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Abstract 
 
 
This project consists of developing a Portable Stable for 
horses. This stable should be oriented to people who want 
to save money renting permanent stables during 
competition days as well as people who want to bring 
their horses with them there where there is no 
accommodation for their animals. 
 
All the resources, such as tools, workshop, computers and 
materials were provided by the University of Skövde. 
 
The results of the project are 3D models and detailed 
drawings and calculations specifying  the special features 
and systems of the Portable Stable 
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1. Introduction 

 1.1 Goal 

Horse competitions are very popular in Sweden. Many 
horse owners often transport their animal to the 
competition and it is not possible to leave the animal 
inside the trailer for more time than the transportation 
time. This is because of the lack of space, that can 
cause stress to the horse and it would not be able to 
compete under the best conditions. According to this, 
the owner needs to hire a permanent stable at the 
competition place for the temporary horse 
accommodation. This kind of accommodation is 
usually offered by the organization of the competition, 
and it could be very expensive. Because of this, there 
are some horse owners that can not compete as 
frequently as they would like to. 

Therefore, the idea was to create a Portable Stable for 
horses that allows the owner to have a place for the 
horses when they are not at home, but the project is not 
only focused on reducing costs but also gives the 
possibility of comfortably transporting horses 
anywhere. For example, people who take holidays at 
places like a camping area, in the mountains and so on, 
where there are not any accommodation for these 

animals, this kind of Portable Stable could allow the 
owner to provide their animals with proper care during 
the holidays. 

The specifications were established in the first week of 
work and were accepted by both part, students and 
supervisor. The main specifications are briefly 
described below (For further details see Appendix I). 

First, the development of a Portable Stable for two 
horses was the main goal of the project. 

To continue, the handling of the portable stable had to 
be simple, in order to be used by every kind of person 
independently of their strength, complexion, age or 
height. 

In the next place, the transportation was not the only 
function of the device. The animals must be able to live 
in this stable during the competition. 

At last, the device must be oriented to be towed by a 
tourism car. 

As a result, with these premises the project was started 
and other features will be added while the project was 
under development. 
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2. Methods 

 2.1. Creative Methods 

The Idea Generation started after each member of the 
project group showed their ideas and sketches. After 
these meetings some ideas were generated, and new 
problem arose too, so at this point was time to start 
with Idea Generation sessions. These meetings 
consisted of developing some creative methods such as 
Brainstorming [1], Brainwriting pool [2] and the 6-3-5 
method [3]. These methods are briefly described 
below.  

 

2.1.1. Brainstorming. 

The participants are generating as many ideas as 
possible on their own. The quality of the ideas does not 
matter, because the main purpose of this method is the 
quantity of them. To continue, the participants share 
the generated ideas and, during the sharing process, is 
expected to get good and new ideas.  

Three main rules for a successful Brainstorming 
session are: 

 

1. Participants should be encouraged to come up 
with as many ideas as possible. It does not 
matter how absurd they could be. In other 
words, there are not bad ideas. 

2. Judgment should not be given on any idea until 
the end of the session (whether negative or 
positive). 

3. Participants should be encouraged to build on 
each other ideas, creating unexpected 
combinations and taking each one in 
unexpected directions.  

 
Referring to the current project, the main problem of 
using this method was that the Brainstorming session 
group was compound of two persons. Because of this, 
the idea generation was not as good as the ideal group 
compound of five or six persons. To sum up, a 
Brainstorming session with two participants generates 
less and not so good ideas, nevertheless the 
methodology used was the same, and the result was 
also very satisfactory. 

 

2.1.2. Brainwriting pool. 

To begin, a problem is proposed to the group and the 
statement of the problem is written in a place where 
everybody is able to read. The group makes a 
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discussion in order to ensure that all the participants 
understand the problem. 

In the second place, each person writes down on a 
sheet four ideas. After, the sheet is faced down on the 
table and put together with the others’ sheets. Then, 
each participant takes a sheet from the stack and adds 
ideas or comments. 

Once the ideas or comments are written down in the 
chosen sheet, it is put back on the stack faced down 
and another sheet is taken, repeating what has been 
said on the previous step. 

At last, after approximately twenty minutes, the 
process finishes and the ideas are shown in order to a 
subsequent evaluation. 

After the Brainwriting pool session many ideas were 
generated. The images below show some of them.  

 

2.1.3. The 6-3-5 method. 

In this creative method, a group of six members are 
supposed to generate three ideas in five minutes. The 
members are sketching their ideas on one sheet per 
person. Then, after five minutes, the sheets are passed 

on to the next person to the right or to the left. This 
process is repeated until each sheet has been worked on 
by each member. After this, the participants can choose 
to work further on the ideas of each other. The 6-3-5-
method is carried out in a group of six people. 

The problem found in this method was that the number 
of available participants was only two, the same as in 
the Brainstorming and Brainwriting sessions. An 
example of solutions to this problem was the change of 
the 6-3-5 method into a  “2-3-5” method, and for the 
Brainwritting pool session the sheets were passed more 
than once.  

 

2.2. Evaluation Methods 

  2.2.1. The PMI Method 

PMI stands for 'Plus/Minus/Interesting'. It is a valuable 
improvement to the 'weighing pros and cons' technique 
used for centuries [4]. 
 
It is an important Decision Making tool: the mind tools 
used so far in this section have focused on selecting a 
course of action from a range of options. Before 
moving straight to action on this course of action, it is 
important to check that it is going to improve the 
situation PMI is a useful tool for doing this. 
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The lines below will explain how to proceed following 
this method. 

In the column underneath 'Plus', are written down all 
the positive results of taking the action. Underneath 
'Minus' are written down all the negative effects. In the 
'Interesting' column are shown the implications and 
possible outcomes of taking the action, whether 
positive, negative, or uncertain. 

