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ABSTRACT

To produce thicker and more intricate materials that outperform conventional aircraft substances, for specific
applications, a variety of materials are commonly used in the acrospace sector. The current review is limited to
enhancing comprehension of the potential of all accessible materials for producing aero structure manufacturing
components. The current review is limited to enhancing comprehension of the potential of all accessible
materials for producing aero structural components ranging from micro to macro. Mechanical properties, grain
size, design consideration pros and cons of all the available materials from the beginning age to now are covered
in this work. Keywords: Composites, materials, aircraft, aerospace, components, mechanical properties, grain
size.

1. INTRODUCTION

1.1 EARLY MATERIALS

(Past) A full metallic aircraft with 100% steel in the year 1915, in the year 1917 with 100% duralumin (an alloy
of aluminium) in the year 1949 Al-Cu from 1949 to date polymer related composites become a very powerful,
useful, and important substance in the acrospace industry shown in Figure 1.

Figure 1: Junker J7 (100% duralumin) (Hugo Junkers—Ein Leben fiir die Technik 2019) [Ref 13]

1.2 TERM OF COMPOSITE MATERIALS

Exploring the application of composites in an ASC(aircraft structural components) has been delayed for several
reasons including inadequate overhaul sciences, the urgency to rethink the damage resilience model, subjective
walls to trusting this BM(black metal), and a lack of knowledge regarding the everlasting characteristics of
composites including climatic conditions, fatigue inclusion by the due presence in the air and UAV emission. In
1972 an aircraft structure was built with 4% composite material in a non-weldable manner.

In 1987 an aircraft structure was built with proportions including 15% composites, 68% duralumin, 2% other
substances, 9% steel and 6% Ti (titanium).In the year 2001 most of the time, economic requirements drive
scientific and technical advancement in modern economies. The circumstances necessary to advance the
technologies needed to meet these objectives are met when the demands of the economy and society align. The
quantitative goals set were high: 50% fuel conservation and CO> radiation, 80% NOx radiation 50% perceived
external noise reduction, significant growth in lowering the weather impact of aircraft production, maintenance,
and disposal, 80% accident reduction, etc. In 2005 an aircraft structure was built with 61% Al, 22% composites,
7% others, 5% steel and 5% Ti. The union of Al composite substance exhibits better shock and cyclic stress
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characteristics while having a smaller density than current metallic materials. The following is a summary of
how structural aviation materials are used in aeroplanes: The pylons for the aero-engines were built of Ti alloys
and certain special steels, the docking gear with steel, and the moveable structural sections, such as the fuselage,

were with of fiber- reinforced plastics leads to almost reduction in mass when compared with metallic ones.

Form Alloy/ftemper  A380 application Comments
Plates 7056-T7951 Upper wing panels A3B0-800F
7449-T7951  Upper wing
2024A-T351  Lower wing  reinforcement
| 2050-T84 Lower wing reinforcement ‘
: 2027-T351 ' Lower outer wing panel | A380-800F
7010-T7651 Upper outer wing panel, heavier Integrally machined
gauge wing ribs
| 7040-T7451 » Fusclage main frames, cockpit
window frames, beams
i 7449-T7651 . Lower gauge wing ribs | B
7040-T7651 Wi ing spars Inner front & inner
cenler
7Hc:wy scctions | 7449-T79511 Upper wing stringers
12027-T3511  Lower wing stringers
1 2196-T8511 - Floor beams '
Small sections  7349-T6511 Seat rails, stiffeners of center wing
box
(7349-T76511 Fuselage stiffeners
|2024HS-T432  Fusclage frames
6056-T78 | Fusclage stiffeners | Associated with
6056-T78 sheet
6056-T6 | Fbsélngc stiffencrs | Associated with
| | 6156CI-T6 sheet
: 2196-T8511  Floor structure, fuselage stiffeners
Sheet 6056-T78 Pressure bulkhead below cockpit
floor
i6|56Cl-T6  Fusclage panels

Figure 2: Summary on Al Alloys for Air Craft Components [Ref 13]

In 2011 the application of composites was introduced for the fuselage, and wing structure. In 2015 alloys of
aluminium contributed 14%. Composites with 20%, 7% with other substances, 7% steel, and 7% Ti were
employed.

