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OBJETIVOS DEL PROYECTO

El objetivo del proyecto es el disefio de una caja movil que puede ser montada dentro
de la seccion de carga de los vehiculos tipo furgoneta. Después de expulsarla durante
el aparcamiento, la caja debe permitir que el vehiculo pueda obtener un significativo

espacio Util adicional.

Con el fin de maximizar el espacio util, se considerara el uso de una caja movil
expandible. Una vez que esté fuera de la furgoneta, se desdoblaran las paredes de la

caja para dar mas espacio al usuario.

Hay dos componentes principales del sistema: la caja expandible y el sistema de

deslizamiento.

La caja también estd equipada con algunos muebles. Una parte de los muebles se

oculta en el interior de la caja y no se utiliza durante el viaje.

Fig. 1. presenta una sencilla explicacion grafica del concepto donde:

- Etapa | es el proceso de extraer (sacar) la caja.

- Etapa Il es el proceso de expansion de la caja.

- Etapa l.a es la accion contraria de la Etapa |, introduciendo la caja en la furgoneta.

- Etapa Il.a, es la accién opuesta de la Etapa |l, en la cual se doblan las paredes de la

caja.

Las partes principales del proyecto son:

- Analisis de soluciones y supuestos para el proyecto.
- Descripcion y analisis de las posibles soluciones.

- Desarrollo del concepto elegido mediante la aplicacion de SolidWorks.
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DISENO DEL SISTEMA

1006 mm

El disefio final del sistema se presenta en este capitulo.

Esta compuesto por la caja principal a la que el sistema expandible y el de
deslizamiento estan unidos. El sistema de deslizamiento también esta conectado a la

furgoneta, permitiendo que la caja se mueva fuera de ella.

Las dimensiones de los componentes que forman la parte expansible de la caja movil

estan limitadas por las dimensiones externas de la caja principal (Fig. 10.).

La solucién aplicada se presenta en la Fig. 38., la cual permite obtener un espacio
adicional de, aproximadamente, 7 metros cubicos, siendo la superficie extra de 6

metros cuadrados.

Fig. 38. muestra todo el conjunto del sistema con sus principales subconjuntos.

Fig. 38 a. Presentacion general del sistema
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Fig. 38 b. General presentation of the system

La caja esta fabricada por IPM-Mondia, es una empresa que fabrica paneles sandwich
(ver Fig. 42) hecho a medida y también chasis. Resuelve el problema de la fabricacion
de la caja, un dibujo con las medidas es lo Unico necesario. También realizarian la

puerta de la caja principal.

Esta compafiia también tiene una buena solucion para los paneles utilizados para las
paredes, algunos de ellos tienen un reborde, tal como se muestra en la Fig. 43., que
esta hecho de madera.
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La caja estd compuesta por las siguientes partes:
- Chasis: es el componente principal.

- Puerta: también esta hecha por paneles sandwich. Esta fijada a la furgoneta con

algunas bisagras.

- Las placas de aluminio: se usan para cubrir los agujeros para las ruedas y para

fijarlos a la caja. Estan soldadas al chasis.

SISTEMA DE DESLIZAMIENTO
Este sistema (Fig. 44) permite al usuario mover la caja de la furgoneta hacia el exterior

y alainversa.

Se compone de un suelo de madera unido a la camioneta con dos guias paralelas para
facilitar el movimiento de las 4 ruedas (Fig. 25 a.) de la caja. Con el fin de extraer la
caja de la furgoneta, cuatro tablas plegables (Fig. 28.) estan unidas al suelo por medio
de algunas bisagras y se fijan al terreno con dos soportes fijos. Debido a que las
furgonetas tienen un saliente fuera de las puertas traseras, estas tablas plegables han
de sufrir algunas modificaciones ya que, en caso contrario, las ruedas deberian superar

una saliente de 30 mm que requeriria una gran fuerza.

Para introducir las tablas plegables en la furgoneta después de que la caja haya sido
guardada, hay que quitar los soportes fijos, ya que éstos son independientes y se

transportan sueltos en el interior de la furgoneta.

La rigidez del sistema en la division entre ambas tablas se incrementd por medio de

una gran bisagra y dos piezas adicionales.

Otra forma de realizacion de este sistema seria con perfiles en U en lugar de tubos
rectangulares para evitar el corte de la parte frontal de las tablas, pero, de ser asi, la
rigidez no se podria aumentar por medio de la parte usada y probablemente no

soportaria la carga o tiene un gran desplazamiento.

SISTEMA EXPANDIBLE
Este sistema permite al usuario obtener mas espacio cuando la caja esta fuera de la
furgoneta. Se une a la caja principal por medio de algunas bisagras y a la tierra por

algun soporte fijo unido al terreno.
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El mecanismo es sencillo; las paredes se unen a la caja y, desplegandolas en cada

una de las partes laterales de la caja, se obtiene dos "habitaciones" mas.

Antes de la introduccion de la caja dentro de la furgoneta, este sistema debe ser
desplegado y fijado a la caja con algunos cierres unidos en el interior y el exterior de la

misma (ver Fig. 47).

Las paredes también estan hechas de material tipo sandwich. La primera idea era
mecanizar las paredes, suelos y techos con el fin de fijar las bisagras para que no se
obstaculizara el caminar dentro de la caja, pero, ya que estan hechos de material
compuesto, es mas facil y mas seguro fijarlas a la cubierta de aluminio del material

compuesto que a la parte interior.

CALCULOS
A continuacion, se presentan algunos calculos de resistencia relacionadas con los
elementos del sistema seleccionado. Todos los calculos se han realizado con

SolidWorks con un factor de seguridad de 3.

CAJA

El piso de la caja estd hecho de material compuesto, con 4 agujeros para las ruedas
que estan cerradas con algunas placas de aluminio soldadas a la caja. Los calculos se
realizaron con el fin de saber si soportaria 1 tonelada de masa. Los resultados se

muestran a continuacion.

MNombre del modelo:bOX1

Nombre de i 3 estatico 1[- i )
Tipo de resultado: Desplazamiento estatico Desplazamientos1
Escala de deformacién: 4.75707

URES (mm)
4,204e+001
3.854e+001

| 3.504e+001
_ 3153e+001
_ 2803e+001
_ 2450e+001
. 21026+001
| 1.752e+001
| 1401e+001

. 1.051e+001

7.007e+000
3.504e+000
1.000¢-030

A

Fig. 48. Resultados de desplazamientos

En la Fig. 48. es posible ver que el desplazamiento en la parte central de la caja sera

de 4 cm con una masa de 1 tonelada; no es un mal resultado teniendo en cuenta el
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factor de seguridad empleado y que el peso es muy superior al que deberé soportar el

suelo de la caja.

Nombre del modelo:bOX1

Nombre de ] estatico 1(-| )
Tipo de resultado: Andlisis estatico tensién nodal Tensiones1
Escala de deformacidn: 4.75707

von Mises (N/m2)
2,090e+007
' 1.916e+007
L 1.741e+007

_ 1567e+007

. 1393e+007

_ 1.219e+007
- 1.045¢+007
| 8.707e+006

| 6.9662+006

. 5.225e+006

3.483e+006
1.742e+006
3.381e+002

— Limite eldstico: 4,000e+007

A

Fig. 49. Resultados de esfuerzos

Por otro lado, en la Fig. 49., por medio de una escala gréfica, se muestra los esfuerzos
soportados por la caja. Se puede deducir que las partes que sufren mas estrés son las
cajas de rueda (21 MPa). El limite de elasticidad para el aluminio es 435 MPa y para
los paneles compuestos es de alrededor de 40 MPa, por tanto, la caja soportara la

masa sin romperse.

SISTEMA DE DESLIZAMIENTO
En este sistema, los dos calculos se han realizado con el fin de saber si las tablas
plegables soportaran 1 tonelada de masa, mientras que la caja es extraida. En la Fig.

50. es posible ver que la malla esta mas refinada cerca de los puntos criticos.

Nombre del modelo:Calculo suelo
Nombre d lisis estatico 2(-

e
Tipo de malla: Malla sélida

Fig. 50. Malla

Las dos posiciones criticas (Fig. 51.) se valoran a continuacion.
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Fig. 51. Puntos criticos

Nombre del modelo:Calculo suelo
Nombre de lisis estatico
Tipo de resultado: Anlisis estatico tensién nodal Tensiones1
Escala de deformacion: 1

)

von Mises (N/m~2)
5.466e+007
5.011e+007

_ 455564007

~ 410064007

- 3.6Me+007

. 3.189e+007

| 2.733e+007

| 227864007

L 18226+007

_ 1.367e+007

9.111e+006
4,555+006
1.596-003

A

Fig. 52. Resultados de esfuerzos

Nombre del modelo:Calculo suelo
Nombre de estudio:Analisis estatico 2(Predeterminado-)
Tipo de resultado: Desplazamiento estatico Desplazamientost
Escala de deformacion: 1

URES (mm)
2,2008+000
203564000

L 18506+000
- 1.6656+000
_ 143064000
. 1.295e+000
| 1.1106+000
| 9.251e-001
| 7.401e-001

. 5.551e-001

3.700e-001
1.850e-001
1.000e-030

Fig. 53. Resultados de desplazamientos
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En el primer caso, la rueda estad en el primer punto que sale de la sujecion de la

furgoneta.
En el otro caso, las ruedas estan entre ambas tablas.

En ambos casos las mesas plegables soportan el peso debido a que la tension méxima
es 54 MPa (Fig. 52.) y el limite elastico del aluminio es 435 MPa. El desplazamiento

méximo es de aproximadamente 2 mm (Fig. 53.).

MONTAJE EN LA FURGONETA
La unica parte fijada a la furgoneta es el suelo por medio de unos tornillos en las
esquinas y el centro de la tabla de madera. No hay necesidad de agujeros o marcas
preliminares, el usuario sélo tiene que atornillar directamente en algun lugar cerca de

las posiciones especificadas.

MOBILIARIO Y COMPONENTES ADICIONALES
Para mejorar la comodidad en el interior de la furgoneta y la caja, algunas ideas de

muebles plegables se han desarrollado.
CAMA

Mientras que la caja esta dentro de la furgoneta, a ambos lados de ella hay un espacio
vacio (encima de las ruedas), de manera que, con el fin de aprovechar todo ese
espacio, dos camas (una en cada lado de la furgoneta) se colocan como se muestra en
Fig. 54.

Fig. 54. Cama

Es posible afiadir un soporte cuadrado adicional (como los de la Fig. 54.) para dar mas
estabilidad a las camas mientras estén abiertas. Este apoyo podria ser transportado

dentro de la caja.

10
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MESA

Hay dos disefios para las mesas, en funcion de si se requiere una grande o una

pequefia. Se muestran en la Fig. 55. y la Fig. 56.