By this stage it may already be obvious whether or not 
what should be implemented in the decision. If it is not, 
it must be considered each of the points written down 
and assign a positive or negative score to it 
appropriately. The scores assigned may be quite 
subjective. 
 
Once this is done, the score is added up. A strongly 
positive score shows that an action should be taken, a 
strongly negative score that it should be avoided. 

 

  2.2.2. Pugh’s Selection Matrix 

This is a method for concept selection using a scoring 
matrix called the Pugh Matrix [5].  It is implemented 
by establishing an evaluation team, and setting up a 
matrix of evaluation criteria versus alternative 
embodiments. This is the scoring matrix usually 
associated with the QFD method and is a form of 

prioritization matrix. Usually, the options are scored 
relative to criteria using a symbolic approach (one 
symbol for better than, another for neutral, and another 
for worse than baseline). These get converted into 
scores and combined in the matrix to yield scores for 
each option. 

Comparison of the scores generated gives insight into 
the best alternatives. 

The steps to construct a Pugh´s selection matrix are 
now specified. 

First of all, choose or develop the criteria for 
comparison. Examining customer requirements to do 
this and generating a set of engineering requirements 
and targets.  
 
The next step is to select the Alternatives to be 
compared. The alternatives are the different ideas 
developed during concept generation.  All concepts 
should be compared at the same level of generalization 
and in similar language. 
 
After that, generating scores is the next step. Usually 
designers will have a favorite design, by the time it 
comes to pick one.  This concept can be used as datum, 
with all the other being compared to it as measured by 
each of the customer requirements.  If the problem is to 
redesign an existing product, then the existing product 
can be used as the datum. 
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For each comparison the product should be evaluated 
as being better (+), the same (S), or worse (-).  
Alternatively, if the matrix is developed with a 
spreadsheet like Excel, use +1, 0, and –1 for the 
ratings. 

If it is impossible to make a comparison, more 
information should be developed. 

In the next place compute the total score. Four scores 
will be generated, the number of plus scores, minus 
scores, the overall total and the weighted total. The 
overall total is the number of plus scores- the number 
of minus scores. The weighted total is the scores times 
their respective weighting factors, added up. The totals 
should not be treated as absolute in the decision 
making process but as guidance only. If the two top 
scores are very close or very similar, then they should 
be examined more closely to make a more informed 
decision.  

The last step is to make variations on scoring. A 
number of variations on scoring Pugh’s method exist.  
For example a seven level scale could be used for a 
finer scoring system where: 

• +3  meets criterion extremely better than datum  
• +2  meets criterion much better than datum  
• +1  meets criterion better than datum  
•   0  meets criterion as well as datum  

• -1  meets criterion not as well as datum  
• -2  meets criterion much worse then the datum  
• -3  meets criterion far worse than the datum. 
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3. Research 

First of all, it was necessary to research about already 
existing products in this field. The initial search was 
focused on trailers for one or two horses, towed by 
cars. The main reason for starting the research at this 
point was to get knowledge about this kind of devices, 
in order to orient our ideas to the possibility of fitting 
the portable stable into any kind of trailers or vehicles. 

This initial research provided many answers to several 
doubts about the viability of the project, such as 
measures and weights. These results are summarized in 
the Table 1. 

Once the research had begun, it was necessary to find 
more products existing in this market, but not only 
oriented to be used as a trailer for a car, because the 
product to develop in this project can be useful for a 
wide range of potential customers. Considering this, 
the next step to collect information was the market of 
trucks for horse transportation. 

 

 

 

 

Model Measures Weight Capacity 
 Interior Exterior   

Alce PCA1     

 

 
Height: 
2,130m 

 
Width: 
1,020m 

 
Length: 
3,200m 

 
Height: 
2,710m 

 
Width: 
1,650m 

 
Length: 
4,310m 

 
 
Unladen: 

440kg 
 

Max. 
Load: 

1.500kg 
 
 

 
 
 
 

1 Horse 

Alce PCA2     

 

 

 

 
Height: 
2,140m 

 
Width: 
1,580m 

 
Length: 
3,170m 

 
Height: 
2,710m 

 
Width: 
2,130m 

 
Length: 
4,170m 

 
 
Unladen: 

630kg 
 

Max. 
Load: 

2.000kg 
 

 
 
 
 

2 Horses 

Table 1. Simple trailers. [6] 
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On one hand, there is a narrow market for small trucks, 
or adapted vans, designed for two horses. The 
advantages given in this range of products are: more 
load capacity, improved maneuverability and more 
space to place the Portable Stable 

The Table 2 shows an example of the cited products 
and its general features. 

 

Image Measures Weight 
 Interior Exterior  

Renault Master Adapted    

 
 

For 2 horses 

 
Height: 
2,330m 

 
Width: 
1,640m 

 
Length: 
3,615m 

 
Height: 
3,210m 

 
Width: 
2,230m 

 
Length: 
4,570m 

 
 

Unladen: 
1.900kg 

 
Max. Load: 

3.500kg 
 
 

Table 2. Adapted van example. [7] 

 

There are disadvantages with these vehicles 
Remarkable is, for example, the cost of the purchase 

and, as a unit, the possibility of separate trailer and 
vehicle disappears. 

