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Chapter 5
Natural Composites in Aircraft Structures

Lata Samant, Fabio A. O. Fernandes, Seiko Jose,
and Ricardo J. Alves de Sousa

5.1 Introduction

Composites consist of two or more physically distinct combinations to produce
aggregate properties based on their constituents. These materials have good mechan-
ical properties per unit weight and can be manufactured in any form according to
suitability [1]. Multifunctional and eco-friendly composite materials have attracted
more researchers and manufacturers to meet the increasing demand of sustainable
products. To feed this demand, continuous work has been done on strengthening the
ground for composite material.

Green marketing, cleaner production, sustainability, and change of cognitive val-
ues of consumers and lawmakers have led to environment-friendly production.
Composite materials are being developed and redesigned to improve and adapt con-
ventionally manufactured products while also bringing new products to market sus-
tainably and responsibly [2]. These multifunctional materials have been developed
to match the needs of a certain application and offer remarkable physicomechanical
properties. Characteristics such as high strength, high modulus, low density, excep-
tional fatigue resistance, creep resistance, and so on provide design opportunities
for the mechanical engineers. Many efforts are being made toward eco-friendly and
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biodegradable materials for the future of composite products because of worldwide
environmental agitation and raising awareness of sustainable resources.

The shift toward natural materials in composites has resulted in lower green-
house gas emissions and a smaller carbon footprint. These are suitable alternatives
for substituting or reducing the use of petroleum-based materials [3]. Using natural
composite materials that reduce construction waste and increase energy efficiency
would be a better solution to the concept of sustainability [4]. Natural composites
are, to a certain extent, eco-friendly or green.

Natural renewable resources that reduce carbon footprint are green composites.
While materials that have one of the constituents, either fiber or matrix, from no-
renewable resources are partly eco-friendly composites [2]. Non-biodegradable pre-
dominant fiber-reinforced plastics such as glass, carbon, and aramid fibers reinforced
with synthetic thermoplastic and thermosetting resins are hazardous to the environ-
ment since they are derived from finite resources [5]. Therefore, to reduce the envi-
ronmental impact of conventional composite materials, bio-based fibers as
reinforcement are getting more attention these days [6].

Advantages of using natural fibers reinforcing materials embrace environment-
friendly, low density, low cost, and good mechanical properties [7], Jute [8], coco-
nut [9], hemp [10], pineapple [11, 12], kenaf [13], flax [14, 15], sisal [16], are some
important natural fibers used in research and development of the natural fiber com-
posites system. In contrast, natural fiber materials in reinforcements come with
some critical shortfall characteristics that are hydrophilicity, poor moisture resis-
tance, and weak fiber/matrix adhesion. But these drawbacks have significant room
for improvement using innovative resins, additives, coatings, and surface modifica-
tion techniques of fibers [17, 18].

Together with the natural fiber flooded market, the approach toward the replace-
ment of a large amount of petroleum-based polymer by natural resins has reduced
dependence on petrochemicals, and their cost allows manufacturers to promote a
greener product. Bio-resin has a favorable lifecycle profile to the environment that
contributed to its emergence in the field of composites. Some of these natural poly-
mer resins are starch, lignin, polylactic acid, furan resins, and super Sap epoxy [19].

In semi-structural and structural applications such as aerospace, vehicles, sports
technology, electronics, and plastics, natural fiber-reinforced polymer matrix com-
posites have achieved commercial success. 100% bio-based composites with supe-
rior mechanical properties can be made utilizing natural fibers and naturally
produced resins, and they can be used for more structural reasons [18]. For instance,
Fernandes et al. [15] developed laminate composites based on flax fibers and super
Sap epoxy resin to substitute fiberglass laminate composites with matrixes based on
synthetic epoxy resin, which showed good impact toughness (Fig. 5.1).

Due to the necessity for enhanced fuel efficiency, corrosion resistance, and
fatigue resistance, composite materials are widely employed in the aerospace,
marine, and automotive industries [20]. The recent developments in natural com-
posites for aircraft were not the first steps in the use of natural materials for this
application. Pioneering work was carried out by the Wright Brothers (1903), who
employed wood and natural-based fabrics on their Flyer 1. Wooden structures did
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Fig. 5.1 Flax fibers laminates with cured super Sap (bio-based) epoxy resin matrix and cork core

persist until World War I, plywood—balsa—plywood sandwich laminates incorpo-
rated in the fuselage of some aircraft [21]. In 1940, balsa-cored sandwich laminates
were developed incorporating untwisted flax fibers and having a phenolic resin as
the matrix [22]. High strain rate testing of laminate composites has gained signifi-
cant importance in recent years of material research because these materials are
commonly used in lightweight structural applications and there are many cases
where the mechanical properties of composite materials are notably reliant on the
strain rate. Natural fiber composites have improved in performance thanks to
advances in fiber selection, extraction, treatment, interfacial engineering, and com-
posite manufacturing.