> s

Fig. 55. Disefio de mesa 1

QX

Fig. 56. Disefio de mesa 2

ASIENTOS
Algunas ideas para los asientos plegables se muestran en Fig. 57. y Fig. 58.

comdid

Fig. 57. Disefio de asientos 1

11
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Fig. 58. Disefio de asientos 2

En la Fig. 58., a partir de una idea de una cama plegable, se desarrolla un asiento. La
conversion de la estructura externa en una especie de caja que se sujetaria sin
elementos de fijaciéon. Se afadiria un respaldo mediante la introduccién de una forma
rectangular a través de los orificios superiores mientras que el asiento esta

desplegado.
LAVABO

Para un uso mas comodo del agua para cocinar, lavar u otras actividades, un fregadero
con una bomba de agua se puede incluir a los muebles. Una idea general se muestra

en la Fig. 59

Fig. 59. Lavabo

12
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CONCLUSION

El sistema de la caja mvil / expansible para vehiculos tipo furgoneta ha sido disefiado
en este proyecto. La caja se puede montar dentro de la seccién de carga / pasajeros
de la furgoneta y permite que el vehiculo pueda obtener un significativo espacio Util

adicional.

La solucion propuesta y sus paradmetros técnicos y economicos indican que los

requisitos establecidos (tabla 1) y supuestos (capitulo 3) se han cumplido.

En primer lugar, el costo del sistema parece ser relativamente bajo (alrededor de

1.140€; véase el capitulo 5.8).

La caja movil y expandible permite que el vehiculo pueda conseguir un espacio de 7

metros cubicos adicionales.

Es muy importante sefialar que el sistema propuesto no esta disefiado para s6lo un
modelo de coche. Puede ser instalado en un numero de furgonetas fabricados

actualmente (capitulo 4.1).

La fabricacion del sistema propuesto es muy simple. EI montaje en la furgoneta
(después de realizar un premontaje de las piezas soldadas en la fabrica) no causaria

ningun problema para el usuario.
Un facil uso y mantenimiento del sistema es posible debido a su sencillez.

Algunos bocetos e ideas de muebles plegables que pueden ser afiadidos al sistema se

muestran en el capitulo 5.6.

Este sistema también ha cumplido con algunos deseos que se describen en el capitulo
3.2, que son la ligereza de los elementos (sistema completo 172kg) y el uso de
materiales aislantes de las paredes de la caja, lo que proporciona un alto nivel de

confort.

Sin embargo, esta solucién ha de ser considerada como un prototipo. Se puede
mejorar en muchos aspectos: la adicién de algunas ventanas a las paredes, el
desarrollo de las ideas del mobiliario plegable, mejorar el disefio y el acceso a la caja
desde el exterior. También se podria mejorar la impermeabilidad de la caja. Por ultimo,

un sistema eléctrico podria ser instalado para mejorar la experiencia del usuario y un

13
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nivel circular para facilitar la colocacion del sistema de deslizamiento exterior, asi como

la automatizacion del sistema de deslizamiento para facilitar su extraccion.

14
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1 OBJECTIVES OF THE PROJECT

The objective of the project is to design movable box that can be mounted inside the
cargo section of van-type vehicles. After ejecting outside during parking, the box should

allow the vehicle to obtain significant additional usable space.

In order to maximize the usable space, an expandable movable box will be considered.
Once itis outside the van, the walls of the box will be unfolded giving more space to the

user.

There are two main components of the system to be design: the expandable box and

the sliding system, which is necessary to draw out (and back) the box.

Additional system elements are support/fixing elements, to fix the expandable box
inside the van vehicle while travelling, and to support and fix the expanded box outside

the van during parking.

The expandable box should be also equipped with some furniture. Some part of the

furniture will be hidden inside the box and not used during travelling.

Fig. 1. presents a simple graphical explanation of the concept where:

- Step | is the process of extracting (pulling out) the box.

- Step Ilis the process of expanding the box.

- Step lL.ais the opposite action of Step I, pushing the box into the van.

- Step Il.a in the opposite action of Step I, folding the box.

Main parts of the Project are:

- Analysis of existing solutions and assumptions to project. (Chapters 2 and 3)
- Description and analysis of possible solutions. (Chapter 4)

- Detailed project related to the chosen concept by application of SolidWorks.
(Chapter 5)

16
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Fig. 1. Simplified graphical representation of the system to be designed
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2 SURVEY OF THE EXISTING SOLUTIONS

One can find out several systems that are similar to the idea described above, but they

don’t fulfill all the assumed requirements.

21 VOLKSWAGEN DOUBLEBACK
This van, as shown in Fig. 2., has an extensive back part inside with furniture on it. The
extensive part will become the bedroom, leaving the rest of the vehicle for the kitchen
and the leaving room. However, this is a really expensive model. Only the doubleback
costs around 700009, without taking into account the price of the van. Moreover, it only

has two rotating seats with belts for passengers or, in the case that one needs three

seats they don'’t rotate.

Fig. 2. Volkswagen Doubleback® system

1 All the information and prices are taken from the website [16] (Bibliography)

18
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2.2 BETTMOBIL
It's a German product that, as the Fig. 3. shows, has an extra box added to the bottom
part of the van with two beds inside. The sliding, folding bed module fits neatly inside
the tailgate and sets up in a matter of minutes. The rest of the vehicle is developed as
usual in this kind of vans without any significant innovation. The bed module costs
€7,900 and a total camper package runs between €11,690 and €15,000, depending

upon options selected.

Fig. 3. Bettmobil* system

2.3 AUSTRIAN QUBIQ
This system is based in three main boxes, which are the cook, wash and cooler
modules. The main advantage of the Qubigq is that one can add it or remove it from the
car easily, each module mounts to the full-width accompanying base on the vehicle
floor. The base secures easily to the vehicle with its two fasteners, and each module
secures to the base inserts with simple click-in hardware. It's the most basic module
that can be added to a car with more than a simple bed use. Prices start from €1,730

for the Camper Light set. Fig. 4. and Fig. 5. illustrate this system.

2 All the information and prices are taken from the websites [18] and [19] (Bibliography)
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Fig. 5. Austrian Qubiq system

3 All the information and prices are taken from the website [17] (Bibliography)
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3 ASSUMPTIONS FOR THE PROJECT

After making a survey of the existing solutions related to the project, there are some

facts that can be improved.

The Doubleback is too expensive and it is only available for Volkswagen Transporter.
On the other hand, the Qubiq is relatively cheap and easy to use, but not as
comfortable for long trips as the Doubleback; it is a good option to travel during

summer.

The other advantage of the Qubiq is that, unlike the Doubleback, it can be use in more

than one model.

In a middle term we found the Bettmobil, that satisfies the price but it doesn’t offer so
much space as the Doubleback does. However, it also has the disadvantage of being

available only for Volkswagen Transporter.

In the following sections will develop the facts that will be improved.

BLACK BOX

In the project can be recognized four main technical systems that are represented in
Fig.6,7,8and 9.

Folded box
(Inside the van)

Sliding elements
N

STEP | Box extracted

(Outside the van)

Fixing elements

Power

N
Fig. 6. Pulling out the box
Folded box
(Outside the van)
Fixine el t Box expanded
IXINng elements > STEP ”

(Supported and fixed)

Power -~

Fig. 7. Expanding the box
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Box expanded
7

Fixing elements STEP Il.a Folded box
(Outside the van)
Power ~
Fig. 8. Folding the box
Folded box
(Outside the van)
Sliding el

STEP l.a Folded box

(Inside the van)

Fixing elements

Power

Fig. 9. Introducing the box in the van

The Fig. 6. shows the elements needed to move the box from inside the van to the

outside; the opposite movement is shown in Fig. 9.

On the other hand, the Fig. 7. shows the ones needed for the expanding system

(unfolding the box), while the Fig. 8. is the opposite one, the folding system.

The user should follow those steps in the order shown in the figures as schematized in
Fig. 1.

3.2 DESIRES AND REQUIREMENTS
In the table 1 one can find the desires and requirements proposed. The requirements
will be completely necessary to develop in the project, while the desires are not

mandatory to be applied in the system to be designed.
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Table 1. Desires and requirements

Date

Desire/Requirement

Description

29/02/2016

Requirement

Cheaper than other existing solutions.
The market research shows that for a greatly increase of
space in the van, the price is quite high.

29/02/2016

Requirement

Adaptable to several vans.
Only one from the existing solutions found can be used in
more than one model of van.

29/02/2016

Requirement

Easy mounting.
With a previous assembly perform at the factory; the user
should be able to assemble the rest of the parts by his
own with some simple tools.

29/02/2016

Requirement

Significant increase of the space of the van.
The increase of the space would make the stay more
comfortable.

29/02/2016

Desire

Use of solar panels.
In order to provide the energy needed to cook, charge
some electrical devices or heat the space.

29/02/2016

Desire

Include a sink with a small water tank.
It could be useful if the user needs water and cannot
access to it by another way.

29/02/2016

Requirement

Include folding furniture.
As the space while travelling is not as big as while
camping, the furniture should be as small as possible.

04/03/2016

Requirement

Expandable system as easy to use as possible.
It has to have a simple way to folding and unfolding the
extendable system because, otherwise, the user will need
to carry the instructions wherever he goes.

04/03/2016

Desire

Lightweight.

The weight of the systems influences the fuel
consumption and the easiness of use of it (the heavier the
systems the more difficult to move it and the more fuel
consumption).

04/03/2016

Desire

Automate the mechanical systems.
To make it easier to extract the box from the van and
unfold it.

04/03/2016

Desire

Include seats in the back part of the van.
It would be more useful if, during the trip, inside the van
could travel more than 2 or 3 passengers.

04/03/2016

Desire

Use of insulated materials.
As the van could be used to travel, it would be better if
the materials used to construct the box can keep the heat
inside the van.
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4 DESIGN ALTERNATIVES

According to the assumption that the designed system should get installed in different

van-type vehicles, the dimensions of a number of vans have been investigated.

Unfortunately, internal dimensions of vans vary greatly.

41 VAN MODELS

So, finally only ten different models from ten different car brands will be taken into

account in order to achieve the assumed aim of being able to use this system in

different vans®. Selected vans and their inside dimensions are the following ones®:

Table 2.Dimensions of selected vans

Width Back door
Max. Max. | between | Max.
Van model Length | Width | Wheel | Height Height | Width
[mm] [mm] | Arches [mm] [mm] [mm]
[mm]
Citroén Jumpys
2254 1600 1245 1449 1272 1237
2572 1700 1244 1410 1299 1473
2586 1685 1270 1391 1261 1391

4 The chosen vans are in the same wheelbase range of approximate 3m.
5 Every picture and measure of the van models have been taken from the brochures that can be found in
the websites from [2] to [12] (Bibliography)

6 Badged Citroén Dispatch in some countries.

24




PULL-OUT EXTENSION SYSTEM OF LIVING SPACE IN VAN

lveco New Daily

2620 | 1800 1317 1545 | 1450 | 1530
2415 | 1663 1268 1387 | 1320 | 1390
2254 | 1602 1250 1450 | 1272 | 1237
2537 | 1662 1268 1387 | 1320 | 1368
2254 | 1600 1245 1449 | 1272 | 1237
2555 | 1775 1390 1406 | 1340 | 1400
2254 | 1600 1245 1449 | 1272 | 1237
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As shown in the table 2, the values of the internal dimensions are similar (even equal in
some models) so we estimate that it's possible to develop such a system that could fit
in all of them.