On the other hand, the market of trucks for more than 
four horses offers a wide range of products, even 
including vehicles with integrated housing. There are 
so many models and features in this field that it is not 
possible to present all of them. Because of this, four 
examples of these trucks will be shown in pictures. 
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Picture 1. MAN TGL 8.213. From 4 to 6 horses. [8] 

 
 

 
Picture 2. VOLVO C3. For 5 horses and housing. [9] 
 
 

 
 
 

 
Picture 3. SCANIA P310. For 6 horses and housing. [10] 
 
 
 
 

 
Picture 4. Mercedes Actros. For 10 horses and housing. [11]
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While this market research was being developed, 
parallel research on stables was taking place. This one 
was focused on pre-built stables, disposable stables and 
permanent stables.  

 Pictrure 5. [12] 

The most similar product to the Portable Stable is a 
non-permanent stable, or pre-built stable, designed to 
provide extra places for horses during a competition 
where there are not enough permanent stables for all 
participants. These stables consist of a steel structure 
that gives an interior area of 9 square meters (3x3m), 
walls made of plywood and a simple roof made of 
canvas. Normally, two of the walls are shared with two 
other adjacent stables. The attached pictures show the 
stables described. 

 

 

Picture 6. [12]  

 

Picture 7. [12]  

 

These pre-built stables are really simple in their 
structure, manufacture and assembly, as well as cheap 
and useful. Because of this, that was an initial 
inspiration for ideas oriented to the portable stable due 
to its similarity of conception (temporary stables, 
designed for one horse and for saving money). 
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Another kind of stables is, of course, the permanent 
stable. In this case, the research is only thought to be 
helpful to find quality standards and possible additional 
features for the Portable Stable. Obviously there is not 
only a company dedicated to this market, every kind of 
builder can build these stables, but there are some 
general features that all of them have, such as square 
floor or minimum measures for the horses’ welfare. 

 

3.2. Field of Application 

On the 4th of April this year (2009), a horse 
competition took place in Värnamo. It was an 
opportunity to develop research about the potential 
customer, noting the general interests and the kind of 
vehicles and devices used in this field. 

First of all, it was possible to see directly the pre-built 
stables described above, taking detailed pictures and 
talking to horse owners about the rent cost and the 
different accommodation options. 

 

 

 

 

Picture 8  

 

The Pictures 8 and 9 show a standard permanent stable, 
built in the place of the competition and at the cost of 
approximately 2.000sek per competition (normally, a 
competition lasts for three days maximum). Obviously, 
the permanent stable is much more resistant and 
provides a better environment for the horse but, 
considering the temporary character of these rents, the 
price could not compensate over the advantages.  
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 Picture 9 

 

The following images were taken from the pre-built 
stables area. There were many more stables of this kind 
and they were fully equipped, being assembled only for 
the competition duration and at a cost of approximately 
1.000sek per competition. 

  Picture 10 

 

 

Picture 11  

 

 

Picture 12  
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 Picture 13 

 

 

 

 Picture 14 

 

 

Picture 15  

 

 

This was a more productive and interesting part for the 
purpose of the project. It was possible to check the 
materials, quality standards, assembly techniques and 
other features to be included in the Portable Stable. 
Then there are listed a series of interesting details and 
important things to take into consideration: On is that 
the walls of plywood provide enough resistance to 
strokes, so other material as strong as this and lighter, 
such as glass fiber, could fulfill the requirements. 
Another is the steel structure is very simple. It only 
uses a few holding points for the walls and the profile 
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measure is thin but strong enough to keep the stable 
100% safe. And other is that this simple stable fulfills 
perfectly its purpose for a temporary space to place the 
horse. 

 

The following issue to be investigated was the one 
related to vehicles and trailers. At the Värnamo 
competition it was possible to find every kind of 
products, from the single horse trailer for tourism 
vehicles to huge trucks for more than four horses. The 
most important point noticed here was that there were 
more trucks than single trailers so, because of this, the 
efforts to provide compatibility should initially focus 
on small trailers in order to offer the Portable Stable to 
every kind of customers. Because of its character, price 
and features the less problematic market is supposed to 
be the trucks market. 

These are some of the images taken at the competition: 

 

 

 

 

 

 

 

 

 

 

 

Picture 16   
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 Picture 17 

 Picture 18 

 

To conclude with this research, it can be said that there 
are several potential customer who could find the 
Portable Stable really useful. On the other hand, it was 
possible to check that the pre-built stables for 
temporary use have all what a horse needs during a 
competition, but using cheap materials and simple 
designs.  

3.3. Requirements 

This paragraph is divided into two main points: on one 
hand the user requirements, related to functional, 
comfort and customer suggestion aspects, and on the 
other hand the laws, rules and regulations about horse 
caring, transport and other legal requirements. 

 

  3.3.1. User Requirements 

As has been shown in the problem formulation part of 
the essay, the user requires a series of features to be 
accomplished as well as functional facilities and the 
lowest possible price. 
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In the first place, for horse owners a very important 
issue is the welfare of the horse. Because of this, one of 
the first requirements demanded by the user is space 
enough for the animal, considering that the Portable 
Stable is a temporary accommodation for it. 

Besides the requirement specified above, the user 
would considerate the purchase of the Portable Stable 
if it involves a significant save of money compared to 
the temporary rents of pre-built and permanent stables 
at the competition place. 

In addition to these points, it is important for the user 
the easy and cheap replacement of parts in case of 
breaking. 

In conclusion, the potential customer contributed with 
his own point of view and requirements. These aspects 
had to be considered during the development of the 
project. 

 

3.3.2. Laws, Rules and Regulation 

To complement the last chapter it was necessary to 
research about legislation in this field, mainly focusing 
on stables measures, features and requirements. 

First of all, the minimum measures for the Portable 
Stable are given by a direct relation between the size of 
the horse and the space required for the horse. 
Accordingly to this, there are two kinds of relations to 
take in consideration; the permanent stables and the 
temporary stables. The following tables, taken from 
Swedish Laws for animal welfare, show these sizes and 
their correspondent measures. 

