of the cuff. The cord will be connected and held in place by 

this mounting. 

A sketch of the entire ankle strap can be seen in Figure 1. 
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Figure 1. Sketch of the ankle strap in concept TSNew. 

Rail saver 

The rail saver is quite similar to the ones found on the market today. It has a triple wrapped Velcro that 

keeps the leash string in place. It also has a thicker protection padding to further protect the board. The 

rail saver will also have a chinook female connector mounted on it. 

A sketch of the rail saver can be seen in Figure 2. 

Figure 2. Sketch of the rail saver in concept TSNew. 
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3.4 Technical specification 
 

To further facilitate the continuing work with layout and construction, a technical specification was 

created. This specification specifies dimensions and what kind of material characteristics that is needed 

for a surfing leash.  

This specification can be seen in Appendix D Table 43. 
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4. Discussion 
 

Project plan 

The project plan was vital for the continuance of the entire project and it was thoroughly worked up on. 

By creating this document, a lot of insight was gained to the real problem and the processes that were 

needed to solve it. 

The project started off by searching for background information about the surfing leash in order to get an 

understanding of its parts and performance. A lot of help was taken from Tagan Smith (Endless Sessions) 

in this part of the project. Tagans help was invaluable, but his ideas and thoughts around the surfing leash 

influenced the way of thinking. It might have been better to start the contact with Tagan later on in the 

project, after an own picture of the surfing leash had been created. The problems that he described in the 

surfing leash sounded as if they were general to the entire surfing community, which later showed that it 

wasn’t the case. 

A draft of the WBS was first created for the continuance of the project. This draft lacked some of the work 

packages found in the WBS in Appendix A Figure 3. The draft was altered during talks with one of the 

project commissioners at Invencon, Jan Sjöberg. Jan had thoughts surrounding the layout and wanted to 

add a few processes, such as painstorming and USP.  

In general there was a lot of communication with the project commissioners from Invencon and Endless 

Sessions. This was perfect, since it gave insight to what they wanted to achieve with the project, and where 

focus should be directed. 

The GANTT-schedule and the WBS were both built up using the work packages identified in the project 

plan. Both contains a layout and detail construction phase. This phase was never performed due to time 

constraints. It was a decision that was taken between the project members, the project commissioners and 

the supervisors at Karlstad university. The project commissioners expected a well-defined concept 

selection and wanted the project to put more focus into the concept generation phase instead of hurrying 

through the processes in order to make time for the layout and construction. There were worries that 

without the layout and detail construction phase, the project wouldn’t include enough mechanical aspects 

for a bachelor’s in mechanical engineering. The supervisors removed these worries and encouraged focus 

on the concept selection. 

The GANTT-schedule and the WBS were affected by the removing of the layout phase. It should have 

altered the entire time schedule, but no change was made because the project members thought that it 

would be good to continuously lie ahead of the actual schedule. The layout phase was instead considered 

as a time buffer. H. Johannesson, J.-G. Persson and D. Pettersson writes in their book Produktutveckling, 

that a negative aspect with a Gantt-chart is that the chart is not sufficient for monitoring and managing 

projects [5]. This is mainly due to the fact that a Gantt-chart does not show any existing connection 

between the different work packages. The gantt-chart is therefore mainly used in the beginning of projects 

to gain an overview of how timeconsuming the main activities are. It is therefore important to estimate the 

time of each main activity.  

One main activity that was forgotten in the work packages (which affected the time schedule) was the 

report writing. According to the GANTT-schedule, the concept selection phase was meant to be done 

around the 25th of April. The layout and detail construction would have been completed around the 20th of 
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May according to the time-schedule. This “time-buffer” that was thought to have existed in the layout 

phase, didn’t really exist, since this time had to be spent writing the report. What could have been done 

instead was to remove the layout phase and insert a work package for report writing. This would have 

made it easier to follow the progress of the project and would have made a more complete Gantt-chart. 

Since there were two members of the project, it was important that the version management was handled 

correctly. This worked perfectly throughout the project as an effect of a structured version management 

in google docs. No documents were lost and there was no trouble in navigating between the different 

documents. 