Finally, the initial external dimensions of the box applicable in the 10 presented vans

are shown in Fig. 10.

h a=2000 mm

b=1230 mm

h=1220 mm

b,/
/
a 4

Fig. 10. Dimensions of the movable box

4.2 SLIDING SYSTEM’
Below, possible solutions of sliding system are presented. The sliding system enables

to pull out and in the movable box.

421  DRAWER SYSTEM
A number of lateral telescopic guides are assembled to the van and also to the
expandable part. However, such a solution possesses assembly problems. It is difficult
to connect the guide to the van box. The vans have different shape of their walls. But
once they are assembled it is really easy to use it, it's only needed to pull it out. Also it

has the advantage of adapting to the terrain.

7 In all the systems we assume that the box weight 1 ton but it’s divided between both sides of the van,
so in the calculations we’ll take 500kg (5000N).
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Sketches

Fig. 11. Drawer system

i.  Simplified calculations

In order to check if this system is able to support a weight of 1 ton (10000 N),

some simple calculations have been done.

A
T

Fig. 12. Physical model for simplified calculations

G-L
ZMR1=0—>R2-a=G-L—>R2=T R, = 4700N

Knowing that a=800 and L=752.
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4.2.2

ii.  Products

It was required looking for the products needed to perform this system in order
to know the average price of it. Some telescopic guides that are able to support
this load were found. It would be needed 5 of them in each of the lateral parts

and it can expand 1.5m; each one supports 220kg and weights 14.60 kg.

76.2

LMin {mm) m298 125.00 Kg

LMax (mmj: m 1504 220.00 Kg
. Capacity
Lengih e load Reference pair weight
o] (mm) =10k cycles
1500.00 1504.00 220.00 Kg. 114-815 14.60 Kg.

Fig. 13. Example of telescopic guide
The prices are:
- Telescopic guides(Fig. 13.8): 386.5 € each pair

The approximate total price is 1932.5 €. It is really expensive system. Its price
results from the required size and load capacity (they have to withstand a load
of 1 ton). Another problem is that it is required a good inspection and if they

broke, the reparation would be rather expensive.

RAILS SYSTEM 1
In this case two rails are extended to the outside and fixed to floor with a support. The

expandable part has four wheels in the bottom; two are located in the front part and the
other two in the back one. So once the rails are fixed the expandable part is pulled to
the outside without any problem. The rails are able to keep fixed the box during

travelling, so itis really safe. Mounting this system doesnt need great skills, it is simple.

8 Images taken from website [14] (Bibliography)
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Sketches

L&/ 20 |

i

Fig. 14. Rails system 1

Simplified calculations

In order to check if this system is able to support a weight of 1 ton, we've made

some simple calculations.

L/2

!

O

.

Fig. 15. Physical model for simplified calculations

L G
ZMR]_:O_)G'_:Rz'L_)RZ:E

2

—_

G
— R1=R2=§
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Each of the supports needs to be able to lift half of the weight distributed
through the rail. Due to the fact that we have two rails and the weight is split

evenly, each of the wheels has to support 250 kg.

Products

We've looked for the products needed to perform this system in order to know
the average price of it. In this case four wheels, four rails and two fixed
supports are needed. The four rails support at least 2,5 KN each and have a

length of 2 m each of them.

AXIAL BEARING - FIXED HvE-053 System Maximum $tatic Loads:
. Radial: 5.23 kN /10.58 US Ton-Force
Weight = 0.36 Kg Axial:  1.68 kN /018 US Ton-Force

Maximum Bearing Loads:
Radial: Dynamic = 24 kN; Static = 32 kN

Axial: Dynamic = 7 kN; Static = 7 kN AX]
Note: Abova boads achi 1IInI hi d with @ hardened rail 55 RC IAL BEARING - FIXED
B ave 5 achievable when used with a hardan rail HVB'OSS.'HVPS

minimum 2.54 mm deep.
‘WITH WELDED FLANGE PLATE

Notz:  Abave loads are achievable when used with shown rails.

e 33— 5 33 —=
27 a7
A2 R2
[/ l—.f‘\l
[T ! /L
52.5 40 30 {1~ 1 525 &1 - ] I
JQ U Lis5 Cis5
= 5
/) s
| |
17 b= 5 17 I 5
FLANGE PLATE HvPS5-1 RAIL = U CHANNEL HVE-5
For ardering separate flange plate anly ~
Weight = 5.3 Kg/m
e B e Moment of Inertia: [x = 5.2 cm*; ly = 35.8 cm?

Moment of Resistance: Wx = 2.50 cm®; Wy = 11.90 cm®

~— T0
Radius of Inerfia: ix = 0.80 cm; iy = 240 cm

Distance to Center of Gravity: ey = 0.94 cm; ex = 32.50 cm
T 1 533 —= —6
I 5 y 1,
o E l x & _i 10
f— | - oy |
‘ M8 5 125 thru I’_\_ I i
e 400 -— i —.-BI5 1

Fig. 16 a. Exemplary sample components of rail system

ooooooA:.fsi'I

Fig. 16 b. Exemplary sample components of rail system
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The prices are:

- Rails (Fig. 16 a.): 80 € each

- Wheels? (Fig. 16 a.): 19 € each

- Fixed support(Fig. 16 b.): 15-30 € each

The approximate total price will be 440 €. It has quite a good price and the
maintenance wouldnt be a big problem, because the material used is

fabricated for a long life.

423  RAILS SYSTEM 2
In another solution related to the rail system (presented in Fig.17.) there are
three roller wheels in one side, so this rollers support all the weight of the box.
In this case it is needed just rails fixed to the van, we don’t need extra rails in

the outside. The sketches are as following:

Fig. 17. Rails system 2

iv.  Simplified calculations

In order to check if this system is able to support a weight of 1 ton, some simple

calculations have been performed.

9 Images taken from website [26] (Bibliography)

31



PULL-OUT EXTENSION SYSTEM OF LIVING SPACE IN VAN

P
(@)

e

Fig. 18. Physical model for simplified calculations

YXE,=0-R =G+ R, R, =915 kN

GL R, = 86.5 kN
ZMR1=O_>G.L=R2.CL_>R2=7

Each of the linear guides has to support, at least 91500 kN.

Products

It was necessary to look for the products needed to perform this system in

order to know the average price of it. In this case, with the product that we have

found (Fig. 19.), 10 linear guides in each side of the van would be needed to

support the weight, so this system is not viable.

H & - - 0 .
Redi-Rail® Linear Guides ISO Metric Series
SLIDE DIMEMSIONS

| £ "
s —| [ owgror | ¢ ] !
© s O O
= _l_ 1_Tow 1
> -
¢ SEALED ROLLER e ) WIPER &
¥32al around contaminants ~ Molded plastic casing
8= o spring-load for éven pressure
DOUBLE ROW BEARING |
High speed & acceleration | (8% l >
o > PRE-LOAD ADJUSTMENT ©
nl Patantad side adjustable preload
DIMENSIONAL INFORMATION mm LOAD RATINGS
PART MOUNTING
WEGHT
wo. |mlaflelclole|[r| s | e mmm‘n‘ :" :’ i
RS |226) 28 54| 20 |19 85| 26 | mse0s | om e e T s
3
= mele ] e e
- - — st | 10 | w0 | wm | wo | w2 | wa
\ Fd = Dynamic capacky (LC)
> F2 w Aodal capacity
Fy = Radial capacity
Mo My, Mz « Moment capaciies
Conversions

() meter x 0.0357 » inch
newion - meter (§-m) x 8851 » b5

Fig. 19. Exemplary sample components of rail system
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424  GUIDE SYSTEM
Two guides are assembled to the floor of the van, each guide has two carriages. The

four carriages are screwed to a plate which is assembled with the expandable part.

Once this part is out, the carriages are enough to support the weight. This system is

really safe, during travelling wouldn't be any movement of the box. It does not involve

problems with any kind of terrain. However, such solution has at least the following

disadvantages:

- Difficult, precise assembly procedure
- Maintenance problems

Sketches

S

5

Fig. 20. Guide system

Simplified calculations

In order to check if this system is able to support a weight of 1 ton, we've made

some simple calculations.
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L/2

1 |

Fig. 21. Physical model for simplified calculations

ZFy=0_>R1+R2=G

L
ZMRlzo_)Rz'CzG‘E

Taking into account that in this case the values for the unknowns are:
c=01mL=2m;G=500kg

The weight is half a ton due to there will be two guides under the box

supporting the whole load.
The resulting values are:

R, = —45000 N ; R, = 50000 N
Products

We've looked for the products needed to perform this system in order to know
the average price of it. Two rails and four carriages are needed for this system.
The two rails have a length of 2 m, and the carriages needs to support at least
50 KN each of them. These kinds of elements are used in manufacturing

processes where big quality of products is absolutely necessary.

Fig. 22.10 presents exemplary guide system.

10 |mages taken from website [25] (Bibliography)
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H ®
y
Wz Wi
Unit:mm
Rail dimension Basic load rating Static moment rating Weight
. pe— [ Wy
Model No. | width| Heigh pitch| E [ D"”:““ 5';:" o | Me |Carriage| Rail
Wi | Ho| Postd KN | kN |singls’ [Doubis’| single” [outis” k-m| kg fkgfm
15 15 60 20 75%53x45 118 180 012 068 012 068 014 018 15
192 205 023 142 023 142 029 04
20 18 60 20 95A3E 333 393 039 223 039 223 038 052 >
MSA25A 281 424 039 220 039 220 048 062
[YOYPEIPY 22 22 60 20 WIX9%7 .14 566 067 352 067 352 063 082 7
392 578 062 367 062 367 079 109
28 26 80 0 M2 9 770 107 581 107 581 105 143 8
MSA35A 520 755 093 547 093 547 125 161
38 29 80 20 4129 35 1006 160 867 160 867 167 211 OB
I 45 38 105 225 20%17x14 e
(G) L
Li
4odi K| I—#—I
NT L=y
@D &
HL (R L]
Hy %__\/ VillE5=:
f ™ 7 |
od [ '
E P
Unit: mm
External dimension Carriage dimension
Modsl No. i (Grease
Height|Width Length| |\ | g [ e | swe | L [T nln]ele]al™
H W L Nipple
74 47 563 16 42 38 30 Msxi1 393 7 11 43 7 57 33 GM4
729 513
30 63 o 215 5 53 40 Mexio 5 7 10 5 12 58 33 GMe
MSA 25 A 816 59
PPl 36 70 o 235 65 57 45 Mex16 o 11 16 6 12 58 33 GMs
2 o0 Y a1 8 72 52 Mioxie 0% 11 18 7 12 68 33 GMs
1192 916 il b
MSA25A 2 81
PP 48 100 oo 33 95 B2 62 MIK21 .. 13 21 B 115 86 33 GMS
60 120 \--7 375 10 100 80 MIZ25 o2 13 25 10 13.5 106 33 GPTI/8
1695 SRELE! S I I

Fig. 22. Exemplary sample components of guide system

The prices are:

- Rails (Fig. 22.): 177 € each

- Carriages (Fig. 22.): 50 € each

The approximate total price will be 554 €. The problem of this system is the

maintenance, if some of the parts broke, the replacement would be expensive.

