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2. Abstract
Recently younger generations are looking for cheaper ways to travel and live great experiences,
this is why a camper has become an attractive option.
Currently there are discussions regarding if to buy a camper is more advantageous than to do it
by yourself. For which it is necessary to analyse both options to choose one according the study
performed.
All the necessary steps for the study have been detailed below.
Steps to follow until to convert into a van:
1. To choose a Van.
a. To choose a Van model through value engineering.
2. To design the camper interior.
a. Internal isolation.
b. Electrical system.
i. To connect a solar panel.
ii.
To connect a secondary battery.
c. Water system.
d. Gas system.
e. Interior organization
i. Furnishing
1. To calculate material resistance
2. To choose screws to use.
ii. Appliance location
3. Price comparison between buying a camper or doing it.
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3. Key words
1. Van: A medium-sized motor vehicle with a boxy shape and high roof, used for
transporting goods or passengers.
2. Motorhome: A motor vehicle equipped like a caravan for living in.
3. Panelled: (of a wall or other surface) covered with panels.
4. GVWR: The gross vehicle weight rating tells you how much your vehicle can weigh safely.
This figure includes curb weight (what your vehicle weighs when empty of passengers
or materials) plus the weight of passengers, accessories, fuel, any other materials
carried inside the cabin, and “tongue weight” of a tow trailer (normally 10-20% of the
combined tow load and trailer weight).
5. Battening: The application or addition of battens.
6. Secondary battery: Component responsible for storing electrical energy to submit
electrical current to the system.
7. Solar panel: A panel designed to absorb the sun's rays as a source of energy for
generating electricity or heating.
8. Watt’s Law: To define the relationship between power, amperage, and voltage drop in
an electrical circuit.
9. Power: Power is the rate at which energy is being used. The unit of measurement for
electrical power is called the Watt. Whenever one Volt is used to move an Ampere
through a circuit, the work done is equal to one Watt of power.
10. Current: The movement of electrons or other particles through a conductor is known as
current. The unit used to calculate the current parameter is the Ampere. The symbol
used to represent the amplifier is the letter “A.” The symbol used to represent the
current parameter is the letter “I.”
11. Tare weight is defined as the total weight of van when the vehicle is empty. -> T(a) &
(Tb).
12. Axial loading: is defined as applying a force on a structure directly along an axis of the
structure. -> R(a) & R(b).
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4. Introduction
A van is a commercial vehicle used to transport goods or groups of people. They have an
orthogonal and roofed cargo area at the back. The tailgate is always two-leaf horizontally
opening.
The size of a vans is very varied, because they have been adapted to the wide variety of needs
that exist. In general, vans can be identified through alphanumeric codes that will determine the
size of a van.
In relation to the lengths there are the codes L1, L2, L3 and L4. These codes are not standardized,
so each brand can offer a different length for each one. The meaning is as follows:
• L1: short length
• L2: medium length
• L3: long length
• L4: extra-long length or maximum length
For the roof we find the codes H1, H2 and H3. This second batch of codes refers exclusively to
the height of the ceiling, and has the following meaning:
• H1: standard roof
• H2: high roof
• H3: super high roof

Figure 1. Van Dimensions. https://campermania.es/
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Figure 2. Van dimensios high capcacity. https://campermania.es/

Table 1. Van dimensions. https://campermania.es/
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Motorhomes are classified, according to the type of coupling with the base chassis-cabin that
gives it its exterior shape, into four classes:
Campervan
Integrated motorhome
Alcove motorhome
Low-Profile motorhome
Campervan
A camper is a mean of transport that provides us comfort like a home and mobility like a car.
The dimensions of the camper allow to move through most roads, cook and rest on site.
Currently most people love to travel and see new places but at the same time there are less
people with resources to do it, so it is important to take profit about our resources.
A campervan is an adapted van, it retains the original exterior dimensions. Inside, thermal
insulation, furniture and all the necessary systems are added to make life on board. It can be
equipped with a raised roof as standard or added later. There are three types of roofs:
Pop top roof
Rising roof
High top
Pop-top roof is the most popular, it is characterized by rising more from one side. This design is
very versatile since during the mobility of the vehicle it gives as a common appearance, but when
the vehicle is parked and the roof is raised it allows to spend the night comfortably inside the
campervan.

Figure 3. Camper, GT-53-Movilidad_Autocaravanas.pdf
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Rising roof is the most similar option to the pop-top roof, with the difference that it rises evenly
over its entire surface. The main advantage over the pop-top roof is that it is more comfortable
when open as it provides more space. Its disadvantage is that it is not designed as a sleeping
space.

Figure 4.. Camper rising roof, GT-53-Movilidad_Autocaravanas.pdf

High top roof is a permanent extension of a van's roof, allowing mobility inside by providing
additional height. The other advantage is that it provides extra storage space, being able to
install shelves to store objects. And it also provides us with superior protection against the
meteorological factors of the two previous types because it is an extension of a van, this makes
it advantageous for long and cold trips. Its biggest disadvantage is that it limits us when parking
in a parking lot with limited height, and fuel consumption will be higher.

Figure 5. Camper high top roof, GT-53-Movilidad_Autocaravanas.pdf
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Integrated motorhome
Integrated motorhome is the most aerodynamic type of motorhome. It is characterized by the
rotating driver's seats. We try to optimize the space to the maximum, for this reason a double
bed is usually included on the cabin in order to increase the available space. The habitable cabin
forms a single body with the motor chassis. Their equipment is usually high-end.
It is a good solution for people who need more space. It is fully designed to use the largest
available space.

Figure 6. Integrated motorhome, GT-53-Movilidad_Autocaravanas.pdf

Figure 7. Interior integrated motorhome, GT-53-Movilidad_Autocaravanas.pdf
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Alcove motorhome
Alcove motorhome is a vehicle that incorporates an extension above the cabin and takes
advantage of that extension as a living area, mainly as a room with a double bed, by increasing
the inhabited areas to rest. In this type of motorhome, the driving area is separated from the
habitable one.

Figure 8. Alcove motorhome, GT-53-Movilidad_Autocaravanas.pdf

Figure 9. Interior alcove motorhome, GT-53-Movilidad_Autocaravanas.pdf
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Low-Profile motorhome
Low-Profile motorhomes are mainly characterized by their versatility, since this type of vehicle
has different dimensions in height and length, from 6 meters in length to almost 8 meters, thus
adapting to the number of people traveling, from a couple to a maximum of 6 people.
These motorhomes are characterized by a more aerodynamic design than the alcove
motorhome, with more stability, lower fuel consumption and easier driving.

Figure 10. Low-Profile motorhome. GT-53-Movilidad_Autocaravanas.pdf

Figure 11. Interior Low-Profile motorhome.. GT-53-Movilidad_Autocaravanas.pdf

15

HOW TO CONVERT A VAN INTO A CAMPER

There are many projects related to converting from a van to a camper, some focus on interior
design for people with reduced mobility, others focus more on the steps required to convert a
van into a home vehicle.

Figure 12. Campervan design reduced mobility.
GT-53-Movilidad_Autocaravanas.pdf

This project will focus on the most valued factors for these vehicles, the space and the comfort.
To achieve this, some guides will be designed on the walls that will be used to hold the necessary
materials during the trip and your stay. These guides will allow the material to be placed in the
place that provides the maximum comfort and taking advantage of all the available space since
just will be used the necessary furniture.
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5. Homologation and regulations
The first point to considerate is the applicable regulations to camper homologation.
The documentation necessary to do the homologation is detailed below (more details in Annex
B):
a) Detailed technical project of the reform to be carried out and final certification of the
work in which it is indicated that it has been carried out as established in the project,
both signed by a competent qualified technician. The work certification will expressly
state the workshop and the date on which it was carried out. This technical project must
be presented to the issuer of the conformity report.
b) Conformity report issued by the technical repair service designated or alternatively
by the vehicle manufacturer.
c) Certificate of the workshop in which the reform was carried out.
To below it is detailed all the requirements to get the approval on the ITV:





To fix all furniture at 4 points.
All the extra components should be homologated (skylight, windows), these provide a
best illumination.
To fix the tank properly.
Electric system to 220V and gas.

Regulations applied to electrical installations governed by UNE-EN 1648-2: 2018:








Provisions. The electrical system can be made up of one or more independent electrical
installations. Each of these independent installations must be powered by a different
connection device.
Cables and ducts. The following types of cables must be used: - single-pole cable with
insulated flexible conductor, without sheath, type H07 V-K, inside non-metallic conduit;
- unipolar cable with rigid conductor insulated, without sheath, with a minimum of 7
H07 V-R wires, inside non-metallic conduit; - flexible cables, under reinforced
polychloroprene cover, or equivalent synthetic elastomer, type H05 RN-F. The ducts
must comply with the UNE 20-334 / l Standard. The polyethylene type should not be
used.
Sections. The section of the conductors must be suitable for the load to be supplied
inside the caravan and in any case it must not be less than 1.5 mm *. NOTE - Attention
is drawn to the effects of thermal insulators on the withstand current in conductors. For
its effect, it may be necessary to use larger sections.
Mechanical protection. Pipelines that are subject to vibrations must be protected
against mechanical damage
e by means of suitable placement or by complementary
protections. Pipes that pass through metal walls must be protected by suitable, solidly
fixed sleeves. Every precaution must be taken to avoid mechanical damage from sharp
edges and abrasive surfaces.
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Separation. Low voltage pipes must be separated from very low voltage ones and must
be arranged in such a way as to avoid any risk of physical contact between the two pipes.
Route. Inaccessible cables must be continuous (no splices). The conduits and connection
boxes must be made of a material according the specifications of the UNE 20-672 / 2-l
Standard (see section 3.3.2.11, unless other values are determined in the specifications
of the corresponding material.