First primary
Boron Filaments structure AIBOTRT
| o0-5% | S58% | s-12% | 12-30% | 30-50% | S0-70% | To-80% |
1960 1970 1980 1990 2000 1010 2020 2030

Figure 3: History and Development of Several Materials Over the Time for Air Craft Industry Ref [13]
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Figure 4 Summary on Grain Size [Ref 13] Figure 5 Summary on UTS [Ref 13]
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Figure 6: Summary on YM [Ref 13] Figure 7: Summary on Density [Ref 13]

2. IMMENT MATERIALS

Future aircraft materials will be developed using a wide range of materials, including advanced
TPC(thermoplastic composites) applicable for processes outside of autoclaves, advanced MSA (magnesium
structural alloys) with advanced erosion and impact behaviour, and hybrid laminates made of layers of
aluminium and composite that provide both directional and high impact strength.

Besides the fundamental stability and strength that normally guide architecture design, MFSM
(multifunctional structural materials) have additional characteristics that include electrical, magnetic,
mechanical, optical, power-generating, and thermal, maybe other integrated functions can be built into
multifunctional structural materials. It is possible to build multifunctional structural materials with integrated
power generating, magnetic, optical, electrical, thermal, and maybe other functions. Beyond the fundamental
stability and rigidity that normally guide architectural design, multi-useful architectural materials have added
characteristics. Electrical, magnetic, mechanical, optical, power-generating, and thermal, maybe other integrated
functions can be built into multi-useful architectural materials. For secondary air space manufacturing, bio-
composites, complex composite substances made from real fibre (bamboo) and bio-epoxy represent a previously
viable option.

| Composite materials | Metals
Advantages High strength-to-weight ratio | Complex shapes
Tailored mechanical propertics in High ductility
various directions '
Corrosion resistance Damage resistance
Impact resistance Conductive
Design flexibility ' Easy to fabricate
Fatigue resistance | Joinable by various methods
: Cost effective
Disadvantages Reduced electrical conductivity | Heavy structures (low strength-
‘ | to-weight ratio)
Inferior fire resistance Prone to corrosion damage
Brittleness Inferior creep resistance
Unpredictability

Lack of recyclability (thermosettings)
Figure 8: Pros and Cons Composites Vs Metals [Ref 13]

2.1. AIR CRAFT -ALALLOYS

For aluminium alloys, there are two main categories: moulded and casting substances. These categories are

determined by the production process, which involves modifications to microstructure and characteristics. Large

quantities of alloying elements are used in the production of cast aluminium alloys, which are created in liquid

form and allowed to strengthen into the appropriate form in moulds. They cannot be put through any

metalworking processes, such as forging or other processes, and can only be further machined. Compared to cast
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alloys, wrought aluminium alloys have lower percentages of alloying elements and are more suited to
mechanical working processes like deep drawing, extrusion, forging and rolling procedures.

2.2 AIR CRAFT
Wrought Al Alloys Provides cutting-edge qualities to satisfy the changing demands of aviation structures,
including lower density, excellent stability, fatigue and accident resistance, erosion resilience, machinability
characteristics and formability characteristics at an economically useful manufacturing process denoted by four
numeric systems

Alloy ‘Main alloying elements

Ixxx Mostly pure aluminum; no major alloying additions
2xxx Copper
Fxxx Manganese

dxxx Silicon
_SKxx |Magnesium

Gxxx Magnesium and silicon

Taxx | Zine

8xxx  Other elements (e.g., iron and silicon)

Sxxx | Unassigned

Figure 9: Summary on Al Alloys [Ref 13]

Design criteria Relevant property/parameter
Propertics Mechanical | Yield strength, tensile strength
Fatigue limit, compressive strength, Young's Modulus,
‘clongation at fracture, fracture resistance
Physical I Density
Thermal ] Thermal coefficient
_Formability Forming energy
Cost Price
Environmental CO, emissions, recycling energy
aspects

Figure 10: Material Considerations for Material Selection [Ref 13]
2.3 Al-Li Alloys
Al-Li alloys have shown to be a viable and appealing option for reducing the weight of the airframe structural
components because an AA(aluminium alloy) density decreases by 3% with every 1% Li added. Li also helps Al
alloy's mechanical properties to improve. Among the more soluble admixing compounds, it is distinct in that it
significantly raises the elastic modulus by 5% for every 1% addition of Li.
Table 1: Summary on Alloying Constituent Elements [Ref 13]

Alloyine Element Propartion Purpose

5i 1.5% To improve machinahility

Cu 4% - 6% To improve resistance o corrosion
Cu-Mg - To improve ductility

Mo-5i 1.5% To aimprove strenetl

n-Mg Ie-1.5% To improve weld characteristics
Zn-Mg-Cu - Reduce stress concentration

