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Abstract 
This is a Bachelor degree project report describing the 
development process of a trapeze system for dinghy 
sailing. The project was performed in cooperation with 
Seldén Mast AB, manufacturer of spars and rigging 
systems for yachts and dinghies.  
 
The trapeze system is used in some dinghy sailing 
classes. It is used to move the weight of the crew outside 
of the boat to compensate the force created by the wind 
in the sails. The system consists of a number of 
components. Focus of the project was set on the position 
adjustment device and the attachment to the harness. 
 
The product development process included a pre study, 
a Product Design Specification, a function analysis, 
concept development, embodiment, and detail design. 
 
The project resulted in three products: two variants of 
trapeze cleats (adjustment devices) and a trapeze ring (to 
enable attachment to the harness).  
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1 Introduction 
This report describes the work in a 
Bachelor degree project in product design 
engineering. The project was carried out 
by Ingrid Söderström and Johanna 
Gustafsson, students at the Product 
Design Engineering programme 
University of Skövde, in cooperation with 
Seldén Mast AB. The logotypes of the 
programme and the company is to be seen 
in Figure 1 and Figure 2. 
 
The Product Design Engineering 
programme is a three-year long education. 
During the education time the students 
get to learn about all the phases in a 
product development process. Focus is on 
learning how to create products that is 
appreciated by the users. As well as 
design-related subjects, courses within the 
areas of such as ergonomics, mechanics of 
materials, CAD and production 
techniques are included in the program. 
 

The degree project is the final part of the 
education and an approved result is 
necessary to get the degree. The purpose 
is to give the students an opportunity to in 
an independent way apply the knowledge 
they have acquired during the years of 
study. The work should give experience in 
how to independently formulate and 
solve problems and also practice the 
ability to analytic and critical thinking. 
Another significant thing is the contact 
with the working life which can give some 
valuable experiences for the future. 
 
 
 
 

1.1 The company 
Selden Mast AB is one of the worlds 
leading manufacturer of spars and rigging 
systems for yachts and dinghies. The main 
office is located in Långedrag, Göteborg. 
Here is also the design department 
situated, where the development of new 
products takes place. Besides the main 
office, there are also five subsidiaries 

Figure 1. The Product Design 
Engineering programme’s logotype [1] 

Figure 2. Seldén Mast AB [2] 
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 included to the Seldén group. These are 
located in England, the US, Denmark, the 
Netherlands, and France. There are about 
200 employees in the Seldén Group. 
Retailers all around the world sell the 
company’s products. The main part of the 
sales is the spars. Another part of the 
production is the furling system success 
Furlex.  

1.2 Background 
In 2004 a project for development of deck 
hardware was initiated at Seldén Mast AB. 
It was started in purpose to complement 
the existing rigging systems.  Our work 
with the trapeze system is a part of this 
project and the aim has been to create a 
new system that can be manufactured by 
Seldén. 
 
The English subsidiary Seldén Mast 
Limited (SML) is specialized in dinghy 
rigging systems. Today a trapeze system 
manufactured by external supplier is 
enclosed to the spars. This system is 
considered being out-of-date and 
expensive. As a step in the vision of 

becoming self supplying there is a need of 
a new, ergonomic and within the 
company developed trapeze system. 

1.2.1 The commission and 
course of action 

The task has consequently been to develop 
a trapeze system that is modern, 
ergonomic and less expensive than the old 
one. A major thing has been the attempt to 
reduce the number of components in need 
for assembly. The main function of the 
trapeze equipment is the ability for the 
sailor to adjust the angle of the body in 
relation to the boat (this is described more 
in detail under the headline “Trapeze 
sailing”, 2). This should be possible to do 
in an easy and smooth way irrespective to 
the conditions. It is important that the 
sailor don’t have to spend energy and 
force on the adjustment but can 
concentrate on the sailing. The trapeze 
system should also be reliable from a 
safety perspective. 
 
The same type of trapeze system is today 
used more or less on every boat type that  
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carries a trapeze, e.g. on the 470 seen in 
Figure 3. It is therefore important that our 
final concept is accepted by the class rules 
of those boat types it is intended to be 
used on. 
 
The intention at the beginning of the work 
was that the project should contain: 

• Market analysis 
A market analysis consisting of a 
survey among sailors and the internal 
customers with the purpose of getting 
a general view of existing problems 
and requirements. It should also 
include a study of existing and 
competing products. 

• Concept phase 
The phase should include idea 
generation and concept selection and 
should in the end result in at least two 
different concepts. 

• Detailed design 
In the detailed design phase the final 
decisions are made. It should include 
design, material selection and possibly 
technical drawings. 

2 Trapeze sailing 
Sailing is a sport that is widely practiced 
around the world. The level varies from 
recreational activity to top-level sport. 
There are also many different kinds of 
sailboats. Small dinghies with centreboard, 
larger keel boats and up to super yachts 
with crews of 20 people or more. 
 
Our work has considered the dinghy 
racing section. Racing with sail boats 
involves choosing the most effective route 
in terms of existing and anticipated wind 
shifts, boat handling skills when starting 
and rounding marks and knowledge of 
tactics and strategy relative to individual 
boats or the fleet. Other areas that matters 
in performing a good racing result is 
physically, mentally, and the personal 
relationships with other crew member(s) 
[3]. Of course is the boat speed also a 
major thing. Good speed is achieved by 
adjusting the sail trim and balance by  
movement of the crew. Keeping the boat  Figure 3. British 470-girls in windy 

conditions [4] 
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upright and counteract heeling to 
leeward1 due to wind pressure is one key 
factor. One thing that regulates that is the 
relationship of the crew weight to the 
centreline of the boat – the further away 
from the centreline the crew are 
positioned, the greater is the ability of the 
boat to carry more sail because of the 
increased righting power [5]. A trapeze 
enables the crew to hang completely 
outboards with the feet on the gunwale2. 
This type of system can be found most 
commonly on dinghies designed for two 
or more people.  
 
The trapeze is used when needed, 
depending on the wind force. In really 
light wind conditions the crew may even 
have to sit on the leeward side of the sails 
to keep the boat balanced. As stronger the 
wind force is the crew weight needs to be 
moved out on the windward3 side. It may 
be enough to have all the crew on the 
same side of the centreline if the wind 
isn’t that strong. Next step is to move the 
weight a bit further out and, if that’s not 
enough, get the crew out on the trapeze. 
While being on the trapeze, the crew can 

adjust the length of the trapeze wire to 
compensate to the power in the sails. Fine 
adjustments are made by the crew just 
bending his or her knees or moving along 
the gunwale. 
 
There is always one trapeze wire on each 
side of the boat and when tacking4 or 
gybing5, the person on the trapeze let go 
of the one on the “old side” and grabs the 
one on the “new side”. 

2.1 The trapeze system 
A traditional trapeze system consists of 
two equal parts, situated on each side of 
the boat. They are often combined like it 
is illustrated in Figure 4. Each part 
consists of a wire or a thin Spectra®6 rope 
fixed in the mast about one third from the 
top. In the lower end is usually a handle, 
an arrangement for adjusting up and 
down and a ring for catching up the hook 
on the crewmember’s harness (see Figure 
4). Figure 4. A trapeze system 

1 leeward  - the direction downwind from the point of reference 
2 gunwale - the top edge of the side of a boat 
3 windward - the direction from which the wind is blowing at the 
time in question 
4 tacking - the maneuver by which a sailing boat turns its bow 
through the wind so that the wind changes from one side to the other. 

