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Abstract— This paper focuses on the importance of 

composite materials in mechanical engineering, terminology 

used in composite materials, various definitions, 

classification and the latest developments in composite 

materials in different parts of the world. In the recent times 

the use of composite materials has increased to a great extent 

because of their durability and high strength. Composite 

materials have changed all the material engineering. The 

evolution of composite materials has given an opportunity to 

various designers to use new and better materials resulting in 

cost reduction, increase in efficiency and better utilization of 

available resources. Composite materials are finding their 

applications in aerospace industry, automobile sector, 

manufacturing industries etc. 
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I. INTRODUCTION 

A composite material is a material made from two or more 

constituents materials with different physical or chemical 

properties when combined produce materials with 

characteristics different from individual components. In 

contrast to metallic alloys, each material retains its separate 

mechanical, chemical and physical properties. The two 

constituents of the composite materials are reinforcement and 

a matrix. The main advantages of composite materials are 

their high strength and stiffness, combined with low density, 

when compared with bulk materials, allowing for a weight 

reduction in the finished parts. The reinforcing part provides 

the strength and stiffness. In most of the cases, the 

reinforcement is usually a fiber or a particulate. Particulate 

composites have dimensions that are approximately equal in 

all the directions. They may be spherical, platelets or any 

other regular of irregular geometry. Particulate composites 

tend to be much weaker and less stiff than continuous fiber 

composites, but they are less expensive. Particulate 

reinforced composites usually allow less reinforcement (up to 

40 to 50 volume percent) die to processing difficulties and 

brittleness. 

 
Fig. 1: Typical Reinforcement Types 

 The continuous phase is the matrix, which is a 

polymer, metal, or ceramic. Polymers have low strength and 

stiffness, metals have intermediate strength and stiffness but 

high ductility, and ceramics have high strength and stiffness 

but are brittle. The matrix (continuous phase) performs 

several critical functions, including maintaining the fibers in 

the proper orientation and spacing and protecting them from 

abrasion and the environment. In polymer and metal matrix 

composites that form a strong bond between the fiber and the 

matrix, the matrix transmits loads from the matrix to the 

fibers through shear loading at the interface. In ceramic 

matrix composites, the objective is often to increase the 

toughness rather than the strength and stiffness; therefore, a 

low interfacial strength bond is desirable. 

II. CLASSIFICATION 

The composite materials can be classified based on two 

categories. The classification can be done on the following 

basis- 

 Based on matrix 

 Based on reinforcement 

 
Fig. 2: Classification of Composite Materials 

1) The first level of classification is usually made with 

respect to the matrix constituent. The major composite 

classes include Organic Matrix Composites (OMCs), 

Metal Matrix Composites (MMCs) and Ceramic Matrix 

Composites (CMCs). The term organic matrix composite 

is generally assumed to include two classes of 

composites, namely Polymer Matrix Composites 

(PMCs) and carbon matrix composites commonly 

referred to as carbon-carbon composites. 

2) The second level of classification refers to the 

reinforcement form-fiber reinforced composites, laminar 

composites and particulate composites. Fiber Reinforced 

composites (FRP) can be further divided into those 

containing discontinuous or continuous fibers. 

3) Fiber Reinforced Composites are composed of fibers 

embedded in matrix material. Such a composite is 

considered to be a discontinuous fiber or short fiber 

composite if its properties vary with fiber length. On the 

other hand, when the length of the fiber is such that any 
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further increase in length does not further increase, the 

elastic modulus of the composite, the composite is 

considered to be continuous fiber reinforced. Fibers are 

small in diameter and when pushed axially, they bend 

easily although they have very good tensile properties. 

These fibers must be supported to keep individual fibers 

from bending and buckling. 

4) Laminar Composites are composed of layers of materials 

held together by matrix. Sandwich structures fall under 

this category. 

5) Particulate Composites are composed of particles 

distributed or embedded in a matrix body. The particles 

may be flakes or in powder form. Concrete and wood 

particle boards are examples of this category. 