 

Market specification of requirements 

To create a patent analysis that covers most of the existing patents were almost impossible in the time 

frame that was put aside for the phase. The idea was that the analysis would help in the concept generation 

phase by instantly neglecting some of the concepts due to patent intrusion. But there were too many patents 

for us to handle. Together with Jan Sjöberg at Invencon, a conclusion was made to stop combing the 

patents and only use the ones that had already been found. He stated that it’s better to search for patents 

in a later phase of the development and to alter the concepts instead of neglecting them. Jans help was 

needed in this part of the project, his guidance made us redirect the focus to more important issues. Most 

countries have their own national patent authority to where a patent needs to be filed [5]. This means that 

some inventions are patented in certain countries but not in others. This made it even harder for us to 

search relevant patents since there are multiple patent sites to analyse. The conclusion to stop combing for 

patent intrusion was therefore a good decision. 

The market survey was probably the most important process of the entire project. The entire market 

specification of requirements was based on the answers of the survey and these answers painted a new 

picture of the issues with the surfing leash. Before the survey, all knowledge was based up on information 

received from different surfing forums on the internet and from Tagan Smith (Endless Sessions). The 

market survey gave information on certain problems that directly contradicted to the information received 

from Tagan. This led to new thoughts and ideas and ultimately led to a requirement specification that 

included information from a broader community. A market survey can either be quantitative or qualitative 

[5]. The survey performed in this project was of the quantitative sort which might not have been the best 

choice. It might have been better to get bring together a focus-group, which is a small group of participants 

that represent different sections of the community [5]. This would have been helpful in the early stages of 

the project since the general knowledge of the market was low and a focus-group could have helped guide 

us to the right questions. 

Painstorming was introduced by Jan Sjöberg as a process to reveal potential problems with the surfing 

leash and to find solutions for them. It was hard to find relevant information about the process on the 

internet due to the facts that it isn’t a widely used process. The painstorming was based on the little 

information that could be found and a first draft was sent to Jan, who thought that the painstorming was 

good. The process was good to further pan out the top issues with the surfing leash, but the process should 

have been done more thorough. In an artikel in Business in Greater Gainesville, David Whitney states 

seven different steps of a painstorming process [7]. The painstorming used in this report was only 

performed on the first four steps and negleted steps five to seven which where to first test the prototype 

solutions with customers/users, then to incoropate the feedback in the solution to produce better versions 

of the prototype and then to repeat these steps until an ideal product/solution is found [7]. No prototype 
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was made of the solution from this project, but it would have been possible to let real users of surfing 

leashes to give constuctive reviews on the solution and then try to alter the solution to better fit the market 

demand. Although, this would have been time consuming which is why it was neglected. 

The market survey and the painstorming made it easy to find the unique selling points for the surfing leash 

to be developed. 

The decision to have two requirement specifications, one for the market and one technical, was a good 

choice. It would have been hard to generate concepts if they had to be technically validated at the same 

time as they should meet the requirements of the market. By distinguishing these to specifications a lot 

more concepts could be generated, which is the entire point of concept generation (brainstorming and 

benchmarking). 

Most of the processes worked through in the market specification of requirements phase were done in 

order to get a better understanding on where focus should be directed. They all pointed on the same points: 

quick release, interchangeability and resistance to breakage. By seeing this repeatedly, it was validated 

that these were the areas to focus upon, and ideas already started to form during this phase.  
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Concept generation 

The purpose of the function analysis is to give a clear view of all the functions that the product and its 

components should possess [5]. The decision to create a function analysis for each part therefore helped a 

lot in the concept generation. Instead of just focusing on concept generation for the entire surfing leash, it 

was divided into small sections (or functions) which made it easy to include all required functions in the 

development. During the brainstorming session with some of the personnel at Invencon, these functions 

where used as a centre point for generating ideas. 

Benchmarking and brainstorming were chosen as the tools to generate ideas. During the early stages of 

the project, a lot of different methods were thought of. One example is the method called SCAMPER. It 

was originally one of the methods that was going to be used but was removed since it was thought that 

benchmarking and brainstorming was enough. This method might have generated concepts that was 

missed, but in retrospect it was a good choice due to time constraints. 

