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AHHOmMauun: 6 CéA3U C pA3BUMUEM 6 ABUAYUU, HEKOMOPble MAMEPUAbl Yiice NPOMeCmupo8ansl U UCHOIb306AHbL
Ol YIYYeHus: a3pOOUHAMUKY, 6 MO Jce 6PeMsl 6bl3blédsl YMEHbULCHUES UYEHbL NPOU3800CMEA JIeMAmelbHbIX
annapamos. Taxue memanivl, Kax aIOMUHULL U MUMAH, USDALU BAJICHbIE PONU 8 CIPOUMENLCMEE 8 AGUAYUOHHOU
npomvluieHHocmu. st mo2o umobvl 00CMUSHYMb NIe2KOBECHBIX U BbICOKONPOUHBIX MpPebo8aHull A8UAYUOHHOU
Ompaciu, paziudible Mamepuatsl paspabameigaromcs. B amoii pabome mvl 0anu 0630p paznuyHbIX KOMIO3UTNHBIX
Mamepuanos, 8 mom ducie 2udbpuodos u Kepamuvecko-mwampuunvix komnozumos (CMC), a maxowce Hekomopbie u3
BAJNCHBIX Memo008 npouzsoocmea komnozumos. OOveouHeHue MAmMepuailos pPAa3IuUyHbIX CE0UCME NPUBOOUM K
NOSIGNEHUIO HOBbIX MAMEPUANOE, 00AOAIOWUX MEXAHUYECKUMU CEOUCBAMU, KOMOPble TYYue C8OUCME 0ObIUHbIX
Memannos, npumensiemvix 6 asuayuu. OHu 0becneuusarom O080UCMEECHHOCMb C MOYKU 3PEHUSL YIYYULEHHBIX GIUSHUL
Ha pabomy JlemameibHbiX ANNApPamos u ux 00j2oeeyHocmu. Komnowenmor smux KOMNO3umo8 pacnoyodceHvl
maxkum o0pazom, umodvl O0amv MAKCUMATLHYIO HPOYHOCMb U YMEHbUUMb GEPOSMHOCb HEeNnPeOsUOeHHOU
Ooehopmayuu 6 pesyromame HANPAANCEHHO-0EPOPMUPOSAHHO20 COCMOSIHUSL HACMU JemameibHo20 annapama,
u320mogneHHoU 3mumu Komnosumamu. Komnosumvl npeonoumumenvnee 01a200aps ux NPOYHOCMU, GbLCOKOMY
npeoeny NpoYHOCMU, 6bICOKOMY CONPOMUGIeHuro oegopmayuu u 6vicoxol mennocmouxocmu. I[Ipeumywecmesa
KOMNO3UMO8 NPEeGblUUAOM UX HeOOCMAMKU HAMHO20. DMo 0aem 803MONICHOCHIb HOB020 UCCIe008AHUS U PA3GUMUS
0Nl yuuiell npou3eo0UMenbHOCIU 8030VUIHBIX Cy008. B 3aeucumocmu om KOHKPEMHO20 NPUMEHEHUs IMUX
MaAmepuanos, pasiuiHble 8UObL NPOUIE0OUMETbHBIX MENO008 ObLIU NPUMEHEHbL HA OCHOBAHUU (OPMbL U HAZHAYEHUS
nPOU380OUMO20 INEMEHMA.

Knwuesvie cnosa: xomnosum, aspoKocMudeckuil, GONOKHO, OPUEHMAYUs, MAMPUYA, HCECHMKOCHb, IMOKCUOHAs
cmona.
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Abstract. With the advent of aviation, several materials have been tested and used to improve the aerodynamics
while reducing manufacturing cost of flying vehicles. Metals such as aluminum and titanium have played vital roles
in construction in the aerospace industry. In order to meet the lightweight and high-strength demands of the
aerospace industry, different materials are being developed. In this work, | have given an overview on composite
materials including hybrids and ceramic matrix composites(CMC) and some of the important methods of
manufacturing composites. The combining of materials of different properties produces new materials that are of
better mechanical properties over common metals used in aerospace engineering. They provide duality in terms of
better effects on the overall functioning of flight vehicles and durability. The components of these composites are
arranged in a manner to give maximum strength and reduce the probability of unforeseen deformation as a result of
the stress and strain of the part of the aircraft it is used to manufacture. Composites are preferred because of their
toughness, high tensile strength and failure to strain easily and posses high thermal resistance. The advantages of



composites outweigh their disadvantages by a respectable margin. This gives rise to a new study and development
for better performance of aircrafts. Depending on the specific applications of these materials, different kinds of
manufacturing methods have been utilized based on the shape and purpose of the element being manufactured.
Keywords: composite, aerospace, fiber, orientation, matrix, stiffness, epoxy.
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1. Introduction

