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Abstract: In order to mitigate the risks stemming from the utilization of mineral and synthetic organic substances, consensus exists in the literature that additional efforts should be devoted to the identification of adequate equivalent natural (ecological) materials. This work presents the outcomes of a preliminary study where the physical, mechanical, chemical and thermal properties of natural fibers have been considered. Initially, areca, and materials such as Moroccan doum and jute are considered. As a case study, a brake pad based on natural fibers is critically assessed.
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Nomenclature
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	Transverse




1  Introduction

Many mechanical systems are based on natural materials. They find favor with the public and professionals. Many studies are focused on the point of treating natural materials in terms of their mechanical, physical, thermal, and chemical characteristics. There are three types of natural materials which are minerals, organic of vegetable origin, and organic of animal origin. Indeed, natural materials have been improved and have become more useable than before. Nowadays, many researchers presented knowledge and perspectives on the role of the natural fibers in different mechanical systems, especially brake systems [1]. Recently, several works have been devoted to the utilization of natural materials in mechanical systems, and they have been studied the material properties of natural fibers. A case in point is the works of Essabir et al. [2–4], who covered the mechanical, chemical, and thermal properties of doum fibers (Dwarf palm) reinforced polypropylene composites. Other research study of Kian et al. [5], who carried out the morphological, structural, and thermal properties of date palm fiber. In this context, several studies, such as the study of Baley [6], concentrated on the analysis of the flax fibers tensile behavior and also analysis of the tensile stiffness increase. Another research of Campana [7], aimed to understand and evaluate the durability of natural fiber composites the consequences of aging on the properties of reinforced with this type of fiber. Another recent research of Doan [8], studied jute fibers and their composites which based on polypropylene and epoxy matrices. Other works of Biswas et al. [9], endeavored to shed light on the physical, mechanical, and thermal properties of jute and Bamboo fiber reinforced unidirectional epoxy composites. Another recent research of Elhilali et al. [10], examined different materials used during the manufacturing of the brake system, and compared with natural material jute. Along a similar vein, Murkur et al. [11] focused on the evaluation properties of areca fiber reinforced biodegradable composite material by using NaOH solution. Similarly, A recent work of Dinakaran et al. [12], investigated the development and study of mechanical behavior of a natural fiber-reinforced epoxy composite of areca fiber with different configurations of areca fiber orientation. Another recent study of Christu Paul et al. [13], shed light on empirical research on areca fiber polymer composite for automotive components in modern industry. This present study follows an approach that comprises the environmental side including the use of natural materials. It is a preliminary study stage of natural materials. Mainly local materials. In this context, we highlighted the properties of natural materials include physical, mechanical, chemical, and thermal properties, and studied the strain and stress of natural fibers without forgetting that the fibers need the reinforcing protection called the matrix to be a composite material.

2  Natural Fibers

The natural fiber is produced by plants, animals, and geological processes. According to their origin, the natural fibers are divided into three main groups. Firstly, plant fibers include three categories. The first category is bast fibers extracted from plant stems such as flax, hemp, jute, and ramie fiber. The second category is hard fibers extracted from leaves, trunks, and husks of fruits such as sisal, manila hemp, and coconut, respectively. The third category is fibers from seminal hairs of seeds such as kapok cotton. Secondly, mineral fibers such as basalt and asbestos. Finally, animal fibers come from hair, such as animal fleece, and secretions such as silk.

3  Analysis and Modelling

This current study follows the approach of the previously published paper [10] which studied the value of natural fiber jute and made a comparison of jute fiber, and other materials are used in the manufacturing of mechanical systems. In this context, we shed light on the strain, and stress parameter of the brake pad as a case study with some natural fibers such as Areca, Doum, and Jute fiber. On the ANSYS software, we publish a project diagram of three natural fibers used in the analysis.