The two methods that were used, benchmarking and brainstorming, intertwined a lot. It was hard to 

brainstorm ideas that didn’t come from similar applications. Therefore, benchmarking was most useful for 

the concept generation. Brainstorming is meant to be uses in a group of between 5-15 people with, 

preferably, different backgrounds and one pre-designated leader [5]. A more structured brainstorming 

session, where for example Jan Sjöberg would have been the designated leader and a couple of more 

participants, might have been a good alternative to the way that the brainstorming was performed. 

The idea for the screening of concepts was initially to create one morphological matrix then proceed to 

one elimination matrix. The remaining concepts was then supposed to be put through pugh’s relative 

decision matrix. Up on arriving at this stage of the project, it was clear that this way of proceeding wouldn’t 

work. There were over 280 000 different combinations possible, which would be impossible to work with. 

The idea with the morphological matrix is that it is supposed to remove all concepts that are geometrically 

and physically not plausible [5]. But it was too hard to sort out between the ones that might work and the 

ones that were impossible to produce. Instead, the decision was made that each part would go through the 

process by itself. This means that each part would have its own morphological matrix, elimination matrix 

and pugh’s relative decision matrix. This decision made it possible to thoroughly sort all of the concepts 

and to find the best two – three concepts for each part. These could then be combined into different 

solutions. 

During the elimination matrices, a few concepts got a question mark on one or more criteria. These 

concepts were meant to be evaluated, which sometimes was hard. To use a snaplink instead of a leash 

string was one example. It was moved forward into the decision matrix, but to be sure that it would work, 

a prototype needs to be built and tested. This was not possible due to time constraints. Instead the concept 

wasn’t chosen as the final solution, which it probably would have been if it was validated that it would 

work as a substitute to the leash string. Same goes for the idea of having an elastic band that you pull over 

your foot. It was moved forward from the elimination matrix, but just as with the snaplink it was later 

neglected due to uncertainties. This concept might also have been chosen as a final solution. 

When continuously processing ideas, new ideas start to form. These ideas were often two previously 

negated ideas merged together. These new ideas were brought into the decision matrix and it was one of 

these merged concepts that became the final concept selection. 

A question mark in the elimination matrix meant that the concepts needed further information to be 

validated [5]. The problem was that this information was hard or impossible to collect within the timeframe 

given. Many of the concepts that were given a question mark on one or more criteria had to be turned in 
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to a prototype and be tested in order for me to validate its functionality. Since this would have been too 

time consuming, many of these were directly neglected. 

Tagan continuously throughout the concept selection phase, said that the users of the surfing leash are 

used to a certain design and feeling in a surfing leash. He advised to think twice in making drastic changes 

to the surfing leash since this might not work on the market. Instead focus was up on making changes that 

improved up on the current design of the leash. 

The cost analysis was mainly based on rough estimations by searching for similar products on the internet. 

The project commissioners wanted us to do a rough cost estimation and they were satisfied with this result. 

I believe that this analysis was to uncertain and it should have been a lot more thorough. This wouldn’t 

have been possible though, due to time constraints. 

Technical requirements specification 

The technical requirement specification mainly states what dimensions and materials that are existent on 

the best leashes of the market. Material characteristics were taken directly from CES Edupack [18]. The 

problem is that specific materials for the surfing leashes couldn’t be found. For example, most producers 

of surfing leashes state that the ankle strap is made using a material that is called polychloroprene 

(neoprene). But the specific material in the group of polychloroprene materials isn’t specified. This makes 

most of the values collected uncertain. Initially the idea for the technical specification was to collect the 

forces exerted on the surfing leash and find the best suited materials to accompany these forces. Time 

constraints made this hard, and a decision was therefore made to specify material characteristics with help 

from CES Edupack and stating that the materials chosen needs to have better or equal material 

characteristics. 
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5. Conclusion 
 

Vital experiences from the project will be presented below. Some things could have been done differently but 

overall the project was successful. The project commissioners are satisfied with the result and so are the project 

members. 

• The importance of working with a heavy-tailed process was seen throughout the project. It was 

especially important since the project members had no experience in the field of surfing before 

this project. 