No electrical duct must be located or pass through any compartment intended for the placement
of gas containers.
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6. Targets and Methodology
6.1 Van model.
The choice of a van is very relevant to determine the available interior space (placing the
furniture, interior mobility) and the fuel consumption. To determine the more convenient van
for our project, we will carry out a value analysis.
In this analysis we will take into account the parameters that best for us, they will be the
following:
• Cost: It will depend on the size chosen, it is important to take it into account but it will
not be the most valued.
• Weight: It is important not to exceed 3500 kg due to the limitations that it would
present, different driving licenses and different speed and accessibility limitations.
• Exterior length: It will affect parking and driving.
• Exterior height: It will affect parking in private parking lots and stability during traffic.
• Interior length: The most valued parameter, since it will allow a good distribution.
• Interior height: It will allow mobility while you are in a van.
• Consumption: It will define the cost of the trip.
• Deposit: It will feed the engine, highly valued for long trips. In vans it is 90L for any
dimension.
REF.

Objetive

1
2
3
4
5
6
7
8

Cost (k€)
Weight (T)
Exterior length (m)
Exterior height (m)
Interior length (m)
Interior height (m)
Consumption (L)
Deposit (L)

L1H1

L2H1

L2H2

L3H2

L3H3

L4H2

L4H3

20
21
22
23
24
26
27
1,85 1,91 1,91
2
2
2,09 2,09
4,963 5,413 5,413 5,998 5,998 6,363 6,363
2,254 2,254 2,522 2,522 2,76 2,522 2,76
2,67 3,12 3,12 3,705 3,705 4,07 4,07
1,662 1,662 1,932 1,932 2,168 1,932 2,168
5,8
5,8
5,8
6,2
6,2
6,4
6,4
90
90
90
90
90
90
90

Weighting
coefficient
5
5
10
10
30
30
15
-

Table 2. Analysis engineering. Owner

According to the table the most valued objectives is a van’s interior dimensions.
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The data are weighted to define which van is more tailored to the established objectives.
REF.

Objetive

L1H1

1
2
3
4
5
6
7

Cost (k€)
Weight (T)
Exterior length (m)
Exterior height (m)
Interior length (m)
Interior height (m)
Consumption (L)

1
0,0925
0,4963
0,2254
0,801
0,4986
0,87

L2H1

L2H2

1,05
0,0955
0,5413
0,2254
0,936
0,4986
0,87

1,1
0,0955
0,5413
0,2522
0,936
0,5796
0,87

L3H2

L3H3

L4H2

L4H3

1,15
0,1
0,5998
0,2522
1,1115
0,5796
0,93

1,2
0,1
0,5998
0,276
1,1115
0,6504
0,93

1,3
0,1045
0,6363
0,2522
1,221
0,5796
0,96

1,35
0,1045
0,6363
0,276
1,221
0,6504
0,96

Weighting
coefficient
5
5
10
10
30
30
15

Table 3. Analysis engineering weighted. Owner

Once weighted, the most desired value is subtracted for each objective.
REF.
1
2
3
4
5
6
7

Objective

Cost (k€)
Weight (T)
Exterior length (m)
Exterior height (m)
Interior length (m)
Interior height (m)
Consumption (L)
Total

L1H1

L2H1

L2H2

L3H2

L3H3

L4H2

L4H3

0
0,012
0
0
0,42
0,1518
0
0,5838

0,05
0,009
0,045
0
0,285
0,1518
0
0,5408

0,1
0,009
0,045
0,0268
0,285
0,0708
0
0,5366

0,15
0,0045
0,1035
0,0268
0,1095
0,0708
0,06
0,5251

0,2
0,0045
0,1035
0,0506
0,1095
0
0,06
0,5281

0,3
0
0,14
0,0268
0
0,0708
0,09
0,6276

0,35
0
0,14
0,0506
0
0
0,09
0,6306

Weighting
coefficient

10
5
10
10
30
30
15

Table 4. Analysis engineering with objective. Owner

The most suitable van will be the one with the least total value after subtracting the weight of
each objective, in our analysis, a van is the L3H2. Then it will be the one chosen to carry out the
project.

Figure 13. Citroen Jumper L3H2. https://www.bimbosvan.com/
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6.1.1 Dimensions.
Characteristics L2H2 Citroen Jumper:
• Cost: 23,000 €
• Weight: 2 T
• Exterior length: 5,998 m
• Exterior height: 2,522 m
• Interior length: 3.705 m
• Interior height: 1,932 m
• Interior width: 1.87 m
• Fuel consumption: 6.2 L

Figure 14. Drawing dimensions Citroen Jumper L3H2. https://www.bimbosvan.com/

Figure 15.Interior Citroen Jumper L3H2. https://www.furgovw.org/
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6.1.2 Tare weight.
The weight of the unloaded vehicle is 2000 kg, which it is distributed between the axles as shown
in the Figure

Figure 16. Distributed load between the axles. Owner

The manufacturer has the following tare characteristics for the chosen model.

Figure 17. Manufacturer’s data. UPNA.pdf

The distributed load per axle is calculated by making the summation of moments about the axles
must be 0.
Summation of moments about the B axis ->
Tare*x(b) – T(a)*x(ab) = 0 -> 2010*x(b)-1200*4035 = 0 -> x(b) = 2408.95 mm
x(a) = x(ab) – x(b) = 4035 – 2408.95 = 1626.04 mm
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To finish defining the tare position, the height of the centre of gravity must be calculated with
the data provided by the manufacturer for an inclination of 30º.

Figure 18. Diagram forces to 30º. Owner

Summation of moments about the B axis = 0
–> Tare*cos(30)*x(b) – Tara*sin(30)*h(cg) –TaraAa’(30º)*cos(30)*x(ab) = 0;
-> 2010*cos(30)*2408.95 – 2010*sin(30)*h(cg) -1049*cos(30)*4035 = 0
-> h(cg) = 2010*cos(30)*2408.95 - 1049*cos(30)*4035 / (2010*sin(30)) = 525 mm
The position of the tare is necessary to know it and then it will be included in the calculation of
the axle strength due to the extra design load.

6.1.3 Exterior reforms.
Before carrying out any interior reform, it must be carried out on the exterior, it is necessary to
define where they will be located and the dimensions of the windows, skylights and any
modification to the bodywork.
All the modifications to be made are listed to below:
o
o
o

Cut on the sides and the rear door to install four windows, one on each side and the
others on the rear door.
Cut in the roof to install 3 skylights, one located above the kitchen, one in the
bathroom and the last one in the back.
Cut in the ground and on one side to install the stationary heating and for the input of
the external socket (220V).
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Window installation
Two 900x500 panorama sliding windows are installed, they can be found online at 120€ each.

WindowsFigure 19. Window sliding. https://www.ebay.es/i

It is located as is shown in the below figure.

Figure 20. Located cut Windows. Owner

For the rear door, two opening windows 500x350 of 250 € will be used.

Figure 21. Windows
rear side 500x350.
https://www.reimo.com/

They are assembled to 1.05m from the floor of a van.
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Installation of skylights.
Skylights come in handy to illuminate the interior with natural light, which is why their location
is important.
The skylights in this project are positioned as shown below:

Figure 22. Skylights location. Owner

The kitchen skylight is placed 3 meters from the front and 30 cm from the left side.
The bathroom skylight is placed 2.5 meters from the front and 30 cm from the right side.
The rear skylight is positioned 1 meter from the rear door and 0.9 meters from the side.

Figure 23. Skylight Dometic. www.ebay.es

All skylights are the same, Skylight 40 x 40 Dometic Mini Heki Style. With a price of 100 €.
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Installation of external accessories
To install the stationary heating we need to make two holes of diameter 4.5 cm in the floor
where the heating is located for the air inlet and outlet.
The dirty water tank is located on the outside of a van, it is located on the ground so that the
drains flow into it by gravity. A 30mm diameter cut is made install the pipe from the drain to the
dirty water tank.
To install the external 220V socket, a 15 x 12 cm cut is made on the side. Its price is 16 €.

Figure 24. External 220V socket.
https://pedidos.activecaravan.es/
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6.2 Interior design.
The material must be light due any extra component influence the final weight of the vehicle,
which it is 3500 kg maximum, and it must be resistant to bending in case they support load.
The distribution of the furniture should like to the owner and provide the greatest possible
comfort.
To achieve the desired objectives it will be necessary to carry out a study of materials and design
a mechanism that allows the redesign of the interior.
Once we know the interior dimensions of a van, we can made the possible required designs.
Possible designs to carry out:
Design A: If you want to make a long trip where you need a lot of space to bring clothes, a highly
recommended design is:

Figure 25. Interior design A. Owner

Furniture dimensions (length x depth x height):
Kitchen: 1.7x 0.6 x 1 m
Bed: 1.5 x 1.8 x 1 m
Hanging furniture: 3 x 0.6 x 0.4 m
Bathroom: 1.3 x 0.6 x 1.9 m -> Equipped with a dry pot that costs 40 € on Amazon.
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Figure 26. Second Interior design A. Owner

Furniture dimensions (length x depth x height):
Drawer / table: 0.55 x 0.7 x 0.2 m
2-seater / sofa: 0.6 x 0.5 x 0.4 m
Design B: If you want to make short trips in coastal areas, it is recommended that the bed is far
from the entrance area (back door), thus avoiding the bed becoming dirty once you leave the
used material (surfboard, surf equipment, snorkel) and space is also gained to place the material.