5.2 Natural Composites in Aerospace Industry

The first use of composite materials in aircraft was about 30 years ago where boron-
reinforced epoxy composite was used for the structure of the tail assembly of the
U.S. F14 and F15 fighters. The aerospace industry and manufacturers are relentless
in their efforts to improve the performance of commercial and military aircraft as
knowledge and technology advances [23]. When it comes to heavier-than-air
machines, weight is a major consideration, and designers have worked tirelessly to
push the limits of lift-to-weight ratios. Weight loss has been aided significantly by
composite materials [24]. The use of metal and alloys-based materials is subse-
quently replaced by composites for different industrial applications. Fiber—metal
laminates such as aluminum/boron/epoxy, titanium/carbon fiber/epoxy, and aramid/
aluminum/epoxy are used as aerospace structural material. Although the metal layer
is used to improve the impact performance, the rate of moisture absorption increases
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in the case of fiber metal hybrid composites, presenting also low fracture toughness
[25]. On contrary, properties such as high specific strength, stiffness, fracture tough-
ness, good oxidation resistance, and corrosion are some of the reasons for the high
demand for composites in the industry [26].

Despite the structural benefits of synthetic fiber composites such as carbon fiber
composites and glass fiber composites, they have several drawbacks, including high
raw material costs and significant environmental effects due to their non-recyclability
and non-degradability. The danger of sustainability and life cycle assessment (LCA)
is imposed on aircraft made with these sorts of composites [27]. Stringent regula-
tions and standards have forced the change toward eco-friendliness. The Advisory
Council for Aviation Research and Innovation in Europe (ACARE) released the
Flightpath 2050 report, which focuses on the use of recyclable and environmentally
friendly materials in aviation technologies to reduce carbon emissions and reliance
on crude oil-based products [28].

Natural composites used in aircraft have still to overcome several challenges
before being widely used in this industry. This is particularly true for critical struc-
tural components. Additionally, challenges such as the requirements of safety stan-
dards, from fire retardancy to crash safety standards, are barriers to the wider
adoption of natural composites by the aerospace industry. Nevertheless, natural
fibers have found their way into commercial aircraft, for instance, in-cabin compo-
nents and other interior components due to their lightweight and strong nature [29].

5.3 Aerospace Component from Natural Fibers

Boeing’s 787 Dreamliner, shown in Fig. 5.2, is the first commercial aircraft in which
structural materials are made of composite materials rather than aluminum alloys.
There has been seen a shift from the use of alloys to the use of synthetic fibers

. Carbon Laminate

. Carbon Sandwich
. Other Composites
B Awminium

;‘_] Titanium

MY Movable Trailin Ed.fe
Ml Hawker de Havilland (HdH)

Fig. 5.2 Usage of composites in Boeing 787 Dreamliner structure [67]. Reprinted by permission
from Elsevier
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(fiberglass, carbon composites) to the promotion of the green approach of using
hybrid composites (natural fibers/synthetic fibers).

As interest in sustainability and “green” interiors grows, a European project
called “Cayley” has brought together Boeing Research and Technology Europe
(Madrid, Spain), Invent GmbH (Braunschweig, Germany), Aimplas (Valencia,
Spain), and Lineo (St. Martin du Tilleul, France) to develop eco-friendly interior
panels made of renewable polymers and flax fibers. These interiors are reported to
be 35% lighter than carbon fiber/epoxy prepreg tapes [30]. Fiber reinforcements
have a broad application spectrum that includes every sort of modern engineering
structure. They can be found in a wide range of airplanes, helicopters, spacecraft,
boats, ships, and offshore platforms, as well as automobiles, chemical processing
equipment, sporting products, and civic infrastructure including buildings and
bridges [31]. Flax composites have a high specific tensile and flexural modulus,
making them a promising sustainable material for aircraft, transportation, and light-
weight building [32]. The mechanical properties of bio-based resin composites with
flax fibers as reinforcements can meet the requirements of an aircraft’s interior
structures [29]. Biodegradable banana fiber and epoxy resin composites are being
used for low-strength applications. Considering the advantages of natural fibers,
these are being used in aircraft as interlines in the seats, panels, etc. Ramie/PLA
composites can be used in aerospace applications to replace composites that use
glass fiber and petroleum oil-based resins, improving energy efficiency and solution
sustainability [33]. Hemp/epoxy composites can compete with and replace glass/
epoxy composites in ultra-light aircraft, thereby broadening the range of environ-
mentally acceptable composites [34]. Coir has the potential to be used as a compo-
nent in aircraft materials that are impact resistant [35]. Both the bamboo/coir epoxy
resin composite and the bamboo/coir epoxy resin composite have superior impact
resistance when used together. Hemp, kenaf, flax, and other bast fibers are utilized
as reinforcement for aircraft interior structures such as seat cushions, cabin linings,
and parcel shelves. Pilots’ cabin doors and door shutters are made of jute fiber-
reinforced polyester/epoxy [36-38].