• The common project plan between the project members helped to facilitate the progress of the 

project. Both project members where continuously at the same stage of the process, which 

allowed for a lot of discussion and information sharing. 

• When developing concepts towards a certain market, it is important to take into consideration 

that the market is used to a certain design and performance. A new concept can be too innovative 

for a market, even if it is a good solution. 

• It is important not to focus on developing all aspects of a product. It might be better to focus on a 

few well-designed unique selling points. 

• The methodologies used in this report might seem extensive for a project with aims to find one 

concept selection, but they were all contributing to the result. By using different methods, new 

ideas and thoughts express themselves. 

• A layout and detail construction plus a prototype are needed to validate the functionality of the 

final concept.  
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8. Appendices 
 

Appendix A – Project plan 

 

Background 

This project will be made in collaboration with Invencon AB and Endless Sessions and aims to develop 

an alternative to the surfing leashes provided on today's market. 

A surf leash is made out of three primary parts, which will be described below: 

  The ankle strap, which is placed around the surfer’s ankle. The strap is secured around the ankle using 

Velcro and the inside is usually lined with a silicon material which prevents it from spinning around the 

ankle. A swivel connects the ankle strap to the leg rope making the ankle strap free to rotate relative to the 

leg rope. 

    The rail saver is the part which connects the surfing leash to the board. It is connected with Velcro around 

a rope which is attached to the board by a knot. The rail saver is also connected to the leg rope with a 

swivel to make it free to rotate. The rail saver is used to prevent the surfing leash to damage the tail of the 

surfboard. 

   The leg rope is connected to the ankle strap and the rail saver using swivels and makes up the major part 

of the surfing leash. The leg rope comes in different thicknesses and lengths depending on the type of 

board and what conditions it will be used in. 

Surfing leashes was first introduced to the surfing community in the early 1970s. The idea was for the 

leash to prevent the surfer from being parted with his board during a wipeout, and thus optimizing time 

spent surfing. As time progressed the leash went from being viewed as an optional piece to a must for 

most surfers due to its many advantages. It keeps the board close to the surfer which hinders it from 

crashing into nearby surfers during a wipeout and it can be used as a lifebuoy. Surfing is an extremely 

exhausting sport and it often takes place during extreme conditions. To be able to use your board as a 

lifebuoy is therefore lifesaving in many situations. 

A major problem with the leash has been that it tends to get tangled around the user’s legs. This is usually 

dealt with by adding a swivel assembly at the ends of the cord, making the ankle strap free to rotate. A 

quick-release is also found on most surfing leashes today due to the fact that it can get tangled up in coral 

reefs and seaweed. When this happens, the surfer needs a quick way of parting from the leash. 

When a leash gets dragged over a reef it runs the risk of breaking its leg rope. Breakage also often occurs 

in crowded areas where the leg rope runs the risk of being sliced by other surfboards fins. Most surfers 

experience breakage in their leg rope at some point, and in some conditions, it can happen two to three 

times per session. There is no product on today’s market that allows for a broken part to be changed 

individually, instead the entire leash has to be changed simultaneously. This results in expensive and time-

wasting changes. Most surfers can’t afford to change their leash more than a few times a year. There is 

therefore a major market gap for surfing leashes with individually interchangeable parts. 
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Problem definition 

To make a surfing leash with similar mechanical properties to existing ones on the market which also 

satisfies the requirements stated in the requirements specification. Therefore, the problem definition will 

be developed in alignment with identified problems during the requirement specification phase. 

Goals 

This project aims to develop an alternative to the surfing leashes provided on today's market. The final 

product should be thoroughly worked out using the processes stated in the WBS and should at least reach 

the level of a well-defined concept.   

The project is due at the end of May and will finish with a opposition in front of the course examiner. A 

handover of relevant documents will then be made to Invencon AB and Endless Sessions who will use 

these documents as support when deciding whether to proceed with the project or not. 

Organisation 

Involved people in this project is presented in Table 1.  