Recently, composites such as the Carbon Fiber Reinforced Plastic (CFRP) have taken over traditional metals that
once dominated the aerospace industry (even the automobile industry). About half a century ago, a typical airplane
consisted of about 70 percent of pure duralumin. It was used because it was considered inexpensive and lightweight.
Times have changed and most of the aircrafts we have around are only made up of about 20 percent pure aluminum.
The structural components of the interior and paneling are currently made of reinforced carbon fibers called
composites. In the construction of aircrafts, there is a simultaneous push for lightweight and high temperature
resistance in order to increase the range, payload, maneuverability, and fuel efficiency, bringing new or previously
impractical-to-machine metals into the aerospace material mix. The performance of composites depends not only on
the choice of the matrix material and the fiber, but also the manufacturing processes by which they are made.

2. The definition of Composites

The term composite is common in the field of material science but what actually does it mean? The science of
combining several materials to produce a new material with advanced properties is not of recent origin. The first use
of composites goes back to 1500 B.C. when early Egyptian and Mesopotamian settlers used a mixture of mud and
straw to build strong and durable housing.

So basically, if two or more chemically different materials are joined with interfaces which can be seen
physically, the product is called a composite. This is done in order to obtain the better qualities from these materials.
With regards to carbon fibers, they are strong and stiff but cannot be used in the design of an aircraft. This is because
carbon is very brittle. Considering plastic (epoxy), they are soft and resistant to corrosion. So, if these two materials
are combined together, the resultant product is called Carbon Fiber Reinforced Polymer(CFRP). If glass fibers are
used instead of carbon, it is called Glass Fiber Reinforced Polymer(GFRP) or fiberglass. Apart from CFRC and
GFRC, there are other forms of composites, such as Quartz Fiber Reinforced Composites(QFRC). Metallic alloys are
not called composites because their composition is not visual but that of composites can be seen.

2.1. Fiber Orientation

A typical composite structure consist of fibers arranged in different directions. These directions are called
orientations. There is a common axis to refer to, X-Y axis as shown in figl. The angle between the axis is theta.
When theta is zero, all fibers run vertically. This is called zero ply. When theta goes to 90, the fibers are going
horizontally and when theta equals 45, the fibers run diagonally.

In designing high performance elements like in the aerospace industry, the load requirements determine the fiber
orientations. Fibers run in different directions in a composite material to make it stronger. For actual applications, a
typical composite structure has 0,90, -/+ 45 orientations. 0 is the strongest in the vertical direction and 90 in the
horizontal direction. For best shear properties, 45 orientation is used and - 45 is used to balance the laminate. These
orientations can be seen in fig3. (cite my paper).

Unidirectional Cross-plied
quasi-isotropic

Fig. 1. Fiber Orientation

3.0. Why composites?
Outlined below are a few major reasons why we use or study composite technology:

¢ lightweight



high strength
strength to weight ratio
thermal resistance
minimal fatigue
corrosion resistance
design flexibility

Composites are designed in order to increase the strength, stiffness and also reduce the weight, improve the
fatigue life and thermal expansion and also the high temperature resistance of aerospace structures. In designing of
aircraft wings, if the stiffness is not enough, definitely there would be a large deformation. For example, if there are
two airplanes with wings made of carbon epoxy and glass epoxy respectively, the wings of the latter will deform
faster than the former which is not desirable. This is because glass epoxies are less stiff than carbon epoxies. The
stiffness of the materials is a very important parameter. When designing high performance structures like flight
vehicles, the stiffness and strength of the materials must be put into consideration. The mass of these materials is also
important. Materials with high stiffness but with low density are preferred and that is why composites materials are
favoured over traditional metals like aluminum and titanium. Carbon epoxy only weighs about 60% of aluminum.
Also, composites don't fatigue compared to metals. For carbon epoxy with about ten million cycles of loading, 80%
of the strengths can be recovered. In contrast to composites, metals like aluminium have endurance limit of about
40%.
Thermal expansion-the ideal case for space vehicles. They are exposed to different kind of radiations, including
thermal radiations. Composites don't expand under temperature and also doesn't contract under cold. They are said to
be  thermally  stable.  Carbon epoxy is ideal in the design of space  vehicles.
In corrosive environments, most metals change into powder. So, composites are preferred over metals. Aluminium
airplanes are so sensitive to corrosion, like salt water under the stress environment. Composites don't corrode and
that’s a great advantage for them. In design of aerospace structures, these prope rties of composites answer the
question of why engineers are inclined to them. Due to their ability to be molded into complex shapes, composites
are renowned for their design flexibility. In fig.2, an aircraft fairing panel has been molded for an aircraft wheel.