In another study, the authors analyzed the dielectric and mechanical properties of
five types of natural fibers for radome development viz., banana, bamboo, oil palm,
kenaf, pineapple leaf fibers [39]. Hybrid kenaf/glass fiber-reinforced polymer com-
posites showed their potential for this application through their resistance to rain
erosion and due to their mechanical performance. More recently, Ilyas et al. [40]
also investigated and found the potential application of natural fiber reinforced
polymer composites in the radome. These structures are typically manufactured by
resin injection molding (RIM).

Boegler et al. [41] found that ramie fiber-reinforced polylactic acid (PLA) and
epoxy resin-made wing box could be a sustainable option to replace the conven-
tional aluminum alloy wing box. Natural fiber-based thermoset and thermoplastic
panels were found to have the needed flame and heat resistance above conventional
sandwich panels [42]. Composites-based high-performance goods must be light-
weight while also being robust enough to withstand high loads, such as tails, wings,
and fuselages for aerospace structures [43]. The future of the composite industry
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relies on the material source that can work together following the environmental
concerns, with strengthening research on the performance of natural fiber-reinforced
composites and their sustainability, it is likely to guarantee their long-term growth,
as well as innovative products and new applications on the horizon.

5.4 Natural Fibers in Aerospace Applications
and Their Properties

Alonso-Martin et al. [42] patented publication asserts that the aircraft interior pan-
els made from natural fiber-reinforced panels for secondary structure in the cabin
would result in a weight reduction of 200-500 kg constituting a reduction of
2500-6500 tons of CO, emissions for panels made from inorganic resin. Additionally,
during their lifetime, a reduction of 100-250 kg for the thermoplastic resin panels,
which corresponds to a reduction of 1300-3250 tones in CO, emissions was esti-
mated for panels made of thermoplastic resin. Comparable mechanical properties of
kenaf and glass fiber having tensile strength, tensile modulus, and elongation at
failure, 930 MPa, 53 GPa, and 53; 1.6%, 2000-3500 MPa, and 70 GPa 2.5-3.0%,
respectively, help to improve the rain erosion resistance and mechanical properties
for radome applications.

Boegler et al. [41] compared the mass of a wing made of aluminum alloy of the
7000 series (7000-8829 kg) to a wing made of ramie fiber-based composites
(7576 kg), which resulted in a weight reduction of the wing box without compro-
mising structural integrity. Sandwich structures were made with diglycidyl ether of
bisphenol-A (DGEBA) and glucofuranoside-based trifunctional epoxy (GFTE)
matrices cured by curing agent, jute fiber reinforcement, and polymethacrylimide
foam as the core for prospective airplane interior flooring applications. The sand-
wich composites’ bending strength and modulus were found to be substantially
higher with GFTE than with DGEBA [44].

Bio-composites, rather than nonrenewable composites, improve the plane’s sus-
tainability [45]. Bio-composites have a bright future ahead of them and using renew-
able and sustainable resources is crucial for their integration into aircraft. Biomass
valorization is needed for a better aviation environmental footprint. However, as far
as falling weight impact properties are concerned, the possibility that offered quite
significant results is the use of bio-based thermosets as the matrix for natural fiber
composites, such as soy oil methacrylates reinforced with jute fibers [46]. In another
example, the application of a hemp fabric/epoxy composite in an electronic rack of
a helicopter [47] and Naca cowling of an acrobatic ultralight airplane [34] showed
better results. In the case of sisal/polypropylene composites, the addition of magne-
sium hydroxide and zinc borate offered a satisfactory fire retardancy effect without
affecting the mechanical properties [48].
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5.5 Natural Resins in Aerospace Applications
and Their Properties

The carbon fiber reinforcement offers stiffness and strength to the composite, while
the epoxy matrix provides ductility [49]. Carbon fibers and epoxy are unsatisfactory
as aircraft structural materials on their own. Natural fibers and epoxy resin, when
mixed as a composite, these can produce a high-performance structure with a wide
range of desirable qualities.