 

 

 

 

 

 

 

 

 

 

Table 3. Measures for temporary stables. [13] 

 

Size of the Horse 
(m) 

Minimum 
Stable Area 

Minimum Side 
Length (m) 

- 0.85 3 1.50 

0.86 – 1.07 4 1.60 

1.08 – 1.30 5 1.90 

1.31 – 1.40 6 2.10 

1.41 – 1.48 7 2.20 

1.49 – 1.60 8 2.35 

1.61 – 1.70 9 2.50 

1.71 -  10 2.70 
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Size of the Horse 
(m) 

Minimum 
Stable Area 

Minimum Side 
Length (m) 

- 0.85 3.5 1.60 

0.86 – 1.07 4.5 1.90 

1.08 – 1.30 6.5 2.30 

1.31 – 1.40 7.5 2.50 

1.41 – 1.48 8.5 2.60 

1.49 – 1.60 10 2.80 

1.61 – 1.70 11 3.00 

1.71 -  13 3.20 

Table 4. Measures for permanent stables. [13] 

 

 

 

 

Another regulated issue for the horse stables is the 
height of the walls. It is necessary to take in 

consideration because this affects the ventilation and 
the strength of the walls as well as the quantity of 
materials to use. The measures of the walls for a 
permanent stable are specified below, and this point is 
more understandable attending to the figure shown. 

 

 

Figure 1. [14]  
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4. Problem Investigation 

This point consists of describing in general terms the 
main problem that is presented, defining features to be 
implemented and characteristics or details to be solved. 

The project, as has been shortly described in other 
chapters, consists of developing a Portable Stable for 
Horses in order to provide a temporary living space for 
these animals, mainly during competition days but also 
applicable for many other occasions. This device must 
be easily manageable for almost every kind of person, 
considering physical capability required as well as the 
total weight and ergonomics of the system 

In addition, the Portable Stable must be suitable for 
adaptation into any type of trailers and vehicles with 
the aim of covering the biggest market area possible, 
offering the product to a wide range of potential 
customers. 

Finally, this Portable Stable should be as economical as 
possible because it is originally conceived as an 
additional device that will suppose an overprice above 
the cost of the stock trailer, van or truck. 

As a result, the first considerations to look at are, first 
an adequate mechanical system providing mobility, 

facility of use and durability. Next, appropriate 
measures and weights to make it easily suitable for 
every vehicle on the market. In the last place proper 
materials and manufactured parts to ensure the 
reliability of the system. 

 

 4.1. Problems to be Solved 

The first meetings, focused on discussing possible 
solutions and ideas put into a list of several issues to be 
solved. These issues appeared as a result of debating 
the problem proposed and showing the very first ideas 
and suggestions. 

The main problem that was found at the beginning was 
the unfolding system of the walls. This problem will 
lead to some others related issues, such as the number 
of pieces that the walls should be divided into. In 
accordance with this, the following lines will explain 
these problems deeper. 

First of all, the unfolding system had to have the most 
efficient possible design, attending to space saving 
requirements and suitable shapes to be installed on the 
vehicles. Accordingly with these features, the system 
had to provide an easy way to fold and unfold the 
Portable Stable walls reducing as much as possible the 
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user physical capability. These issues led to present 
another problem; how to divide the walls. The 
proposals for division were one wall divided into two 
pieces, three walls divided into three pieces and one 
wall without any division. 

In the second place there was the materials election 
problem. This will affect the Portable Stable weight as 
well as resistance, compatibility and economy issues. 
Because of this, the materials election was an 
important point to be investigated properly. 

In addition and more focused on the simple trailers the 
market for tourism cars, there was the problem of 
including two Portable Stables as well as the two 
transported horses, including everything in the trailer 
and without compromising with stability and security. 

To sum up,  after the meetings about this topic it was 
possible to concentrate the work and establish concrete 
aims in order to start developing valid concepts and 
ideas for the project purpose. 

 

 

 

 4.2. First Ideas 

Once the initial lines to follow our intentions and the 
aims to accomplish them were reached, the first ideas 
and drawings were shown. These first ideas will later 
help to expand the Idea Generation sessions and to 
improve the first sketches and concepts. 
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5. Sketches and Concepts for Solving 
the Problem 

This chapter will talk about the main concepts that 
were taken as basis for the idea development and the 
description of the final concept. The final concept was 
reached mostly by mixing two concepts, which are 
detailed in the two following points. 

 

 5.1. First Concept 

To begin, this concept was devised including a floor. 
This floor was folded in the same way as the walls but 
it worked as basis to unfold the whole system, 
providing a solid area for the horse weight and a 
support for the structure. 

The next feature of this concept was its measures. The 
folded system was 1m wide and 1,5m long, what 
forced to place the Portable Stable at the frontal part of 
the trailer instead of the external sides. 

In addition, it was necessary to implement a 
mechanism to make easier the task of release the 
Portable Stable because of its measures and disposition 
in the vehicle. 

The following sketches show details of the unfolding 
system of this concept, measures and other features. 

  
Drawing 1 

   
Drawing 2 
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 5.2. Second Concept 

On one hand, the main purpose of this concept was 
saving space, material and, consequently, weight. The 
basic idea was to use the empty space of a bigger 
framework to place a smaller one, obtaining with this 
design a compact structure that could take only 10cm 
of the side of the vehicle. This system also provides an 
easier unfolding task because it was only necessary to 
pull from the smallest structures, while the others were 
pulled by these small walls. 

On the other hand, the concept presented some 
problems. These problems are related to design 
problems, because of the necessity of different 
measured structures to implement each one in another 
bigger one. A consequence of this problem also drove 
to a possible unstable structure, compromising the 
security of the Portable Stable. 