Table 29. Organisation 

Name Role E-mail Phone number 
Lukas Fritz Project member lukas.fritz@sverige.net  +46 70 348 94 86 

Jacob Enetjärn Project member jacobenetjarn94@gmail.com +46 73 399 94 47 

Tagan Smith Project manager endless-sessions@border.co.za +27 76 411 4622 
Rickard Åkerfalk Project manager rickard.akerfalk@invencon.se +46 73 847 41 21 

Jan Sjöberg Project manager jan.sjoberg@invencon.se +46 70 559 75 77 
Mohamed Sadek Supervisor mohamed.sadek@kau.se +46 76 313 35 25 
Jens Bergström Course examiner jens.bergstrom@kau.se +46 54 700 12 59 

 

Documentation 

Documents are saved on a Google Drive that all project members have access to. All documents are named 

after its function followed by its version, e.g. "Project plan 1.0". All work performed should be uploaded 

to the joint drive. 

Control processes 

Pulse meetings will take place on Tuesdays at 13:00 between the project members and the project 

managers at Invencon AB. A walkthrough of the upcoming work and work done the previous week will 

take place at this meeting. 

A member from Endless Sessions has been added to the common Google Drive and will be updated 

continuously on the progress of the project. His expertise in the area of surfing will be used throughout 

the project. Pulse meetings will take place with Endless Sessions on Tuesdays at 10:30.  

All finished work will be sent to the projects supervisor at Karlstad university for reviewing. This is done 

in order to make sure that the project progresses in alignment with the university’s standards. 

mailto:lukas.fritz@sverige.netm
mailto:jacobenetjarn94@gmail.com
mailto:endless-sessions@border.co.za
mailto:rickard.akerfalk@invencon.se
mailto:jan.sjoberg@invencon.se
mailto:mohamed.sadek@kau.se
mailto:jens.bergstrom@kau.se
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Project schedule plan 

The project schedule plan is based on a WBS, Work Breakdown Structure which is converted into a time 

schedule using a GANTT-chart.  

Work Breakdown Structure 

The work breakdown structure is created with respect to the process for product development projects. 

This process contains of the following four primary phases in chronological order; project plan, 

requirement specification, concept selection and layout construction. For each primary phase, suitable 

steps and methods has been selected. The work breakdown structure can be seen in Figure 3.  

 

 

Figure 3. WBS of the project. 

  



55 
 

GANTT-chart 

A GANTT-chart is created with regard to the WBS and will be used as a time-schedule during the project. 

The project aims to work with front-loading, mainly to create a broad base of information, prevent costly 

changes and to be able to deliver a well-defined concept at the deadline. Accordingly, a generous amount 

of time is planned in to the requirement specification phase. Since the goal is to deliver at least a well-

defined concept to evaluate, even the concept selection phase has been allocated with a relatively large 

portion of time. The time planned to be spent on the layout construction phase might be superfluous as the 

goal is to deliver a well-defined concept, in that case it can be used as a time buffer. The GANTT-chart is 

shown in Figure 4. 

 

 

Figure 4. Project time schedule visualized with a GANTT-chart. 
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Risk analysis 

A failure mode and effects analysis, or FMEA, has been set up in order to predict possible failures and 

evaluate their consequences on the project. This is shown in Figure 5.  

The project FMEA is a living document which can and will be updated during the project as new 

protentional risks occurs and new recommended actions identifies.  

Table 30. Risk analysis of the project. 
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Appendix B – Market requirement specification 

 

Table 31. Identified stakeholders for the project and their motivation for being a stakeholder. 

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. 

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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Patents 

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.  

 
Figure 5. Quick release surf leash assembly [9]. 

 

Reinforced surf leash 

Pub. Nu.: 20150274265 

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.  

 

Figure 6. Reinforced surf leash [10.] 
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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. 

 

 

Figure 7. Surfboard ankle leash quick release [11]. 
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Amphibious tourniquet 

Patent Number: US D791,951 S 

Date: 2017-07-11 

The design of the amphibious tourniquet, as shown and described. It’s a cuff designed for wearing on a 

limb or equipment according to an embodiment. 

 

Figure 8. Amphibious tourniquet [12]. 

 

Competitor analysis 

Table 32. Details for FCS Freedom leash [13-14]. 