The thermoplastic and thermostat plastics are then further 

classified in the following manner- 

 
Fig. 3: Thermoplastic Classification 

 
Fig. 4: Thermosets Classification 

III. PROPERTIES 

The composite materials have high strength, low density, are 

highly durable and can withstand high temperature and 

forces. The following table shows the properties of composite 

materials- 

 
Table 1: Properties of Composite Reinforcing Fibers. 

A. Mechanical Properties 

One of the major advantages of metal matrix composites 

reinforced with continuous fibers over unidirectional polymer 

matrix composites is that many, if not most, of the former 

have much greater transverse strengths, which allows them to 

be used in a unidirectional configuration. 

 Table 2 presents representative elastic properties of 

selected unidirectional metal matrix composites reinforced 

with continuous boron, alumina, and silicon carbide (SiC) 

fibers. The values represent a distillation obtained from 

numerous sources. We see that the axial moduli of the 

composites are much greater than those of the monolithic 

base metals used for the matrices .Absolute and specific 

composite strengths are significantly greater than those of 

aluminum and titanium. This is especially true for the 

compression strength of SiC fiber-reinforced titanium, which 

is almost four times greater than that of monolithic titanium. 

Fiber Matrix 
Density 

g/cm3 

Axial 

Modulus 

GPa 

Transverse 

Modulus 

GPa 

___ 
7075-

T6 
2.8 70 70 

___ 

Ti-

6Al-

4V 

4.4 114 114 

Boron Al 2.6 210 140 

Alumina Al 3.2 240 130 

SiC Ti 3.6 260 170 

Table 2: Elastic Properties of Unidirectional Metal Matrix 

Composites, 7075-T6 Aluminum and Ti–6Al–4V Titanium 

Fiber 
Matr

ix 

Densi

ty 

g/cm3 

 

Axial 

Tensi

on 

MPa 

Transve

rse 

Tension 

MPa 

Axial 

Compress

ion 

MPa 

___ 
7075

-T6 
2.8 551a 551a 517a 

___ 

Ti-

6Al-

4V 

4.4 950a 950a 880a 

Boron Al 2.6 1240 140 1720 

Alumi

na 
Al 3.2 1700 120 1800 

SiC Ti 3.6 1700 340 2760 

Table 3: Strength Properties of Unidirectional Metal Matrix 

Composites, 7075-T6 Aluminum and Ti–6Al–4V Titanium 

B. Physical properties-Table 4 presents physical properties 

of unidirectional metal matrix composites reinforced with 

continuous fibers. 

Fiber 
Matr

ix 

Axi

al 

CT

E 

10-

6/K 

Transve

rse 

CTE 10-

6/K 

Axial 

Thermal 

conducti

vity 

W/m⋅K 

Transver

se 

thermal 

conducti

vity  

W/m⋅K 

___ 
7075

-T6 
24 24 130 130 

___ 

Ti-

6Al-

4V 

8.6 8.6 6.7 6.7 

Boron Al 6 ___ ___ ___ 

Alumi

na 
Al 7 16 80 45 

SiC Ti 5.9 ___ ___ ___ 

Table 4: Physical Properties of Composites 

IV. METALS VERSUS COMPOSITE MATERIALS 

Requirements governing the choice of materials apply to both 

metals and reinforced plastics. It is, therefore, imperative to 

briefly compare main characteristics of the two. 

 Composites offer significant weight saving over existing 

metals. Composites can provide structures that are 25-

45% lighter than the conventional aluminium structures 
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designed to meet the same functional requirements. This 

is due to the lower density of the composites 

 Depending on material form, composite densities 

range from 1260 to 1820 kg/in3 (0.045 to 0.065 lb/in3) as 

compared to 2800 kg/in3 (0.10 lb/in3) for aluminium. Some 

applications may require thicker composite sections to meet 

strength/stiffness requirements, however, weight savings will 

still result. 

 Unidirectional fibre composites have specific tensile 

strength (ratio of material strength to density) about 4 to 

6 times greater than that of steel and aluminium. 