Figure 27. Interior design B. Owner

Furniture dimensions (length x depth x height):
Sofa/bed: 1.5 x 0.6 x 0.8 m
Cabinet: 0.5 x 0.6 x 0.8 m
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Design C: On a trip where single beds are needed for a trip with friends, see the below design:

Figure 28. Interior design C. Owner

Bunk: 1 x 1.8 x 1.3 m
Clothes cabinet: 1.1 x 0.6 x 1.7 m
2 Seats: 0.5 x 0.5 x 0.3 m
Coffee table: 0.5 x 0.7 x 0.15 m
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6.2.1 Insulation.
The first step is to carry out a study of the material used in the walls and roof, the function of
this material will be to isolate the temperature inside the vehicle and gives an aesthetic views.
Isolation is essential for the objective, it is to develop life inside. It is important to maintain good
thermal insulation but it will also be necessary to combat humidity, to prevent the deteriorated
material at inside the van.
The insulation will be made up of the different layers:
1. Reflective layer: Material formed by several layers where the first will be aluminium
and inside it can have polyester sheets, bubble wrap, expanded polyethylene foam or
other layers that keep air inside. It will be in charge of avoiding the thermal radiation of
the sun and its thickness is 4-20 mm.
2. Vapour barrier layer: It will be in charge of avoiding the exchange of humidity between
the interior and the exterior, its thickness is 10-20 mm.
3. Panelling: It will be responsible for supporting the insulating layers mentioned above,
it will give the aesthetic views to the interior of the camper, its thickness is 3-5 mm.
The combination of the 3 layers will create an excellent acoustic barrier.
From the following table 5, you can extract the necessary information to choose the material
that best suited to the required needs.

Table 5. Features insulating material. https://www.parafurgo.online/
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The fiberglass and rock wool are the most suitable materials for our specifications, both
materials can be used on the roof and on the walls, they have a low thermal conductivity, that
is, they are good thermal insulators. They also provide a good vapour and sound barrier. The
drawback is the difficulty to install it, so the best option is synthetic rubber (kaiflex).

Figure 29. Fiberglass installed in van. https://sincodigopostal.com/

Figure 30. Kaiflex installed in van Citroen
Jumper L3H2. https:/www.furgovw.org/
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For the floor, cork or extruded polystyrene (XPS) are probably the best option for insulation.
They are compact and do not easily deform underweight.

Figure 31. Extruded polystyrene floor. www.furgovw.org/

Steps to follow for placing the insulation material.
1. Remove door and wall protectors that come standard with a van, including the
component that separates the cab from the interior.

Figure 32. Van without protectors. https://www.furgovw.org/
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2.

The amount of insulation required is calculated and installed.
a. Walls and roof::
Insulator type: Kaiflex
Roof calculation: length * width = 3.7 * 1.8 = 6.7 m2
Walls calculation: 2 (length * height) = 2 * (3.7 * 1.93) = 14.4 m2
Total needed: 6.7+14.4 = 21.1 m2
Installation:




It is self-adhesive so no glue will be needed.
It is very flexible, capable of adapting to the entire structure of a van.
It is easy to cut with the utility knife and does not shed fibres in the
environment.

b. Floor:
Floor calculation: length * width = 3.7 * 1.8 =6.7 m2
Insulator type: Extruded polystyrene floor.
Installation:
 It does not need adhesive, it is placed between slats.
In the below table 6, it can see a summary of materials and prices corresponding to the insulation
process.

Material
Kaiflex 10mm

Quantity
25 m²

Price
275 €

Extruded polystyrene 3cm

8 m²

33 €

Total

308 €

Table 6. Floor material overview. Owner
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6.2.2 Electrical system.
Electrical system is carried out after installing the insulation, it will be necessary to maintain a
minimum of comfort inside the vehicle. In our case, it will be powered by a secondary battery
that can be charged in three ways, with the alternator, with solar panels and with an external
220V socket.
The first step should be to list all the components with their corresponding electrical
consumptions, in order to determine the capacity that the auxiliary battery will have to satisfy
the energy need of the system. To determine these consumptions we will use the watt's law (I
= P / V) taking into account that our system works at 12V.
Electrical components.


Refrigerator, it is recommended to have a compressor so that it only cools when its
necessary, maintaining a moderate consumption, it will have a consumption of about
270 W/day, equivalent to 3.75 A/day.

Figure 33. Dometic Waeco Coolfreeze CDF-36
Compresor 12V 24V. https://www.ebay.es/



Water pump, it is recommended that it be impulsion and that it works at 12 V, since if
we want to have hot water a higher flow is required, it consumes 110 W/day, equivalent
to 9.20 A/day.

Figure 34. Water pump 12v 17l/min.
https://vevor.es/
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Lighting with 4 LED bulbs, they consume are easy to install and require minimal power,
their consumption is 36 W/day, equivalent to 3 A/day

Figure 35. Lighting LED E27 12V 9W.
https://www.amazon.es/



Stationary heating takes advantage of the diesel from the engine return pipe, it
consumes 150 W/day, equivalent to 12.5 A/day.

Figure 36. Freizeit Wittke stationary heating diesel,
2 kW, 12 V. https://www.amazon.es/



Inverter from 12V to 230V, for this component it is necessary to take into account the
power that it will withstand (important to assess the peak that it can withstand, this
peak will give us added security) and the types of waves that it transmits, modified or
pure wave, the modified wave is only useful with devices with simple electronics, if we
need to power more complex devices we will need a pure wave charger inverter of 1000
W of power and with a peak of power of 2000W. Pure wave is chosen for the project,
which consumes 13 W/day which is equivalent to 1.08 A/day.

Figure 37. Inverter charger pure wave 1000W
2000W - 12V a 220V. https://www.amazon.es/
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Once we have a clear list (see Table 7) we can choose the appropriate battery for our needs.

Component

Quantity

Power
(W/day)

Consumption (A/day)

Price(€)

Refrigerator (12V)
Water pump (12V)
Lighting (12V)
Heating
Inverter 12V to 220V

1
1
4
1
1

270
110
36
150
13
579

22,50
9,20
3,00
12,50
1,08
48,28

450
48
24
655
280

Total

1457,00

Table 7. List of electrical components. Owner

The secondary battery must have a sufficient capacity to supply the system with 50% of its total
capacity, after the battery supplies 11.66 V (see figure 38), it will suffer wear and tear and its life
cycle will be reduced. To feed the previous components a 100 Ah battery will be needed, in this
project a 260 Ah battery will be chosen to be able to have it for several days.

Figure 38. Charge level according the supplied
voltage. https://sincodigopostal.com/

As can be seen in the table above, if the charging voltage falls by 11.66 V, the battery discharges
due its working voltage is 12V.
It is important to know the battery regime, the battery of 260 Ah capacity in a regime of C100,
it means that it will be fully discharged in 100 hours, but the same battery decrease its capacity
to 230 Ah in a regime of C10 (if we discharge its totality in 10 hours) and if the charge is very
high and we take our battery to C1 (complete discharge in 1h) its capacity will be 185 Ah. The
time to discharge the battery depends directly of the energy that it will provide to us.
We will always have to look for the charging regime of our battery in C100, since it will be the
closest to our application.

36

HOW TO CONVERT A VAN INTO A CAMPER

There are 4 types of secondary batteries that can be used to power our system.


Lead-acid battery, they are very cheap but they give off toxic gases, so they are
discarded for use.

Figure 39. Lead-acid battery.
https://www.hdibattery.com/



AGM battery, uses liquid sulphuric acid electrolyte and lead plates, but is perfectly
sealed and the plates are covered with an absorbent fiberglass mesh, withstands 50%
charge and discharge cycles well without problems. It’s charged fast. They can be
mounted lying down (no cover the safety valve) and have good resistance to shocks and
vibrations.

Figure 40. AGM battery 260Ah.
https://sincodigopostal.com/



Gel battery, it has 30% more useful life compared to the AGM battery, it can be placed
in any position but they have a little less capacity than the AGM and they are more
expensive. Gel battery has some problem if they are charged directly with the vehicle,
due they do not support the 14 V generated by the alternator, this can reduce their
useful life.

Figure 41. Gel battery 250 Ah
C100. https://sincodigopostal.com/
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Lithium battery, its weight and volume is 3 times lower than the AGM battery, they are
more ecological, charge faster and do not lose capacity between charging and
discharging, therefore its useful life is longer, the disadvantage is that it is more
expensive and does not tolerates high temperature ranges (explosion risk).

Figure 42. Lithium battery 12V 300Ah
Upower Ecoline. https://autosolar.es/

For our project, the AGM battery will be chosen, specifically the AGM power 260 Ah C100
battery (in C10 it will have 200 Ah capacity), its price is 360 €. Electrical characteristics in the
below table 8.

Figure 43. Campervan battery comparison. https://elmundoporrecorrer.com/
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Table 8. Electrical characteristics AGM power 260 battery. Ficha Técnica Baterías Monoblock AGM Saclima.pdf

Battery charge stages
To charge the battery correctly, charge regulators will be necessary to adapt the current
according to the charge stage in the battery. For this, it is necessary to explain what stages exist.
The main stages of charging in the battery are bulk, absorption and flotation.