This system needs a good lubrication and it implicates some maintenance

problems.
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4.2.5

WHEELS SYSTEM

In this solution, two wheels are placed at the extreme of the expandable part, so they
are the first of being out. Once they are on the floor, it is possible to pull to the outside,
without any problem referring to the surface of the floor, the expandable part. The box is
fixed with latches inside the van while travelling, if not it would be moving and it is really

dangerous.

Moreover, this system is rather easy to mount, so everyone can do it. And the
maintenance doesn’'t mean a problem, replace its parts is not difficult and they are

relatively cheap.

Sketches

P |
L | L

O 0O %

Fig. 23. Wheels system

ii.  Simplified calculations

In order to check if this system is able to support a weight of 1 ton, some simple

calculations have been performed.
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L/2

6 ‘ |
Lo

Fig. 24. Physical model for simplified calculations

ZFy=O_>R1+R2=G

L G
ZMR1=O_>G'§=R2'L_>R2=E

—

Each of the supports needs to be able to lift half of the weight distributed
through this side. Due to the fact that we have one wheel in each of the corners

of the box and the weight is split evenly, each of them has to support 250 kg.
ji.  Products

Exemplary components of wheels system is presented in Fig. 25. This system
uses two small wheels and two wheels with adjustable height. Each wheel

support 250 kg, the diameter of the smaller wheels is 10 cm and for the bigger

one itis 23 cm.
)
1) Max lift load capacity: 1000LBS
i 2) Travel height: 230mm
P | 3) Outer /inner tube shape: #70x70.mmsquare
Sk tube/ @60.mm tube
Y
4) Wheel size: 230X75MM rubber wheel metal rim
LR
€ 5) Galvanized outer tube, galvanized inner tube

Fig. 25 a. Exemplary sample components of wheels system
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= ¢ ALEX]

Fabricantes desde 1958

Technical information
TV -TD 2-0015 Castor

- - - ot
S - " Lo ‘ T @(
@ () S
2-0015 80 280 34 — 106x86 80x60 8 124
Features

Manufactured with pressed steel up to 5 mm
Highly rust-resistant double-chrome coating

Double ball bearing reinforced with hardened ball races.
Dust-proof in the sealing swivel head

Manufactured to European standard EN 12532

Technical data

Diameter: 80 mm

Load capacity: 280 kg

Type of bearing: Plain bearing
Width of tyre: 34 mm

Plate dimensions: 106x86 mm
Distance between holes: 80x60 mm

Plate hole diametre: 8 mm
Overall height: 124 mm

CAD Files

Wheel

TD (Phenolic Resin)

Resin wheel up to 200°C when not in continuous use
Temperature range: -40° + +200°

Related products

Code: 2-0011 Code: 2-1622

Fig. 25 b. Exemplary sample components of wheels system
The prices are:
- Small wheels' (Fig. 25 b.): 14.55 € each
- Big wheels (Fig. 25 a.): 10-30 € each

The approximate total price is 67 €. As we can see this system is really cheap.
One problem is about moving the wheels in a difficult terrain because they can
break. Another problem is to fix them at a standstill, so the wheels must be

equipped with a break system.

11 Images taken from the website [13] (Bibliography)
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4.2.6

FOLDING TABLES

In this concept, two tables are placed at the end of the back part; those tables are
folded to the outside and fixed to the floor with an adjustable support. Once they are
fixed, the expandable part, which has four wheels, is pulled to the outside by the user
and fixed to the table using latches in order to avoid any movement while it is used. The
same mechanism is used to fix it inside the van while travelling. Also, in order to make it
safer, the floor inside the van has two small slots where wheels are placed. With these

two slots, sliding movement of the box while travelling is avoided.

An important advantage of this system is that it is easy to use and mount. The life of
this is not a problem because it does not ask for high quality materials, so it would be

cheap too.

i.  Sketches

———yg

/|
a

o

L/’_O @, ‘ . —El
Fig. 26. Folding tables system

ii.  Simplified calculations

In order to check if this system is able to support a weight of 1 ton, we’ve made

some simple calculations.
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L/2

Fig. 27. Physical model for simplified calculations

ZFy=O_>R1+R2=G

L G
ZMR1=O_>G'§=R2'L_>R2=E

Each of the supports needs to be able to lift half of the weight. Due to the fact
that we have two folding tables and the weight is split evenly, each of the

wheels has to support 250 kg.
Products

We've looked for the products needed to perform this system in order to know
the average price of it. It has four small fixed wheels, two folding tables and two
fixed supports. The diameter of the wheels is 10 cm and the length of the

folding tables is 1 m each of them.

F . .
Material: Aluminum

Thickness: 5 mm

Length: 1 m

Height: 30 mm

Width: 250 mm

Fig. 28. Exemplary sample components of folding tables system
The prices are:
- Small wheels(Fig. 25 a.): 14.55 € each
- Folding tables (Fig. 28.): 1-5 €/ kg

- Fixed supports(Fig. 16 b.): 15-30 € each
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The approximate total price will be 238.2 €. It has a balanced price and, what is

important, every part is easy to replace and cheap.

4.3 EXPANDABLE SYSTEM
Expandable system of movable box gives the possibility of an additional extension of
usable space. The dimensions of the main box will be the same for all the models but,
when the van is completely extracted to the outside, its walls will open to offer more

space.
In this chapter, a number of possible solutions of extendable system are presented.

431  ADAPTABLE SYSTEM
General idea of is solution is presented in Fig. 29. The expansions are not big; the initial
dimension of the box would be the one of the smallest van (see chapter 4.1). The range
of expansion would be from the smallest to the biggest'2. The expansion of the walls
can be done inside the van or outside, as there is a part of the box that will be kept
inside the van, so it is the same wherever it is done. This expansion is uniform and will

depend on the measures of the van.

. Sketches

Fig. 29. Sketch of adaptable system

12 The dimensions of the vans are specified in a previous headland.
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II.  Products

The adaptable system in the form presented in Fig. 29. requires the use of some

telescopic guides, examples of which are presented in Fig. 30 a.

76.2

Liin (mm: [ 298 125.00 Kg
Lvax (mm): JRELRD 1504 220.00 Kg
5 Capacity
L(em"g"‘ E"(';'::”“ load pair weight
) ) <10k cycles

Fig. 30 a. Exemplary sample components of adaptable system

Additionally, such expanding system requires the use of a number of composite

plates. Exemplary ones are presented in Fig. 30 b.

Revétement

—
-

S~

Revetement

Fig. 30 b. Exemplary sample components of adaptable system
The prices are:
- Guides (Fig. 30 a.): 164.90 € each
- Composite panels (Fig. 30 b.): 5.5-16 €/ u

The approximate total price will be 1151.4€.
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43.2 ACCORDION SYSTEM
In this concept, shown in Fig. 31., the walls of the box will be folded until some supports
attached to the ground. While folded, a structure made of polymers and some bars
made of metal (like an accordion) will appear given us more space to be in. The
accordion system allows us to move just the floor, adjusting to the desire height the
structure of polymers and bars. It does not need any window because of the

transparent polymers.

. Sketches

Fig. 31. Accordion system
Il.  Products

It was necessary to look for the products needed to perform this system in
order to know the average price of it. In this system will need 24 tubes, 16

joints, 4 fixed supports and around 6m of mesh.

Thickness: 0.5-150mm

Outer Diameter: 2-2500mm

asex - LMD (Chemical Composition)
Alloy Si | Fo | Cu | Mn | Mg | Cr  2Zn Ti Others Al(Min)
1005 lw 04 | 05 | 1220| 03 | 2129 |016028 5181 | 02 | 0.15 |Remainder

Fig. 32 a. Exemplary sample components of accordion system
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1. Hot-melt Coating technology (Semi-coating).
2. Good peeling strength for welding.

3. Outstanding tearing strength.

4. Flame retardant character (optional)

5. Anti ultraviolet treatment (UV) (optional)

6. Acrylic treatment (optional).

7. Temperature resistance: -20~70°C

Fig. 32 c. Exemplary sample components of accordion system

The prices are:

Aluminum tubes (Fig. 32 a.): 0.99 — 3.59 €/kg

PVC transparent mesh (Fig. 32 b.): 1.5 — 3 €/kg

Joints (Fig. 32 ¢.): 0.15-10.15 € each

Fixed supports (Fig. 16 b.): 20 € each

The approximate total price will be 161.6 €. It is a cheap system without
problems with replacing parts that are broken and they can be replaced by

the user easily.

433  TENT SYSTEM
As in the previous system, the walls of the box will be folded until some supports
attached to the ground. However, in this case the structure is completely made of
polymer or other kind of fabric that will be supported by some bars inside it. It gives a lot

of additional space, but when it is not expanded, it occupies space inside the box.

44



PULL-OUT EXTENSION SYSTEM OF LIVING SPACE IN VAN

. Sketches

Fig. 33. Tent system

II.  Products

We've looked for the products needed to perform this system in order to know

the average price of it. In this system will need about 7 m of PVC tarps, 6

aluminum tubes, 4 joints and 4 fixed supports.

Material: PE/PP
Weight: 65t0280¢g
Width: 1-12 m

Function: waterproof, weather
resistant, sun proof

Fig. 34. Exemplary sample components of tent system

45



PULL-OUT EXTENSION SYSTEM OF LIVING SPACE IN VAN

434

The prices are:

PVC tarps (Fig 34.): 1 - 30 €/m
Aluminum tubes (Fig. 32 a.): 0.99 - 3.59 €/kg
Joints (Fig. 32 ¢): 0.15-10.15 € each

Fixed supports(Fig. 16 b.): 20 € each

The approximate total price will be 208.5 €.

FOLDING SYSTEM
In this case, the walls of the box will comprise several lays of metal that will be unfolded

creating two more “rooms” inside our box. This system gives more space than the

others and is really easy to mount just following several steps. One advantage is that

when itis closed, it doesn’t occupy space, so it is also possible to use.