One of the current priorities in composites incorporating natural materials for
aircraft structures is to substitute the traditional epoxies [21]. In addition to new
formulations of epoxy resins for the manufacturing of natural composites with
superior performance [50, 51], the introduction of nanofillers into bio-based epoxy
matrixes has been explored to improve the mechanical properties. Examples of
nanofillers incorporated with success are silicon carbide nanoparticles, carbon
nanotubes, and nanoclays, which improved the thermal, mechanical, and conduc-
tive performance of the cured thermosets [21].

Dinesh et al. [52] created composites of an epoxy matrix, pineapple fiber, and
wire mesh with a PF/SS/PF/SS stacking sequence with 1.0vol percent nano-silica,
achieving a normalized strength of 98%. Epoxy composites are a superb alternative
material for autos, structure, surveillance micro aircraft, and domestic appliance
manufacturing industries with high economic value due to their high fatigue and
fracture toughness and high penetration resistance against drop load. In comparison
to traditional reinforcements, flax-based epoxy has the potential to reach high spe-
cific strength [53]. Various types of natural fillers are used with bio-resin to enhance
the mechanical strength and reduce the cost of the material and make the resultant
material competitive to synthetic composites. In Table 5.1, a few of the natural fill-
ers and bio-resins are mentioned that are being used in the natural fiber composites.

Table 5.1 List of common bio-resins and natural fillers for natural fiber composites

Natural fibers Natural resins Natural fillers
Hemp Soy oil Nanoclay

Flax Wheat gluten Graphite filler

Kraft Pulp Cashew nut shell Cellulose nanofibers
PALF Starch Rice husk

Cork Lignin Wheat husk

Kenaf Polylactic acid Coir

Jute Furan resins Palm kernel shell

Ramie Super sap epoxy Wood chip
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5.6 Natural/Synthetic Hybrid Composites
for Aerospace Applications

The complete replacement of synthetic fiber composites employed in aircraft by
natural solutions is still not possible, mainly due to the disparity of some properties.
Therefore, hybrid composites composed of two discontinuous phases, both natural/
synthetic fibers, have been the smart way of increasing the natural material content
in aircraft composites [36, 54, 55]. Additionally, hybrid composites make it possible
to explore demanding applications in the aerospace sector, going beyond interior
panels, by developing lightweight hybrid composites for aircraft structural
applications.

To achieve excellent properties and improve the sustainability of the solutions,
hybrid composites are usually developed through the combination of natural and
synthetic materials. These materials with combined properties have extensive engi-
neering applications. In hybrid composite materials, a combination of excellent
properties such as tensile modulus, compressive strength, and impact strength can
be achieved, which therefore increases the efficiency, performance, and extensibil-
ity of the materials.

Hybrid composites are widely used in commercial airplanes. Unlike other vehi-
cles, airplane manufacture places a larger emphasis on safety and weight reduction,
which is accomplished by using materials with high specific characteristics [56].
Modern aircraft are designed to meet performance, properties, environmental stan-
dards, and safety. A hybrid composite from natural fiber exhibits weight reduction
compared to steel/carbon. By exploring these renewable materials, it increases the
recyclability percentage of components in the automotive and aircraft. Combined
natural and synthetic materials result in environmentally friendly and sustainable
components to fulfill the growing demand for composites worldwide [57].

ECO-COMPASS (Ecological and Multifunctional Composites for Aircraft
Interior and Secondary Structures) is a Horizon 2020 research and innovation activ-
ity (RIA) initiative involving Europe and China. The major goal of this project was
to design and test environmentally friendly multifunctional composites for use in
the aviation industry. Overall, it focused on the development of environmentally
friendly structures for application in aircraft. Figure 5.3 depicts the collection of
materials and technologies based on natural composites developed aircraft within
the ECO-COMPASS project scope [58].

