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Abstract. Currently there is an effort to replace conventional construction materials – steel, by 
new modern materials. Ones of the new modern material we can include fiber composites 
materials. Basic fiber composite materials are composite with fibers of glass, carbon or linen. 
These types of composites are used in construction of car by their useful properties. Linen 
composites are used in interior of car for upholstery. Glass or carbon composites are used in the 
body part of car as bumper, mudguards, and door sections. Next possibility is used carbon fiber 
composites in construction of car seat. In the case of material replacement, it is necessary to 
compare the basic mechanical properties between the conventional material and the new material. 
Due to the anisotropic properties of fibrous composites, it is necessary to compare mechanical 
properties by experimental method on shape-like samples with real car seat parts. This article 
describes comparison mechanical properties of steel and carbon fibers composites on the specimen 
of the tube with circle and rectangle profile 
Keywords: carbon fiber, composites, energy, mechanical test, car seat. 

1. Introduction 

The car seat consists of four basic parts – a positioning element – a skid, a foam pad, a cover, 
a support frame. Each of these parts fulfills some of the required features of the car seat, which 
combines these features in one unit [1]. 

The positioning element is intended to attach the car seat to the car body. The second basic 
function is to place the driver in the correct position in relation to the car body, for the correct 
view of the vehicle and the reach of the controls. 

The basic function of foam filling is to allow the seated person a pleasant sitting in the car seat 
under any conditions. The foam filler is intended to evenly distribute the weight of the seated 
person over the entire contact area between the seated person and the car seat in all driving modes 
[2]. Another function of the foam filler is the damping of vibrations coming from the seated 
vehicle. 

The car seat cover fulfills the visual, aesthetic and complements the vibro-isolation properties 
of the foam padding. 

The supporting frame has the task of carrying the other parts of the seat and the seated person. 
The support frame must also not injure the seated person in the event of an accident. For these 
reasons, the construction material used is subject to great demands, especially strength and 
stability of the structure [3-5]. 

To compare the material properties of two materials with different mechanical behavior, a 
general method independent of the type of material is required. In this case, a method of comparing 
the amount of deformation energy and the amount of deformation was used.  

2. Theory of the deformation energy 

The concept of deformation energy can be imagined as the amount of energy expended to 
deform the loaded sample. This principle described L. F. Menabrea a C. A. Castiglian. To this day, 
the principle is known as Castilian’s theorems – Eq. (1). Deformation causes an external load 
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force. By multiplying loading forces and sample deformation we get the workload. This workload 
is the same as deformation energy.  

At the figure of load-displacement curve – Fig. 1, it is possible see value of deformation energy 
as area under curve (hatched area). The equation – Eq. (1) is correct for interval with Hook’s law: ܷ = ܹ = ܨ ∗ 2ݕ , (1)

where: ܷ – deformation energy, ܹ – deformation work, ܨ – loading forces, ݕ – deformation of 
the specimen under forces. 

At the figure of load-displacement curve - Fig. 2, that is general depended load on deformation. 
It is important transformed the Eq. (1) to general formula – Eq. (2): 

ܷ = ܹ = න ఌ(ߝ)ߪ
 (2) ,ߝ݀

where: ܷ – deformation energy, ܹ – deformation work, ߪ – stress, ߝ – strain. 

 
Fig. 1. Graf of load-displacement  

curve – hook’s law 

 
Fig. 2. Graf of load-displacement  

curve – general characteristic 

3. Experiment 

Load – displacement curve was measured on experimental statement – Fig. 3. Base of the 
experiment is 3-point bending [6]. A circular cross-section specimen had a diameter ܦ = 29 mm. 
Wall thickness 1 mm. A rectangular cross-section specimen had a length of side ܣ = 30 mm the 
distance between supports was ܮ = 380 mm – Fig. 4. 

Loading forces was measured by force cell – GTM 2,5 kN. Deformation of the tube was 
measured by linear potentiometer – HTB 250. 

For statistical reasons, it was made 10 measurements from each sample and material.  

 
Fig. 3. Experiment – 3 point bending 

 
Fig. 4. Experiment – specimens – carbon, linen 
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4. Results 

From the experimental measurement, the following results were presented in the form of 
graphs – Fig. 5. As the graph shows, the smallest value of strain energy should linen specimen – 
Fig. 5(a). Steel samples followed – Fig. 5(b). The largest absorbed energy had specimens of 
carbon composites – Fig. 5(c). 

Absolut values of absorbed energy are shown in the Table 1. 

Table 1. Basic size and style requirements 
Material  Deformation energy (J) 

Linen 356 
Steel 900 

Carbon 382 
 

 
a) Linen 

 
b) Steel 

 
c) Carbon 

Fig. 5. Load-displacement curve – linen composite, steel, carbon composite 

5. Conclusions 

The following conclusions can be drawn from the above results. Carbon composite materials 
are suitable for the construction of the car seat frame. For used specimen were achieved low 
overall strength of the carbon fiber composite and thus the low deformation energy. The overall 
strength of the composite can be increased by a plurality of layers of composite. 
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