3.1 Doum Fiber

The dwarf palm or doum palm (Chamaerops humilis L.) which is shown in Figs. 1 and 2, is a small palm, native to the regions bordering the western Mediterranean Sea. It is appreciated as an ornamental plant doum palm (Dwarf palm) is a natural plant which is available in huge spontaneous stands in Morocco.
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Figure 1: Chamaerops humilis
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Figure 2: Spines of doum palm

The different physical, mechanical and chemical properties of doum fiber are shown in Table 1.
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The strain and stresses of brake pad with doum fiber (Dwarf palm) are shown in Fig. 3.
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Figure 3: (a) Strain von-mises of brake pad with doum fiber (Dwarf palm); (b) Stress von-mises of brake pad with doum fiber (Dwarf palm)

3.2 Jute Fiber

Jute is a natural plant. Jute fiber which is illustrated in Fig. 4, produced from the stem and ribbon of the jute plant. Jute fiber is obtained from the bark of the jute plant and is mainly produced in India and Bangladesh. It is long, soft, and shiny.

[image: images]

Figure 4: Jute plans & fiber

The different physical, mechanical, Thermal, and chemical properties of jute fiber are shown in Table 2.
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The strain and stresses of brake pad with jute fiber are shown in Fig. 5.
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Figure 5: (a) Strain von-mises of brake pad with jute fiber; (b) Stress von-mises of brake pad with jute fiber

3.3 Areca Fiber

Areca is a species of palm which is a natural plant. Areca fiber which is represented in Fig. 6, is a type of about 50 species of palm trees of the Aceraceae family found in the rainforests of China and India, throughout the Malay Archipelago, to the Solomon Islands [15].
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Figure 6: Areca fiber

The different physical, mechanical and chemical properties of areca fiber are shown in Table 3.
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The strain and stresses of brake pad with areca fiber are shown in Fig. 7.
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Figure 7: (a) Strain von-mises of brake pad with areca fiber; (b) Stress von-mises of brake pad with areca fiber

4  Results and Discussion

The comparison analysis results of areca, doum (Dwarf palm), and jute fiber are illustrated in the following Tables 4 and 5.
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We have extracted from Tables 4 and 5 that natural fibers areca, doum (Dwarf palm), and jute fiber are compliant with the rules for choosing a brake system pad with less strain and important stress.

Indeed, we have illustrated that jute fiber is more resistant than doum (Dwarf palm) and areca fiber.

5  Conclusions

Starting from the preliminary study stage of natural materials based on the investigation of different properties of natural fibers, specifically local materials, this work has presented natural fiber properties such as physical, mechanical, chemical, and thermal properties. In fact, we have compared the strain, and stress von-mises of the brake pad as a case study with areca, doum, and jute material. The first numerical results are encouraging to continue and deepen this study even more. Currently, work on the optimization and combined use of many natural materials is ongoing and could be presented in a future article.

For this reason, add as a future objective of this study, we are focused to consider natural fibers as a raw material in the manufacture of mechanical systems, and present a finite element analysis of the optimal natural fiber, as well as a study of different behaviors of the mechanical system with natural material such as elasticity, plasticity, stress, temperature, strain, deformation, and damage. With the aim of increasing and improving the efficiency and durability of mechanical systems and respecting the environment.
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OEBPS/Images/table-1.png
Table 1: Physical, mechanical and chemical properties of doum fiber (Dwarf palm) [14]

Properties Data value
Physical and mechanical properties

Apparent density 512-1088 Kg/m®
Mass absolute density 1300-1450 Kg/m’
Tensile strength 215+29 MPa
Deformation at the rupture 0.232

Humidity 9.5-10.5%

Rate of absorption in water 96.83-202.64%
Young’s modulus 5.1£1.6 GPa
Elongation at break 21.4+£7.3%
Natural Moisture content 15.30 £0.005%
Chemical property

Cellulose 43 +2%
Hemicellulose 8£2%

Lignin 35£5%

Ash 1.2+0.3%

Behavior law Elastic
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Table 3: Physical, mechanical and chemical properties of areca fiber [11-13]

Properties

Data value

Physical and mechanical properties

Density

Costing

Tensile strength
Young’s modulus
Young’s modulus L
Young’s modulus T
Specific strength
Specific young’s modulus
Hemicellulose