Although several efforts have been made to incorporate natural fibers in compos-
ites, additional research is still necessary to uncover the potential of these natural
materials. For instance, although the potential of ramie fibers has not been com-
pletely exploited, its high tensile strength is an indicator that it can be used in vari-
ous products, for example, through its blending with synthetic fibers [59]. According
to Romanzini et al. [60], a larger ramie fiber content in hybrid composites resulted
in lower weight composites and higher water absorption. By increasing the fiber
content, the composites’ mechanical properties, such as impact and interlaminar
shear strength, were improved. With carbon fiber hybridization, the flexural strength
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Table 5.2 Comparison of mechanical properties of bio and synthetic fiber composites

Composite Tensile strength References
Carbon/glass/epoxy 58 GPa [62]
Glass/epoxy 48 GPa [62]
Carbon/epoxy 110 GPa [62]
Glass laminate 63 MPa [63]
Kenaf and glass fiber 65.29 MPa [64]
Jute and Sisal 66.77 MPa [65]
Jute and glass fiber 75.68 MPa [65]
Sisal composite 56.36 MPa [66]

and modulus of a plain flax/epoxy composite increased from 95.66 MPa to
425.87 MPa and 4.78 GPa to 17.90 GPa, respectively. Carbon fiber hybridization
onto flax/epoxy composites can contribute a significant improvement in impact
damage behavior and flexural strength and modulus [61]. Brief mechanical proper-
ties of bio and synthetic composites are mentioned in Table 5.2 to depict the com-
bined effect to reduce the environmental impact in comparison to completely
synthetic composites.
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5.7 Conclusions, Challenges, and Future Outlook

Transportation industries functioned to assist mobility of goods and people whether
by land, air, or sea, such as automotive, trains, aircraft and ships, etc. Due to the
depletion of inorganic materials such as petroleum and other mineral sources, the
world is changing, and green materials are at the forefront. As a result, switching to
biocomposite materials can meet the expectations for sustainability in the transpor-
tation industry by shifting to renewable, recycled, and lightweight materials while
taking into account the needs of each type of vehicle. Significant weight reductions
can be obtained by switching the materials of some of the heavier vehicle compo-
nents to high-performance natural fiber composites, contributing to lower fuel con-
sumption and CO, emissions.

The ever-increasing carbon footprint and shortage of raw materials push people
to think about sustainability, recycling, and the circular economy. As a result, bio-
based substitutes are likely to outperform traditional materials. Natural fiber-
reinforced composites, particularly those based on bio-based and thermoplastic
matrices, are one of the most environmentally friendly materials that could eventu-
ally replace glass fiber reinforced plastics (GFRP).

Although the potential of natural composites in transportation has been demon-
strated, especially in the automotive sector, the aircraft industry faces many chal-
lenges to successfully incorporate these without failing critical requirements.
Natural fibers offer advantages and disadvantages when used in composites. They
have downsides in terms of performance, behavior in polymeric matrix systems,
and processing. Natural fibers’ physical qualities do not match in a single fiber or
bulk; this inconsistency is a flaw in nature. Depending on the climatic condition,
harvesting season, soil conditions, etc., these variations may differ. Additionally,
natural fibers have low thermal stability (~200 °C depending on the fiber). Exposure
to higher temperatures leads to harmful properties alteration caused by their
degradation.

The natural fiber is hydrophilic that constrains its use in the higher ratio in tech-
nical applications. The low fiber-matrix adhesion affinity makes the bond weaker
and thereby affecting its overall performance. Surface functionalization and treat-
ment of fiber are methods to improve the interface interaction. Sensitivity to humid-
ity and high moisture absorption leads to damage or rupture of the composites. The
chemical heterogeneity of the natural fiber makes it a less ideal material for applica-
tion in aerospace industries. Susceptibility to rotting and high chances of microbial
growth can limit its use. These fallbacks can be overcome by modification of the
fiber surface and product modifications.

With rising fuel costs and environmental pressure, the aerospace industry, like
other industries, is facing sustained implications to improve performance.
Understanding the increasing concern for the environment and hike in raw material
cost and supply, aircraft production/manufacturing can be reduced by component
substitution with comparable alternatives. The aircraft industry ensures that any
opportunity to reduce operating costs is explored and exploited wherever possible to
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be ahead of competitors. Viewing the progress in composite construction tech-
niques, airplanes with high quality and improved mechanical properties can be
developed using natural composite materials.

Independently of the nature of the material, currently, reuse and recycle are two
main concepts present in any industry since resources are finite. The aerospace
industry is no exception, and the management of wastes generated by end-of-life
aircraft components must be addressed. Depending on the composite, there are
challenges in its disassembly. Natural composites application expansion in aircraft
is an active field of research, motivated by the clear environmental benefits, and
focused on improving its performance to meet the different types of safety standards.
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