5 gybing  - the turning maneuver in which the boat heads down past the 
point where the wind crosses the boat’s stern, which causes the sails and 
boom to swing to the opposite side. 
6 Spectra (or Dyneema - trade name) – a type of rope made from a 
thermoplastic with extremely long chains. It has extremely low moisture 
absorption, very low coefficient of friction, and is highly resistant to 
abrasion, [6]. 
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2.1.1 Regulations of 
trapezes 

What is allowed on different boat types is 
defined in the class rules. There are quite 
big differences in how free you can be in 
the trapeze design. Most classes have 
regulations in dimensions for wire or rope 
respective and some has specified exact 
lengths. In the 470 class for example 
(Figure 5), the rules says that “Each 
trapeze wire shall be provided with 
handholds, rings and adjustment” [7]. In 
the 49er class rules, on the other hand, the 
dimensions are the only thing that is 
specified [7]. 

2.1.2 Quick release system  
Serious accidents are not that common in 
the sport of sailing, but there have been a 
few ones proved fatal. For safety reasons 
the International Sailing Federation, ISAF, 
decided in 2003 to introduce a new rule 
regarding the trapeze harness. The rule 
(numbered 40.2 in  Racing Rules of Sailing) 
is about a quick release system for the 
hook and says that  “a trapeze or hiking 

harness shall have a device capable of 
quickly releasing the competitor from the 
boat at all times while in use” [7]. The 
implementation of the rule has been 
delayed two times and will now take 
effect on the 1st of January 2009 together 
with the new Racing Rules of Sailing for 
2009-2012 [7]. 

Figure 5. On the trapeze of a 470 [3] 
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Figure 7. Plastic sheave [8] 

Figure 6. Trapeze 
handle, T-type [8] 

Figure 8. Plastic ball [10] 

 

3 Pre study 
The pre study was done to state the aims, 
requirements and restrictions of the 
project. This is the basis of the product 
development process. A market analysis 
was performed to examine the existing 
products of the market. The requirements 
of the customers were investigated via 
interviews and a survey. Then a Product 
Design Specification that describes the 
objectives to be met was compiled (see 
chapter 4). The different functions of the 
trapeze system were investigated in a 
function analysis (chapter 5). 

3.1 Market analysis 
Taking the traditional trapeze system as a 
starting point there are some options on 
the market. Different kinds of handles are 
described below as well as the hoisting 
system and a comparison between 
trapeze rings of different brands. A 
challenger to the traditional system is a 
new type of harness bar designed by 

Julian Bethwaite, which you can read 
more about in 3.1.5. 

3.1.1 Handles 
The purpose of the handle is to easy get 
hold of the trapeze and to facilitate the 
hooking and unhooking. There are 
different types of handles being used. The 
“T” handle seen in Figure 6 is one type. 
Other variants are the sheave (Figure 7), 
the plastic ball (Figure 8), the “tri trap 
handle” (Figure 9), the “karate chop 
handle” (Figure 11), and the “can’t miss” 
(Figure 10) trapeze handle which is 
mainly used by catamaran sailors. The T-
handle, the sheave and the ball are 
normally made from UV stabilized Nylon.  

Figure 11. ”Karate chop” 
trapeze handle [12] 

Figure 10. Plastic grip tri 
trap handle (RWO) [11] 

Figure 9. Can’t miss [9] 
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The diameter of the sheave is around 65-
70mm. The “can’t miss” handle is made 
from stainless steel wire, coated with 
nylon and nylon handle in the middle of 
the loop. The same materials are used in 
the remaining two variants shown. There 
may be some other alternatives to these, 
but these are the most common in stores. 
There are also some crews using no 
handle at all (survey among sailors, Table 
3 and Appendix 3). 

3.1.2 The cleat and hoisting 
system 

By pulling or releasing the rope, the 
length of the trapeze can be adjusted. The 
traditional way to achieve this is to use a 
Clamcleat with a pulley as in Figure 12. 
These have due to patents earlier been 
produced by the company Clamcleat® 
only (the name of the company has 
become the name of the product), but is 
now free for others to manufacture. The 
Clamcleat (V-cleat or Valleycleat) is a type 
of jamming cleat which jams the rope in a 
V-shaped chink, between two grooved 
surfaces, to prevent it from slipping. The 
groves are inclined upwardly from the 

base of the cleat. This results in that when 
a rope is pulled through it, in the direction 
upwards from the base end, the ridges 
draw the rope downwards in the chink 
and it gets stuck. Reverse, if the rope is 
pulled in the other direction it is released. 
The rope is tied in the hole in the lower 
end of the cleat and goes down through a 
block or loop in the trapeze ring. Then it 
goes up to the pulley in the upper part of 
the cleat and can be fastened in the cleat 
chink. The upper end of the cleat is 
attached to the wire or roped which goes 
up to the mast. (See also Figure 4). 

3.1.3 The ring  
In the upper part of a traditional 
trapeze ring is a block or just a 
stainless steel loop through which 
the rope from the hoisting 
arrangement passes. In the other, 
lower part is usually a wider loop 
which is to be hooked on to the 
hook on the harness (see Figure 13). 
The loop is made from stainless 
steel in all brands and types, but 
there are quite big differences in 
shape and size. As mentioned

Figure 12. Clamcleat [8] 

Figure 13. Trapeze 
ring with block [9] 
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there are two general types of trapeze 
rings; those incorporating a block and the 
ones without. Both ball bearing sheaves 
and plain bearing sheaves occur. The 
dimensions of the blocks vary among the 
brands. Another thing that differs is if 
there is a block, the size of the block and if 
there is a loop for shock cord or not. The 
function of the shock cord is to keep the 
trapeze wire tighten up so it is easy to get 
hold of. Similarities and differences are 
described more in detail in the ring 
comparison.  

3.1.4 Trapeze ring 
comparison 

Seven trapeze rings of different models 
and brands were analyzed. The aim was 
to get a general view of the competing 
brands and also to examine what features 
the most popular ones have. By 
comparing the different models of trapeze 
rings with each other, advantages and 
disadvantages were intended to be 
discovered. Physical trapeze rings were 
examined; measurements of the 
dimensions and the weights were done. 
The design of the trapeze rings were 

looked at, foremost the shape of the loops 
were considered. Some information about 
the models was gathered from Internet. 
 
An attempt to compare the prize in store 
of the different models and brands were 
done. The information was gathered from 
retailer and from on-line shops. In cases 
were the prize were given in foreign 
currency it was transformed into SEK, to 
make it possible to compare the prizes. 
 
Results of the comparison: The shape of 
the trapeze loops does have a great 
similarity between different models, but 
there are some differences in size. The 
weight only differed 12g between the 
lightest and the heaviest and the 
dimensions of the wires in the loop did 
not vary that much either. Height varied 
between 132–186mm and the width 
between 47–73mm. The measured values 
are a bit insecure because of the 
equipment used and the average value 
was determined. An assumption was 
made that the dimensions of the wire in 
the loop could differ between copies of the 
same model due to manufacturing 
divergence.  
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The comparison of the prize does just give 
a hint of how much this kind of 
equipment costs, as it is not possible to 
find all the rings in one store. The 
information about the prices is in that way 
not completely comparable. The whole 
result compiled in a table is to be seen in 
Appendix 1. 
 

3.1.5 Bethwaite bobble 
trapeze 

A competitor to the common trapeze ring 
is the Bethwaite bobble trapeze. Instead of 
using the traditional way to attach the 
hoisting system to the harness by using a 
trapeze ring and a hook, the Bethwaite 
equipment consist of a bobble-shaped 
device and a buckle with a “keyhole”, see 
Figure 14. The buckle is fastened to the 
harness, the bobble is attached to the 
hoisting system. The intention was to 
develop a safer trapeze system, with 
reduction of the risk of being snared or 
entangled [13]. An advantage with this 
system is that there is no hook. This 
eliminates the danger of getting stuck by 

the hook to anything, and the risk of 
damaging any parts on the boat. 
This type of system is mostly used by 
catamaran sailors and not by top-level 
sailors in the Olympic classes for example. 
From what the survey showed (see 3.2.2), 
it is believed that some reasons to this is 
that it takes more precision to “hook on”, 
it easier hooks off unintentionally and it is 
not as obvious when you are hooked on as 
with the regular system. The keyhole 
bucket is not allowed to use according to 
the class rules in 470 and 420. 