Bulk stage: In this stage, the maximum current is delivered and the voltage increase
slowly until it gets 14 V. In this stage, the battery is charged between 80% - 90% of
charge.
Absorption stage: During this stage the voltage remains at 14 V and the intensity
decreases slowly until the full charge is completed.
Float stage: once it is 100%, the voltage decreases to 13.6 V and a minimum current is
provided to compensate for self-discharge.

Figure 44. Battery charge stages. https://www.tierrasinsolitas.com/
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Charge regulators
To avoid damage in the battery due to charges with inappropriate voltages charge a regulator is
used, which it will adapt the voltage provided to the battery according its charge stage, avoiding
overcharging and overheating. There are two types of charge regulators: PWM charge
controllers (standard controllers) and MPPT controllers (with maximum power point tracking).


PWM regulator acts as a power cut-off between the solar panels and the battery when
it has a full charge. The same voltage must circulate between the solar panels and the
batteries to the charge regulator functions properly, so if we have a 12V solar panel we
need a 12V battery. It will not work correctly if we have 24 V solar panels and a battery
that works at 12V

Figure 45. PWM regulator 10A/12-24V.
https://supermercadosolar.es/



MPPT charge regulator, this type of charge regulator is chosen in this project, it works
by cutting the current through the solar panels when the battery is fully charged,
adapting the output voltage of the solar panel to charge the battery without damaging
it. This charge regulator is very useful when we have a solar panel that is not running at
the same battery voltage. To choose the one used in the project we have assumed a
250W solar panel is equivalent to 20 A, its price is 30 €.

Figure 46. Regulator MPPT 100/20
12V -20 A. https://solarbex.com/

Once the required power/day and the battery used have been defined, the charging methods
can be analysed.
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Auxiliary battery charging with vehicle alternator.
The operation of the alternator is very simple. When starting the vehicle, the alternator
generates a constant voltage of 14 V, it works very well to charge the starter battery but it is a
problem for the auxiliary battery, which it has seen in the Figure 38 that the battery voltage
decreases as the current is consumed,. If we try to charge the auxiliary battery with 14 V when
it is at 11.6 V we can create sulphating of the battery and reduce its useful life.
To use this charging method we will need a component that controls when the alternator is
working to charge the secondary battery without discharging the starter battery. The automatic
relay is a component that while the engine is off it will open the circuit to stop charge the
secondary battery, avoiding the discharge of the starter battery (see assembly in the Figure 47).

Figure 47. Auxiliary battery installation with autorelay. https://elmundoporrecorrer.com/

Another alternative element to the auto-relay is a booster, this component takes advantage of
the alternator intensity to generate an adequate intensity towards the secondary battery, it is
more expensive but it is capable of reducing the battery charging time. It is highly recommended
to use it when the capacities of the batteries are different, since the relay will stop providing
current when it detects that the main battery is fully charged. See assembly in the Figure 48.

Figure 48. Auxiliary battery installation with booster.
https://www.tierrasinsolitas.com/

For this project, the booster system will be chosen due to the advantages mentioned above.
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The booster that will be used in the project is the one shown in the Figure 49, its price is 190€.

Figure 49. VOTRONIC Lade-Booster B2B.
https://www.amazon.es/

Auxiliary battery charging with solar panels.
This method is the most ecological since it takes advantage of sunlight to generate electrical
energy and charging the secondary battery.
To determine the most suitable solar panel, first it is necessary to define which power should
supply the solar panel. The maximum charge current should never exceed 10% of the charge
capacity of our battery, equivalent to 200 Ah, in C10 regime, that is 20 A (200 Ah x 10%) and
never exceed 20% of the load capacity, that is, 40 A (200 Ah x 20%).
This means that the proper solar panel will be able to provide a maximum of 20 A (equivalent to
240 W "watt's law") and never exceed 40 A (equivalent to 480 W).
Solar panels can be made of two types of crystalline silicon cells, monocrystalline and
polycrystalline.
Monocrystalline solar panels are made from cylindrical silicon clocks. Films with round edges are
made, for having a high purity in the crystals cause the performance of each cell to increase.
Polycrystalline panels are manufactured by melting raw silicon with impurities, the films have
impurities that form polycrystals and decrease efficiency, but it absorb heat to a higher speed
causing less overheating.
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Figure 50. Monocrystalline vs polycrystalline
panel difference. https://www.efimarket.com/

The difference is very little so it will be chosen according to budget and space.
The panel support can be rigid and flexible
The flexible panels have a very thin support, just a few millimetres and the covering is made of
flexible plastic. It should be handled with care, because its can damage the cells and leave the
panel unusable. The advantage about flexible panels is that they adapt very well to the surface
of the roof, but as inconvenient that cause the ventilation not to circulate correctly, reducing
performance when it is working at warm atmosphere.

Figure 51. Flexible solar panel.
https://vanlifeforadream.com/
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Rigid panels have a fibre backing, glass coating and an aluminium frame that protects and
provides rigidity in the panel. They are at a distance from the surface, it facilitates ventilation,
improving performance.

Figure 52. Rigid solar panel. https://vanlifeforadream.com/

A rigid monocrystalline 250 W solar panel is chosen for this project, its price is 175 €.
The panel installation will be as shown in the Figure 53.

Figure 53. Solar panel electrical diagram. https://www.tierrasinsolitas.com/

Charging with 230 V external socket
As mentioned in the section "Electrical components in the project", A charger inverter will be
used, since it can convert 12 V to 230 V, in order to be able to connect devices that do not exceed
1000 W. It is also capable charge the secondary battery from an external outlet to 230 V to 12
V, the same inverter already has an internal system that prioritizes charging by external outlet
in order to supply the devices connected to 230 V and charge the battery with the external
current.
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To connect the external socket to the inverter charger, some previous connections must be
made. A 15A power control switch is connected from the external socket, from the 230V output
it is connected to the 25A differential switch with 2 poles 30mA and from the differential switch
to the 1 pole + Neutral 20A.

Figure 54. External socket electrical diagram. https://viajandonuestravida.com/

Schematic electrical components diagram.
To define the location of each component, each component is individually listed and the
distance between each one is defined. See Figure 55.

Figure 55. Electrical components location diagram. Owner
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Each component has been listed as follows:
1- Starter battery (alternator).
2- Secondary battery.
3- Stationary heating.
4- Refrigerator.
5- Water pump.
6- Light bulbs.
7- Solar panel.
8- 230 V power socket and inverter.
Required cable length:
• From 1 to 2 there are 2 meters.
• From 2 to 3 there are 1.5 meters.
• From 2 to 4 there are 1.5 meters.
• From 2 to 5 there are 2 meters.
• From 2 to 6 there are 7 meters.
• From 2 to 7 there are 3.5 meters.
• From 2 to 8 there are 3.5 meters

Cables and fuses
A very important element to take into account in the installation is the diameter of the cables
and the fuses to be installed, it depends on both of them that the installation is safe.
To determine the diameter it will be necessary to apply the following formula:

Example: V1 = 12 V*1%= 0.12 V; V1 = 12 V*3%= 0.36 V
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Maximum allowable voltage drop (%):
Solar panel – Regulator: Maxim 3%, recommended 1%.
Regulator – Battery: Maxim 1%, recommended 1%.
Battery – Inverter: Maxim 1%, recommended 1%.
Refrigerator: Maxim 2%, recommended 1%.
Lighting: Maxim 3%, recommended 1%.
Water pump: Maxim 3%, recommended 1%.
Others devices: Maxim 5%, recommended 3%.

Cable section calculation:
Applying the previous formula:
Data:
L (cable length) of the diagram -> Calculated in section “Schematic electrical components
diagram”.
I (current circulating cable) -> Depends on the power consumed by the component / voltage
V1 (voltage drop) -> The percentage of voltage drop depends on the element, range from 1% to
3%.


Cable section between the alternator and the secondary battery:
o Length = 2m.
o Alternator intensity = 80 A when turned on.
o V1 = 2%
o S = 47.6 mm2 -> approx. 50 mm2



Cable section between secondary battery and inverter:
o Length = 3.5 m
o Intensity = P (maximum power is 700 W) / 12 V = 58.3 A
o V1 = 3%
o S = 20.25 -> approx. 25 mm2



Section of the secondary battery to the Refrigerator:
o Length: 1.5 m
o Intensity = 22.5 A (24 hours running, extreme case)
o V1 = 1%
o S = 10 mm2



For the other sections, the 2.5 mm2 cable is used, since using the formula with the
highest intensity that can pass through these cables, it leaves a 2.4 mm2 section.
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Fuses are very necessary in the installation to prevent possible fires.
These fuses are characterized by their colour depending on the current that they resist.

Figure 56. Different colour fuses. https://electromundo.pro/

Finally, the fuses are determined, we will use a margin of 4 times the current that flows through
the component (see Table 9).

Component
Refrigerator(12V)
Water pump (12V)
Lighting (12V)
Heating
Inverter de 12V a
220V
Regulator
Battery

Consumption
(A/hour)

Fuse

3,75
3,07
1,00
2,08

20 A
15 A
5A
20 A

3,00

15 A

3
15

15 A
60 A

Table 9. Fuses used in the project. Owner
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6.2.3 Water system.
Water installation in the camper will provide water for personal hygiene, for cooking and
washing. That is why you need two tanks, one for clean water and the other one for dirty water
(water already used).
The first step is to define the requirements at the installation, this project requires hot water, a
shower and a sink.
Once the requirements are defined, its study which materials are needed to make the
installation.
At the start of the installation, a clean water tank will be in charge of storing the water that will
be distributed through the circuit. It is recommended that its capacity be about 80L and it is
installed inside the vehicle to avoid freezing of the water in colder seasons, its price is around
75€.