Details 

Silicone grip print that reduces slipping around the ankle 

Low profile moulded Velcro for a stronger and more reliable fit 

Lightweight moulded pull tab – quick-release 

Streamlined rail saver for less drag and better hydrodynamics 

Intended for up to 5 ft. (1,5 m) waves 

Price: 45 $ 

 

Table 33. Details for DaKine Kainui [15]. 

Details 

Double overhead to triple overhead intended use 

50 mm moulded neoprene ankle cuff 

Posi-Lock hook & loop closure 

6-, 7- and 8-foot lengths 

40 mm detachable rail saver 

Easy Clip Quick Release made for maximum safety 

Price: 32 $ 
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Table 34. Details for Revolwe x Slater Design leash [16]. 

Details 

Environmentally friendly Yulex cuff (80% reduced CO2 emissions compared to traditional 
cuffs) 

Super strong Velcro 

Smart key-pocket 

Detachable/replaceable rail saver and cuff 

More sustainable and Eco-friendly than other leashes on the market 

Price: 30 $ 

 

Table 35. Details for Channel Islands Jordy Hex Cord leash [17]. 

Details 

Silicone gel padding 

Quick dry neoprene 

Triple wrap rail saver 

Price: 28 $ 
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Market survey 

Gender 

 

Figure 9. Pie-chart representing gender. 

 

 

Age 

  

Figure 10. Pie-chart representing age.  
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Q1. At what level do you consider yourself as a surfer? 

 

Figure 11. Pie-chart representing the response for Q1. 

 

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

 

Figure 12. World map and pie-chart representing the response for Q2. 
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Q3. How often do you surf? 

 

Figure 13. Pie-chart representing the response for Q3. 

 

Q4. Are you normally using a surfing leash? 

 

Figure 14. Pie-chart representing the response for Q4. 
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Q5. Is the surfing leash supposed to break or not? 

 

Figure 15. 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  

 
Q7. How often do you replace your surfing leash? 

 

Figure 16. Pie-chart representing the response for Q7. 
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Q8. In case of failure, where does it usually break? 

 

Figure 17. Pie-chart representing the response for Q8. 

 

Q9. If other, describe where it usually breaks. 

Other possible places for the surf leash to break were where the cord connects to the swivel and a pulled 

plug. 

Q10. Can you describe what typically causes the surfing leash to be replaced? 

65 responses were obtained. The conclusions were that the following causes typically were the reason 

for replacing a surfing leash: 

• Age 
• Breakage (mostly swivel or cord) 
• Fin cuts 
• Over pulled/stretched out cord, loses elasticity 
• Wear and tear, cracks, damage 
• Perished Velcro 

 

Q11. Do you use different surfing leashes depending on the surfing conditions? 

 

Figure 18. Pie-chart representing the response for Q11. 
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Q12. If yes, how many different surfing leashes do you use? 

 

Figure 19. Pie-chart representing the response for Q12. 

 

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

 

Figure 20. Pie-chart representing the response for Q13. 

 

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

 

Figure 21. Pie-chart representing the response for Q14. 
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Q15. Are you satisfied with the surfing leashes provided on today’s market? 

 

Figure 22. 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 
• 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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Painstorming 

Table 36. Results of the painstorming, step by step. 
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Unique selling points 

Table 37. Unique selling points with their associated slogan. 

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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Quality Function Deployment 

 

Figure 23. Quality function deployment – Ankle strap, rail saver and quick release. 
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Appendix C – Concept selection 

 

Elimination matrices, parts 

 

Table 38. Elimination matrix for the ankle strap. 

Elimination matrix – Ankle Strap 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 

A1 + + + -    Cost ski belt buckle - 

A2 + + -     Die-casted halves - 

A3 + + + -    Cost ski belt buckle - 

A4 + + + ? + + ? 
Suction plugs functionality, 
manufacturing cost ? 

A5 + + -     Die-casted halves - 

A6 + + + + + + +  + 

A7 + + + ? + + ? 
Suction plugs functionality, 
manufacturing cost ? 

A8 + + -     Die-casted halves - 

A9 + + + + + + +  + 

A10 + + + ? + + ? 
Suction plugs functionality, 
manufacturing cost ? 

A11 + + -     Die-casted halves - 

A12 + + + + + + +  + 

A13 + ? + ? + + ? 
Suction plugs, functionality elastic 
strap sock ? 