Sketches

Fig. 35. Folding system
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4.3.5

II.  Products

It was necessary to look for the products needed to perform this system
in order to know the average price of it. In this system it will be needed

10 more metal plates and 4 fixed supports.
The prices are:

- Metal plates (Fig. 30 b.): 3.5-17.8 €/ m2
- Fixed supports (Fig. 16 b.): 20 € each
The approximate total price will be 250 €.

PULLOUT SYSTEM
The walls of the van are taken outside until some supports with some guides. In this
case, the whole part (floor, walls and roof) are moved to obtain more space. And it

hasn't any support, just guides are enough to support the weight.

This system imitates the system used in some caravan and also trailers. It is more

complex to mount than the others, so maybe it is needed some skills for its mounting.

. Sketches

Fig. 36. Pullout system

II.  Products

We've looked for the products needed to perform this system in order
to know the average price of it. We need 4 guides and 8 more “walls”

to perform this system.
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76.2

LMin (mm): mZQB 125.00 Kg

LMax (mm): m 1504 220.00 Kg

Length Extension Capacily

(mm) (mm) <10:(°:3cles etz
1000.00 1000.00 300.00 Kg. 9.80 Kg.

Fig. 37. Exemplary sample components of pullout system
The prices are:

- Guides (Fig. 37.): 344.3 € each

- Metal plates (Fig. 30 b.): 3.5-17.8 €/ m2

The approximate total price will be 1588 €. In this case the system is

rather expensive.

4.4 SELECTION OF SYSTEMS

In order to make a proper selection of one of the alternatives presented above an

evaluation procedure has been applied.

In this procedure several aspects of interest related to each of the proposals have been

taken into account.

Weighting selected aspects in order of importance, an overall score for each of them is

obtained.

In such way it was possible to choose the proposal with a higher overall rating for each

of the systems to carry out.
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4.41

LIST OF EVALUATED ASPECTS
The aspects evaluated are the following ones:

Price: The market research shows that for a greatly increase of space in the
van, the price is quite high, so it is a very important factor for our project. An
improvement of this characteristic compared with the other models found is

wanted.

Easy mounting: With a previous assembly perform at the factory; the user
should be able to assemble the rest of the parts by his own with some simple
tools. If the assembly is not completely done in the factory, it will reduce the

cost of manufacture.

Easy to use: It has to have a simple way to folding and unfolding extendable
system, as well as a simple use of the extracting system, because, otherwise,
the user will need to carry the instructions wherever he goes and this is a

tedious task.

Life: This kind of products are supposed to have a relatively long life, due to
they are not quite cheap and users don’t change them each year; so a system

that will deteriorate in a short time is not wanted.

Maintenance: If one of the parts or the whole system is damage and the user
has to change it, is better if it can be changed by his own and is as cheaper as
possible than if you have to go to the repair workshop and they have to change
it.

Adaptable to the terrain: As this system has been developed with the idea of

increasing the living space of vans used to travel, it must be able to adapt to as
many potential sites as possible, because this kind of vans are usually use to

camp in sites with irregular soil.

Power (Force): the force needed to use the system must be taken into account.
As we are going to design it to be possible to use it, it is easier for the users if

they don’t need to perform so much force.

Safety in adverse conditions: the difficulties to take this system out if there’s so

much wind or the floor is unstable are taken into account.
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4.4.2

Weight: The weight of the systems influences the fuel consumption and the
easiness of use of it (the heavier the systems the more difficult to move it and
the more fuel consumption). It required a system as light as possible, so the

weight while travelling doesn't increase.

Space given: it's an important factor in the expandable box systems.

WEIGHTAGES
In the selection of the systems that are going to be use in each case, weightages to

each of the evaluated aspects described before are given. Not all of them are used to

evaluate both systems, but the ones that are used in both of them have the same

weightage.

Price: as this is one of the most important aspects for us, its weightage is going
to be 10.

Easy mounting: the assembly of the systems is an important fact for the price (if
it's so difficult to perform it, most part of it will be done at the factory increasing
the price) and for the user, that should be able to mount it and dismount it from

the van, so its weightage is an 8.

Easy to use: in order not to have a really tedious task when camping, it's also
important this aspect when evaluating the different systems, so it also has a

weightage of 8.

Life: this aspect is not very important, but it is taken into account due to it is not

wanted a system that lasts so little time. Its weightage is a 5.

Maintenance: it's evaluated as we don’t want high value components that, if
they break, the price of the part and the change of it wouldn’t be so expensive

and tedious for the user. The weightage is a 3.

Adaptable to the terrain: if the system is not able to adapt correctly to many

terrains, it wouldn’t be used in so many places so it's a really important aspect

with a weightage of 8.

Power: if the force needed to use the selected system is too high, it would be
possible to install a motor to apply this force so, as the most important for this is

the price added if the motor is needed, the weightage is a 3.
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- Safety in adverse conditions: the security of the systems if the conditions are

not the best ones it's a very important aspect, so, as for the mounting and use,

the weightage in this case is also an 8.

- Weight: As we explain in the previous headland, it’s an important fact related to

the use and the fuel consumption, so we assign a weightage of 7 to this aspect.

- Space given: this aspect is only evaluated in the expandable system, and as

this is also of great importance, so its weightage is 10.

For making a properly selection of the systems, the percentages given to each of the

evaluated aspects have also been changed.

In the case of the sliding system, the general percentage if we divide the 100% between
the 9 aspects will 11% but if we give a 35% for the price and the easiness of use, and a
65% for the rest of aspects, the first two will receive a 17,5% so they have a greater

importance for the final result, and the rest of them will have a 9,3%.

For the expandable system, the initial percentage will be 14,3% and, after applying the
other percentages for the same aspects than before, the price and the easiness of use

will have a 17,5% and the rest of them a 13%.

The formulas used are the following ones:

35 9 Grade
100 Y Gradesgss

65 y Grade
100 Y Gradesygs

443  GRADES RELATED TO DIFFERENT CONCEPTS
In the following tables we can see the grades given for each of the systems to the

aspects presented above.
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SLIDING SYSTEM

- Price: the drawer system, in order to support the weight of the box, will need so many
elements, fact that increases significantly the price. In the case of the rails and the guide
system, the high price of them it's due to the precision of the kind of system, but they are
cheaper than the first one. The wheels and the folding tables systems are the cheapest ones

because the elements that composed those systems are really simple and hence cheaper.

- Easy mounting: as the drawer system and the guide system need a more precise positioning
and also previous assemblies at the factory, their grades are the lowest ones. The rails
system is at an intermediate position and the wheels and folding tables system are the

simplest ones.

- Adaptable to the terrain: all of the systems have a great adaptability to the terrain. The

biggest grade is for the guide system because it doesn’t need any support at the outside and
the lowest one for the wheels system because if the ground is so irregular it's the most

difficult way to take the box out of the van.

- Life: all of the systems will have a similar life, the lowest grade is for the most technical

system due to they can suffer more damage with dust and oxidation.

- Maintenance: in this case, the worst system is the guide one due to, if a part changing is
needed, that cost could be significantly high. The wheel system is the best one because it

hasn’t had so many parts, so it wouldn’t require so many changes.

Easy to use: all the systems are quite simple to use. The most difficult is the folding system
as you need to mount all the parts before extracting the box. The simplest ones are the

drawer and the guide system that don’t need any additional support or item to extract them.

- Power: as the guide system is supposed to have an activator, the user wouldn’t need to
apply any force to move it. The wheels system would require the highest force to move it
through the irregular soil. The rest of the systems require a similar force to move them

without a motor.

- Safety in adverse conditions: as the drawer system requires several guides in each of the

lateral part to support the box, if the wind is so high, it wouldn’t be as resistant as the rest of
the systems. The safest systems are the rails one and the folding tables, due to they have

fixed supports.

- Weight: it's similar for all the systems. The heaviest one is the guide system and then the

folding tables system, due to it has several elements.
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EXPANDABLE SYSTEM

- Price: the most expensive systems are the adaptable and the pullout, because they require
guides and other technical elements. The accordion is the cheapest as is the one that

requires least metal parts and fabric. The other two have similar prices.

- Power: the power needed is minimal in all the systems. The highest one is for the pullout
system, because it has to be extracted with the furniture install and it has to be move all by

one.

- Space given: The highest space is given by the folding system that gives the higher height at
the folded places. The lowest space is given by the adaptable system that doesn't increase

its dimensions too much. The rest of them give similar dimensions.

- Easy to use: The most difficult system to use is the adaptable system as it would need to
move all the walls in a specific order. The other systems are quite simple to use, while the

simplest one is the pullout as you only need to take out the part from the box.

- Maintenance: the lowest grades are for the systems with more technical parts and, on the
other hand, the simplest ones (accordion and tent systems) have the highest grades as they

don’t have so many parts and those part are not quite expensive.

- Weight: the accordion and tent system are the lightest ones due to they are mainly made by
fabric (the extendable part) and then the main box by sandwich panels, while the rest of the

systems are all made by this panels that, its weight, it's higher than the fabric.

- Easy mounting: the most complex assembly will be for the adaptable system and the pullout
system, while the other systems are quite simple; as the first ones need several technical

components to be assembled and the others are made with simple elements.

It's possible to see in tables 3 and 4 that the systems with the highest normalized weighted average

are the folding tables system (chapter 4.2.5) for the sliding system and the folding system (chapter

4.3.4) for the expandable system, so this are the ones selected to develop the product.

45 POWER
After evaluating the design alternatives and selecting the best option for each of the subsystems, the

possibility of automate them has to be evaluated.

The sliding system selected is the folding tables system and it doesn’t require too much force to

extract the box from the van as it has four wheels and one only need to slide them over the floor and
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the folding tables. So, in this case, we decide that it has no sense to automate it due to the fact that it

will increase the price of the system and this automation it’s not really necessary to use the system.

In the case of the expandable system, we’ve selected the folding system, where you unfold several
layers of walls to construct another two rooms at both sides of the box. To perform this automation, a
complex electrical system and many actuators would be needed, because when the layers are
folded inside the box, no actuator can be put between them and to unfold every wall you would need

to move them to different directions, so, we also decide not to automate this system.
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5 SYSTEM DESIGN

The final design of the system is presented in this chapter.

It's composed by the main box (see main dimensions in chapter 4.1) at which the expandable and
the sliding system are attached. The sliding system is also connected to the van, allowing the box to

move outside of it.

Dimensions of components forming the expandable part of movable box are limited by external

dimensions of the main box (Fig. 10.).

The applied solution presented in Fig. 38. allows to obtain additional usable space on volume of

about 7 cubic meters and additional floor of 6 square meters.

Fig. 38. shows the whole assembly of the system with its main subassemblies.

1006 mm

Fig. 38 a. General presentation of the system
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Main box

Expandable
Main box part

Folding table

\

Expandable
part

Fig. 38 b. General presentation of the system

All the components of each system are shown in the following chapters, as well as the calculus

performed during design procedure.