Fig. 2. A molded aircraft fairing panel using CFRP

4.0. Fiber metal laminates

Fiber metal laminates (FMLs) are hybrid composite structures based on thin sheets of metal alloys and plies of
fiber reinforced polymeric materials. The fiber/metal composite technology combines the advantages of metallic
materials and fiber reinforced matrix systems. Metals for instance, have a high bearing strength and impact resistance
and are easy to repair, while full composites have excellent fatigue characteristics and high strength and stiffness.
The fatigue and corrosion characteristics of metals and the low bearing strength, impact resistance and reparability of
composites can be overcome by the combination. These material systems are created by bonding composite
laminates to metal laminates. Adhesives are used in joining the different layers together.

Adhesive bonding process has been used in the manufacture of aircraft structures and components for 30—40
years. Bonding the laminates in aerospace and aeronautical industries (F-18 bonded wings) with adhesives offers
many advantages over conventional mechanical fasteners: lower structural weight, lower fabrication cost, and
improved damage tolerance. Light weight sandwich construction and structural bonded joints form a major
proportion of modern aircraft. For example, structural adhesive bonding is mainly used for attaching stringers and/ or
tear straps to the fuselage and wing skins, to stiffen the structures against buckling. Bonded structures have been



shown to be far more fatigue resistant than equivalent mechanically fastened structures and when designed correctly,
can sustain higher loads than equivalent mechanically fastened joints. The most commercially available FMLs are
Aramid Reinforced Aluminium Laminate(ARALL) based of aramid fibers, Glass Reinforced Aluminium
Laminate(GLARE) based on high strength glass fibers, and Carbon Reinforced Aluminium Laminate(CARALL)
based on carbon fibers.

ARALL Ilaminates are made of high strength aramid fibersburied in a structural epoxy adhesive sandwiched
between multiple layers of thin aluminium alloy sheets. Combination of high strength metals (aluminium layers) and
strong fibers (aramid layers) generates a new composite material with special properties. ARALL laminates offer
many advantages such as high strength and excellent fatigue properties. The advantages of aluminium alloys, namely
lower cost, easy machining, forming, and mechanical fastening abilities, as well as substantial ductility are retained.
In the ARALL concept, unidirectional fiber orientation is used. This concept is very tolerant of material
inconsistencies. The fiber orientation is chosen in the direction of the main load. The laminates are designed in such
a manner that the fibers do not fail, when fatigue cracks develop. That means they remain intact and prevent crack
propagation. ARALL laminates are useful especially for fatigue dominated structural parts, such as the lower wing
skin and the pressurized fuselage cabin of an aircraft. It has been used for the lower wing skin panels of the former
Fokker 27 aircraft and the cargo door of the Boeing C-17.

GLARE laminates consist of alternating layers of unidirectional reinforced glass fibers and high strength
aluminium alloy sheets. The main differentiation of GLARE compared to ARALL is that GLARE consists of glass
fibers instead of aramid fibers. This diversity gives superior properties to GLARE laminates. Tablel. gives
information about the advantages and disadvantages FML fibers (Aramid and Glass). Furthermore, the fracture
toughness and the durability in terms of water absorption of aramid fibers of different standards and that of glass
were compared using CES EduPark2016 as seen in fig. 3.