Figure 57. Water tank 80L
1060x400x200. https://www.ebay.es/

The water circulates through the system by the water pump, the water pump that will be used
is pressurized, operates at 12V and drives 10L/min. It incorporates a pressure switch that detects
when there is a pressure drop in the circuit and activates the pump. Its price is 47€.

Figure 58. Pump wáter 12V 10L/min. https://thevaneffect.com/
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To close the circuit and ensure the proper operation and maintenance of the pump, a non-return
valve is installed, which will only allow the fluid to pass in one direction.

Figure 59. Non-return valve. https://www.tierrasinsolitas.com/

To have hot water a boiler is needed, for this project a diesel boiler is chosen, which takes
advantage of the diesel fuel system for the heater, its price is 172€.

Figure 60. Boiler. https://www.tierrasinsolitas.com/
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Once the water is heated it expands, so an expansion vessel must be installed in the system for
safety. The expansion vessel absorbs the pressure generated by the hot water when it expands,
keeping the circuit at a stable pressure.

Figure 61. Expansion vessel. https://www.cointra.es/

The facility has two taps, one for the shower and the other one in the kitchen. The dirty water
is collected by a 60L dirty water tank, its price is 125€, located at a lower height than the water
installation to facilitate the collection of the water, it will go outside a van.

Figure 62. Dirty water tank 60 L.
https://www.promonautica.com/

Both tanks are controlled with a level sensor, the filling level of the tanks is known at all times.
All the components are joined with a 10mm diameter flexible hose, except for the areas with
hot water circulation, which are reinforced to preventing the expansion of the hose due the
heat.
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See the finished water installation system in the following figure.

Figure 63. Diagram water system. https://thevaneffect.com/

A diagram is made as it was done in the electrical system to help better understanding to
location each component.

Figure 64. Water system. Owner
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Each component has been listed as follows:
1- Clean water tank.
2- Dirty water tank.
3- Stopcock.
4- Non-return valve.
5- Water pump.
6- Expansion vessel.
7- Type T fitting.
8- Thermostatic valve.
9- Taps.
Required hose length:
• From 1 to 8 there are 3 meters.
• From 10 to 9 there are 2 meters.
• From 10 to 3 there are 1.5 meters.
• From 10 to 2 there are 1.5 meters.
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6.2.4 Gas system.
The oven and microwave are the only components that need gas to feed in this project. The
installation requires a bulletin signed by a technical installer. For installation it is necessary to
follow the instructions set out in article 5 of Royal Decree 916/2006 (see annex B).
The gas compartment must meet a range of conditions:
1. It must be a watertight compartment with joints sealed with silicone or similar. The
contour of the door must have a rubber to ensure sealing.
2. A ventilation grill to the outside must be made on the floor of the compartment. The
opening must cover an area of at least 100cm2 (a square with a side of 10cm or a
circumference of 17.8cm in diameter). If the sum of the capacity of the cylinders does
not exceed 7kg, the ventilation gap may be smaller (minimum 20mm in diameter). The
grid cannot be obstructed, so it is recommended to mount the cylinder on a base.
3. The tank must be in a vertical position with the valve up and attached to the vehicle
by means of a double fixing system (upper and lower). The fastening system must be
totally manual, it must not require tools to open or close.
4. There should be no electrical appliance inside the gas compartment.
5. The compartment door must save a jump of at least 5cm from the compartment level.
If the door at floor level, it must install a wooden strip in front of the tank.

Figure 65. Gas system.
https://tutuning.net/

Household appliances must have a CE conformity marking.

6.2.5 Diesel system.
Both for heating and for the boiler, diesel is needed, the diesel system is taken from the fuel
overflow pipe.
This installation is done by a professional.
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6.2.6 Paneling
Wood paneling materials:

Marine board

Wood very resistant to humidity, used to panel the floor or for the manufacture of furniture. Its
installation is complex due to its rigidity and requires special tools. It is quite a heavy material.
20mm thickness.

Pine tongue and groove

Pine tongue and groove. Very similar characteristics to the marine board. Heavy material, which
must be taken into account for the distribution of a van's weight. Its thickness is 20 mm.
Pine films are also available, similar to boards, but with less thickness. Lighter and easier to fit.
Thickness less than 10mm

PVC tongue and groove

Rigid waterproof plastic boards, which also acts as an insulator. Its installation is simpler than
wood and can be easily cleaned. It is lighter, so it affects less weight distribution. Thickness not
more than 10 mm.

Sintasol or vinyl floors

Plastic material used for covering floors. It is very resistant and comfortable to install. It is also
very light and easy to clean. One of the most suitable for the panelling of a van. Thickness not
more than 5 mm.
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The insulation must be complete, covering all surfaces of the floor, walls and roof of a van. It is
possible to make a different panelling for each surface, being able to install a lighter material on
the roof and walls so that it affects less the stability of the vehicle.
It is very important to completely cover the surfaces, without leaving any gap where a change
in temperature can be caused and weaken the insulation.
In our van we will use the pine tongue and groove for the roof and walls.

Figure 66. Walls and roof with pine tongue
and groove. https://www.furgovw.org/

For the panelling of the floor we will use the vinyl floor.

Figure 67. Vinyl floor in Citroen Jumper L3H2. https://www.furgovw.org/
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Steps to follow to install battens:
1. Battening: The battens will be in charge of holding the insulators and will be the
anchorage points of the panelling. As many slats as there are beams / ribs our van will
be placed. They will be fixed to the nerves with screws. In our case we will need:
a. 7 samba wood battens of 30x10x2250 mm for the roof + 6 for the perimeter.
b. 8 samba wood battens of 30x20x2250 mm for the walls.

Figure 68. Battens installed. https://vivoxplorando.com/

a. Screws DIN 7981 4.2 × 25 (N) -> Self-tapping screws, do not need a nut for
clamping. DIN 7981 4.2x25 is chosen because it is the most used, it will be
necessary to determine the type of screw to use depending on the weight it has
to support (see table 10).

Table 10. Type screws DIN 7981 4.2x25. https://ingemecanica.com/

Figure 69. Screw DIN 7981.
https://verduonlinestore.com/
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b. To join the battens to the bodywork, DIN 7981 screws with a nominal diameter
of 4.2mm and a length of 25mm and angle plate are used (Figure 70).

Figure 70. Angle plate.
https://www.leroymerlin.es/

2. Add rails for moving furniture. This point will be developed in the next section.

Battens

Rails

Figure 71. Rails assembled. Owner

3. After that we panelled the campervan with the chosen materials. Pine groove is used
for the roof and walls, and vinyl for the floor. The connection to the battens will be made
by DIN 7981 4.2 × 25 5.6 screws.
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Below in the table 11, you can see a summary of materials and prices corresponding to the
panelling process.

Material

Quantity

Price

15

36 €

10

38,40 €

25 m²

50 €

Sintasol

8 m²

44 €

DIN 7981 4,2×25 5.6 screw

200

3€

Angle plates

50

10 €

Rails (por definir)

?

?

Total

181,50 €

Samba battens de
30x10x2250 mm
Samba battens de
30x20x2250 mm
FRISO PINO DESCLASIFICADO
201 X 9,7 X 1 CM

Table 11. Materials to panel. Owner
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6.2.7 Rails to move the furniture.
Once the panels are installed, it's time of putting the furniture. The difference of our project will
be that the furniture is not fixed, that is, the location of each component can be modified to
please the user, that providing many alternatives depending on the destination of the trip. It
must take into account that the kitchen and bathroom areas are fixed, since they require a fixed
installation (electrical, gas and water).
For example, if we park on a beach to surf, the ideal would be that the bed is at a distance from
the door, the spare clothes and the surfboard holder near the door. Another good example is
illustrated in the figure 72, when parking with wonderful views, we will be interested in the bed
was close to the back door to be able to enjoy the views with maximum comfort.

Figure 72. Couple enjoying the views. https://marinalia.es/

60

HOW TO CONVERT A VAN INTO A CAMPER

RAILS

Sketch:

ANCOHRS

RAILS
Figures 73. Sketch rails in campervan. Owner.

The sketch helps us understand the usefulness of this mechanism that will be anchored to the
battens. A guide roller like the one in the Figure 74 will move along the rails, positioning it in the
anchoring area that most interests us to place our furniture.

Figure 74. Guide roller U100.
https://www.ferreteriaprosperidad.es/
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Figure 75. Technical sheet roller guide U-100. “84-116.pdf”

Delimited prototype
In the Figure 76 you can see what one of the delimited components that will form the guide
through which the roller will moves, the geometry of the roller together with the shape of the
guide allows the movement to be both horizontal and vertical.

Figure 76. Drawing delimited prototype. Owner.
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First prototype of guides installed inside:
The guides will be fixed on the battens (see figure 77), as I mentioned in the previous point.
Once placed, the space will be filled with fiberglass to increase the insulating properties.

Isolation
Battens
Rails

Figure 77. First sketch rail. Owner

Each guide will have the properties shown in the following figure taking into account the
material such as balsa wood:

Figure 78. Rail properties. Owner
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Anchor points from the first sketch have been improved to provide more space for movement
between rails.

Figure 79. Rails improved. Owner

There are 5 different types of rails to complete the mechanism.
• Base guide (Figure 80) is the guide that will be located in the middle and end of the
camper, it will be placed on the walls.

Figure 80. Base guide. Owner

As can be seen in the figure, each base guide has two anchoring positions and a
horizontal and vertical rail for the movement of the roller.
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Short guide and the opposite side short guide (Figure 81) are placed in the upper area
of the wall, the first for the right side and the next for the left.