3.2 Customer 
requirements 

The determination of the customer 
requirements are an essential part of the 
market analysis. This is where it is stated 
what kind of product that is wanted on 
the market. 

3.2.1 Internal customers 
To start with, the thoughts and 
requirements of the internal customers of 
SML were examined. Questions were sent  

Figure 14. Bethwaite bobble 
trapeze [8] 
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via e-mail to the contacts at SML. The 
major things that were concerned in the 
correspondence was which areas the 
project should be focused on, and which 
problems with the existing trapeze 
systems they have discovered. The 
questions were formulated in purpose to 
generate answers of general characteristic. 
 
The main requirements of SML identified 
in the interviews were: 
 

• Low cost 
• High strength, durable 
• Reduce size and weight of the 

components 
• Up-dated appearance 

 
A wish was a product that is cheap 
enough to be competitively priced to the 
system were a regular Clamcleat is used, 
but also of such high quality that top end 
sailors will choose to use it. The costs 
must also be relatively low to be able to 
produce for the OEM1 market, while this 
is where the high quantities are used. 
 

One idea that earlier had been discussed 
at SML is the possibility to incorporate a 
valley cleat with a handle. If this is 
achieved the overall cost is allowed to be 
higher. The possibility of using composite 
material had also been discussed; the 
conclusion was that this would lead to an 
expensive product.  
If a cleat is used it needs to be easily 
attached, with good articulation. 
Concerning the trapeze ring there was 
some ideas of using a wider loop for 
easier hooking, and maybe make the loop 
angled for the same reason.  

3.2.2 External customers 
To seek the opinions of a large group of 
customers (sailors) a survey via an e-mail 
questionnaire was used. The 
questionnaire was formulated in purpose 
to answer what the customers think is 
significant for a good trapeze system and 
to identify problems with the existing 
systems, as well as what products are 
used today. The questionnaire was sent to 
a number of sailors of classes using a 
trapeze. The target group was set to 
include both experienced sailors and  

1 OEM - Original Equipment Manufacturer. A company that 
manufacture and/or assemble the final product that is going 
to be sold on the market. The product is then often sold via 
retailers [14]. 
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amateurs. The questionnaire is shown in 
Appendix 2. In total 30 answers were 
gained. The group of participants 
included both top dinghy racers and 
leisure time sailors. The boat classes that 
the answers are concerning are: 505, 18 ft, 
49er, 470, Fireball, International 14, and 
different types of catamarans. See the 
spread in Table 1. 
 
The answers to the questions of 
quantitative characteristics are listed in 
Appendix 3. Here it also is said e.g. what 
kind of equipment that is used and how 
important the sailors think it is to have a 
trapeze ring that is incorporating a block.  
 
It was a common occurrence to exchange 
components, see Table 2. Often it was due 
to wear, in other cases the user changed to 
better components, or to tried new parts. 
50% of the participants of the survey did 
find it necessary for the trapeze ring to 
have a block. 17% did found it 
unnecessary. The remaining 33% did think 
it was good to  

Table 1. Number of sailors in each boat type 

Table 2. Number of sailors having exchanged 
different parts 
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Table 3. Type of handles used 

have a block, but not necessary, or were 
neutral. What type of handles the 
participants uses is shown in Table 3.  

The answers of the remaining 
questions, the quantitative, were 
compiled and analyzed. These are 
the questions of what the 
participants think is significant for a 
good trapeze system, what problems 
the participants had experienced, 
and if they ever had get stuck when 
using their equipment.  
 
Compilation of what is significant 
for a good trapeze system: 
 

• Easy to hook on 
• Easy to adjust 
• Easy to fasten in desired 

position 
• High strength 
• Light weight 
• No unwanted unhooking of 

the harness 
• Adjustment manageable with 

a one hand grip 
 
Examples of problems that the 
participants had experienced with their 
trapeze systems: 
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• Difficulties to hook on to the 
trapeze ring properly 

• Difficulties to unhook the trapeze 
ring 

• The ring unhooks from the hook 
when there is no weight applied 

• The rope releases unintentionally 
from the cleat 

• The rope sometimes gets stuck so it 
is not possible to adjust the position 
downwards 

 
Asking if the participants had got stuck 
using their trapeze system, almost half of 
them had experienced this. The main 
cause was not being unhooked from the 
system when going in for a tack, or being 
trapped in the system when capsizing. 

4 Product Design 
Specification 

The Product Design Specification 
describes the objectives to be met. The 
specification also states the constraints in 
the project. This is a dynamic document 
which commonly needs to be revised and 

updated during the design process. The 
Product Design Specification shall contain 
specific requirements that are preferably 
able to measure. The ideas of solutions are 
being evaluated against the requirements 
specified [15]. 
 
The requirements of the assigner given 
were formulated to the Product Design 
Specification. So were the identified 
customer requirements as well. The 
requirements were divided in terms of 
being demands or wishes. The demands 
are requirements that must be met by the 
solution. The wishes are preferable if it is 
possible. 
 
The Product Design Specification can be 
seen in Appendix 4. 

4.1 Limitations 
A trapeze system consists of a number of 
parts and the time for this project is not 
eternal. It was therefore necessary to do 
some delimitations in what the work 
should include. We decided quite early in 
our work, in discussion with the company,  
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to focus on the adjustment equipment and 
the ring. The ring (or corresponding) 
should fit the regular hook in order to 
comply with the class rules in every class 
Seldén delivers masts to. The harness bars 
with a hook is also so widely used that it 
would be hard to introduce something 
completely new. One reason to do 
something different could have been the 
safety, but with the new quick-release rule 
(see 2.1.2 above) it doesn’t feel that 
necessary. The decision was to concentrate 
on the parts from where the trapeze is 
fixed to the mast down to where it is 
fastened to the harness. 
 
Other limitations, such as material or 
technical solutions were not specified in 
any other way than that the final product 
should comply with the requirements in 
the Design specification. 

5 Function analysis 
By making a function analysis the 
approach of a problem can be to think of 
the functions that shall be included 

instead of what the technical solution has 
to be [16]. 
 
The system used today was analysed on a 
general level, see Appendix 5. The 
components and attributes of the system 
were listed, and then the question of why 
the product had this feature was asked. 
The answers were formulated in an 
expression of verb + noun. The listed 
functions were divided into being Head 
functions, Part functions, or Supporting 
functions. The classifications of these are: 

• Head function: the main purpose of 
the product. 

• Part function: functions are 
working together to enable a 
comprehensive function. 

• Supporting function: the function is 
facilitating the use of the product 
but it is not necessary. 

5.1 Development areas 
On the basis of the function analysis the 
development areas of the project were 
stated. This is the areas to which focus 
should be set. In the first place, the head  
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functions were taken into consideration. 
The functions “Fasten rope” and “Admit 
adjustment” were categorised as 
“Hoisting system”. The function “Attach 
hook” became the development area 
“Attachment to harness”.  A third 
category, “Grip” was made from the 
supporting function “Enable Grip”. The 
development areas were later being used 
in the idea generation phase. 

6 Idea generation and 
concept development 

The phase of generating ideas and 
develop concepts is a creative process. To 
start with the aim is to bring forth a large 
quantity of ideas. The best ideas are 
selected by evaluation and further 
developed into concept. Various creativity 
methods were used for the idea 
generation.  

