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Abstract— Weight reduction through increased specific 

strength is the key element in choosing material for the 

aircraft frame. There are many materials which can reduce the 

weight and increase the specific strength but the only factor 

that is restricting us from using these materials is the cost 

(these materials come at a high price). Considering all the 

above factors, composite materials are selected for the 

manufacture of the aircraft frame.  The fiber composite 

approach can provide significant improvements in specific 

strength and stiffness over conventional alloy. They have a 

higher temperature capability, higher through thickness 

strength and impact damage resistant. Another advantage of 

using composite materials is unlike metal alloys they do not 

react chemically and weaken the fiber during the manufacture 

process or in service at elevated temperatures. Keeping all 

this in mind companies which are in the aircraft production 

industry are using composite materials to save money and to 

guarantee the security of their aircraft. 
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I. INTRODUCTION 

Composite materials have been subject of permanent interest 

of various specialists during the last decades. Firstly, military 

applications in the aircraft industry triggered off the 

commercial use of composites after the Second World War. 

The innovations in the composite area have allowed 

significant weight reduction in structural design. Composites 

offer many advantages when compared to metal alloys, 

especially where high strength and stiffness to weigh ratio is 

concerned, excellent fatigue properties and corrosion 

resistance. On the other hand, they can present some 

disadvantages such as low fracture toughness and moisture 

absorption. 

 Composite are generally strong and are light weight 

made from two or more constituent materials having different 

physical or chemical properties, when combined, produce a 

material with characteristics different from the individual 

components. Aircraft, unlike other vehicles, need to lay 

greater stress on safety and weight. They are achieved by 

using materials with high specific properties. A modern civil 

aircraft must be so designed as to meet the numerous criteria 

of power and safety. Composites are the most desired 

materials as a result of advanced technology that has gone 

beyond the design and application. Developments in 

continuous fiber reinforcement resulted in a large variety of 

fibers having a wide variety of mechanical properties. The 

high stiffness of carbon fibers, for instance, allows for 

extremely efficient crack bridging and therefore very low 

crack growth rates which lead to fatigue resistance. During 

the last decades, efforts were concentrated in the development 

of fatigue resistant materials, which would keep low weight 

and good mechanical properties. In recent years particulate 

MMC’s, ceramic matrix composites, hybrid metal or PMC 

composites are used in manufacturing of the aircraft. The 

above types of composites will be discussed below. 

II. PARTICULATE MMC’S 

Particulate MMC’s have extensive aerospace applications as 

structural materials. Aluminum and titanium alloy matrices 

are reinforced with ceramic particles, generally silicon 

carbide or alumina in the micro range to create Particulate 

MMCs. The specific stiffness of these composite materials 

can exceed conventional aluminum alloy by around 50% at a 

20% particle volume fraction. 

 The primary fabrication techniques are rapid liquid 

metal processes such as squeeze casting or solid state powder 

processes based on hot pressing. When fabricated using clean 

high grade particles with low porosity and mode rate 

particulate volume fraction, particulate MMCs have high 

strength, acceptable fracture toughness, and good resistance 

to fatigue crack propagation. They also have the considerable 

cost advantage an also have high stiffness and wear resistance 

compared with conventional alloys. However because of their 

high wear resistance, special tools are required for machining. 

III. CERAMIC MATRIX COMPOSITE 

CMC are made by combining silicon carbide fibers/silicon 

carbide matrix or alumina fiber/alumina matrix because fiber 

should be chemically compactable with the matrix and 

closely match it in it’s the coefficient thermal expansion. 

 They are sometimes based on 3D fiber architecture 

because in many applications, the fiber is required to provide 

toughness. Include through thickness toughness, rather than 

stiffness as required in other classes of composite. 

 CMCs offer the main long term promise for high 

temperature applications in gas turbine engines and for high 

temperature airframe structure. Glass ceramic matrices are 

promising for application s at a high temperature around 500 

degrees Celsius because of their excellent mechanical 

properties and relative ease of fabrication. In contrast to 

CMCs based on the conventional ceramics, such as silicon 

carbide, the low modulus matrix can be effectively stiffened 

by suitable fibers relatively high toughness can be achieved. 

IV. HYBRID METAL/PMC COMPOSITES 

Structural metals, such as aluminum alloys and composites, 

including carbon/epoxy, have a variety of advantages and 

disadvantages for airframe applications. For example, metals 

are prone to fatigue cracking but PMCs are not but they can 

be easily damaged by low energy mechanical impacts but 

metals are not. So materials should be combined in such a 

way to get the best of both the materials. 

 Following this approach aluminum fiber composites 

hybrid laminate are created, which consists of thin sheets of 

aluminum alloy bonded with a fiber reinforced adhesive .The 

fibers increase the post yield strength compared with 

unreinforced  aluminum alloy, and the composite have much 

higher damping capacity. 

 The aluminum alloy is either 2024 T3 or 7475 T761, 

0.2-0.4 mm thick. The composite is aramid or glass fibers in 
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an epoxy nitrile adhesive. With aramid reinforcement, the 

laminate is called ARALL and with glass fiber GLARE. 

 Disadvantages of hybrid metal matrices include 

sensitivity to blunt notches due to the inability of the fibers to 

withstand very high strain levels. Thus, the notched 

sensitivity is not retains in the hybrids. Also depending upon 

reinforced used, the elasticity of hybrids are lower than the 

aluminum alloys. 

V. FUTURE MATERIALS FOR AIRCRAFT BUILDING 

Magnesium had been gaining popularity again due to new 

developments regarding its corrosion and flammability 

properties. Magnesium is a lightweight metal but was banned 

in aircraft construction because it easily catches fire. Now, 

various research studies made progress in developing 

magnesium alloys that can meet aerospace corrosion and 

flammability requirements and succeeded in lifting the ban of 

magnesium usage. Due to its low weight property, high 

strength and ductility, magnesium alloys improve efficiency 

of the aircraft. Nano Adaptive Hybrid Fabric (NAHF-X) or 

fuzzy fibers have good structural, electrical and thermal 

properties. Once incorporated into resin products, it will have 

the ability to be produced in continuous sheets to desired sizes 

like other fabrics. Fuzzy fibers can be used in small 

Unmanned Aerial Vehicles (UAVs) where weight will be 

reduced when the conductive “skin” of fuzzy fiber serves for 

the aircraft’s power, sensor systems and communications. 

Fiber metal laminates (FML) have high strength, low density 

and high elasticity modulus with improved toughness, 

corrosion resistance, and good fire resistance and fatigue 

properties. Furthermore, fiber metal laminates have low 

weight compared to other metallic structures. Lesser amounts 

of FML is needed to build a component compared to other 

materials. With these properties, cost is dramatically reduced 

in the construction and maintenance of aircrafts. 

VI. CONCLUSION 

To conclude, due to their low weight and good material 

properties composite materials are used in the manufacturing 

of the aircraft. 

 PMCs are used in the structural construction of the 

aircraft due to their good wear resistance and cost efficiency. 

CMCs are used in gas turbine engines and for airframe 

structure due to their high temperature resistance. PMCs have 

good fatigue strength and hybrid composites can withstand 

low energy cracking. 

 Research is being carried out in the field of nano 

composites as they have good structural, electrical and 

thermal properties. Once incorporated into resin products, it 

will have the ability to be produced in continuous sheets to 

desired sizes like other fabrics. 
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