 Unidirectional composites have specific -modulus (ratio 

of the material stiffness to density) about 3 to 5 times 

greater than that of steel and aluminium 

 Fatigue endurance limit of composites may approach 

60% of their ultimate tensile strength. For steel and 

aluminium, this value is considerably lower 

 Fibre composites are more versatile than metals, and can 

be tailored to meet performance needs and complex 

design requirements such as aero-elastic loading on the 

wings and the vertical & the horizontal stabilizers of 

aircraft 

 Fibre reinforced composites can be designed with 

excellent structural damping features. As such, they are 

less noisy and provide lower vibration transmission than 

metals 

 High corrosion resistance of fibre composites contributes 

to reduce life- cycle cost 

 Composites offer lower manufacturing cost principally 

by reducing significantly the number of detailed parts 

and expensive technical joints required to form large 

metal structural components. In other words, composite 

parts can eliminate joints/fasteners thereby providing 

parts simplification and integrated design. 

 Long term service experience of composite material 

environment and durability behaviour is limited in 

comparison with metals. 

V. ADVANTAGES & DISADVANTAGES 

Like all the materials known to human’s composite materials 

have many advantages but it also have some shortcomings 

too. Because of these disadvantages there are some 

restrictions on using the composite materials for various 

purposes. 

A. Advantages 

 High resistance to fatigue and corrosion degradation. 

 High ‘strength or stiffness to weight’ ratio. As 

enumerated above, weight savings are significant 

ranging from 25-45% of the weight of conventional 

metallic designs. 

 Due to greater reliability, there are fewer inspections and 

structural repairs. 

 Directional tailoring capabilities to meet the design 

requirements. The fibre pattern can be laid in a manner 

that will tailor the structure to efficiently sustain the 

applied loads. 

 Fibre to fibre redundant load path. 

 Improved dent resistance is normally achieved. 

Composite panels do not sustain damage as easily as thin 

gage sheet metals. 

 Composites offer improved torsional stiffness. This 

implies high whirling speeds, reduced number of 

intermediate bearings and supporting structural 

elements. The overall part count and manufacturing & 

assembly costs are thus reduced. 

 High resistance to impact damage. 

 Thermoplastics have rapid process cycles, making them 

attractive for high volume commercial applications that 

traditionally have been the domain of sheet metals. 

Moreover, thermoplastics can also be reformed. 

 Like metals, thermoplastics have indefinite shelf life. 

 Composites are dimensionally stable i.e. they have low 

thermal conductivity and low coefficient of thermal 

expansion. Composite materials can be tailored to 

comply with a broad range of thermal expansion design 

requirements and to minimise thermal stresses. 

 Manufacture and assembly are simplified because of part 

integration (joint/fastener reduction) thereby reducing 

cost. 

 The improved weatherability of composites in a marine 

environment as well as their corrosion resistance and 

durability reduce the down time for maintenance. 

 Close tolerances can be achieved without machining. 

 Material is reduced because composite parts and 

structures are frequently built to shape rather than 

machined to the required configuration, as is common 

with metals. 

 Excellent heat sink properties of composites, especially 

Carbon-Carbon, combined with their lightweight have 

extended their use for aircraft brakes. 

 Improved friction and wear properties. 

 The ability to tailor the basic material properties of a 

Laminate has allowed new approaches to the design of 

aeroelastic flight structures. 

B. Disadvantages 

 High cost of raw materials fabrication. 

 Composites are more brittle than wrought metals and 

thus are more easily damaged. 

 Transverse properties may be weak. 

 Matrix is weak, therefore, low toughness. 

 Reuse and disposal may be difficult. 

 Difficult to attach. 

 Repair introduces new problems, for the following 

reasons: 

 Materials require refrigerated transport and storage and 

have limited shelf life. 

VI. FAILURE OF COMPOSITE MATERIALS 

In service failure of parts results generally from a 

combination of concomitant factors which degrades the local 

characteristics of the material. Fatigue can be one of these 

factors. Carbon Composite materials are known to have 

excellent mechanical performances under cyclic loading. 

Significant crack growth generally does not develop below 

60% of static failure stress and, therefore, fatigue has not been 
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considered to be an issue in composite design. However, 

under certain loading conditions, fatigue growth can occur 

and leads to the catastrophic in-service failure of structures. 