6.1 Idea generation 
The methods used to generating ideas 
were the brainstorming methods 6-3-5 and 
Brainwriting pool, Stimuli analysis á la 
POW, and Osborne’s spurs of ideas. The 
methods are described more in detail 
below. They were performed in groups 
which were trying to come up with as 
many solutions as possible to the settled 
problem. No criticisms were allowed! The 
result was evaluated after the 
performance and is to be read about in 
6.1.6 and 6.2. 

6.1.1 The 6-3-5-method 
A group of six members are trying to 
generate three ideas in five minutes. The 
members are sketching their ideas on one 
form each. At the end of the five minutes 
the forms are passed on to the next person 
to the right. This process is repeated until 
each sheet has been worked on by each 
member. Then the participants can choose  
to work further on the ideas of each others 
[17]. 
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The 6-3-5-method was carried out in a 
group of six people; the two project 
members and four design engineering 
students. The participants where slightly 
introduced to the problem. Focus was set 
on the hoisting system.  

6.1.2 Brainwriting pool 
The participants are generating as many 
ideas as possible on their own. The ideas 
are sketched on sheets of paper that are 
placed upside down in a pool. When a 
participant run out of ideas he/she takes a 
sheet out of the pool and tries to continue 
the development of the idea [17]. 
 
The method was performed in several 
sessions and on different problems. The 
group consisted of the two project 
members.  

6.1.3 Brainwriting of the 
development areas 

This is a method developed during this 
project. Forms including the three 
development areas and an open category 
were created. The open category was for 

other ideas that were not suitable under 
any of the head areas. The forms were 
made by dividing a sheet of paper into 
four columns and four rows. Each column 
was an area of development. In the rows 
ideas of each area were supposed to be 
sketched. 
 
The project members did work on one 
form each. One area was considered at the 
time. When the column of the form had 
been filled they were passed on to the next 
participant and another area was worked 
on. 

6.1.4 Stimuli analysis á la 
POW 

The method is based upon the idea of 
finding solutions of other objects. These 
are to be applied on the problem in point. 
This gives a new insight of the problem. 
Objects without any connection to the 
concerned problem in the surrounding 
area are chosen. The differential 
characteristics of the objects are described 
and used as stimuli to find solutions of the 
problem [18]. 
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Ten objects were selected. Those were: 
chair, clock, coffee cup, pen, stereo, car, 
pitcher, microwave oven, tree, ruler.  The 
main characteristics of each object were 
described. Then the characteristics were 
tried to be applied at the trapeze system.  

6.1.5 Osborne’s spurs of 
ideas 

Osborne’s spurs of ideas is a method used 
to question the problem and what the 
solution has to be. Questions are asked to 
generate new ideas [18]. 
 
The questions were applied on the 
existing system. The main categories of 
questions were: 

• Enlarge? 
• Reduce? 
• Replace? 
• Rearrange? 
• Combine? 
• Modify? 
• Adoption? 

6.1.6 Results of the idea 
generation 

The point using creativity methods is to 
generate a large quantity of ideas and they 
really did; see Appendix 6. After the use 
of the 6-3-5 method and the Brainwriting 
pool the very large quantitiy of ideas were 
categorized after their way to solve the 
task. Similar ideas were put together. 
Then Brainwriting and the remaining 
methods where used on the different 
development areas and on more specific 
problems. 

6.2 Evaluation 
The evaluation of the generated concept 
solutions is the process of selecting the 
best ones for further development. The 
various concepts are analyzed and 
evaluated to identify strengths and 
weaknesses. The evaluation is critical all 
the way to the final result of the design 
process. 
 
The developed ideas were compiled and 
clarified. The concepts that did not fulfil  
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the requirements of the Product Design 
Specification were sorted out. By further 
discussion with the assigner the concepts 
that seemed to be the most promising was 
selected. This resulted in ten conceptual 
solution of position adjustment devices 
and six solutions of attachment to the 
harness. 
 

6.2.1 Pugh’s conceptual 
selection matrix 

 

Pugh’s conceptual selection matrix is a 
method used for comparing and 
evaluating various concepts. The 
advantages and disadvantages of the 
ideas are to be identified. A matrix is 
established with concepts as columns and 
criteria as rows. The criteria are based on 
the requirements from the Product Design 
Specification. One of the concepts is 
chosen as datum to which the other 
concepts are being compared. The 
concepts are scored after how well they 
fulfil each criterion in relation to the 
datum.  
 

The scores are not to be used as definitive, 
they are only guidelines. The criterions 
have to be unambiguous and the concepts 
need to be at the same generic level to be 
compared. After performing Pugh’s 
conceptual solution matrix, the 
possibilities of improving the concepts by 
applying the strengths of others are to be 
investigated [15]. 
 
A first matrix to evaluate the concepts of 
hoisting systems was established. The 
hoisting mechanism of the existing system, 
the Clamcleat was used as datum. See 
Appendix 7a. A second matrix was done 
to evaluate the concepts of the attachment 
to the harness. The existing system, where 
a hook and a straight trapeze ring with a 
ball bearing block, was used as datum. See 
Appendix 7b.  
The concepts were scored according to a 
scale where: 
 --  much worse 
-    worse 
0    same 
+   better 
+ much better 
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Figure 17. Adjustment concept 1 

 
The results of the conceptual selection 
matrix were analyzed. The three concepts 
of hoisting systems and the three solutions 
of attachment that had gained the highest 
score were chosen for further 
development. 
 

6.3 Adjustment concepts 
The chosen conceptual solutions of the 
adjustment mechanisms are described 
below:  
 
1. In concept no 1 (Figure 17) a camcleat 

is used as fasten device. A camcleat is 
another type of cleat, used to attach a 
rope by the means of two cams. The 
rope can be tightened by just pulling it 
downwards, but the form of the cams 
pinches the rope and prevents it from 
going in the other direction.  To release 
the rope it has to be pulled out of the 
camcleat. Springs makes the cams 
staying in “closed” position when not 
in use. Seldéns existing camcleat is 
shown in Figure 15. A block is attached 

to the cleat to lower the friction when 
adjustments are being made. 

 
2. The traditional solution of using a 

Clamcleat is further developed. The 
cleat is incorporated with a handle, see 
Figure 16. The design of the cleat will 
be modified to make it possible to use 
less material and make the appearance 
look up dated. 

Figure 16. Adjustment concept 2 

Figure 15. Camcleat from Seldén 
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Figure 19. Function sketch over 
adjustment concept 3 

 
3. The concept (Figure 18) is based upon 

the mechanism sometimes used in 
Venetian blinds, Figure 19. A wheel is 
used as a locking device; it wedges the 
rope between itself and a grooved 
surface. The rope runs around a pulley. 
When weight is applied to the loop, 
the wheel wedges the rope. To loose 
the rope the free end is pulled and the 
wheel follows a trace in the shell away 
from the rope. If pulling the end of the 
rope straight downwards, the rope 
runs free; it is able to adjust the 
position downwards or upwards. To 
fasten the rope it is pulled outwards. 
The wheel follows the trace back in 
position to wedge the rope. 

Figure 18. Adjustment concept 3 
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6.4 Ring concepts 
The attachment to harness concepts that 
were selected are: 
 
1. For the first concept (Figure 20) a pipe 

is used as the trapeze ring loop. The 
rope runs inside the pipe. There is a 
loop to fasten the shock cord between 
the openings of the rope.  

 
2. In this concept the traditional trapeze 

ring is modified and developed with 
the possibility of having an angled 
loop for easier hooking and an angled 
loop for the cord attachment, to enable 
a better position of the trapeze ring, 
see Figure 21. 

 
3. The trapeze ring is incorporated with a 

handle to ease the on/off hooking. The 
handle enables a one hand grip to 
hook on to the system. This will result 
in the possibility of hooking on while 
being outside the boat (Figure 22). 