Figure 81. Short guide. Owner

In this component we have only one anchoring area and one horizontal and vertical rail for the
movement of the roller.


Short guide with cover and the opposite side short guide with cover will be located at
the beginning of the wall, the first for the right side and the next for the left.

Figure 82. Short guide with cover. Owner

This component has two anchoring zones, it has limited vertical movement on the lower side
and has a rail for horizontal movement.
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One of the limitations of this prototype is that once the roller is in the anchor, it is not fixed, its
fixation will depend of the gravity force. The regulations for homologation oblige to fix all the
components to prevent them from moving during the trip. Therefore, the prototype must be
modified by adding fixing points.

First improvement: Prototype of sliding guides with added fixing points.
The fixing of the components is important and necessary to avoid movements of these during
the trip, a detail to take into account is that the fixing does not have to be permanent that is to
say that the idea of the guide is still valid.
To secure the components, a hole is made in the surface of the guide as shown in the figure 83,
these holes will allow the anchors element to be nailed, preventing any movement when it is
tightened. As it is a superficial addition, it does not modify the geometric dimensions of the
guide, therefore we can take advantage of the initial design.

Figure 83. Principal guide with anchors. Owner

To below it is showed the final result for each guide.

Figure 84. Short guide with anchors. Owner
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To fix the furniture, an element composed of three components is designed:
- Guide roller, it moves along the guides and will prevent movement perpendicular to the
plane of the guide.

Figure 85. Guide roller. Owner

-

Bolt with fixing plate, it is the connecting component between the furniture and the
guide, it has a plate that will be in charge to fixing to the guide once it is located in the
corresponding hole. At one end the roller will be joined and at the other end the
furniture with a conical and blocking component, additionally the bolt has a square end
that facilitates applying the torque to fix it to the roller.

Figure 86. Bolt with anchor plate. Owner

-

Conical stop, it is threaded to the bolt and will compress the furniture to fix it.

Figure 87. Conical stop. Owner
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The following figure shows the three components together:

Bolt with
plate
Roller

Conical
stop

Figure 88. Assembly fixing components. Owner

Second improvement: Design more optimal guides:
Observing the prototype, several limitation are appreciated, among them the need to create
more styles of guides to adapt the available space and the few existing anchoring areas. The
first improvement of the final proposal is to establish standard dimensions so that there are
only two types of guides, one type of guide for each side of the wall. The second proposal is
to create more anchoring areas making the most of the available space.

Figure 89. Standar guide. Owner

With the new design, we will increase the anchor points from 26 to 312 points to fix our
components according to the needs of each one, this improvement is due to the redesign of
the distribution of the anchors and reducing the dimensions to the maximum, leaving the
necessary components to anchor and move the roller.
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The following figure shows the result of the guides joined with a coupled piece of furniture and
with the decorated panels.

Figure 91. Guide assembled. Owner

The figure 92 shows the area occupied by the guides.

Figure 92. Guide locations. Owner

69

HOW TO CONVERT A VAN INTO A CAMPER

The final weight of the assembled guide is 50kg both side, calculated through the solidworks
program after defining the guide material as balsa wood:

Figure 93. Guides properties one side. Owner

With the latest proposed prototype, the objective of moving the material through the guides
and being able to choose the anchoring location is achieved, but it also has some limitations, the
guide is very bulky and has too many details that increases the price when machining and also
the vertical movement it is not functional. In order to improve said limitations some
improvements are made.
- The possibility of vertical movements is eliminated, they do not provide functionality
and take up a lot of space.
- The fixation is optimized, it protrudes too much and it can be dangerous.
- The material used is changed to aluminium, it is a lighter and easier to machine
material.
There are guides on the market already manufactured that have these characteristics, so it is an
additional advantage, since we save manufacturing time.
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The Uro-cargo 5002 guide is chosen, since it is online for 20€ every 3 meters of length. It has an
anchor every 15cm and the maximum bolt diameter is 8mm.

Figure 94. Guide Uro-Cargo
5002. https://uro-camper.com/

Figure 95. Drawing guide Uro-cargo. https://uro-camper.com/

Once the guide is chosen, it is modelled with Solidworks to assess the weight it will have and
study if it requires any improvement.
After modelling it is observed that the distances between the screws that thread the guides with
the strip are not limited, so we add the dimensions according to need, in case they do not
coincide with those of the purchased model, the hole can be made with a drill with the diameter
and at the distance specified in the modelling.

Figure 96. Molding guide in Solidworks. Owner
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In this project, the distance between screws is 127mm, that is, every 5 holes. The hole for the
screw will be countersunk with a depth of 0.45mm deep.
The total of all the assembled bars suppose a weight of 25 kg distributed between the two walls.

Figure 97. Properties aluminium guide. Owner

In the following figure you can see the final result of the guides installed in a van.

Figure 98. Aluminium guide fixed. Owner

As can be seen in the figure 98, there are a total of 7 guides per side, this allows us to place the
furniture according to the proposed designs and even allows the space to be redesigned with
other components.
To fix the furniture to the guides, two components are required, one is in charge of joining the
furniture with the guide and the other of moving along the rail.
One of the components is the bolt, as can be seen in the figure, it has a 25mm screw head, a
half-height plate of about 20 mm that is responsible for fixing the material.

Figure 99. Bolt used. Owner
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The second component is the movable one, it is shown in the figure, it has rounded contours to
facilitate insertion into the guide and also has a threaded hole in the centre where the bolt will
be inserted.

Figure 100. Displaceable. Owner

Figure 101. Fixation. Owner

Once the fixation is installed in the guide, it is observed that all the aesthetic objectives
mentioned with the proposal to improve the guide have been achieved.

Figure 102. Fixation assembled. Owner
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Figure 103. Guide area properties. Owner
Modulus of elasticity is 71GPa equivalent to 7.1*107N/mm.
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6.2.8 Furniture.
To build the furniture, 2 cm thickness phenolic okume plywood will be used, it is the most
suitable since its characteristics are: light material, easy to handle, resistant to humidity and light
weight. The material is priced at 35€ each 120x60x2 cm board
To know the material and cost for the manufacture of the furniture taking into account the
possible designs to be made are figure 25, figure 27 and figure 28, the table 12 is made:
Component

Material
needed (m²)

Mat. board
1,20x0,60 (m)

Board needed
plywood

Component
weight (kg)

Cost (€)

Component
weight /4 screws
(kg/und)

Bed

6,6

0,72

9 + 1/4

61,975

323,75

15,49375

Kitchen

7,44

0,72

10 + 1/2

70,35

367,5

17,5875

4,86

0,72

6,75

45,225

236,25

11,30625

6,44

0,72

9

60,3

315

15,075

3,36
2
3,04
2,36

0,72
0,72
0,72
0,72
Total

4 + 3/4
3
4 + 1/4
3,5
51

31,825
20,1
28,475
23,45
341,7

166,25
105
148,75
122,5
1785

7,95625
5,025
7,11875
5,8625

Hanging
forniture
Clothes
furniture
Bunk
Seats
Sofa/bed
Cabinet

Table 12. Quantity material and cost. Owner

As can be seen in the table above, it is necessary to know the amount of material needed to
calculate how many boards to buy and the cost they will have. Taking advantage of the fact that
we have the number of boards and the weight of each board, the total weight of the component
can be defined, this data is necessary to determine how much weight each screw / bolt anchored
must support the component to the guide, and the guides to the battens.
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7. Results and Discussion
To calculate the type of bolt required to anchor the furniture to the guides, it is necessary to
know the interior furniture and the weight of each component. From the table 12, we extract
the corresponding data for each chosen design.
Clarify that the fixed furniture (kitchen, bathroom) are not anchored to the guides, they are
anchored to the battens directly.

7.1 Anchor bolt calculation.
Furniture anchor fixed to battens.
First the anchoring of the fixed material to the battens is calculated (after panelling), the fixed
furniture is the same for all designs, and so the calculation is the same for any design.
For the screws that anchor the furniture directly to the battens, the characteristics of the screws
in the kitchen furniture are studied, since it is the component that exerts the most load, a total
of 1758.75 N. We chose DIN 7981 as the type of sheet metal screw HC.

Figure 104. Technical characteristics DIN 7981 HC
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Grade 4.8 screw is chosen, since it is the grade that provides the most resistance, it has an
ultimate tensile strength of 420 N/mm2
To define the diameter of the bolt and what ultimate tensile strength it should have, we use
the formula: F =

0.6∗𝑓𝑢𝑏 ∗𝐴
𝛾𝑀𝑏

-> F = 0.6*fub*(pi)*D2/(1.25*4)

γMb : Screw resistance 1.25 (always).
F=

0.6∗420∗𝜋∗4.8^2
=
4∗1.25

3648.06 N/screw -> Screw connection has a factor of safety of 2.

Movable furniture anchor by guide.
To calculate the bolts that should anchor the furniture and the guide, it is carried out with the
following steps:
1. List the amount of furniture for the design with the highest load.
2. Determine if the load on the axes in plane and at 30º exceed the PMA.
3. If the design is valid, the diameter of the bolt that is most in demand is calculated
even in critical braking situation:
a. Initial speed: 100 km/h (maximum speed allowed for these vehicle)
b. Safety coefficient: 0.5
c. DGT safety distance: 100 m -> 50 m (with safety factor)
Anchor guide to the slats.
For the screws that anchor the guides to the slats, the forces applied to each guide must be
determined in order to determine which guide is the most requested. For each design the forces
will be different, you have to study the guide that has the most load of all the designs, and
choose that guide as a reference.