To sum up, the following sketches detail the points 
developed above. 

 

 

 

  
Drawing 3 

  
Drawing 4 
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5.3. Final Concept 

After a P.M.I. session based on these two concepts, the 
most interesting features of them were included on this 
final concept. In other words, the final concept to 
develop is the result of collecting the best ideas, 
solutions, features and improvements to solve the 
proposed problem. 

 

   
Drawing 5 

 

 

 

   
Drawing 6 

 

  
Drawing 7 
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6. Prototype Development 

 6.1. Features and Operation 

In this point it will be detailed the chosen structure, its 
place on the vehicle, the unfolding system as well as 
the helping system to place the Portable Stable in the 
ground. 

In the first place, the structure has been designed trying 
to save as much space as possible. It consists of six 
parts, all of them with a height of 2’1m and a thickness 
of 5cm. These six parts are divided into two main 
structures of 3m wide and four smaller structures of 
1’5m wide. They are all joined in their union point, that 
consist of cylinders with a diameter of 10cm, by pin 
cylinders with a diameter of 5cm. The whole system, 
thanks to the structure design, can be fitted in a space 
of 20cm thick. The image below presents these 
structures. 

 

 

Capture 1 

To continue, it is necessary to explain where is the 
Portable Stable designed to be placed and why. As it 
has been said, this product is oriented to vehicles that 
transport at least two horses, so it will be 
complemented by two Portable Stables. The best 
placement for them is the sides of the vehicle, because 
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this area provides enough space to install the required 
parts and devices. In addition, placing two Portable 
Stables, one in each side of the vehicle, the stability 
remains unaltered and, in consequence, the security is 
guaranteed. 

In the next place, the unfolding system is another 
important feature of the Portable Stable. Thanks to this 
unfolding system, one of the main initial requirements 
is accomplished, that is the facility of use for almost 
every kind of person. The working is as simple as 
effective: the four smaller structures are deployed by 
pulling the external structure. This deployment is made 
easier and smoother by using lubrication in every 
moving part and bearings in some critical unions. The 
Portable Stable is kept consistent when unfolded 
because the joints of the structures have limited 
movement and the only way to fold them is by pushing 
them from outside. 

In addition, helping to accomplish the requirement 
cited above, the hydraulic system is an important part 
of this product. This simple hydraulics have the 
mission of helping the user to place the unfolded 
structure in the ground. They are thought to provide 
enough reduction of the weight that the user must 
handle to put the structure down or to lift it up again. 
The hydraulics is fixed in the vehicle and in both sides 

of the Portable Stable. This can be easily understood on 
the image below. 

Finally, the roof has been designed to be released from 
the top part of the vehicle, as it is done in the case of a 
normal awning, forming a falling roof because it is 
attached to the frontal structure, which is placed in a 
lower point. This way to cover the Portable Stable 
gives more ventilation as well as it lets the water, in 
case of rain, to slide falling down to the ground. 

 

 6.2. Materials Selection 

  6.2.1. Material for the Structure 

In order to choose the material for the structure, it was 
necessary know the requirements of it, the most 
important of them are listed below [15]. 

In the first place strength, because the structure has to 
house the walls and resist some impacts by the horse.  

In the next place lightweight. The structure has been 
designed in order to be towed by a car, so the weight 
should be considered as one of the most important 
factors. 
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In the third place the price. One of the goals of this 
design is to let the customers to save money avoiding 
extra costs during the competitions in concept of stable 
hiring. 

In the last place resistance to corrosion, since the 
structure will be outside the material chosen must be 
stainless. 

Based on these requirements, the candidates materials 
were aluminium, steel, titanium and epoxy plastics 
reinforced with carbon fibers. 

The Pugh method was used for choosing this material. 

 

Table 5. Pugh’s Selection. 

 

Due to the characteristics of the Aluminium, the 
structure of the Portable Stable has been designed for 
the use of this material. These characteristics are 
detailed below.  

First of all, the Aluminium is a light metal which can 
be given tremendous strength by alloying. It conducts 
heat and electricity, reflects light and radiant energy 
and resists corrosion. It is also non-magnetic, non-
toxic, and can be formed by all known metal working 
processes. Because of these advantages it has a wide 
range of uses. 

Another important characteristic is its density, which is 
2.7kg/dm³ or approximately one third the density of 
Steel [16]. 

In addition the Aluminium alloys have tensile strengths 
of between 70 and 700N/mm² and at low temperatures 
the strength increases without embrittlement in contrast 
to most steel alloys. At high temperatures the strength 
decreases [17]. 

MATERIAL Strenght 

X2 

Weight 

X2 

Cost 

X 4 

Corrosion 
Resistance 

X1 

TOTAL 

Steel 3 1 4 2 26 

Epoxi Plastics 2 4 1 4 20 

Titanium 4 4 1 4 16 

Aluminium 2 3 4 4 30 
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To continue, this material has a good malleability 
which is a necessity for Aluminium Extruding. This 
malleability allows bending and other forming 
operations in both hot and cold conditions. Then, the 
Aluminium is simple to fabricate with most punching 
and machining techniques it is also suitable for 
advanced bonding and welding. 

Another important characteristic to take in 
consideration is that the Aluminium reacts with oxygen 
in the air. The oxide layer which is created is very thin, 
only a fraction of a micron, compact and provides very 
strong corrosion protection. 

At last, the Aluminium is a non toxic material.  

To conclude with this point, the chosen Alluminium 
alloy is specified in the Table. 

 

 

 

 

 

 

 

 

 

Table 6. Aluminium alloy [18] 

 

 

 

Material Characteristics Available 
Forms 

Typical 
Uses 

Aluminium 
alloy 6063 
(Al Mg Si) 

The 
recommended 
alloy for 
structural 
purposes with 
good strength 
and general 
corrosion 
resistance. Good 
weldability. 