 
 

 
 
 
 
 
 
 

7 Embodiment 
In the phase called embodiment the ideas 
and sketches are going to be compiled into 
design of the concepts. They should be 
converted from being just ideas on the 
paper to functioning models and finally, 
at least hopefully, a ready-to-use product. 
Strengths of the rejected ideas are applied 
to the selected ideas of concepts. The work 
with the embodiment is described below 
in this section. 

7.1 Mock ups 
To find out how the conceptual solutions 
would work out in reality, mock-up 
models of four of the concepts were 
created. These were the venetian blind 
concept, Figure 23, the trapeze ring with 
handle, Figure 24 and the camcleat 
concept, Figure 25. The two concepts 
mock-ups were not build from were 
number 2 of the adjustment concepts (the 
valley cleat) and number 2 of the ring  

Figure 22. Ring concept 3 

Figure 21. Ring concept 2  

Figure 20. Ring concept 1  
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Figure 23. Mock up of the 
venetian blind concept 

Figure 24. Mock up of the 
trapeze ring with handle 

concepts (the  “conventional” ring). This 
was because we already knew their 
functions and it was more a question of 
appearance design.  
 

7.2 Evaluation 
Further investigations of the possibilities 
of the concepts were done as the mock ups 
were tested. As a result of this the concept 
where a pipe is used for the trapeze ring 
was decided to be left out. This was based 
upon the facts that the wear of the hook 
will cause heavy abrade of the material, 
and the friction within the pipe when the 
rope is pulled inside will be high.  
 
The trapeze ring that is incorporated with 
a handle was considered as an interesting 
and good idea. As a complement working 
together with trapeze rings of different 
brands it would be very useful. The mock-
up worked well, but unfortunately the 
time for this work is limited and because 
of that the idea had to be put aside for 
now. 
 

The conceptual solution of using the same 
locking arrangement as in a Venetian 
blind was also considered to be less 
relevant. The functionality of the mock-up 
was quite good, but the construction 
would most likely need a number of loose 
parts, which is not preferable in the salty 
conditions it is supposed to be used in. 
The whole idea is fairly different and 
innovative and from what employees at 
SML considered it would be too different 
to be worth continuing working on. Their 
opinion was that people rather may 
choose something more conventional. 
 
The trapeze camcleat was tested by Ingrid 
on a 29er with good result. 
 
The evaluations of the mock ups gave 
three concepts to work on and develop 
further; 1. the valley cleat with handle, 2. 
the camcleat concept and 3. the 
conventional trapeze ring. 

Figure 25. Mock up of 
the camcleat concept 
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8 Materials and method 
of manufacturing 

The choice of material and the method of 
manufacturing have to be taken into 
consideration during the design phase. 
These are factors that are going to affect 
and cause restrictions of the design. The 
chosen material and methods of 
manufacturing has to allow rational 
manufacturing that is suitable for mass 
productions. 

8.1 Materials 
There are several restrictions affecting the 
selection of the materials to be used. The 
material has to be strong and durable to 
bear the applied load, as well as it has to 
be suitable for the environment of where 
the products shall be used.  As been stated 
in the product design specification the 
materials have to stand salty conditions 
and endure UV light.  
 

The trapeze valley cleat will be made of 
anodized aluminum. This is a strong and 
durable light alloy metallic. The choice of 
using aluminum was made by considering 
the high wearing of the teeth; it will be 
necessary to use a material with enough 
high durability. When examining the 
market, the conclusion that aluminum is 
the most frequent material used in 
common products was made. By 
anodizing the resistance of corrosion and 
the resistance of wear will be increased. 
The material of the backside of the trapeze 
camcleat is going to be a glass fiber 
thermoplastic with the designation 
Grivory GV-5H Natural. This is a strong 
material with a high strength at break. It is 
used in a number of products of Seldén 
and has been proved to be suitable for this 
kind of usage. For the loop of the trapeze 
ring stainless steel will be used. This 
choice was made in respect of the high 
wear of the hook of the harness. In the 
comparison of the trapeze rings of the 
market analysis it is stated that this is the 
material used by all the leading 
manufacturers.  
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Figure 26. An early variant 
of the valley cleat concept 
created in ProEngineer 

 

8.2 Manufacturing 
After discussions with the assigner it was 
decided that all the details shall be 
manufactured by molding. With this 
method complex surfaces can be made. 
The existing plant of the company offers 
good opportunities of molding, so this 
seemed to be the natural choice. 

9 Detail design 
During the detail design phase the 
concepts are to be developed into the 
resulting products. The final dimensions 
and appearance are to be stated. 
 
The detail design phase concerns details 
and smaller components of the product [8].  

9.1 CAD models 
With the use of the CAD program Pro 
Engineer, 3D models were created. The 
use of the program enables detailed 

design and visualization. The files can also 
serve as basis for the manufacturing of the 
products. The program has also been a 
great help when calculating the strength 
of the material in different sections (read 
more about this in 9.3) as well as 
calculating the total weight of the 
products. The CAD modeling of the valley 
cleat concept started quite early in the 
process compared to the other concepts. 
That was because we didn’t have to try it 
out as a mock-up, but could go on with 
the design of the exterior appearance and 
measurements. Like the other concepts it 
was rebuilt and improved several times. 
See one early variant of the valley cleat in 
Figure 26 and the final one in Figure 27. 

Figure 27. CAD model 
of the final valley cleat 
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Figure 29. A function model of the camcleat 
concept in place and ready to be tested on a 470 

 

9.2 Test of camcleat 
concept 

The camcleat concept is not a solution 
used before and it needed, unlike the 
valley cleat to be further tested. To carry 
out the tests we needed some better 
function models than the mock up tried 
out earlier. Drawings were created of a 
simple model and manufactured in thin 
sheet metal (Figure 28). Then they were 
handed out to three sailors in Sweden and 
one was sent to England for testing. In 
Figure 29 it is shown how the camcleat 
was attached to the trapeze system during 
one of the tests. 

Figure 28. The back piece to 
the function models as it 
looked in ProEngineer. 
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The results of the tests were mixed. On the 
positive side was the reduction of friction 
compared to the ordinary Clamcleat. The 
camcleat also was also experienced as 
giving better feedback on when it is stuck 
in the cleat or not. It doesn’t slip which 
can be the case with the other one. 
 
A disadvantage was that it was hard to 
get the rope out of the cleat and one had 
to do a big movement with the arm. This 
may be a result of the sheave being placed  
too far back from the cleat. This wasn’t 
experienced at all in the first test.  
 
Figure 30 shows a picture from one of the 
tests. 

Figure 30. Testing the camcleat function model 



 

 27

 

9.3 Calculations 
Some calculations have been made to 
satisfy that the products are going to resist 
the forces they will be exposed to. If the 
constructions not are being appropriate, 
remodeling would be necessary. The 
calculations were also made to determine 
if there are any unnecessary thick material 
uses and if the weight in some way could 
be reduced. 
 
Calculations were made of the maximum 
stress that will arise. The maximum load, 
i.e. the weight of the crew, was estimated 
to be 100kg. The stress was compared to 
the yield strength and the strength of 
break of the materials. 
 
Under each headline below there are 
descriptions of the calculations made on 
the different products. Common for them 
all are that the mass (m) was set to 100kg, 
the factor of safety (n) used was 3 and the 
gravitational acceleration, g = 10m/s2. All 
cross-sectional areas were collected from 
ProEngineer. 

9.3.1 The valleycleat 
The valley cleat is going to be 
manufactured from cast aluminum, an 
alloy called ADC3. The material has 
within this manufacturing method a yield 
strength of Rp0.2=130MPa and a strength at 
break of Rm=240MPa. The most critical 
area concerning breakage is the around 
the hole where the rope is fastened (Figure 
31). There is the thickness of the material 
4.5mm and the diameter of the hole is 
5.5mm, see Figure 32. The bearing stress 
in the hole was calculated as follows;  

5,5 mm 

4,
5 

m
m

 

Figure 32. The dimensions of the attachment 
hole for the rope on the Valleycleat 

F

Figure 31. The direction of 
the force in the hole
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121MPa
4.55.5

10003
dt
nFσ =

×
×==  

 
The strength of the product is 
consequently enough when comparing the 
reached stress against the yield strength. 