A14 + ? + + + + + Functionality elastic strap sock ? 

A15 + + + ? + + ? 
Suction plugs functionality, 
manufacturing cost ? 

A16 + + -     Die-casted halves - 

A17 + + + + + + +  + 

A18 + + -     Car belt buckle, to big - 

A19 + + -     Car belt buckle, to big - 

A20 + + -     Car belt buckle, to big - 

A21 + + -     
Zipper makes it hard to tighten the 
strap  - 

A22 + + -     
Zipper makes it hard to tighten the 
strap - 

A23 + + -     
Zipper makes it hard to tighten the 
strap - 

A24 + + + ? + + ? 
Suction plugs functionality, 
manufacturing cost ? 

A25 + + -     Die-casted halves - 

A26 + + + + + + +  + 
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A27 + + -     
Suction plugs functionality, 
manufacturing cost. Strength, 
durability drawstring buckle 

- 

A28 + + -     Die-casted halves - 

A29 + + -     
Strength, durability drawstring 
buckle - 

A30 + + + ? + + ? 
Suction plugs functionality, 
manufacturing cost ? 

A31 + + -     Die-casted halves - 

A32 + + + + + + +  + 

 

Questionmarks – Ankle strap 

Suction cups 

Neglected. 

Neglected due to manufacturing costs and the fact that it needs flat and clean surfaces to attach. 

Manufacturing of the suction cups themselves will not be an issue since they are bought from another 

manufacturer. The problem lies with the implementation of the suction cups in the ankle strap. This 

implementation would become relatively expensive. It is also not certain that suction cups solve the 

problem of preventing rotation of the ankle strap and they might even be bad for comfort. For this concept 

to be validated it needs to be tested, but since there is a lot of uncertainties around the concept, it will be 

neglected [2]. 

Elastic sock 

Move forward. 

The total cost of the elastic sock should be lower than the cost for the traditional ankle strap. One problem 

might be that the elastic sock is pulled out at the attachment point of the cord, making the elastic sock to 

lose its tight fit and greatly reducing the life expectancy of it. This means that some kind of plate which 

distributes the drag force over a bigger surface is necessary to prevent the elastic strap to elongate. 
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Table 39. Elimination matrix for the quick release. 

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 

Q1 + + + + + + +  + 

Q2 + + + + + + +  + 

Q3 + + + + + + +  + 

Q4 + + + + + + +  + 

Q5 + + -     Size - 

Q6 + + + -    Price - 

Q7 + + -     Technical difficulty - 

Q8 + + + + + + +  + 

Q9 + + + + -   Time consuming, unreliable - 

Q10 + + + + + + +  + 

Q11 + + + + + + +  + 
 

Table 40. Elimination matrix for the rail saver. 

Elimination matrix – Rail saver 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 

R1 + + + + + + ? Snaplink, damage, loose fit  ? 

R2 + + + + + + ? 
Requires a swivel before snaplink. 
Snaplink, damage, loose fit ? 

R3 + + ? + + + ? 
Manufacturing in one piece, requires 
swivel before snaplink. Snaplink, 
damage, loose fit 

? 

R4 + + + + + + +  + 

R5 + + -     
Requires a mounting device to leash 
string. Not complete.   - 

R6 + + -     
Requires a mounting device to leash 
string. Not complete.   - 
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Snaplink 

Moveforward.  

The snaplink is a great idea which has to be taken forward for test and validation. There are still a few 

question marks to be answered. First of all, if it’s possible to fit to the mounting on the surfboard, but 

also if the prevents the movement of the rail saver and therefore also the surfer. Implementation of a 

snaplink would make the triple wrapped Velcro of the rail saver obsolete. This means that a lot of money 

can be saved by stripping the rail saver of expensive materials if the snaplink can function correctly. 

Flat cord 

 

Move forward. 