Lignin content
Chemical property
Cellulose
Hemicellulose

Lignin

Fatty & Waxy matters
Aqueous Extract
Pectic matters
Behavior law

1340-1450 Kg/m’
3.35 EUR/Kg
320-876 MPa

42-48 GPa
2.680+0.5 GPa
0.119+0.0044 GPa
98.4E + 6 Pa/kg.mm >
7.39E + 9 Pa/kg.mm "
35-64.8%

13-24.8%

65.08%
8.40%
19.59%
5.06%
0.72%
1.15%
Elastic
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Table 4: Results of analysis (Von-mises)

Fibers Strain von-mises [mm/mm] Stress von-mises [MPa]
Max Min Max Min

Areca 3.01E-4 3.86E-8 2.22 7.58E-3

Doum 1.58E—4 3.85E-8 2.07 7.56E-3

Jute 0.31E—4 4.28E-8 1.84 8.43E-3
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Table 2: Physical, mechanical, thermal and chemical properties of jute fiber [2]

Properties Data value
Physical and mechanical properties

Density 1300-1450 Kg/m®
Costing 3.90 EUR/Kg
Tensile strength 393-773 MPa
Young’s modulus 13-26.5 GPa
Young’s modulus L 39.4 GPa
Young’s modulus T 5.5 GPa
Poisson’s ratio L 0.35

Poisson’s ratio T 0.048

Specific tensile strength 286-562 MPa/g.cm >
Specific young’s modulus 9-19 GPa/g.cm >
Thermal property

Flammability 65%

Specific Heat 1360 J/Kg/K
Decomposition T° 300-353°C
Ignition temperature 193°C

Moisture 12.6%

Chemical property

Cellulose 61-71.5%
Hemicellulose 13.6-20.4%
Lignin 12-13%

Wax 0.5%

Pectin 0.2%

Behavior law Elastic






OEBPS/Images/table-5.png
Table 5: Results of analysis

Fibers Total displacement [mm] Total stramn [mm/mm]
Max Min Max Min

Areca 4.05E-3 2.49E-3 3.01E-4 1.95E—4

Doum 2.13E-3 1.32E-3 1.58E—4 1.03E—4

Jute 0.44E-3 0.24E-3 0.31E-4 0.18E-4
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(2)

A: Areca

Déformation élastique équivalente
Type: Déformation élastique équivalente
Unité: mm/rm

Temps: 1

24/04/2021 00:59

0,00030109 Max
0,00026764
0,00023419
0,00020074
0,00016729
0,00013384
0,00010039
6,60e-5
3,3480e-5
3,8612¢-8 Min

(b)

A: Areca
Contrainte équivalente

Type: Contrainte équivalente (Von-Mises)
Unité: MPa
Temps: 1
24/04/2021 00:59

2,223 Max
1,9768
1,7307
1,4845
1,238
0,992
0,74605
049999
0,25374
0,0075857 Min
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A: Doum

Déformation élastique équivalente
Type: Déformation élastique équivalente
Unité: mm/mm

Temps: 1

24/04/2021 00:56

0,0001582 Max
0,00014062
0,00012305
0,00010548
8,7904e-5
7,0331e-5
5,2758e-5
3,5185e-5
1,7612e-5
3.8478e-8 Min

(®)

A:Doum
Contrainte équivalente

Type: Contrainte équivalente (Von-Mises)
Unité: MPa
Temps: 1
24/04/2021 00:56

2,0711 Max
1,8419
1,6126
1,3833
1,154
092471
0,60542
046614
0,23685
0,0075625 Min
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A: Jute

Déformation élastique équivalente
Type: Déformation élastique équivalente
Unité: mm/mm

Temps: 1

24/04/2021 01:04

3,0629e-5 Max
2,7231e-5
2,3832e-5
2,0434e-5
1,7035¢-5
1,3637e-5
1,0238e-5
6,8399-6
3,4414e-6
4,2895e-8 Min

(®)

A: Jute

Contrainte équivalente
Type: Contrainte équivalente (Von-Mises)
Unité: MPa
Temps: 1
24/04/2021 01:04

1,8373 Max
1,6341
1,4309
1,2277
1,0245
082127
0,61806
041485
021164
0,0084327 Min