9.3.2 The camcleat 
The material to be used for the backpiece 
of the trapeze camcleat are the glass fibre 
thermoplastic Grivory GV-5H Natural. 
This material has a strength at break of 
Rm=220MPa. By using the CAD program 
ProEngineer the smallest cross section 
area was determined to A=28mm² (see 
position in Figure 33). Then the maximum 
stress was calculated. 
 

104MPa
28
10003

A
nFσ =×==  

 
Concerning the attachment of the rope, 
the maximum tensile in the edge of the 
hole needed to be calculated. The 
maximum angle of the rope in relation to 
the centerline of the hole is estimated to be 
45°. 

 

 

75MPa
39.4
cos4510003

A
nFcosσ =

×
°××== α  

 
The calculations supports that the back 
piece will endure the maximum stress, 
because it is far below the strength at 
break. 

9.3.3 The ring 
On the ring the cross-sectional areas were 
checked at five different places as the form 
changes (see Figure 34). The stresses at all 
the five places were calculated, but the 
critical areas were way down in the loop  
(3), at the material cut out (2) and the 
bearing stress in the hole of the rivet (1). 
These calculations are shown below. The 
material in the ring is (cast) stainless steel. 
It has yield strength of Rp0,2= 220MPa and 
a strength at break of Rm=490-690MPa. 

Figure 33. Calculations on the 
camcleat; placement of the smallest 
cross section area and the direction 
of the force in 45° angel. 
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1. 127MPa

2.884.12
10003

2td
nFσ =

××
×==  

 
 

 

2. 96MPa
31.2
10003

A
nFσ =×==  

  
 
3. 191MPa

15.7
10003

A
nFσ =×==  

 
The largest stress is consequently where 
the ring is attached to the hook. The 
strength of the material will be enough 
though. 

9.3.4 Weight of the 
products 

When using ProEngineer the weight of a 
product can be determined. This is done 
by an analysis tool that settles the mass 
properties of the CAD model. The 
material that the product is to be made of 
is selected. The weight of the valley cleat 
will be about 40-42g, when including 
sheave, rivet and pin. For the trapeze 
camcleat the weight of the back piece with 

sheave is approximately 13g. Then the 
weight of cams, saddle, and fairlead will 
be added. The ring will be about 50-52g, 
also including sheave and rivet. 

1
2

3

Figure 34. Cross sections 
used for calculations on the 
trapeze ring 
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10  Results of the project 
The project resulted in three products; two 
variants of adjustment appliances and one 
attachment to the hook of the harness. 
From the CAD-files they were all created 
as full-size models by using the rapid 
prototyping technique, SLA (Stereolitho-
graphy). 

10.1 Final design of 
camcleat 

For the trapeze camcleat the back piece 
only was required to be developed. The 
back is to incorporate the block and the 
cleat and it also got attachments for the 
wire and the rope. Concerning the 
remaining components it was decided to 
use the existing assortment of Seldén Mast 
AB. These parts are a pair of cams with 
completing attachment, a 20mm ball 
bearing sheave, a saddle, and a fairlead. 
See the complete product in Figure 35.  
 

The saddle and the fairlead are to hold the 
rope in position of the cams. As for the 
trapeze ring, the sheave side is following 
the style of the products of Seldén. The 
sheave is fastened by a rivet, and there is a 
hoop to attach the wire. The rope of the 
trapeze ring is fastened by pulling it 
through the hole and making a knot at the 
end. The front side of the back is following 
the same design as the existing back of 
Seldén camcleat; this is to make it suite the 
attachment of the cams and the fairlead.  
 
The trapeze camcleat can be 
complemented with a handle. The 
thoughts of incorporating the handle with 
the back piece were discussed at early 
stages. Then was the assumption made, 
that there possibly not will be a need of a 
handle, the trapeze camcleat itself may be 
enough to grip. This gives the option of 
the customers to choose what they would 
prefer; maybe they decide to leave out the 
handle to get a lighter product. By the 
questionnaire of the market analysis it 
was discovered that some crews did not 
use a handle when sailing with the 
traditional system (Appendix 3). Figure 35. Model of the 

final camcleat 
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10.2 Final design of 
valleycleat 

The original thought was to start with 
Seldén’s existing valley cleat and modify it 
into a trapeze cleat with an incorporated 
handle. A thing wanted is to have a hoop 
on the back to steer the rope in right 
position. That function is today solved by 
a separate, plastic ring and as one of the 
main goals was to reduce the number of  
components to assemble, it was made 
built-in. Instead of using just a small, plain 
pulley, the new trapeze cleat will have a 
20mm ball bearing sheave. The friction 
will in that way be reduced a lot 
compared to the traditional Clamcleat. 
 
The fixing point of the wire is hidden 
under the handle and the wire will be 
fixed by a sprint and a locking ring. It is in 
that way easy to separate and/or put the 
wire and cleat together. The handle is 
extended upwards to prevent jamming 
between the wire and the hole. Material is 
removed where it is not needed for the 

strength of the product. The form follows 
Seldén’s idiom in the shape around the 
hole in the lower end and around the cut-
out of material. On the back is a trace cut 
out to make the loop look more like it’s a 
part of the product and to make 
something “happen” on that surface. The 
SLA-model of the final product is shown 
in Figure 36. 

Figure 36. Model of the final 
valleycleat 
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10.3 Final design of 
trapeze ring 

It was early decided that the new trapeze 
ring was going be made of cast stainless 
steel, in difference from the usual bended 
wire. In that way the design could be 
more complex and the possibility to create 
something new and different arose. The 
idea to use just the 20mm sheave and not 
the whole block was also early discussed. 
It was later decided so as it would make 
the ring lighter and it wouldn’t raise the 
price since Seldén is already using the 
sheaves as free parts.  
 
The loop of the ring has a circular cross-
section in the lower end, where it is 
attached to the hook and the force and 
wear is the largest. Then the cross 
sectional area is transformed to be oval on 
the sides and is so all the way up to the 
parts surrounding the sheave. That makes 
the transitions between the loop and the 
upper part much smoother. The sheave 
sides has material cut out that follows 

Seldén’s style on blocks and other 
products. The manufacturing method, 
which enables this new design, makes the 
ring look like one item and more worked 
through, see Figure 37. In Figure 38 and 
Figure 39, on the following pages, the 
trapeze ring is assembled to a complete 
system with the valleycleat and camcleat 
respectively. 

Figure 37. Model of the 
final trapeze ring 
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10.4 Evaluation of the 
result 

When comparing the results to the 
Product Design Specification, it can be 
seen how well the requirements are 
fulfilled by the products. This is 
summarized below. Some of the 
requirements are more complicated to 
measure, and some evaluations did have 
to be left out due to lack of time. 
 

• In the project three conceptual 
solution of position adjustment 
devices and three attachments to 
harness were developed and 
evaluated. 

 
• The functions that are necessary for 

a trapeze system will be fulfilled by 
the developed products. 

 
• Concerning the aspects of safety, 

the risk of being trapped in case of 
capsize will be reduced when the 
quick release system are being 

introduced. This is a part of the 
harness, and has not been handled 
in the project. 

 
• The ergonomics and quality aspects 

have not been enough investigated 
to be evaluated. 

 
• The selection of materials has been 

made in consideration of their 
properties. The materials are used 
in other products in Seldén’s 
assortment so they are well known 
and proved to be suitable for this 
kind of usage. 
 

• The manufacturing will 
presumably be possible to do 
within the existing plant of Seldén 
Mast AB.  