- e 7178 2020 2091 |
Duralumin 195.0 2024 5182 m
L o 98.?; A356 17050 = 5
13

L 1111

19500 1910 1920 1930 1940 1950 1960 1970 1980 1990 2000 2011
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Figure 11: Summary of aluminium alloys employed for the aircraft industry [Ref 13]
2.4 Liand Scandium
The aircraft industry is investigating the use of scandium as a substitute for strengthening methods. Then,
reducing inherent troubles in the microstructure, limiting grain growth, and maintaining small grain sizes are the
ways to achieve strength. Without the need for certain heat treatments, scandium helps the real calcification
process produce small, equiaxed grain structures. Additionally, compared to other elements, Sc(scandium) is
bright, which may result in weight reduction.
2.5 FML (Fiber-Metal Laminates)
FMLS composites and metal sheets are permanently fused to form fiber-metal laminates (FMLs). which have
comparatively low density along with fatigue and impact resistance. These materials can, however, also be
employed in other applications, like specialist airline containers, cargo bay liner floors, and flap skins.
2.6 Al Composites
The physical and mechanical features of AMCs (aluminium-matrix composites) particularly the specific assisted
AMC:s, are very appealing. These properties include superior specific stiffness, high specific modulus, and low
thermal expansion.
2.7 Thermosetting Composite Materials
In general, composite materials are described as structural materials that display distinct properties as a result of
combining multiple or more immiscible elements. These typically consist of an MM (matrix material) that
favours, shields and makes weight transmission via the assisted material easier and a reinforcing material that
gives the composite strength and stiffness.

PMC(Polymer matrix composites) with regular big stability and toughness fiber are more frequently used
in aeroplane applications. They're commonly referred to as AC (advanced composites). Understanding the
characteristics of the PR (polymer resins) and advanced fiber that lead to the complete outcomes of the
composite is crucial for designing the right composite structure for aeroplane applications. Polyesters are the
most often utilized thermosetting resins among a wide variety of TSR(thermosetting resins) for PMC.

2.8 Reinforcements

Generally speaking, the MM that holds reinforcement materials and is softer, stiffer, and less flexible than the
reinforcement materials themselves. Although glass fibre composites are also present on passenger aircraft
secondary structures, their comparatively low strength and stiffness have limited their application to load-
bearing (primary) major aircraft structures, limiting them to usage as an EllL(electrically insulating layer) only.
These have been utilized for fairings on certain passenger aircraft as well as composites on starting and ending
edge panels. Due to their greater strength and rigidity, carbon fiber with smaller diameters (7-10 pm) is widely
used in overall composite wide-bodied passenger aircraft.

2.9 Carbon Fibre

Pitch, rayon, or polyacrylonitrile (PAN) precursor polymer filamin are spun and highly aligned are carbonized
to create carbon fiber. After fiber are twisted into tows and wound onto rolls, they can be processed by a variety
of 3D knitting, braiding, sewing, and weaving techniques to create composite preforms. Though stacked
laminates made up of several 2D prefabricated plies are often what make up composite structures.

2.10 Continuous Fibre

Reinforced Composites Stacking plies that are oriented differently to create a composite structure is a frequent
method. The final composite material's behaviour is a result of the interaction between the continuous fiber
reinforcing structure and the cured resin matrix. Composites have extremely high fiber stiffness and strength.

CONCLUSION
The development of materials, design ideas, manufacturing processes, and assembly methods are all links in the
same chain, as demonstrated by the developments in aviation over time, especially those related to aero
structures. Their interplay results in the ratification of aircraft architecture and its implications. In other words,
advanced design models and appropriate manufacturing procedures may be needed to fully realize the potential
of every crucial advancement in material development. On the other hand, new materials and production
processes might be needed to apply novel disruptive design concepts. Its objectives are particularly strict: a
reduction of 75% in COx radiations per travellers kilometre, a 90% fall in NOx radiations, and a 65% fall in the
recognized noise radiations of the aircraft while in aircraft air vehicles; widespread use of modern fuels; and
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fewer than one accident per ten million. A subclass of polymer matrix composites known as thermosetting
composites is based on resins that undergo an irreversible healing action. Because of their outstanding
mechanical performance and adaptability, carbon fiber-reinforced epoxies are the most commonly used
thermosetting composites in aircraft applications. Even if there are more reinforcement materials used in
aerospace applications, like boron fiber and matrix materials. Epoxies reinforced with carbon fibers provide
better fatigue and corrosion resistance, as well as higher mass to specific stability and stiffness when compared
to traditional metallic materials for aeroplane constructions. Thermosetting composites have since been steadily
used in place of metallic structures to enhance aircraft performance, save fuel consumption, and lower total
maintenance costs.
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