The technical drawings are attached to the Annex. A preliminary view is shown in chapter 5.4.

51 BOX
The main box (see Fig. 39.), at which the expandable and sliding system has been attached, is the
principal component of the final system. It's been made of sandwich panels (composite, see Fig. 30
b.), in order to insulate the van.
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Fig. 39. Main box

At the front part we have a door in order to go inside the box, and the back part is open to connect
the box with the van while it's at the outside. The lateral parts have holes in its walls to connect the

expandable system to them (see Fig. 40.).

Fig. 40. Chassis of the main box

The main problem of the box is to isolate the van from the outside in the models that have a great
clearance with respect to the box. The solution for this problem is adding some fabric, attached to
the box and with some magnets at the other side of the fabric, hold it to the roof and walls of the

inside part of the van (see Fig. 41.).
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i —

Fig. 41. Sketch isolation solution

The box is manufactured by IPM-Mondia, it is a company which manufacture sandwich panels (see
Fig. 42.) made to measure and also chassis. It solves the problem of manufacturing the box, a
drawing with measures is the only thing necessary to send to them. It also would perform and

attached the door to the main box.

Fig. 42. Example of IPM-Mondia panels
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This company also has a good solution for panels used for walls, some of them have a rabbet, as it

is shown in Fig. 43.,it is made of wood.

Rabbet

Wood
square

Fig. 43. Squares of panels

The box is composed by the following parts:

- Chassis: is the main component. Its main dimensions and shape are shown in Fig. 60. and
Fig. 61.

- Door: it's also made by composite. It's fixed to the van with some hinges.

- Aluminum plates: they’re used to cover the holes for the wheels and to fix them to the box.

They’re welded to the chassis (see Fig. 65.).

A preview of the technical drawings is shown below. Technical drawings in their original format can

be found in Annex.

5.2 SLIDING SYSTEM

This system (Fig. 44.) allows the user to move the box from the van to the outside and the other way

round.
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Fig.44a. Folding tables
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Fig. 44b. Movable box on the folding table
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It's composed by a wood floor (Fig. 76.) attached to the van with two parallel guides for facilitating
the movement of the 4 wheels (Fig. 25 a.) of the box. In order to extract the box from the van, four
folding tables (Fig. 28.) are joined to the floor by mean of some hinges and fixed to the ground with
two fixed support. As the vans have a ledge outside the back doors, these folding tables should have
some modifications due to the fact that, if not, the wheels should overtake a 30 mm high table that

would require a huge force.

When the folding table is introduce in the van after introducing the box in it, the fixed supports are

separate from the tables and they are folded one over the other and kept on the back part of the van.

The stiffness of the system at the division between the tables was increased by means of a huge
hinge (Fig. 70. and Fig. 72.) and two additional pieces (Fig. 75.).

Another way of performing this system would be with U profiles instead of rectangular tubes to
avoiding the cutting of the frontal part of the tables but, if so, the stiffness wouldn’t have been
increased with such part, as it needs a square/rectangular shape to be positioning, and probably it

wouldn’t support the load or has a great displacement.

5.3 EXPANDABLE SYSTEM

This system allows the user to obtain more space when the box is outside the van. It's attached to

the main box by means of some hinges (shown in Fig. 45.) and to the ground by some fixed support
attached to the floor (Fig. 16 b.).

Fig. 45. Assembly of expandable system
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The mechanism is simple; some walls are joined to the box and, by unfolding them at each of the

lateral parts of the box, it's obtained two more “rooms” (see Fig. 46.).

Fig. 46. Stages of unfolding the expandable system

Before introducing the box inside the van, this system must be unfolded and fixed to the box with
some latches attached at the inside and outside of the box (see Fig. 47.).
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Fig. 47. Fixing of expandable system

The walls are also made of composite (Fig. 30 b.). The first idea was to machine the walls, floors and
roofs in order to fixed the hinges on it so they doesn’t bother for walking inside the box but, as they
are made of composite, it's easier and more secure to fixed those hinges to the aluminium cover of

the composite than to the inner part.

54 ASSEMBLY DRAWINGS
Detailed presentation of the system designed one can find in the assembly drawings presented

below:
- Pull-out extension system
- Expandable box (2 drawings)
- Sliding system

The working drawings of selected system elements are presented in the Annex. Names of elements

are related to names assigned in assembly drawings.
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5.5 CALCULATIONS
Below, some strength calculations related to selected system elements are presented. All

calculations have been performed with SolidWorks using a safety factor of 3.

551 BOX
The floor of the box is made of composite, with 4 holes for the wheels that are closed with some
aluminum plates welded to the box. Some calculations are made in order to know if it will support 1
ton of mass. The results are shown below.

mbre del modelo:bOX1
mbre de alisis estati
0 de re;

P sultado: Di estético D 1
scala de deformacion: 4.75707

Iy
N
Tif
E

URES {mm)
4,204e+001
3.854e+001

| 3.504e+001
_ 3153e+001
_ 2803e+001
| 24526+001
P-‘T 2.102e+001
| 1.752e+001
. 1.401e+001

. 1.051e+001

7.007e+000
3.5042+000
1.000e-030

A

Fig. 48. Displacements results

In Fig. 48. it's possible to see that the displacement at the center part of the box will be 4 cm if a
mass of 1 ton is place on it that is not a bad result taking into account the lightweight and width of the

box floor.

Nombre del modelo:bOX1
Nombre )

estatico 1
tico tension nodal Tensiones1

von Mises (N/m2)
2,090¢+007
1.916e+007

_ 1.741e+007

_ 1.567e+007

_ 1.393e+007

_ 12194007
el
| 8.707e+006

| 6.966e+006

_ 5.225e+006

3.483e+006
1.742e+006
3.381e+002

— Limite eldstico: 4,000e+007

A

Fig. 49. Stresses results

On the other hand, in Fig. 49., by means of a graphical scale, the stress support by the box is

shown. It can be deduced that the parts that suffer more stress are the wheel boxes (21 MPa). As
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the yield strength for the aluminum is 435 MPa and for the composite panels is around 40 MPa, it will

support the mass without breaking.

5,52  SLIDING SYSTEM

In this system, two calculations have been performed in order to know if the folding tables will

support 1 ton of mass while the box is been extracted. In Fig. 50. it is possible to see that the mesh

is more refined near the critical points.

Nombre del modelo:Calculo suelo
Nombre de 4 tatico 2(-
Tipo de malla: Malla slida

Fig. 50. Mesh

The two critical positions (Fig. 51.) are evaluated below.

Fig. 51. Critical points

Nombre del modelo:Calculo suelo

Nombre de estudiozAnlisis estético 2¢ )
Tipo de resultado: Anslisis estatico tension nodal Tensionest
Escala de deformacidn: 1

wvon Mises (N/m#2)
5.466e+007
5.011e+007

. 4.555e+007
. 4.100e+007
. 3.64e+007
. 3.189+007
. 2.733e+007
| 2.278e+007
L 1822e+007

. 1.367e+007

9.111e+006
4,555e+006
1.595e-003

Fig. 52. Stresses results

72



PULL-OUT EXTENSION SYSTEM OF LIVING SPACE IN VAN

URES (mm)
2,220e+000
l 2,035e+000
. 1.850e+000
. 1.665e+000
. 1.480e+000
. 1.295e+000
. 1.110e+000
L 9.251e-001
. T.401e-001

. 5.551e-001

3,700e-001
1.850e-001
1.000e-030

A

Fig. 53. Displacements results

In the first case, the wheel is at the first point that leaves the subjection of the van.
On the other case, the wheels are between both tables.

In both cases the folding tables support the weight because the maximum stress is 54 MPa (Fig. 52.)
and the yield strength of the aluminum is 435 MPa. And the maximum displacement is approximately

2 mm (Fig. 53.).

5.6 ASSEMBLY TO THE VAN

The only part attached to the van is the floor by means of some bolts at the corners and the center of
the wood table. There’s no need of preliminary holes or marks, the user just need to directly screw

the bolts somewhere near the specified positions.

5.7 FURNITURE AND ADDITIONAL COMPONENTS"

To improve the comfort inside the van and the box, some ideas of folding furniture to include on

them have been developed.

BED
While the box is inside the van, at both sides of it there is empty space (over the wheels) so, in order

to take advantage of all this space, two beds (one in each side of the van) are placed as shown in

Fig. 54.

13 The images have been taken from the websites [21],[22], [23] and [24] (Bibliography)
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Fig. 54. Bed system

Itis possible to add an extra square support (as the ones in Fig. 54.) for given more stability to the

beds while open. This support could be transported inside the box

TABLE
There are two designs for tables, depending on if a big or a small table is more suitable for the user.

They are shown in Fig. 55. and Fig. 56.

Fig. 55. Table design 1

2

Fig. 56. Table design 2
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SEATS
Some ideas for folding seats are shown in Fig. 57. and Fig. 58.

condad

Fig. 57. Seat design 1

l\_\_l /‘ {
!’ Wy )
: & M
' | 90 oo
"
h }
DN
)'o\__“ v

Fig. 58. Seat design 2

In the Fig. 58. an idea from a folding bed is developed, converting the external structure into a kind
of box that supports itself without any fixing elements and adding a backrest by introducing a soft

rectangular shape throw the upper holes while the seat is unfolded.

SINK
For a more comfortable use of water while cooking, washing or other activities, a sink with a water

pump could be added to the furniture. A general idea is shown in Fig. 59.

Fig. 59. Sink idea
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5.8 BUDGET
The price of the design system has been estimated as stated in table 5.

Table 5. Budget

PROJECT BUDGET

MATERIALS QUANTITY PRICE (€) TOTAL PRICE
Aluminum tables 28,20 kg 2,50 €/kg 70,50 €
Bought hinges 4 0,50 €/u 2,00€
= Designed hinges 0,1 kg 2,50 €/kg 0,01 €
”.(BJ Screws 12 0,05 €/u 0,60 €
5 Pin 0,35 kg 2,50 €/kg 0,88 €
2 Plywood floor 0,50 m3 200 €/m3 100,00 €
= | Wheels 4 14,55 €lu 58,20 €
Couplings 0,022 kg 2,50 €/kg 0,06 €
Supports 2 20 €/u 40,00 €
Subtotal 272,24 €
Box 1 250,00 €/u 250,00 €
Composite panels 8 10,75 €/u 86,00 €
s Big hinges 10 2,50 €/u 25,00 €
E Small hinges 4 0,50 €/u 2,00€
798| Screws 110 0,05 €/u 5,50 €
w
a_:‘ 8 Supports 4 20 €/u 80,00 €
o
g <z( Couplings 0,022 kg 2,50 €/kg 0,06 €
z
E Latches 8 1,50 €/u 12,00 €
& Textil 4m 10,00 €/m 40,00 €
Magnets 6 0,15 €/u 0,90 €
Wheels boxes 8 kg 2,50 €/kg 20,00 €
Subtotal 521,46 €
TOTAL PRICE
PROCESSES
lal 0| Weldings 5,00€
Zz W
sS4 Cutting 15,00 €
O
Z 0 illi
9 Drilling 3,00€
S
5 o
Q%
32
<0
=0
<
Subtotal 23,00 €
LICENSE PRICE SPENT HOURS LICENSE PRICEJHOUR TOTAL PRICE (€)
E SolidWorks 6.105,00 € 344,00 0,80 € 27520 €
% Microsoft Office 6.020,00 € 50,00 €
[
3
Subtotal 325,20 €
Total 1.141,89 €

The estimated price is 1141,89 €.
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6 CONCLUSION

The system of the movable/expandable box for van-type vehicles has been designed within the
framework of this project. The box can be mounted inside the cargo/passenger section of the van

and it enables the vehicle to obtain significant additional usable space.