 
• The requirement of lower the 

number of loose parts have been 
achieved by the trapeze valley cleat 
and the trapeze ring. For the 
camcleat more components are 
needed.  

Figure 38. 
Camcleat and ring 
models together 



 

 34

• The economical aspect has not been 
the primary issue of the project and 
has to be further investigated. The 
use of existing parts and 
manufacturing methods that is 
already commonly used by the 
company, should keep the costs on 
an acceptable level.  

 
• It is settled that the products 

comply with the class rules of the 
boat types where they will be used. 
Some uncertainties regarding the 
470 class rules and the valley cleat 
were checked by contacting the 
class association’s Technical 
Committee Chairman, Dimitris 
Dimou. 

 
• The requirements of reducing size 

and weight have been achieved in a 
satisfying way, for example the 
weight of the trapeze valleycleat is 
approximately 40-42g compared to 
the weight of the traditional 
Clamcleat that is 46g. The trapeze 
ring will have a weight of about 50-
52g, including the sheave and rivet; 

this is also lower than for the 
competing products.  

 
• Finally, prototypes of the selected 

concepts were created. 

11 Conclusions  
The aim with this project was to develop a 
new trapeze system that could be a part of 
the deck hardware assortment for 
dinghies. The system should be modern, 
ergonomic and reduce the costs by 
including fewer components to assembly. 
To achieve this and be able to create a 
system that the sailors would choose to 
use a market analysis was performed. It 
contained both an investigation of existing 
products, a survey among sailors and a 
smaller investigation of the opinions of 
the internal customers at SML. From them 
we got some ideas of the areas to focus on 
and also some thoughts of possible 
solutions that had been discussed earlier. 
The survey gave a good overview of 
problems with the equipment used today, 
along with information of what people  

Figure 39. 
Valleycleat and 
ring models put 
together 
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think works good. The information from 
the survey was compared to the market 
analysis so that we could pick the best 
parts from existing products and have 
them in mind during the design process. 
Different varieties of creativity methods 
were used to get a wide range of ideas to 
start from. Then the number of solutions 
has become fewer and fewer (with some 
exceptions) during time of the project. 
Basis for the selections has been, among 
some other things, Pugh’s Conceptual 
Selection Matrixes, tests of mock ups and 
discussions with experienced designers at 
SML and Seldén Mast in Göteborg. A lot 
of time has been spent working with the 
design in ProEngineer. The different parts 
of the system were rebuilt several times. 
This has taken some time, but we have 
learnt a lot along the way. It has been a 
nice feeling to see the concepts gradually 
be improved into “real” products.  
 
After the manufacturing of some simple 
function models, the camcleat concept was 
tested in its real environment on different 
kinds of boats. The results weren’t 
unambiguous and further tests needs to 

be done after some changes on the 
product. There was unfortunately not time 
enough to do that during the project time, 
as the manufacturing of the models 
dragged on. It has to be left to the 
company to carry out.  
 
Last thing has been to make SLA-models 
of the three final concepts. The models 
were painted and assembled with the 
existing components from Seldén. To get 
real size models give valuable input of the 
product’s real proportions which is hard 
see just working in the computer. We 
discovered that the valleycleat needs to be 
a bit bigger. 
 
Besides some things that we had to leave 
due to lack of time, the work has been 
going on well. The cooperation and 
supervision at the company has been great, 
as well as the input from the head assigner, 
SML. 
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12  Discussion about the 
reliability of the 
methods  

In the project different methods have been 
used. The way they were executed and 
how reliable the results of these are, is 
discussed in this section. Concerning the 
market analysis comparison of different 
trapeze rings, the selection of what brands 
to include should represent the ones most 
commonly used at the market today. 
When visiting Swedish stores selling 
sailing equipment and from what we 
could understand from the survey, the 
compared trapeze rings are definitely the 
most frequent ones occurring. The survey 
done by a questionnaire among the sailors 
did only include 30 participants. In fact, to 
get a fully correct result a larger group 
should have been investigated. The 
participants included both amateurs as 
well as top dinghy sailors; this 
corresponds to the target group of the 

products. The answers given by the 
questionnaire have been very important 
for the project; it did show what we 
should focus on during the product 
development and was a foundation of 
Product Design Specification. The 
questionnaire was formulated in purpose 
to not include leading questions. If we 
succeeded is hard to judge, but we think 
so. 
 
For the idea generation and concept 
development several methods for 
creativity were used.  The main goal was 
to bring forth a large quantity of ideas. 
The methods did work out fine, every 
session generated many sketches of 
different ideas. The evaluation of which 
concepts to develop further, a subjective 
approach may have been taken. The 
project group’s favorites of the concepts 
did early appear. The opinion is that the 
method Pugh’s conceptual matrix seems 
to work out well in theory, but in reality it 
is hard to perform in an objective way. 
 
The selection of which materials to use for 
the products is based upon the materials  
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of the existing assortment of Seldén Mast. 
By this, it is proved that the materials are 
suitable for this kind of usage, but if these 
choices are the best ones has not been 
further investigated. 

13 Recommendations for 
continued work 

If Seldén intends to continue and finish 
the work with the trapeze products, some 
recommendations and things we think 
needs to be done are described below. 
 
To find out how well the products will be 
received at the market, an extensive 
market analysis needs to be done. Also a 
user study is required to see if the usages 
of the products are going to work out as 
intended. Especially the trapeze camcleat 
needs to been taken into particular 
consideration. Probably the angle of the 
attachment of the cams needs to be 
modified. The position of the sheave in 
relation to the cams does also have to be 
further investigated. 
 

More profoundly calculations concerning 
wear, fatigue and possible form changes 
needs to be done, especially on the ring. A 
factor to take into further consideration is 
the dynamic forces that are caused by the 
waves and the crew’s work. The chosen 
materials may have to be investigated to 
ensure that the most appropriate selection 
has been done. Attention has to be paid to 
the aspects of costs, durability and 
strength. The manufacturing does have to 
be looked at to find an optimal production 
process. 
 
The economic aspects have, as said earlier, 
not been the primary issue of the project. 
The costs of manufacturing are a decisive 
factor if the products will be profitable. 
Investigations of the economical aspect 
have to be performed. 
 
The valley cleat with the handle 
incorporated is almost ready for 
manufacturing. The function of the cleat is 
previously proved and the new design 
turns it into a light trapeze cleat with 
fewer free components then the old ones. 
This is a product that probably without  
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problems will be well accepted on the 
market. It needs to be a bit bigger though, 
to make sure there are no space problems 
in the attachment areas even when using a 
rope that is a bit thicker than 5 mm. 
The same is for the trapeze ring. It is ready 
to be tested in reality, maybe after some 
more calculations on the material strength. 
The ring should also not have any 
problems getting accepted by the sailors. 
It is a complete product, not separate 
things put together which makes it lighter 
and hopefully more durable. It would be 
interesting to create an angled ring and 
have it tested to see if that is something 
worth developing, but it wasn’t room for 
that in this project. 
 