Structural 
shapes. Rod, 
bar, tubing. 

Vehicles, 
bridges, 
cranes, roof 
trusses and 
all general 
structural 
applications. 
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 6.2.2. Material for the Walls 

To begin with this point, there is shown a comparison 
between of honeycomb and alternative core materials 
and the benefits of the first one. 

Materials other than honeycomb are used as core 
materials. These are primarily foams and wood-based 
products. The advantages of honeycomb compared to 
these alternative core materials are as follows. 

 

MATERIAL PROPERTIES HONEYCOMB 
IMPROVEMENTS 

Foam inclusions 

– polyvinyl chloride 
(PVC) 

Wood-based inclusions 

– plywood 

– balsa 

– particleboard 

Relatively low 
crush strength 
and stiffness 

Very heavy 
density 

Subject to 
moisture 
degradation 

Flammable 

Excellent crush 
strength and 
stiffness 

for curvatures 

 

Excellent strength-
to-weight ratio 

Excellent moisture 
resistance 

Self-extinguishing,  

Table 7. [19] 

 

 

Sub-Panel Structure Comparison. 

The following comparison shows the relative strength 
and weight attributes of the most common types of 
sandwich panels. 

 

Material Average Relative 
Strength 

Average Relative 
Stiffness 

Honeycomb 100% 100% 

Foam Sandwich 26% 68% 

Structural 
Extrusion 

62% 99% 

Sheet & Stringer 64% 86% 

Plywood 3% 17% 

Table 8. [20] 
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The material chosen for the walls is honeycomb panel 
of Fiberglass. In this point it is going to be explained 
the reasons and the advantages of this choice.  

First of all, Fiberglass is an epoxy plastic material that 
is composed of a combination of glass fibers 
reinforcing material and plastic resin. Due to its 
characteristics it is used in the construction of boats, 
car bodies, campers, travel trailers, motorhomes, tanks, 
swimming pools, snowmobile bodes, and hundreds of 
other things. 

To continue, the main requirements that this material 
accomplish in this project are strength in conjunction 
with lightness and low price. These advantages are 
justified by the Fiberglass features, which are specified 
below. 

There are several examples of the many inherent 
benefits of Fiberglass. First, its Lightweight (an 

average improvement in weight of 80% less than steel). 
Next, the Fiber glass is very resistant to corrosion. In 
the next place, it is a strong material as well as 
dimensionally stable. Ultimately,  the Fiberglas is easy 
to manufacture and assemble and it needs a low 
maintenance. 

The wall panels will be made by sandwich structures. 
This kind of panel is composed of a honeycomb core 
surrounded by two layers made of Fiberglass. Using 
this structure, it is obtained much more strength in less 
space, saving weight and material.  

The following table shows why the sandwich 
construction is better for this kind of wall. 
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Table 9 [21] 

 

 

 

 

 Solid Metal Sheet 

 

Sandwich Construction 

 

Thicker Sandwich 

 

Relative 
Stiffness 

100 700  

7 times more rigid 

3700 

37 times more rigid 

Relative 
Strength 

100 350 

3.5 times as strong 

925 

9.25 times as strong 

Relative 
Weight 

100 103 

3% increase in weight 

106 

6% increase in weight 



29 

 

 6.2.3. Material for Other Parts 

Another important part to take into consideration 
because of the material is the roof. The roof is quite 
similar to a simple awning either in working and 
appearance. 

The roof must be waterproof and resist possible 
breakings because of a casual strong wind or a 
misusing of the device. 

There were several types of plastic materials to choose 
for this part but because of a very generalized use in 
this kind of products, the material chosen was polyester 
fiber. 

The polyester fiber provides water resistance enough as 
well as strength and light filtering. 

The falling disposition of the roof makes easier the 
evacuation of water in case of raining,
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7. Physical Model 

Despite the animations and renderings created with 
ProEngineer and 3D StudioMax were enough to 
understand the working of the Portable Stable, a 
physical model was developed with the purpose of 
giving to the customer the opportunity to test a scaled 
prototype to have a clearer idea of how the product 
would be and work. 

 
For building this prototype, about a week at the 
workshop was devoted. The prototype has been built at 
an approximately scale of 1:10, so the measures are 
around 30cms long for the side of the Portable Stable. 
The model is not completely accurate, because it was 
impossible to make the prototype with the shapes of 
the original design. Nevertheless the model shows how 
the Portable Stable works and how the folded walls 
look inside the box. Also the customer can see that the 
folding system saves a lot of space. 

 

 

 

 

 

Pictures 19 and 20. Physical model development. 
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8. Final Result 

After all the steps described and chapters written in this 
report, now it is time to show the final concept. This 
chapter will explain the final aspects of the prototype 
as well as its working features and other issues that 
need to be detailed deeper by using the final images 
obtained after the 3D rendering process. 

 

8.1. Final Design 

First of all it is necessary to clarify that the final design 
of the Portable Stable needed to be presented in 
conjunction with a standard trailer for horses. One of 
the main reasons of this conjunction is to show how the 
Portable Stable accomplishes the goal of being 
implemented in this kind of devices, besides other 
bigger vehicles. This trailer is an original design, but 
obviously based on existing products. The following 
render images show different points of view and 
different positions of the system. 

Render 1 

Render 2 
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Render 3 

Render 4 

 

Render 5 

 

8.2. Detailed Working Features 

In this point it will be explained how the releasing and 
unfolding system is operated, the installation of the 
roof, and small details referred to security devices and 
others. 