The proposed solution and its technical and economic parameters indicate that established

requirements (table 1) and assumptions (chapter 3) have been met.
First of all, the system cost seems to be relatively low (about 1140€; see chapter 5.8).

The movable and expandable box enables the vehicle to get a 7-cubic-meters additional space,

giving a great boost to the tourism industry.

It is very important to point out that the suggested system is not intended for just a car model. It can

be installed in @ number of currently manufactured vans (chapter 4.1).

The manufactured of the proposed system is very simple. The assembly in the van (after a
preassembly of the welded parts at the factory is performed) wouldn’t cause any problem for the

user.
Easy use and maintenance of the system result from its simplicity.

Some sketches and ideas of folding furniture which could be added to the system are shown in

chapter 5.6.

This system has also fulfilled some desires described in chapter 3.2, which are the light weight of the
elements (whole system 172kg) and the use of insulated materials for the walls of the box, which

provides a high standard of comfort.

However it must be considered as a prototype. It can be improved in many aspects: adding some
windows to the walls, developing the ideas of the folding furniture, improving the design and the
access to the box from the outside. Also the box could get waterproof. Finally, an electrical system to
have electricity could be installed to improve the user’s experience and a level to ease the
positioning of the sliding system outside, as well as automating the sliding system to facilitate its pull-

out.
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ANNEX

Working drawings of selected system elements.

79



| p—

] L ] 9 S
Lol wnu suostowq By B
L ! S1.0 7101 u:.mu.ww.,%. DL mu< 319NV QUIHL
u——”:um;bx [199US Jaqun Sumesg PRIRIS 9SINBLIO SSAIUN 9215 199YS poyiapy worpefoig
OO IO P |eued aysodwo) i
9102/90/02 US|y ULID (jyBu)waysAs oLk ojeas Bumesq
Sieq powoun | OWISINGD g popewd a|qppundxa Jooly
210z/90/51 7onB1IPOY ZOPURUIBS % 5le) sadk)
- owguveig| 0PN kg unesg ‘uopdusag HPd  iunzog
3
— |
p—
07 0ol = =
IS
Q
]
a
-
9 &
»
d
B S}
o]
e W
oe Ol ooy
v oLl
L [ 9 | S

80



| p—

I L I 9 S ] 2 I
L | v L s sty eV Be
§1.0 7101 2NBUY 'Z°0% 'O Jedur) JTONV QuIHL
4 JWENeY 11994s agquny Bumesg POIEIS 9SINALIO SSOIUN 10215 1994S ‘pPoyiopy worpoloig
co'10'10 888858 1V, 3UEPIIY 6 ¢
Jequiny ved |oued aysodwon u| peonpoig Bupesg BB x0:ddy]
9108/90/02 QWYY LD (o) waysAs oLl ofe0s Bumesq
@1eg paypayn | OLUISIIN D) iAg paxoayd 0—803—..0&%0 100}
910z/90/6 1 ZanBUpPoY ZopuUpS g 5] sadk)
— :9leg wweiq DIONT  Aq umeig ‘uopdiosag Hod juswnaoQg
E|
&lo ,
o2 Ov L
a
o —
o~
(63
w
ol
d
o
L 58 A
A4 oe O Gye 004 Ol
[ L | 9 | S 2 [

81



8 ] L | 9 S
1oL n suosowg ay W@
: L e | Y 10 v
UOISIAD Y 199YS Jaqun Bumesg IPRIRIS ASINBLAO SSAIUN 19215 199YS ‘poyiapy worRefoig
€0'10'10 88835 1B\ 93uEPIOTY 6397
1equIn ped |aued aysodwiod U] peonposy Buwesg BB woddvy|
2102/90/0¢ upway uon | (JyBu)wiaysAs ajgopupdxa 0Lk ‘9fe05 Bume:q
@leg papayD | OLUIS(IN D iAq paxosud lIomjuoly
9102/90/5 | 78nBLPOY 78 PURWS 5 adk)
4 .,ssm_ g Qu.m e :uondudsaqg }1iod Wownoog
04 €e? L 8
ol
L
I
g g
© o8
o
r 1 3
004 LE9
€991
8 [ L [ [ S

82



8 I | 9 S
WY (SUOS LS
l Lol L Ean.o.,rﬂ_ﬁu_ o_.n..-wm_:-.m n< g
S1.0 /101 ®NBUy '2°0% "D Jeaur) 319NV QuIHL
M- UOISIAD Y 199US Jaqun Bumesg POIRIS 9SINBLIO SSAUN 19215 199YS ‘poylapy uoRefog
o' 1010 888958 WV 9UEPIOTY 69
J9quInN bed |aued aysodwon u| peonpo)y Oupresg BB %0xidy)
910Z/90/0¢ URLUSYY ULIOW (ga))wajsAs sjgopupdxa (U2 91895 Bupmesq
oieg pooud | ouiaing Aq pawsud JIPMuOLy
2102/90/G 1 ZonBUPOY ZoPUR . adk)
— ' ‘oreq uneig a_um Aq E.MM “Uopduossg Hpd jJuswnooQ
E|
nﬁ»W "
ﬁ €e91
a [
o) = 5
o< (@]
(@]
a 3 r _
004
- €991
v
8 [ | 9 [ S

83



8 ] L | 9 S
101 F!..”.,m:onﬁ:-m W g
: k vy | BV 100 v
n— UOISIAD Y 199YS Jaqun Bumesg PRILIS ASINBLAO SSAjUN 19213 1994S ‘poyiapy uoRefolg
GO'lO' 1O 888358 U SEpIOIY @..wm‘m i
3 U n| W B B\ XO.
O R pued aysodwion LEnEk ..a mm—
9102/90/02 US|y UIDW oL :9jeog Bumesg
o1eq powauo | OwiND Kapeweuo | WIBYSAS ajqopundxa jooy
iz /90/ ZoNn6Ip0Y ZoPURULS. g cadk)
| | PH0R0EL | |enokcizeaiun, :uonduosaq Od, i
E|
004 ce9
a —
=
0
Q
~0
o)
@
@)
a
Oe 00)% e9 )
£991
v
8 [ L [ 9 [ S

84



8 ] A | S € |
L | v ! wEEey | ey B
5.0 7101 BNBUY ‘207 DL Jeour] 319NV QUIHL
u_:aﬁsbx ;199YS sequnpy Bumesg POIRIS 9SINALIO SSOIUN ;0715 199YS ‘poyiay worefoig
201010 888358 1\ 9UEPIOIY 6y ¢
J19quInN ped |aued aysodwo) U] peoNposg Bumesg aBE oddy]
9102/90/02 upwsy uon | (jyBu)wiagsAs sjgppupdxa oLt ofeos Bumwesg
@R PIRAYD | OLWBIIN D) iAg PNORYD L IPM apIs
2102/90/S | ZonBUPOY ZoPURUIS] z o) sadk)
- :91eQ Uneigq DIONT  :Aq uwesg ‘uopduossg HRd juswnooq
3
—t
0201
004 Gé6C
- — —
a —
(©)]
o
2 5 .
q - ! /
Lll
— 0/5 GE
Y
8 [ L [ 9 S € [

85



8 ] L ] 9 S 2 |
1oL unu suoBUq By g
k . e | I e o
UOISIAD Y 199YS Jaqun Bumesg IPRIRIS ASINBLAO SSAIUN 19215 199YS ‘poyiapy worRefoig
01010 888358 W\ FUEPIOINY Byg
JIquINN peg _w:mn m«_moa wo) U] ponposd Buweig AW R %0 xddy)
= i N oL:L B
9102/90/02 RIS UIIOW 3])waysAs ajqopupdxa ois UG
i papess] Suem o pepass fhoe _.___UB Hu_muc
9102/90/ zonBUIPOY ZoPURUBD = adk )
102 .,emn_mLén DN s e :uondudsaqg 1104 swnoog
0201
G6T oo j j
—_ | M
(@)

o

— I

= (@)

o
(@]
GE
8 [ L [ 9 [ g 2 [

86



8 L I 9 S 14
101 unu :suoBwUIq Iy g
l L S1.0 VIOL !S—M.“‘%W%GMHM”M m< JTONV Q¥IHL
o fposvey 199ys sequn Buwesg {POIEIS 95 WAL SSOIUN ‘0215 1994S PoyIaY LoIRefoIy
801010 8888SE \BIV\ PUEPICIWY _ @,\,.m,
IPQUINN peg _m:ma w“_moquU u| peonpoid Buweig BB/ %0 xddy|
oLk :
9107/90/07, URLUB|Y DY ‘9jeag Bumesg
MOmn;s%wwwEo OUIBIND iAq PNISYD AIU_:ENO““NOQ_M“UEUQXO

7 /90/C 7onBUPOY ZopupLLSy B tadk)

— 7 ,OQ,.%w%LEo DIDN]  iAq umeig ‘uonduosag Hod jJuswnooq
3
—

Ol
o
a
m
° N
(2]
—
g
—
oE 00l 0cl
Y
8 L [ 9 [ S 2

87



8 I L | 9 S
L | s ! wtesy | ey BO
S§1.0 1oL ®nbBuy ‘Z'0% 'P L Jesun F1ONV QHIHL
UOISIAD Y 199US Jaqun Bumesg POIRIS 9SINBLIO SSAUN 19215 199YS ‘poylapy uoRefog
601010 sasesa um suepossy | O g
4equInN ped jued aysodwon U] paonposg Buwmesq aubRM x0xddy]
?102/90/0¢ URLISY ULON a)wajsAs ajqopundxa oLk oe05 Bupnesq
ieq powaus | owiB|IND hq pasud (w=1) Nt__U; _OA“!MU
9102/90/ zonBUPOY ZopURUISY s ‘adk).
LT T e e :uopduosaq HOd g
qlt
i
o
= N
5 S
0cl 8,30] Oe
g _ L [ [ S