Manufacturing method for a regular 2D-shaped cord is polymer extrusion. In order to make the end part 

of the cord flat you need manufacture using injection moulding which is a bit more expensive. The 

alternative might be to extrude the two parts (the flat part and the cylinder-shaped cord) separately and 

join them together by soldering. No matter what method we use, it will be more expensive than the 

original extrusion of a cylinder-shaped cord but since this flat part can be a substitute to the otherwise 

tailored rail saver, it can save money. The concept is therefore not ruled out. The different prices for 

extrusion and injection moulding can be seen in Figure 1 and Figure 2. The figures both show the costs 

for 1 kg of material and length of 1 m. 

 

Figure 24. Relative cost index, batch size graph for polymer extrusion. [18] 

 

Figure 25. Relative cost index, batch size graph for injection moulding. [18] 
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Pugh’s relative decision matrices 

Ankle strap 

Table 41. Pugh's relative decision matrix for the ankle strap. 

 
Criteria 

Concept – Ankle strap 

A6 A9 A12 A14 A17 A26 A32 

Price 

R
ef

e
re

n
ce

 

+ - + + - + 

Comfort 0 0 0 0 0 0 

Durability 0 + - 0 0 0 

Design - - 0 - - - 

Size - - + - - - 

Weight 0 0 + 0 0 0 

Easy attachment 0 0 - - - - 

Adjustability + + - + - 0 

        

        

        

Total +  2 2 3 2 0 1 

Total 0  4 3 2 3 3 4 

Total -  2 3 3 3 5 3 

Net value 0 0 -1 0 -1 -5 -3 

Ranking 1 1 4 1 4 6 5 

Continue? Yes Yes No Yes No No No 

 

Rail saver 

Table 42. Pugh's relative decision matrix for the rail saver. 

 
Criteria 

Concept – Rail saver 

R4 R1 R2 R3 

Price 

 
R

ef
e

re
n

ce
 

+ - - 

Durability 0 0 0 

Board protection 0 0 - 

Attachment to board + + + 

Design 0 - 0 

    

     

Total +  2 1 1 

Total 0  3 3 2 

Total -  0 1 2 

Net Value 0 2 -1 -1 

Ranking 2 1 2 4 

Continue? Yes Yes No No 
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Appendix D – Technical specification  

 

Table 43. Technical requirement specification for the surf leash. [18] 

# 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 

5 (A)* The materials mechanical properties for 
the ankle strap should be better or equal to 
Polychloroprene. 

Polychloroprene: young's modulus 
0,00165 - 0,0021 GPa 
Yield strength 12 - 24 MPa 
Water absorption 0,6 - 0,8 % 
Excellent salt water resistance 
Poor resistance against UV 
radiation 

R 

6 (A) Velcro will be used to help keep the 
loops of the lock mechanism in place.  

Velcro helps in attaching the lock 
pin and keeps fringes close to the 
strap. 

R 

7 (A) (Q)* The mechanical properties of the 
lock pin 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 

8 (A) The material to prevent friction should 
be as comfortable and as good in preventing 
rotation as silicone 

Excellent salt water resistance  
Good 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 

R 



78 
 

create a sturdy surface for the 
male connector to connect to. 

12 (R)* The materials mechanical properties for 
the rail saver should be better or equal to 
Polychloroprene. 

Polychloroprene: young's modulus 
0,00165 - 0,0021 GPa 
Yield strength 12 - 24 MPa 
Water absorpsion 0,6 - 0,8 % 
Excellent salt water resistance 
Poor resistance against UV 
radiation 

R 

13 (R) Velcro will be used as a lock mechanism 
for the leash string. 

Since Velcro is widely used, this 
will be used to lock the leash string 
in place. Preferably some kind of 
high-quality Velcro. 

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 

20 (A) Ankle strap thickness, 3mm Ankle strap thickness 3mm with 
neoprene padding. 

D 

21 (A) Ankle strap length 250-300mm Total length of the ankle strap in 
none folded position. 

D 

22 (A) Ankle strap height 50mm Similar dimensions to the surf 
leashes provided on today's 
market. 

D 

23 (R) Rail saver length 165mm Similar dimensions to the surf 
leashes provided on today's 
market. 

D 

24 (R) Rail saver height 25mm Similar dimensions to the surf 
leashes provided on today's 
market. 

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 

A: Ankle strap, AS: Assembly, C: Cord, Q: Quick release, R: Rail saver 