Tablel. Advantages and Disadvantages of FML fibers

Fiber Advantage Disadvantage FML
Aramid 1.Outstanding 1.Weak in bending, ARALL
toughness buckling, compression
loading and transverse
2.Excellent fatigue | tension
resistance in both tensile 2.Absorb moisture
and flexural fatigue loading 3.Do not form strong
3.High young modulus | bonds with other materials
4.Low weight such as composite matrices
Glass 1.High tensile strength 1.High weight GLARE
2.High failure strain 2.Low stiffness
3.Do not absorb water
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Fig. 3. Fracture Toughness and Water Absorption Properties of Aramid and Glass Fibers

The specific stiffness and strength in the fiber direction of GLARE are enhanced over the high strength
aluminium alloy used for the metal layers, which significantly contributes to weight savings in the designs of
tension-dominated structural components. Aforementioned fiber bridging mechanism impedes the growth and
propagation of cracks in the aluminium-alloy layers under tensile fatigue loading conditions. The glass fibers in
GLARE compared to ARALL are more adhesive. Moreover, glass fibers are much more resistant to compression
loading. As a consequence, fiber failure in the glass fibers has rarely been observed during in fatigue load. Other
advantages of GLARE over ARALL are its higher tensile and compressive strength, better impact behavior and
better residual strength. Better adhesion between glass fiber and resin makes GLARE laminates with fibers build up
in two directions is possible.

In comparison with aluminium alloys like 2024-T3 aluminiumoutstanding fatigue resistance and impact
properties, impressive mechanical properties like fracture toughness, thermal resistance, and lightning strike
resistance are some of GLARE laminates many desirable attributes.

50 Property GLARE  2024-T3 Aluminum
=a Aluminum 2024-T3 Weight e )
: Strength 1-2 1
: Fatigue 3-100 1

30
§ / DamageTolerance 1-2 1
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= GLARE 3 —T .
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.Z'/’/ Thermal Insulation 100- 150 1
L e T TS Corrosion Resistance 2-10 1
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Fig. 4. Properties of GLARE compared to 2024-T3 aluminium

Recently, GLARE is used in the main fuselage skin and the leading edges of the horizontal and vertical tail
planes of new, high capacity Airbus A380.The application is a consequence of the excellent impact resistance of the



FML concept utilizing the high strength glass fibers with strain rate effect. With excellent impact characteristics,
GLARE is being evaluated for use as cockpit crown, forward bulkheads, the leading edge and the flame-resistant
capability of GLARE makes it suitable for flame sensitive areas such as; fire walls and cargo-liners.

[ GFRP (glass)

I QFRP (quartz)
B CFRP (carbon)
. Metal
[ ] Glare

Lot
ot

Fig. 5. Airbus A380

CARALL: As outlined in tablel Aramid fibers gives good specific strength and modulus, high impact resistance
and outstanding toughness to ARALL laminates. However, their poor compressive strength is a capital limitation for
these hybrid composites. As a result of that, CARALL laminates was developed as an improvement of ARALL
laminates. They use carbon/epoxy prepregs instead of aramid/ epoxy prepregs. The high stiffness of carbon fibers
allows for efficient crack bridging and therefore very low crack growth rates. The combination of high stiffness and
strength with good impact properties gives CARALL laminates a great advantage for space applications. They are
impact absorbers for helicopter struts and aircraft seats.

5.0. Ceramic Matrix Composites

Ceramic matrix composite(CMC) are made of ceramic fibers embedded in a ceramic matrix. They are lightweight
and have high thermal resistance. They are capable of withstanding temperatures over 1500C which traditional
metals like nickel cannotendure. The future of CMCs relies basically in aircraft turbine engines. If certain
components that are exposed to extensive heating such as the turbine disc, combustor linear and turbine airfoils are
made of CMCs, the engines will help lower fuel burn and emissions and also reduce the total weight of the aircraft.
Also, today’s metal parts require extensive cooling air and part of this is taken from the airflow in the engines and
reduces efficiency. In contrast to metals, CMCs can operate with very little or no cooling and this increases the
efficiency of the engines. CMCs also have one-third the weight of nickel.

CMCs are being in the production of the CFM’s LEAP turbofan engine which powers the Airbus A320neo
(2016) and will power the new Boeing 737max.

Using the CES EduPark, the maximum service temperature and density of a typical CMC fiber (Silicon Carbide
fiber) and that of nickel alloys used for the combustion chamber of the gas turbine engine were compared.
HAYNES230, HASTELLOY X and INCONEL 671, the most widely used alloys of Nickel for the combustion
chamber were selected. As seen in fig.6, the silicon carbide fibers as compared to the nickel alloys will operate at a
higher service temperature and are lighter as well.
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Fig. 6. Comparing the Maximum service temperature and density of CMC (SiC/SiC fiber) and Nickel alloys

6.0. Chronological Use of Composites
The gradual demand for composites over the years is explained in the following charts:



Composites in Commercial Transport Aircraft (1970-75)

Composite
% of
Structural
Weight

: 1965 1970 1975 1980 1985 1990 1995 2000
The NASA programs were more than just civil aviation!