To begin, the first action to release the Portable Stable 
from the vehicle by pulling the whole system holding 
the handles placed in the centre of the front wall. Then, 
to pull it down to the ground, it is only necessary to let 
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it descend slowly thanks to the hydraulics helping 
system that provides enough strength to make the 
Portable Stable easy to handle in this operation despite 
of its weight (read more details in appendix 3b). The 
hydraulics system has two different positions for this 
task, on of them keeping the Portable Stable a little bit 
higher over the ground to avoid possible obstacles 
when it will be unfolded. 

 
Render 6 

 

 

 

Once the Portable Stable is released from the vehicle, 
the following operation is removing the security lock. 
This security lock is blocking any movement during 
the transportation, what avoids an accidental unfold of 
the structure. 

 

 
Render 7 
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After that, the next step consists of pulling again the 
front wall using the central handles. In this operation 
the Portable Stable will be fully released and almost 
ready to use. 

 

Render 8 

 

 

Afterwards, the roof box must be opened and the roof 
extended to the front wall, where the piece is attached 
at the top of the wall. 

Render 9 

 
Render 10 
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In addition, the door of the portable stable is located in 
the front wall and closed by using a simple lock, 
similar to the standard locks used in the normal stables. 

 

 

 

Render 11 

 

 
Render 12 

To conclude, once the Portable Stable is used, the steps 
to follow in order to fold and attach back again the 
system are the same as the explained before but, in this 
case, reverting them. 
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9. Conclusions 

The goal of this project was the development of a 
Portable Stable for horses oriented to people who 
usually go to competitions and people who wants to 
bring their horses with them to places where there is no 
accommodation available for the animals. This 
Portable Stable had to be adaptable for almost every 
already existing horse transport vehicles. 

This goal was planned to achieve by following the 
standard steps of the Product Design and Industrial 
Design Engineering creation process. These steps 
include research, idea generation and evaluation 
methods, sketching and 3D modelling. 

After an initial research, the project started to be 
focused on simple trailers towed by tourism cars in 
order to ensure that the Portable Stable would be 
suitable for bigger vehicles. 

Once the project was following the right direction, the 
idea generation sessions were developed as well as idea 
evaluation sessions. These sessions gave the main 
direction to follow by deciding a principal idea or 
concept. When the ideas were generated, the next step 
was to establish a connection between them in order to 
find the best solution for each problem. This was 

perhaps the part of the process of idea generation that 
could have has more influence in the final concept of 
the product. 

In succession, the 3D modelling stage was focusing on 
provide as much as graphic information as possible and 
to provide realistic renderings and virtual models 
besides a physical model built in at the workshop of the 
University. 

The result of this process is a device that accomplishes 
all the goals and requirements wanted at the beginning 
and is still open for improvements and variations. The 
Portable Stable does not only fit a trailer for cars, it 
also can be fitted in vans, small trucks and special 
trailers for trucks. 
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Appendix 1 

 

Project Specifications 

 



Degree Project Specifications 
 
Names: 
 
Manuel Bellido Sánchez-Cañete. 870318P951 – a08manbe@student.his.se 
 
Antonio Peralta Fernández-Blanco.  860131P213 – c08antpe@student.his.se 
 
The Company: 
 
(not applicable: University of Skövde) 
 
Background: 
 
This project consists of developing a Portable Stable for horses, for instance to avoid big 
prices of renting permanent stables at the horses competition place. This kind of stables 
are very expensive, around 2000 sek per day, and these kind of competitions can last for 
3 or more days. Therefore one of the aims of developing a portable stable is to have the 
choice of an own stable in each competition place without spending any amount of 
money on stable rents. 
 
Project Description: 
 

• User Requirements: these requirements for this project attend to: 
o Be suitable for two horses. 
o The handling of the Portable Stable must be simple, in order to be used by 

every kind of people independently of their strength, complexion, age or 
height. 

o Not only for horses transport. The animals must be able to live in this 
stable during the competitions. (About two or three days). 

o Oriented to be towed by a car. 
 

• Standards: this product will be used in public roads, so it must obey the Swedish 
laws in these respects: 

o Trailers legislation. 
o Animal transport legislation. 
 

• Environmental Issues: besides the use of environmental friendly materials, for 
recycling after lifetime of the product, another point to take care of here is energy 
efficiency (enough aerodynamic shapes with the purpose of make less opposition 
to wind, energy storage into a device like, for instance, a capacitor or other kind 
of devices more environmental friendly). 

 
 
 
 



• Engineering: in order to fulfill user requirements, production, environmental 
issues and price the following points must be considered: 

o Materials: the Portable Stable must take into consideration the strength, 
weight and behavior of the horses. Because of this, the materials would be 
able to resist, during its lifetime, determined impacts, weight, forces and 
other factors caused by the animals and the transportation conditions. 

o Mechanics: to fulfill the second point of the user requirements, the 
Portable Stable can use mechanisms to make easier the task of handle the 
mobile parts and the deployment of the stable. 
 

• Prototypes: development of scaled prototype by using the University sources; 
workshop, materials, tools and machines. 

 
 
Conditions: 
 
Due to we are not supported by a company, main use of our own resources. Travels (if 
necessary) during investigation stage and materials will be afforded by us. 
 
Time Plan: 
 
The following Gant diagram represents briefly the work planning: 
 
Research

Needs & Requirements

Sketches and ideas

Evaluation of Ideas

Concept Development

3D Modelling

Prototyping

Presentation 

Reporting

Week 14 15 16 17 18 19 20 21

 
 
Methods: 
 
Idea generation and idea evaluation methods that will be used are mainly Brainstorming, 
Brainwritting and PMI (as well as other methods if needed). 
 