The main factors that could cause fatigue fractures of 

composite part or structure are numerous: 

 Failure of structures. The main factors that could cause 

fatigue fractures of composite part or structure are 

numerous: 

 Environment: temperature, contact with chemicals, 

humidity (influence on mechanical properties mainly at 

low number of cycles) 

 Inadequate or faulty design: over-estimation of the 

strength of the material, underestimation of actual stress, 

 Type of stress : especially compression and shear, 

 Presence of manufacturing defects. 

 Under static loading, the composite materials have a 

lower compression resistance than tensile resistance. This is 

also the case for fatigue. Schutz and Gerharz have shown that 

the σD / Rm ratio (limit of endurance / static strength) 

changes from 460/850 to 200/850 when the stress ratio R 

increases from 0.1 (tensile-tensile) to -1(tensile compression) 

in the case of carbon/epoxy quasi-isotropic composite 

material. To understand the cause of failure, it is essential to 

identify and quantify all of these influential factors and assess 

their interactions. Under loading, the metallic material will 

generally have a crack that initiates from a specific point and 

then propagates and leads to failure. The damage in 

composite materials is completely different: a large number 

of microscopic events will develop very gradually over a 

large volume of the material. This is due to the heterogeneity 

of the material on a microscopic scale, as the matrix and 

reinforcement have different mechanical behaviors. This 

phenomenon explains why the fatigue behavior of composite 

material is very few affected by the notch effect over 106 

cycles. This advantage is not true in the case of low-cycle 

fatigue. 

 
Fig. 5: Comparison of Fatigue Strength for Different 

Materials 

 
Fig. 6: Cumulative Damage Comparison between 

Composite Vs Metal 

Fiber/Matrix 
Ultimate tensile 

strength Rm 

Fatigue 

limit 

Ud 

Ud/Rm 

T300/815-

V140 
80 50 0.66 

T300/828-Z 100 60 0.6 

AS4/3501-6 779 440 0.56 

HTA/MY720 850 700 0.82 

T300/934 645 450 0.7 

T300/5208 412 200 0.48 

Table 5: Fatigue strength at 106 cycles for different materials 

VII. CONCLUSION 

Composite materials are a great substitute because of all of its 

superior properties. Composites have attractive mechanical 

and physical properties that are now being utilized in industry 

and aerospace on a grand scale world-wide. New fibres, 

polymers, and processing techniques for all classes of 

composites are constantly being developed. Research is also 

ongoing to improve repair techniques, recyclability, and the 

bonding between fibres and matrix materials. Moreover, 

standards are being set up for the testing and computerization 

of mechanical- and corrosion-property databanks. Because of 

the development of new fire-retarding constituents, the 

availability of polymers with higher temperature ratings, the 

relative ease of fabrication, and the fair costs, PMCs are being 

utilized more in structural and wear-resistant applications in 

mining and industrial environments. There is no doubt that, if 

processing costs can be substantially reduced, MMCs and 

CMCs will be increasingly employed in applications that 

require light weight in addition to toughness and wear- and 

abrasion-resistant properties. CMCs will increasingly be used 

for high-temperature, oxidation-resistant, and wear- and 

abrasion-resistant applications where good corrosion 

resistance is also required. Leading international companies 

involved in the traditional manufacture of metal and ceramic 

parts are already positioning themselves to obtain a market 

share. The new applications that are being found on an almost 

daily basis, and the continuous reporting of company 

investments and new ventures into the manufacture of MMC 

and CMC parts, tend to indicate that important progress has 

been made towards the reduction of processing and 

manufacturing costs. However, it is important to realize that 

the use of composites requires an integrated approach 

between user and designer/manufacturer to ensure 

functionality. This entails knowledge of the structural 

efficiency of the material, its isotropic or anisotropic 



Study of Composite Materials 

 (IJSRD/Vol. 6/Issue 10/2018/077) 

 

 All rights reserved by www.ijsrd.com 318 

behaviour, environmental effects, and its manufacturing 

requirements, assembly, and repair. 
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