7.1.1 Anchor calculation to design A.
Taking into account design A, the corresponding weight of each component is detailed in order
to determine which screw/ bolt will be the most optimal to anchor the furniture.
Component

Material
needed (m²)

Mat. board
1,20x0,60 (m)

Board needed
plywood

Peso tablero
(kg)

Component
weight (kg)

Cost (€)

Bed

6,6

0,72

9 + 1/4

6,7

61,975

323,75

Kitchen

7,44

0,72

10 + 1/2

6,7

70,35

367,5

4,86

0,72

6,75

6,7

45,225

236,25

2
1,25

0,72
0,72
Total

3
1,75
31,25

6,7

20,1
11,725
209,375

105
61,25
1093,75

Hanging
forniture
Seats
Poti

Table 13. Component design A. Owner
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The total weight of the components must be added to the 2010 kg that the vehicle weight
without load.
According to the calculation made in section “6.1.2 Tare”, the distance between axes is: x (a) =
1626.04 mm and x (b) = 2408.95 mm and h (cg) = 525 mm. Now the weight that each axle
supports with the new tare must be calculated.
New tare = Tare + Added weight (components + 2 people 75kg + added items) = 2010 + 150 +
150 + 53 + 85 = 2448 kg, if it exceeds the maximum authorized mass of 3000 kg set by the
manufacturer, but it remains to be determined the weight on each axle.
The new wheelbase is calculated taking into account the maximum tares provided by the
manufacturer in the figure 17.

Figure 105. Diagram load forces. Owner

Sum of moments on axis B = 0, taking into account the positions in the table 14.
Component
kitichen +
bathroom
Bed + seats
Solar panel +
luggage rack
Tare
Persons
T(a)
T(b)

Weight

x (regards b)
(mm)

y (regards center
wheel)
(mm)

150

3000

500

85

0

500

53

1510

2000

2010
150
?
?

2408,95
3535
4035
0

525
500
0
0

Table 14. Position forces. Owner

T(a)*x(ab) - Tara *x(b) – kitchen*(3000) – solar.panel*(1510) –Person*(500) = 0
T(a)=Tara*x(b) +Coc.*3000+Plac.sol*1510+150*500/(x(ab)) ;
T(a) =

2010∗2408.95+150∗3000+53∗1510+150∗3535
4035

= 1462.8 𝑘𝑔 ;

𝑇(𝑏) = 𝑛𝑒𝑤 𝑇𝑎𝑟𝑒 − 𝑇(𝑎) = 2448 − 1456.8 = 985.2 𝑘𝑔.
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Both axle loads do not exceed the manufacturer's PMA, for the moment the design can be
considered valid.

Figure 106. Manufacturer data. UPNA.pdf

To determine the load at a 30º inclination, the summation of moments about the B axis must be
equal to 0.

Figure 107. Diagram forces (30º inclinated). Owner

T(a)*4035-pers*3535*cos(30)+pers*500*sin(30)-Coc*3000*cos(30)+Coc*500*sin(30)
Pla.sol*1510*cos(30)+Pla.sol*2000*sin(30)+Cama*500*sin(30)-Tara*cos(30)*2408.95
+Tara*sin(30)*525=0

–

T(a)*4035-459209.97+37500-225000+37500-69308.01+53000+37500-4193285.9+527625=0
T(a) = 1054.2 kg.
Summation of vertical forces equal to 0.
T(b)= new Tare– T(a) = 2448 - 1054.2 = 1393 kg.
Axle loads do not exceed the PMA provided by the manufacturer, so it can be said that this
design is valid for our van, the axles should not be modified and the braking system is effective
for this design.
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The most requested bolt must be defined based on the following working conditions:
- Initial speed: 100km / h (maximum speed for these vehicles)
- Safety coefficient: 0.5
- DGT safety distance: 100m -> 50m (with safety factor)
The horizontal force of resistance of the bolt is equal to the resultant force times the inertia of
the mass of the component multiplied by the deceleration under the conditions mentioned
above -> RP = mc * a
From the kinematic equation of uniform rectilinear motion and uniformly accelerated rectilinear
motion is calculated.
v = v0 + a * t -> 0 = 100 + at -> a = -100/t
We substitute a in ->𝑥 = 𝑥0 + 𝑣0 ∗ 𝑡 +

𝑎∗𝑡 2
2

-> 50 = 100 * t + (-100) / t * t2 / 2 -> 50 = 100t-50t -

> t = 1s.
So: a = -100 / 1 = -100 m/s2
The table 15 is made to show which component exerts a higher load on the fixtures. The ITV says
that all furniture must have 4 anchor points.
Component

Component
weight (kg)

Component
weight /4 screws
(kg/und)

Design

Deceleration (m/s^2)

Fbraking (N)

Fweight (N)

Ftotal (N)

Ftotal/screw
(N/und)

Bed

61,975

15,49375

A

-100

-6197,5

0

6197,5

1549,375

Kitchen

70,35

17,5875

A, B, C

-100

-7035

0

7035

1758,75

45,225

11,30625

A

-100

-4522,5

443,205

4544,165151

1136,041288

60,3

15,075

C

-100

-6030

0

6030

1507,5

31,825
20,1
28,475
23,45
11,725

7,95625
5,025
7,11875
5,8625
2,93125

C
A, C
B
B
A, B, C

-100
-100
-100
-100
-100

-3182,5
-2010
-2847,5
-2345
-1172,5

0
0
0
0
0

3182,5
2010
2847,5
2345
1172,5

795,625
502,5
711,875
586,25
293,125

Hanging
forniture
Clothes
furniture
Bunk
Seats
Sofa/bed
Cabinet
Poti

Table 15. Component forces. Owner

Movable furniture anchor by guide.
The table 15 shows how the force exerted by the weight does not affect the components that
are on the surface, it only affects to the hanging furniture.
The component that exerts the greatest load is the kitchen cabinet, it exerts 1758.75 N to each
bolt, but this cabinet is not attached to the guide, so it only serves to define the anchoring to
the battens, the component with the highest fixed load to the guides is the bed, and it can exert
1549.4 N/bolt.
To define the diameter of the bolt and what ultimate tensile strength it should have, we use the
formula: F =

0.6∗𝑓𝑢𝑏 ∗𝐴
𝛾𝑀𝑏

-> F = 0.6*fub*(pi)*D2/(1.25*4)
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Table 16. Elastic limit bolt. https://tormetal.com/

We choose class 5.6 since it is the most accessible to buy in the store.
The bolt chosen to fix the furniture to the guides is the DIN-912 5.6 type. As mentioned in the
previous section, the screw that fix the guides must have a half-height pressure-embedded plate
and a 25mm screw head, both modifications are to avoid movements, but the resistance is in
the anchor point, so resistance calculations are valid.
Knowing that Fub*D2 = 4109.9 N -> The minimum diameter for class 5.6 screw is = 2.86 mm -> A
safety factor of 2.5 is added, therefore the diameter is 7.15 mm -> we choose M8 as it provides
us with extra security and adapts perfectly to the anchoring of the guide.

Figure 108. Bolt DIN 912. FT_MET.pdf

Figure 109. Bolt characteristics DIN 912. FT_MET.pdf

Anchor guide to the battens.
In design A, the most requested guide is the one that holds the bed, the seat: 4103.75 N (two
screws). This guide has 4 screws that hold it to the battens, the load that each screw receives is
1025.9 N considering an equidistant distance between the weight and the supports (distributed
load). The DIN 7981 HC screw is a good option to value for its accessibility in the market.
.
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Figure 110. Technical characteristics DIN 7981 HC

Grade 4.8 screw is chosen, since it is the grade that provides the most resistance, it has an
ultimate tensile strength of 420 N/mm2
To define the diameter of the bolt and what ultimate tensile strength it should have, we use the
formula: F =
F=

0.6∗𝑓𝑢𝑏 ∗𝐴
𝛾𝑀𝑏

0.6∗420∗𝜋∗4.8^2
=
4∗1.25

-> F = 0.6*fub*(pi)*D2/(1.25*4)

3648.06 N/screw -> Bolt joint has a safety factor of 3.5.
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7.1.2 Anchor calculation to design B.
Taking into account design B, the corresponding weight of each component is detailed and in
order to define the most optimal bolt to anchor the furniture.