Supervisor: 
 
Main Supervisor,  Björn Kastenman. 



 

 

Appendix 2 

 

Drawings 

 





 

Comments about the drawings.  

The drawings have been created in order to show the measures of the 

portable stable.  They are not construction drawings because there are 

many ways to assemble the pieces and it will depend on the manufacturer, 

so the construction drawings will be created by the manufacturer. 

Surface and material have been detailed in the tables. 

The units used in these drawings are “cm”. 

 

















 

Appendix 3 

 

Structure Calculations 

 



Calculate of the structure weight. 
 
 
 

 
 
 
Product characteristics Profile 5 40x40, natural  

Material      = 
  Al, anodized, 
(no colour) 

Property      =   natural  

Height   h   =   40 mm 

Width   b   =   40 mm 

Cross-sectional 
area 

  A   =   5.14 cm2 

Moment of Inertia   I   =   9.3 cm4 

Moment of 
Inertia, torsional 

  It   =   5.42 cm4 

Resistance 
Moment 

  W   =   4.65 cm3 

Weight, spec. 
Length 

  m   =   1.39 kg/m 

 
 
This  profile has been  chosen in order to know a approximated total weight of the 
portable stable. The type of profile have been selected of the manufacturer.  



 
 
 
 
 
  Structure Walls 
Name  Picture Length Weight Volume Weight 
Door 

 

100 x 
3= 
300cm 
194.5 x 
2 =  
389cm 
Total: 
689cm 
 

1,39 
kg/m  
6,89m 
x 1,39 
kg/m= 
9,58 
kg.  
 

18750 
cm3 
 

1.6gr/ cm3    

 

18750 cm3 

X 1.6gr/ cm3    

=30kg  
+3% of 
Honeycomb 
panel (HRH-
327 
Fiberglass) 
 

 

Structure 
1 

 

300 x 
3= 
900cm 
210 x 
3= 
630cm 
Total 
1530cm 

1,39 
kg/m 
15,3 x 
1,39 
kg/m= 
21,67 
kg 
 

37500 
cm3 

37500 cm3 

X 1.6gr/ cm3    

=60kg  
+3% of 
Honeycomb 
panel (HRH-
327 
Fiberglass) 
 
 

Structure 
2 

 

140 x 3 
= 420 
cm 
210 x 2 
= 420 
cm 
Total: 
840cm 
 

1,39 
kg/m 
8,4 x 
1,39 
kg/m = 
11,68 
kg. 

18750 
cm3 
 

18750 cm3 

X 1.6gr/ cm3    

=30kg  
+3% of 
Honeycomb 
panel (HRH-
327 
Fiberglass) 
 
 



Structure 
3 
 

 

140 x 3 
= 420 
cm 
210 x 2 
= 420 
cm 
Total: 
840cm 
 

1,39  
kg/m 
8,4 x 
1,39 
kg/m = 
11,68 
kg. 

18750 
cm3 
 

18750 cm3 

X 1.6gr/ cm3    

=30kg  
+3% of 
Honeycomb 
panel (HRH-
327 
Fiberglass) 
 
 

Structure 
4 

 

140 x 3 
= 420 
cm 
210 x 2 
= 420 
cm 
Total: 
840cm 
 

1,39  
kg/m 
8,4 x 
1,39 
kg/m = 
11,68 
kg. 

18750 
cm3 
 

18750 cm3 

X 1.6gr/ cm3    

=30kg  
+3% of 
Honeycomb 
panel (HRH-
327 
Fiberglass) 
 
 

Structure 
5 

 

140 x 3 
= 420 
cm 
210 x 2 
= 420 
cm 
Total= 
840cm 
 

1,39  
kg/m 
8,4 x 
1,39 
kg/m = 
11,68 
kg. 

18750 
cm3 
 

18750 cm3 

X 1.6gr/ cm3    

=30kg  
+3% of 
Honeycomb 
panel (HRH-
327 
Fiberglass) 
 



Structure 
6 

 

300 x 2 
= 600 
cm 
210 x 4 
= 840 
cm  
140 x 1 
= 140 
cm  
Total= 
1540 
cm  

1,39  
kg/m 
15,4 x 
1,39 
kg/m = 
21,41 
kg. 

18750 
cm3 
 

18750 cm3 

X 1.6gr/ cm3    

=30kg  
+3% of 
Honeycomb 
panel (HRH-
327 
Fiberglass) 
 

Total   
7119cm 

71,19 
m  x  
1,39 
kg/m = 
98,95 
kg 

150000 
cm3 

240Kg 
+3% of 
Honeycomb 
panel (HRH-
327 
Fiberglass) 
= 247,2 kg 

Total Structure + Walls 98,95 kg + 247,2 kg  ≈ 350 kg 
 

 
Material detailed [18] [19] [20].  
 
 
 
 
 

 

 

 

 

 

 

 

 

 



 



 

Appendix 3b 

 

Hydraulics 

 



Calculate about the hydraulic cylinder: 

1 kg = 2.2 pounds 1 cm = 0.39 inch  

so 1 kg/cm2 = 2.2/(0.39)^2 psi = 14.2 psi  

346,15 kg x 14.2 psi/kg = 4915,33 psi 

 
 
 
Example of hydraulic cylinder:  
 
DCR and DR Rephasing Series  
 
 

Designed for series use - cylinders are volumetrically 
matched and feature a unique bypass system with 
special piston seals. Cylinders rephase automatically 
upon full extension. [22] 
 
 

Rated to 3000 psi, 6000 psi proof pressure. 
DH Series  
 
(Request form #DH01) 

• 2" to 4" bores, clevis mounted.  
• Heavy duty seals and upgraded castings.  
• Hardened steel pins 3" bore and up.  

  
 


