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Abstract: The main objective of the paper is to design a structure for the interior of the Hyundai ix20 passenger car, which is used by 

recreational fishing enthusiasts. The authors set out to use the luggage compartment (boot) of the vehicle appropriately for the placement of 

the multifunctional folding structure. The structure is designed to allow the most effective utilization of each of its components. The 

individual parts of the structure can, for example, be employed to assemble a table. Moreover, it is suitable for storing things needed for 

fishing, camping, and travelling. An integral part of the arrangement is a folding bed for two people. One of the design purposes was the 

comfort and uncomplicated operation of the entire structure by the user. The authors attended to carry out the modification without any 

interference into the interior or exterior of the vehicle. In addition, one of the conditions was to ensure free access to the components of the 

mandatory equipment of the car. The authors designed the structure in order to ensure the simple handling of its individual parts along with 

its simple installation in and removal from the vehicle. From the point of view of safety, a calculation of the stressed parts of the bed 

structure was performed. Thus, the structure was designed and constructed with regard to minimising the reduction of the original vehicle 

luggage compartment. In addition, the condition of no interference into the interior or exterior of the vehicle was met. 
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1. Introduction 

Car improvements for fishing or camping are becoming more 

and more common. The availability of cars is very high these days. 

It is usually standard for most people in Europe to own a car. Car 

price relations are relatively low compared to the past when only 

the wealthiest could afford to own a car. As the number of cars 

grows, there are more opportunities to test and modify individual 

car components to better suit the owner's requirements [1, 2]. 

So these days there is a big increase in vehicle improvements 

for the needs of fishermen or travelers. In terms of modern 

capabilities, vehicles are much better suited to converting or towing 

a travel trailer than those used in the past. Vehicles are 

manufactured with engine power, which is usually at least 50 kW. 

Previously, it was engine power that was the limiting parameter. 

The power and technical parameters of the braking system limited 

the size and weight of the travel trailer lodgings and the number of 

items carried. Also, the interior design and technology used in 

production are radically different [3, 4].  

More and more companies are specializing in modifications to 

car interiors to suit the owner's requirements. Today, modifications 

that can be easily fitted to the vehicle and which provide a complete 

camping vehicle are in vogue, and once parts of the design have 

been removed, the vehicle is in its original working condition. By 

combining several mutually compatible components, a multitude of 

options can be created [5]. 

2. Proposing a finishing solution for the chosen 

vehicle 

The multifunctional, modular folding construction for use of the 

vehicle space provides a convenient and efficient solution for 

organizing storage and convenient use of the car luggage boot. 

Thanks to the individual boxes that are attached and which form a 

supporting part of the structure, it is possible to create a convenient 

storage system for clothes, shoes, fishing gear, and other items. In 

addition, the box space can be used to accommodate a gas cooker 

for cooking in the great outdoors or when traveling or fishing. Also, 

an automotive cooler can be placed in this space that is powered by 

the car's power outlet to keep food fresh and chilled while you're 

traveling. When the rear seats are folded down, the construction 

parts can be joined together to create a sleeping accommodation for 

comfortable sleeping or relaxing in nature. This is especially useful 

for camping or long car journeys when finding a comfortable place 

to sleep. It is also possible to use the structure to create a table for 

eating outdoors. 

The multifunctional construction (Fig. 1 and Fig. 2) consists of 

the following components: 

1 - boxes (4pcs),, 

2 - box covers (4pcs), 

3 - sleeping accommodation and table plywood sheets (2pcs), 

4 - telescopic table legs with adjustable height (2pcs). 

 

Fig. 1 Sleeping accommodation 

 

Fig. 2 Table 

Another advantage of modular construction is that it can be 

installed without interfering with the car interior and requires no 

special tools or skills, so it can be installed by any car owner 

himself without incurring additional service costs. Thanks to their 

folding construction, the modules can easily be stowed away 

outside the vehicle or put back in when needed. This makes the 

construction versatile and easy to use not only in the car but also 

outdoors, camping, or fishing. 

3.1 Materials for Production of Prototype Parts 

The proposed construction can be made from different 

materials, including poplar or birch plywood. Both of these 

materials are widely available and have a low cost, making them an 

attractive choice for manufacturing. They are also well-suited as a 

material due to their strength and durability. 
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However, an important aspect in the manufacture of the 

proposed construction is surface treatment to prevent mechanical 

damage and increase service life. This requires that the surface layer 

of the product be able to retain liquids, which can then be easily 

wiped away. Therefore, low moisture absorption of the surface is an 

important factor for the durability of the proposed construction. 

Ideally, the surface layer of the material should have zero 

moisture absorption to prevent moisture from penetrating the 

material. This will help to avoid the appearance of various defects 

such as through-holes, splitting, or warping. To achieve that goal, 

the material surface can be processing in a variety of ways, such as 

by coating it with water repellents or impregnation it with special 

solutions. 

Therefore, when choosing the material for the proposed 

construction, its strength, durability, accessibility, and possibility of 

surface treatment to prevent mechanical defects and increase service 

life must be taken into account. If the right choice and processing of 

the material the proposed construction can remain reliable and 

functional for a long time. 

4.2 Strength calculation of the proposed design 

The strength calculation of the proposed construction was 

calculated and applied to the most critical point on the plywood 

sheet of the sleeping accommodation. The peak of stress occurs 

when entering and exiting the vehicle when a person's entire weight 

can be transferred to a relatively small area. The area represents the 

knee joint, on which the total weight is concentrated. The 

calculation must take into account a higher weight than the average 

adult to ensure good reliability and safety. Human body weight of 

90 kg was taken into account and the load was concentrated in the 

center of the sheet, where the stress is greatest. 