88



8 I ] 9 S c
L |z b amumen | oy BO
S1.0 1oL ®nbuy ‘0% P L Jesun] I1ONV QYIHL
UOISING Y 199YS Jaqunp Bumesg PRIBIS 9SINBLIO SSAUN (9215 199YS ‘poylapy vorRefolg
ol'lo1o 888858 14 suepIoo0y 691 B
JequinN bed _Dcmn W“_wOQ wop Y| paonposg _zﬁ.n_ BB/ %0 xidy|
9102/90/02 7oNBUPOY 7OpUDWSY xo 9Lk ‘ojeag Bupnesq
@1eg PIRWD DIDNT :AQ PaNOIYD ]
9102/90/51 S Hod sadk)
91eQ Wheig QUUIBINGD :Aq uweig ‘uopduosag JuawnaoQg
| —
B
= €991 _
0002
08
W
® £l or
1L 10
8 8
[m u
)
N
@]
8 -
et —
= 012 Z1
8 [ | 9 [ S € 4 [

89



8 ] I 9 g
W (SUoSUAWIg IY
L | zwe [4 L urigpiusuy soepng €V W@.
54,07 RL JRINBUY '3 0L Jesur] 319NV QUIHL
‘uosey RS Lsoquiny Bumesg ‘PRIEIS 9SIMBHIO Ssaiun 19215 PWS :POYR UoIReloId
SR 888858 YWV 20UBPI0Y 6% 91
oriotlo U] paonpos Bumesq ;
i joued aysoduion —
9102/90/0 ZonBIPOY ZOPUBUBD %6 9Ll ofeos Bumesq
1918Q POYOUD 0190749 P¥oRUD 9
2102/90/G | uRLUSYY UUDWY ‘uonduosaq Hod adk |
;9ieg uvesg QLIS INE) :Aq umes HeSY Juswnaog
Gel
oe L2
S ~
0oL
OE
Iy |
o i €91
1 —
_ N
[] 1
—t— | — L,
[S)
o |&
N LC|
8 [ | 9 [ S

90



8 [ L [ 9 S
L | aos c wemesn | oy =0y
5140 UloL pbuy ‘203 P L seaur) ITONV QYIHL
| UoISNG [1994S Jequn Bumesg POIRIS ISINBLIO SSAUN 19215 199YS ‘poyiapy vorpelosg
LI'1O'10 888859 W\ 99uBpI0OTY B3z
IRQUINN ped 4 padnpoid Bumesg AW e %0 xddy)
9102/90/0¢ URBlY ULIOWN Buipjam (Jybu) waysAs (424 ‘oreos Bumeig
9eg PR | DLW B|IND) Ag PANRYD 0-&5“—;5&%0 ._OO_m
? _om\u@_‘mn_ uneig = ,mewwﬂpoﬂm :uonduosaq Ajguisssy i Eu%”ﬁ.__.
4 |SEL1G L0 WnUIUNY poddng Buidnod z
(jubBu) wasAs
_ [sbieelbodiior 5/QDPUDAXS IO} !
X ‘N
ALINVNO NOILdI¥DS3a JWVN 303Id [INEVNERE
[ £ 4 ]
1 78 |
Ne Ns 2
6514
N
4
O
g O
8 [ L [ 9 [ S

91



8 | L | 9 S | 14 | € [ 4 [ 3
L | b b e eV B
S0 7100 .Nq.m:( ‘2°0% "pLeaun ITONV QUIHL
UoISNR Y [1994yS sequnN Bumesg IPOIRIS 9SS0 SSAIUN 19215 199YS PoyIo uoafoIg
o 1, soueps 6y z-
SPIOTI0 miiiins T | sas
9102/90/02 URLISIY LD Buipjam (y3]) waysAs chit o1e05 Bupeig
91eg PR | ouuis(|ng) iAQ POXIRYD ajqppundxa ool A
. /90/! ZanBLIPOY ZoPURUS : quuass adk |
HE ow_um_ _Eéo F Mu% WD E,EM ruopdoseg % jussnood
z ISEL1-G/0/ WnuUNy poddns Bupdnod z
(Hal) wiaysAs
| |[eund 8}Isodwo D) 2100pUDAXS I00]4 |
‘N
ALINYNO NOILdIdOS3a JNWVN 303Id NINEVNERE
| 7 7
I/Aﬂ&
AN
O
)
3
(0514
8 [ L | 9 [ S 2 [ € [ 4 [ |

92



8 | L | 9 g ] |2 I € | 4 |

L | v ' pamemn | o B
51.0 1oL ®nbuy ‘Z°0% P L Jesun] ITONV Q¥IHL
S UOISING Y 199ys ;1equn Bumesg PRIRIS 9SIISLIO SSeHUN 1923 199YS POy LorRalosg
. 3 By
EULOIO  nqumypeg aaﬂa“:ﬁu&ﬂ% AFVANBNW.E /
910¢/90/02 79n6pOY 7opUDUDy okik ore0s Bupeig
BB PIRID (DN :Aq PONIYD nmc__v_ am xog
9102/90/5 | US|y UuLIoW X ZDE@mm( adk)
oreg uneig | oLuIs|Ing  iAg umesg ‘uopduosag juawnoog
4 Hog posJd 4
| jaupd ajisodwo D xog | q <
, N %\
\
ALINVNO NOILdIIOS3Ad JWVN 354Id [INEVAERE o

€L
8Ly

Yot |

Yol B

909

93




1 | | 4
10
A
$
B
127 =
© C
0 D
R
N
E
22
Document AT Drawnby:  Lucia Drawn Date: |
Type: Part Description: Femandez Rocriguez | 15/06/2016
Checked by: Guillermo | Checked Date:
g, Ssale 1:2 Wheel box Martin Aleman 20/06/2016
Approx Weight: Drawing Produced In Aluminum 7075-T7351 Part Number:
2 Kg Accordance With: BS8888 01.01.14
Projection Method: Sheet Size: Unless Otherwise Stated: Drawing Number: Sheet: Revision: F
THIRD ANGLE gn:ar Tgl.‘: :}?% :ngularTol.: 0°15'
ace Finish: 0.8pm
A4 Ahl Dimensions: mr‘rli 1 10of1 1

94




8 | L | 9 S ] 2 I 3 | Z
L | b0 b g0 \Siag 00 v/ BO
5140 oL ®NBuY ‘Z°0% 'R L seaur] FTIONY QYIHL
SUOISIAG Y (199yS (J9qunN Bumesg POIIS SINIBLIO SSHUN 19215 199YS poyIapy Lorpafosg
OV s ey | B S
7. /90/07. 7anBlIPOY ZoPURUS. v 19(eag Bupwes
O Smmin] o saree| BUIPIOM | |G} BuIP|0g M
7 /90/c A adk.
PN g CWIRAIND :Aq uwesy -uopduosag S ysunoog
4 |GELLG /0L WnUINY | BuUIH 4
| |GELLG /0L WnUIUNY | 8|90} BuIp|O4 |
‘N
ALINYNO NOILdI¥DS3Aa AWVN 304Id INIWIT3

0G = [ € —=

e

95



504

g [ Z [ 9 S
L | o " pmsesmugn [ ey B
5140 oL ®nbuy 'Z°0% 'O sesun ITONV QHIHL
[U0IS AR Y (199yS Jaqunp Buwesg POIRIS 9SINBLIO SSAfUN 19215 190YS poylayy uorRefolg
008010 Jequiny ped mwmw”o:ﬁospwmhc.uh% ug
9102/90/0z  |7enBupoyzepunund|  BUIP|aM g 3]qR} Bulpjod v o1es Bupesq
91eQ PO DN :Aq poXORYD
9102/90/5 N 2 :adk ).
~ :9teg ,_ZEn_ SWBIND Aqumesq uonduosaq Nawesy juswnooq
l 1GE£1-G /0L WnuIwnyY poddns Bujdnog z
| |GEL16 /0 Wnuunly ¢ 91ap} Buipjo4 |
SEI ‘N
ALINVNO NOILdIdDS3a IWVN INIWITT INIWIT3
|
7 L1l
==
I | |
8 [ L [ 9 [ S

96



8 ] L | 9 S
L | e b ppsemevy | oy B
S51.0 101 .n:m:( ‘2°0% "pLieaun FTONV QHIHL
UOIS N9 Y 199YS Jaqun Bumesg [PRIRIS 9SIWRLIO SSAIUN (9215 199YS poylayy uorRefolg
v 70 H UepK @/ 27/
0TIV ssmeg e | Railiy
9102/90/07 | 7entupoy zepusuiss | Bulplem ¢ ajqpy Buipjod vii ofe0s Buweig
9Ieg PIRWD DIONT :AQ PONORYD
9 _om\wwm_w:m,eﬂ :uonduosaqg Agpusssy Eo:._“wmwm__.
| |GEL1G /0L WnUIWN Y poddns Buidnod |
L |GEL1G L0 WnuUINY € 8|qo} Bup|O4 4
. . ‘N
ALINYNO NOILdIDS3Ad AWVN 3D3Id INIWIT3
|
7 04
¢
8 [ L [ 9 [ S

97



8 I Z I 9 S 2 I 3
N _ amimey | ey Bo
S1.0 1oL ®nBuY ‘703 P L seaur] JFTONV QHIHL
U0 AR Y (199yS Jaqun Bumesg POIRIS IS IIBLIO SSAfUN ;9215 190YS poylayy uorRefoid
10CO' 10 88885 1BV S9UEPIOIY
Lia Ll L) LG€L1-G.0 wnuiwnpy =
9102/90/0g ZonBIpOY ZopUpUB 12 ‘9jeog Bupwesq
916q PR o207 _iAq powoRuD abuly
2102/90/G 1 g n adk)
:01eQ WWRI] :uonduosaq Hod Juswnoog
o
0c
€3}
O
8 [ | [ S 12 [ €

98



8 I Z I 9 S
L[y ! amimey | ey Bor
S1.0 UIoL ®nbuy ‘Z'0% P Jesur] FTONY Q¥IHL
U0 AR Y (199yS Jaqun Bumesg POIRIS IS IIBLIO SSAfUN ;9215 190YS poylayy uorRefoid
cowoio | 88885 1BV S9UEPIOIY
ZOQUIN vEd LGEL1-6/0, wnuiwny -
2102/90/0z  |7enbupoy zepupuny Gl ‘oje05 Bumesq
91eq PIRMO DN _iAq popRuD L 219} Buipjoy
2102/90/5 1 ‘ n :adk).
' :918Q UWeIg Uofiduoseg Hod juawnooqg
7 vST
| W
O
o
e
8]
(@]
_ 0001
8 [ L | [ ] €

99



1 | 3 4
@25 A
B
1]e 015/ A
()
Yo] -
Ale 01] 2
C
'9\/\
| | =9}
D
A g
E
— Drawn by: Guillermo Drawn Date: —
Tosament — Part Description: Martin Aleman 15/06/2016
Pin Checked by: Lucia Checked Date:
Drawing Scale: 1:2 Ferndndez Rodriguez 20/06/2016
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