The camcleat on the other hand is 
interesting and has theoretically a lot of 
advantages. It is compact and has an 
effective way to hold the line. When it is in 
the cleat you can be sure that it won’t 
glide – it gives better feedback than the 
valleycleat. A problem might be that you 
have to pull the rope outwards from the 
cleat to be able to release the rope and you 
have to actively pull it into the cleat to get 

it stuck. If this is a negative thing or not 
has to be figured out from a user study. 
As it is today, the camcleat is not an 
equally obvious alternative as the 
valleycleat. But it may be… 
 
We hope that the results of the project can 
be useful for SML and Seldén Mast AB 
and that the products will be further 
developed into final ones ready for the 
market to use. 
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Appendix 1a  Comparison of trapeze rings 
 

  1. RWO 2. Holt wide 3. Sea Sure 4. RWO Macro 5. Proctor 6. RWO Nova 7. Ronstan 
Part number R4100 HA4261 19-34 R4095   R4094 RF17 
Loop to fasten shock-cord No Yes Yes Yes No Yes Yes 
Size of the block No block 20mm 20mm 19mm (3/4") 25,4mm* (1") 28mm* (~1") 20 mm 
Block No block Ball bearing Plain bearing Ball bearing Ball bearing Plain bearing Ball bearing 
Shape of the loop Wide, angular, 

oblong 
Wide, rounded, 
with "tip"  

Wide, rounded Wide, rounded Narrow, rounded Narrow, angular Wide, rounded 

Weight (according to the manufacturer) 71g 68g 50g 59g   61g 55g 
Weight, measured 70g 57g 57g 60g 62g 61g 59g 
Thickness wire of the loop 5,00mm 5,05mm 4,73 mm 4,93mm 4,75mm 4,95mm 5,75mm 
Hight 186mm 139mm 132 mm 140mm 140mm 134mm 139mm 
Widht of the loop  51mm 69mm 66 mm 73mm 47mm 51mm 72mm 
Widht of the top 55mm 16mm 20 mm 22mm 11mm 19mm 19mm 
Max thickness rope   6mm 6mm 6mm 6mm 6mm 6mm 
Prize               

Båth´s 105kr         118kr   
Watski   330kr           
Boat Bits       214kr     248kr 
P&B         158kr     
Sailnet             166kr 
Jollespecialisten   269kr           
LDC Raicing Sailboats   217kr       105kr 212kr 
roostersailing.com     150kr       213kr 
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Appendix 1b Comparison of trapeze rings - picture 
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Appendix 2 Questionnaire 
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Appendix 3  Results of questionnaire 
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Appendix 4  Product Design Specification 
 
 
 
Seldén Mast AB 
Bachelor Degree 
Project 

Design requirement specification for:                                                                     

Trapeze system 

Changes D=demand 
W=wish Designation Requirement Comments Responsible 

            
  D Function 1. Adjustment of position     

  
D   1.1. Admit adjustment of the position by hoisting 

up/down 
The adjustment should be as 
easy as with existing system 

  

  
D   1.2. Able to fasten in desired position The fastening shall be as easy 

as with the existing system 
  

  

D   2. Attachment to harness The hooking on the system to 
the harness shall be facilitated 
compared to existing system 

  

  D Safety 3. No risk of being trapped in case of capsize     
  D Ergonomic 4. The range of positions shall be in a suitable area     
  D   5.  Admit good grip     

  
W 

  
6. Admit feedback E.g. when hooked to the 

trapeze ring 
  

  

D Quality 7. Durability The quality shall be as high 
that the product will be chosen 
by top dinghy racers 

  

  

W  8. Radiate quality The target group shall 
experience the system as high 
quality  

  

  

W  Aesthetic 9. Up-dated appearance The target group shall 
experience the appearance as 
up-dated 

  

  
W Components 10. Reduce size and weight In comparison to existing 

components 
  

 D Materials 11. Endure salty conditions   
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 D  12. Endure UV light   

 D  13. Resistance against corrosion    

  
D Manufacturing 14. The components shall be suited for mass 

production 
    

  
W   15. The components shall be manufactured in the 

plants of the company 
    

  W Assembly 16. Consist of a  few number of loose components In relation to existing system   

  
W   17. The assembling of the components shall be 

improved 
In relation to existing system   

  D   18. Admit standard assembling to mast     

  

D Economics 19. Low cost of manufacturing The cost of manufacturing shall 
be lower than the present cost 
of purchasing of supplier 

  

  
D   20. Competitive price to OEM-customers Relative to the price of the 

products of the competitor 
  

  

D Restrictions 21. Comply with the rules of the International Sailing 
Federation  

The system shall comply with 
the class rules of the dinghies 
that is supplied with the 
trapeze system as a standard 
feature 

  

  
D Evaluation 22. At least two conceptual solutions shall be 

evaluated with each other 
    

  W  Prototypes 23. Prototypes of the concepts shall be created     
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Appendix 5 Function analysis 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
HF: Head function 
PF: Part function 
SF: Supporting function 

Characteristic/feature 
 

Why is this 
characteristic/feature 
needed? 

Expression of 
function 

Classification of 
function 

    
1. Trapeze system Balance the boat, divide the 

weight. 
Enable going on 
trapeze 

 

    
2. Attachment Attach the system to the 

mast. 
Attach to mast PF 

3. Wire/rope Link the hoisting system to 
the attachment point of the 
mast.  

Link to hoisting 
system 

PF 

4. Handle Make it easy to get a grip of 
the system. 

Enable grip SF 

5. Clamcleat Fasten rope in the desired 
position. 
 
Admit gear to enable easier 
hoisting. 

Fasten rope 
 
 
Admit gear  

HF 
 
 

SF 

6. Rope Enable the adjustment of 
position by hoisting. 
 
To attach the trapeze ring. 

Enable 
adjustment  
 
Attach trapeze 
ring 

HF 
 
 

PF 
 

7. Block Reduce the friction when 
adjusting the rope.  

Reduce friction SF 

8. Ball bearing sheave Reduce the friction in the 
block. 

Reduce friction SF 

9. Trapeze loop To attach the hook of the 
harness.  

Attach hook HF 

10. Shock cord loop To attach the shock cord. Attach shock 
cord 

PF 
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Appendix 6  Examples of sketches from the idea generation 
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Appendix 7a Pugh’s conceptual selection matrix– Position adjustment 
 

 
 
 
 

 
 
 
Criteria 

Concepts  Today’s 
regular 
system 

(Clamcleat 
etc) 

1 2 3 4 5 6 7 8 9 10 

Innovative + + + + + + + + + + + + + + 

Weight - - 0 + - + - - 0 0 - - 
Durability in salty conditions 
(estimation) - - 0 - 0 0 - - - 0 - - - 

Components/manufacturing - + - - 0 - - - 0 - - - 

Efficiency in adjustment + 0 - - + - - 0 + - - - - - - 

The ease which the adjustment can 
be made with (regarding grabbing, 
adjusting and staying in desired position) 

- + -  0 - - - + - - - - - 

Total                                                  
∑ + 
∑ - 

3 
 
6 

3 
 

0 

2 
 
5 

2 
 

2 

2 
 
4 

1 
 

4 

4 
 
5 

2 
 

4 

2 
 
6 

1 
 

9 

Sum

 
D 
 

A 
 

T 
 

U 
 

M 
 

-3 3 -3 0 -2 -3 -1 -2 -4 -8 

Rating: Meaning: 
- - Much worse 
- Worse 
0 Equal 
+ Better 

+ + Much better 
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Appendix 7b Pugh’s conceptual selection matrix – Attachment to harness 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
  
 

 
 

 
 
 
Criteria 

Concepts  Today’s 
regular 

trapeze ring 
(with block) 

1 2 3 4 5 6 

Innovative + + + + + + + + + 
Weight + + - 0 - - - + 
Durability - 0 0 - - 0 
Components/manufacturing + - 0 - - - + 
Easy to hook on 0 + + + - - - 
Easy to hook off 0 + 0 + - - + 
Risk for unwanted off-
hooking 0 0 0 + + + + - - 

Total                                    

∑ +                                       

∑ - 

 
5 
 
1 

 
4 
 
2 

 
2 
 
0 

 
5 
 
6 

 
4 
 
6 

 
4 
 
3 

Sum 

 
D 
 

A 
 

T 
 

U 
 

M 
 

4 2 2 -1 -2 1 

Rating: Meaning: 
- - Much worse 
- Worse 
0 Equal 
+ Better 

+ + Much better 
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Appendix 7c Concepts – position adjustment 
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Appendix 7d Concepts of the matrix – attachment to harness 
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