The diagram required for the calculation is shown in Fig. 3. 

 

Fig. 3 The diagram of bending stress 

Reactions and moments concerning the selected point are 

calculated according to formulas (2), (2), and (4). The value of the 

applied force from formula (1) must also be calculated. 
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After calculating the individual values of forces and reactions, 

the bending moment value Мо must be calculated according to 

formulas (5) and (6). To derivation the bending moment formula 

Мо, it is necessary to make an imaginary cut. The imaginary cut is 

shown in Fig. 3 as a wave and marked with the Roman numeral Ι. 

The following boundary conditions must also be specified criteria 

for the calculation 𝑥𝜖(0 , 𝑎). 
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The final bending stress calculation σo equires the section 

modulus Wo, which can be calculated from formula (7). 
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After the calculation, we substituted the values obtained into 

formula (8) and obtained the final bending stress σo. 
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The calculation results were compared with the values in Table 

1. As can be seen, the resulting bending stress value σo does not 

exceed the limit bending stress value along the grain for the given 

material presented in Table 1. It can also be stated that the plywood 

will support the calculated bending stress without exceeding the 

limits of bending stress. 

 

Table 1. Properties of construction waterproof plywood. 

 Value 

Nominal size [mm] 1200x1200x15 

Bending strength along the 

grain [MPa] 
39,3 

Bending strength across grain 

[MPa] 
14,7 

Breaking strength [MPa] 0,78 

 

A safety factor k was also calculated from formula (9). It was 

confirmed that the selected material has a high safety factor and was 

therefore chosen correctly. 
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Fig. 4 shows the sheet of plywood for which the calculation was 

carried out. 

 

Fig. 4 Critical point of construction 

3. Results 

For the final construction, it was decided to choose 15-

millimeter thick birch plywood. Birchwood is characterized by its 

flexibility and strength. The plywood consists of veneers glued 

together. The veneers are overlapped so that the texture of the 

individual veneer layers is perpendicular to one another. 

Assembly of the final construction began with four boxes (Fig. 

5), which were made to suit the optimum shape of the luggage boot 

(Fig. 6). Furniture grade 7.0 x 50 ZN confirmat screws were used to 

ensure sufficiently tight fixing of the single box parts to each other. 

A sufficiently sound connection of the box parts was achieved by 

using six confirmat screws on the bottom of the box, with a further 
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eight confirmat screws used to secure the side parts. Therefore, 

there are a total of fourteen confirmat screws per box. 

 

Fig. 5 Plywood boxes 

 

Fig. 6 Boxes in the luggage boot of the vehicle 

The same process was used to cut the plywood sheets for the 

bed and dining table. The priority was to make the plywood sheets 

follow the silhouette of the car interior as closely as possible. 

Storage and practicality also had to be considered. 

Figure 7 shows a sleeping berth for two adults. The first part of 

the sleeping berth, closer to the front seats, is formed by two 

plywood sheets that were originally intended to be symmetrical, but 

it turned out that they didn't fit in the car, so they had to be fair parts 

with the contour separately. The second part in the luggage boot 

area consists of four box covers that form a plane with the first part. 

The sleeping accommodation is 180 centimeters long. The width at 

the widest point is 132 centimeters and at the narrowest point 115 

centimeters. The area with the smallest width is for the legs, so 

there is no reduction in sleeping comfort.  

 

Fig. 7 Sleeping accommodation in the luggage boot of the vehicle 

After manufacturing the boxes, and cutting out the plywood 

sheets for the sleeping accommodation and the table, the boxes 

must be screwed together in one permanent position. M8 bolts and 

furniture hinges are used for this. To maintain regular spacing 

between the drawers, furniture silicone washers have been used. 

The two plywood sheets that serve as part of the sleeping 

accommodation can be used as a table, see Fig. 8. However, there 

have been some changes from the original project. The original idea 

envisaged a table that would consist of just one sheet of plywood, 

no matter which sheet we used, the other would be unused. This 

concept was kept, but it was decided to use both sheets because 

some people go camping or fishing in groups and may require a 

larger table. So there is a choice of two options: a small table for 

two or three people from a single sheet of plywood, or a larger table 

for six or seven people by using two sheets of plywood, see Fig. 9. 

Reequipment of a sleeping accommodation into a table is easy with 

simple manipulation. Each sheet has a ready-made attachment at the 

bottom to fit a telescopic leg that can be extended between 60 and 

90 cm. The advantage is that no tools are required for this operation.  

 

Fig. 8 Table consisting of a single sheet of plywood 

 

Fig. 9 Table consisting of two sheets of plywood 

4. Conclusion 

For the final construction, it was decided to choose 15-

millimeter thick birch plywood. Birchwood is characterized by its 

flexibility and strength. The plywood consists of veneers glued 

together. The veneer is overlapped so that the texture of the 

individual veneer layers is perpendicular to one another. 

The sleeping accommodation for two adults has been designed 

with the vehicle's interior and ease of use in mind. The sleeping 

accommodation has been designed to ensure comfort while 
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sleeping. The option of using sheets of plywood as a table has been 

envisaged, making the final construction more versatile and easy to 

use. 

Converting the sleeping accommodation into a table is done by 

simple manipulation. Each sheet has a ready-made attachment at the 

bottom to fit a telescopic leg, which can be extended between 60 

and 90 cm. The advantage is that no tools are required for this 

operation. 

Overall, the car bed design is an efficient and practical solution 

for those who prefer fishing or relaxing outdoor activities. 
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