Payload Bay Doors Robotic Arm

OMS Pods

TS orbiter payload bay doors were the largest composite structure
ever designed and built circa late 1970’s. First flight in 1981

Fig. 7. Use of composites in the early 70s including NASA ’s STS orbiter



Composites in Commercial Transport Aircraft (1980-85)

In commercial transports, cost
emerged as the key factor that
kept composite applications low.
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Fig. 8. In the 1980s, there was a significant increase in the number of aircrafts that used composites. A310 for example, has about
10% of its structural component made of composites

Composite applications in the Boeing 777--1990s

= The Boeing 777 is around 20 percent composites by weight,

= wing’s fixed leading edge, the trailing-edge panels, the flaps and flaperons,
the spoilers, outboard aileron, floor beams, the wing-to-body fairing, and the
landing-gear doors.

= Using composite materials for the empennage saves approximately 1,500 Ib
in weight.
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Misc.
ZSteel
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B Composites
EAluminum

Aluminum alloys and other advanced
materials by weight on the Boeing 777.

Fig. 9. Boeing 777 in the 71990s used composites for about 12% of its airframe



Composite Material Used in the Boeing 787 (2000’s)

Materials used in 787 body
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By comparison, the 777 uses 12 percent
composites and 50 percent aluminum.

Courtesy of Boeing Commercial Airplane Group

Fig. 10. 50% composite airframe for the Boeing 787

Composites in Commercial Transport Aircraft (2010)
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Fig. 11. Post 2000s

7.0. Composite Manufacturing Methods

There are various manufacturing methods used when fabricating elements of aircrafts or automobiles made of
composite material. Below, a few of the main methods have been highlighted:

+ manual lay-up

« automated lay-up



+ pultrusion
« resin transfer molding

7.1. Manual Lay-up

This involves the cutting of reinforcement material into size using hand or power operated machines. The manual
lay-up method is the most common and the least expensive because it requires very few equipment. The fibers are
placed in a mold using the hand and the resin is applied using a roller or a brush. One of the disadvantages of this
method is warping. If fiber reinforcements are not placed appropriately (wrong orientation), there is a distortion in
the final material gotten after curing. To solve the problem of warping, the warped material is compensated by
placing fibers in the opposite direction.

Fig. 12. A manually cut Carbon being covered with a resin material before curing at the Center of Composite Technology, Kazan,
Russia

Fig. 13. Awarped CFRP



Fig. 14. Warped CFRP in b above being compensated with fibers in the opposite direction

7.2. Automated Lay-up

To fasten the manual lay-up method, an automated complex or CNC machines are used. The automated complex
in figé below carries out prepreg tape laying, prepreg fiber placement, braiding (single cross-section or multi-axial)
and stitching of fibers.

Fig. 15. An automated complex at CCT-KAI, Kazan, Russia

7.3. Pultrusion

Pultrusion is a manufacturing process used in making lengths of composite material with a constant cross-section.
Examples of pultruded materials include beams used in aircraft fuselage, panels, aircraft deck floors.

The process involves pulling continuous reinforced fibers through a resin bath, followed by a preforming system,
and directly into a heated die where the resin undergoes polymerization. There are different kinds of resins used in
pultrusion, a few include polyester, polyurethane, and epoxy.

Flexibility in design and the various material mix up or combinations are the main pluses of pultrusion. There are
unlimited structural possibilities.
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Fig. 16. The Pultrusion Process
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Fig. 17. Pultruded CFRP beams for the Airbus A380 Upper deck floors



Fig. 18. Vertical Stabilizers of the A380 made from pultruded CFRP beams

7.4. Resin Transfer Molding or RTM Method

The RTM Method produces large and complex objects like aircraft parts, and automotive components. A set of
molds are loaded with reinforcements and then later clamped together. The resin is then pumped or infused into
reinforcement material. Curing is done after the mold is filled with resin. After curing, the mold halves are separated,
and the part removed for final trimming and finishing.
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Fig. 19. The steps in RTM method

8.0. Conclusion

Composites are very vital in the construction of aerospace structures. Their specific characteristics make them
very special. In years to come, the expansion of composite use in the aerospace industry will be visible in aircrafts
made completely from composites. The manufacturing methods are also getting advanced and this will ensure better
composite products be it easy -to- design laminates or complex structures.
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