Component

Material
needed (m²)

Mat. board
1,20x0,60 (m)

Board needed
plywood

Peso tablero
(kg)

Component
weight (kg)

Cost (€)

Kitchen

7,44

0,72

10 + 1/2

6,7

70,35

367,5

Sofa/bed
Cabinet
Poti

3,04
2,36
1,25

0,72
0,72
0,72
Total

4 + 1/4
3,5
1,75
20

6,7
6,7

28,475
23,45
11,725
134

148,75
122,5
61,25
700

Table 17. Component to design B. Owner

For this section it will not be necessary to calculate the weight per axle, since the total load
weight is less than that of design A, it is understood that it does not exceed the PMA in the axles.
It is not necessary to make modifications to the factory axles.
Movable furniture anchor by guide.
To determine the bolt that holds the furniture in the guides, it is studied which component
carries the most load in critical working conditions.
From the Table 15 we can see that the component with the most load and subject to the guide
is the sofa bed, which exerts 711.875 N per bolt.
To anchor the furniture to the guide, the DIN-912 5.6 screws are used, the material can be used
since it exerts less load than the component of design A.
Anchor guide to the battens.
In design B, the most requested guide is the one that holds the sofa bed and the small furniture:
from the Table 15 we can see a total load of 2596.25 N (2 screws) is exerted. This guide has 4
screws that hold it to the battens, the load received by each screw is 649.06 N. The DIN 7981 HC
screw can be a good option since as studied in the previous design for a highest load it was valid,
so the purchased material is also used.
Grade 4.8 screw is chosen, since it is the grade that provides the most resistance, it has an
ultimate tensile strength of 420 N/mm2
To define the diameter of the bolt and what ultimate tensile strength it should have, we use the
formula: F =
F=

0.6∗𝑓𝑢𝑏 ∗𝐴
𝛾𝑀𝑏

0.6∗420∗𝜋∗4.8^2
=
4∗1.25

-> F = 0.6*fub*(pi)*D2/(1.25*4)

3648.06 N/screw -> Bolt joint has a safety factor of 5.6.
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7.1.3 Anchor calculation to design C.
Taking into account design C, the corresponding weight of each component is detailed and in
order to define the most optimal bolt to anchor the furniture.
Component

Material
needed (m²)

Mat. board
1,20x0,60 (m)

Board needed
plywood

Peso tablero
(kg)

Component
weight (kg)

Cost (€)

Kitchen

7,44

0,72

10 + 1/2

6,7

70,35

367,5

6,44

0,72

9

6,7

60,3

315

3,36
1,25

0,72
0,72
Total

4 + 3/4
1,75
26

6,7

31,825
11,725
174,2

166,25
61,25
910

Clothes
furniture
Bunk
Poti

Table 18. Component design C. Owner

For this section it will not be necessary to calculate the weight per axle, since the total load
weight is less than that of design A, it is understood that it does not exceed the PMA in the axles.
It is not necessary to make modifications to the factory axles.
Movable furniture anchor by guide.
To determine the bolt that holds the furniture in the guides, it is studied which component
carries the most load in critical working conditions.
From the "Table 15" we can see that the component with the most load and subject to the guide
is the clothes furniture, which exerts 1507.5 N per bolt.
To anchor the furniture to the guide, the DIN-912 5.6 screws are used, the material can be used
since it exerts similar load than the component of design A. The safety factor will also be similar.
Anchor guide to the battens.
In design C, the most requested guide is the one that holds the bunk bed and the clothing
cabinet: from the “Table 15” it extracts, which exerts a total load of 4606.25 N. This guide has 4
screws that hold it to the battens, the load received by each screw is 1151.6 N. The DIN 7981 HC
screw can be a good option since, as it has been studied in the previous design, for a superior
face it was valid and thus also takes advantage of the purchased material.
The screw grade 4.8 is chosen, since it is the grade that provides the most resistance, it has an
ultimate tensile strength 420 N/mm2
To define the diameter of the bolt and what ultimate tensile strength it should have, we use the
formula: F =
F=

0.6∗𝑓𝑢𝑏 ∗𝐴
𝛾𝑀𝑏

0.6∗420∗𝜋∗4.8^2
=
4∗1.25

= F = 0.6*fub*(pi)*D2/(1.25*4)

3648.06 N /screw -> Bolt joint has a safety factor of 3.1.
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7.2 Rails resistance calculation.
The material of the guide according to the manufacturer is Aluminium 6061 T6, the tempered
form T6 indicates a resistance to fatigue of 290MPa, yield strength of 241MPa. It can withstand
a maximum elongation of 10%. Aluminium is a ductile material, it means fracture resistance
correspond to 1.5-2 safety coefficient.
To check if the guide supports the weight of the furniture, a study of the forces to which it is
requested must be carried out.
Flexural strength.
We will study the case of the guide that holds the hanging furniture to define the flexural
strength, each guide will be held by a minimum of 4 screws, which means a “d” distance between
supports of a maximum of 700mm.

Figure 111. Free body diagram. Owner

In the previous Figure 110 it is observed how the forces of the weight “F” and the resistance of
the screws “R” are distributed. The weight of the furniture is divided into 4 anchors, so each F
equals Weight/4 = 110 N. R is 55N = F/2. To define the flexural strength, the maximum bending
moment is taken into account, in our case it is F * 350mm, the area is 279.95 mm2, ly is 48748.45
mm4, z is 25 mm and b is 4 mm (numbers get from figure 103). The following equation obtained
from the machine design course is used:
𝑧
𝐿 𝑧
700
25
𝜎 = 𝑀 ∗ = 𝐹 ∗ ∗ = 110 ∗
∗
= 9.87 𝑀𝑃𝑎
𝑙𝑦
4 𝑙𝑦
4 48748.45
The guide is requested at a maximum bending stress of 9.87MPa, and can resist up to 241MPa,
equivalent to a safety factor of 24, the minimum recommended safety values are between 1.5
and 2.
Shear resistance.
The shear strength of the material is defined as yield strength/2, in this case equivalent to
120.5MPa.
The most requested guide receives a force in the direction of the guide due to braking of
4103.75N, applying the following formula (z1 equivalent 12mm, and A1 equivalent half A):
𝐹 𝑧1 ∗ 𝐴1 110
12 ∗ 279.95
𝜏= ∗
=
∗
= 0.473 𝑀𝑃𝑎
2 𝑏 ∗ 𝑙𝑦
2 2 ∗ 4 ∗ 48748.45
The shear stress received by the guide is 0.473MPa, the structure will have a safety coefficient
of 254, and the minimum recommended coefficient is between 1.5 and 2.
𝐹𝐿3

110∗7003

𝑦𝑚𝑎𝑥 = 48𝐸𝐼 = 48∗7.1∗107 ∗48748.45 = 0.00023𝑚𝑚 → 𝑇ℎ𝑒 𝑒𝑙𝑜𝑛𝑔𝑎𝑡𝑖𝑜𝑛 𝑑𝑜𝑒𝑠 𝑛𝑜𝑡 𝑒𝑥𝑐𝑒𝑒𝑑 10%.
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7.3 Summary of materials.
One of the objectives set in the project is to compare the price between making a camper with
the proposed designs or buying a camper of the same model. For this it is necessary to list all
the materials and permissions to homologate it with their corresponding prices.
Material

Quantity

Price(€)

Furgoneta
Total

1

Item

Material

Quantity

Price(€)

Exterior modification

Side windows
Rear window
Skylight
External socket
Total item

2
2
3
1

240
500
300
16

Item

Material

Quantity

Price(€)

Insulation and paneling

Kaiflex
Extruded polystyrene
Samba wood slats 30x10x2250 mm
Samba wood slats 30x20x2250 mm
DECLASSIFIED PINE FRIEZE 201 X 9,7 X 1 CM
Sintasol
Screws DIN 7981 4.2 × 25 5.6
Angle square
Guides
Total item

25 m²
8 m²
15
10
25 m²
8 m²
200
50
14

275
33
36
38,40 €
50 €
44 €
3€
10 €
280

Item

Material

Quantity

Price(€)

Electrical system

Refrigerator (12V)
Water pump (12V)
Lighting (12V)
Heating
Inverter from 12V to 220V
Auxiliary battery 260 ah
MPPT regulator
Booster (Valtronic)
250W Monocrystalline Solar Panel
Cable 50 mm²
25 mm² cable
10 mm² cable
2.5 mm² cable
Fuses
Total item

1
1
4
1
1
1
1
1
1
1
1
1
1
1

450
48
24
655
280
360
30
150
175
45
30
20
11
10

Item

Material

Quantity

Price(€)

Water system

Clean water deposit
Boiler
Glass of expansion
I deposit dirty water
Flexible tube 12mm
Total item

1
1
1
1
8m

75
172
25
125
9

23000

23000

1056

769,4

2288

406
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Item

Material

Gasoil system

Price(€)

Installation

800

Total item

800

Item

Furniture

Quantity

Material

Quantity

Price(€)

Bed
Kitchen cabinet
Mezzanine cabinet
Clothing furniture
Bunk
Seat
Sofa bed
Small furniture
Dry poti

9 + 1/4
10 + 1/2
6,75
9
4 + 3/4
3
4 + 1/4
3,5
1,75

323,75
367,5
236,25
315
166,25
105
148,75
122,5
61,25

1846,25

Total item

Van

Item

Total
Total item

Exterior modification

Total item

Insulation and paneling

Total item

Electrical system

Total item

Water system

Total item

Gasoil system

Total item

Furniture

Total item
Total

Activity

Working
Cost
time (hours) (€/hour)

Price(€)

23000
1056
769,4
2288
406
800
1846,25
30165,7
Price (€)

Technical project
Certificate of conformity

400
100

Workshop certificate
End of work certificate
ITV
DGT
Workforce

150
100
60
170
1600

80

20

Total

2580
Table 19. Professional fees. Owner

Total cost is 30165.7 + 2580 = 32745.65 € to buy the van and convert it in campervan.
Buying a Citroen Jumper already converted costs 52,000 €, so we save 19,254 €.
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8. Conclusions
The results of the shear strengths calculated in the previous section confirm that the proposed
designs can be made. It just has to take into account not to exceed the PMA of the vehicle, which
in this case it is 3000kg.
The latest proposed design of the guides provides a more pleasant aesthetic, is cheaper to obtain
and is also more functional.
The price comparison shows that it is cheaper to make a camper van than to buy it made, a very
favourable point to making it yourself is that you know the exact location of each component,
in case of a failure you can solve it, instead if you have bought the campervan already done is
probably more complicated. But it also has its advantages to buy it already-made, you save time,
and the quality is also assured and guaranteed.
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