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Abstract: Composite is a combination of two or more chemically distinct and insoluble phases. The 

composites consist of one or more discontinuous phases (reinforcement) embedded in a continuous phase 

(matrix). Composite Material is mainly used to improve the properties of material. The present paper 

reviews various types of composite material used in different industrial and commercial applications. study 

of various manufacturing technique for  preparation of  composite material are  described. Various 

mechanical testing techniques are presented to check the characterisations. 

Composites are extensively used because of their high strength to weight ratio. Moreover, the use of 

versatile synthetic fiber in preparation of the composites with concern toward the environment issues to 

develop composites using glass fiber reinforced. In the present paper, glass fiber reinforced epoxy 

composites are synthesized considering three factors viz. epoxy to hardener ratio, curing temperature and 

fiber percentage to study the tensile behavior of the composites. The experiments were conducted based on 

Taguchi L9 orthogonal array considering three design parameters. The experimental data were analyzed 

using Taguchi optimization technique and optimum combinations of process parameters values for tensile 

strength was determined. Analysis of variance (ANOVA) was carried out to obtain the significance of 

factors affecting the tensile strength. It was observed from the analysis that the percentage of fiber has more 

significant effect on tensile strength at 95% confidence level. 

 

Index Terms - Composite material, compression molding, taguchi methods, tensile strength, shear strength, 

bending strength, impact strength, hardness strength of test, analysis of variance. 

I. INTRODUCTION 

The automobile and aeronautical industries are continuously looking for light weight and more resistant 

materials in order to improve the effectiveness and reliability of their systems. Composite materials have 

proved to be an excellent solution to this demand. Composite material is a macroscopic combination of two 

or more distinct materials, having a noticeable interface between them. Composite laminate is a combination 

of fiber and resin mixed in proper form. One of the unique properties of composite laminate is high specific 

strength. Composites are being utilized as feasible substitutes to metallic materials in structures where 

weight is a major concern, e.g., aerospace structures, high speed boats and trains.[1] 

Glass fibers reinforced polymer composites have been prepared by various manufacturing technology and 

are widely used for various applications. Initially, ancient Egyptians made containers by glass fibers drawn 

from heat softened glass. Continues glass fibers were first manufactured in the 1930s for high-temperature 

electrical application. Nowadays, it has been used in electronics, aviation and automobile application etc. 

Glass fibers are having excellent properties like high strength, flexibility, stiffness and resistance to 

chemical harm. It may be in the yarns, fabrics and mats. Each type of glass fibers have unique properties 

and are used for various applications in the form of polymer composites. The mechanical, tribological, 

thermal, and vibrational properties of various glass fiber reinforced polymer composites were 
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described[2].Composite materials produce a combination properties of two or more materials that cannot be 

achieved by either fiber or matrix when they are acting alone. Fiber-reinforced composites were 

successfully used for many decades for all engineering applications[3] 

The mechanical behavior of a fiber-reinforced composite basically depends on the fiber strength and 

modulus, the chemical stability, matrix strength and the interface bonding between the fiber/matrix to enable 

stress transfer [4]. Suitable compositions and orientation of fibers made desired properties and functional 

characteristics of GFRP composites was equal to steel, had higher stiffness than aluminum and the specific 

gravity was one-quarter of the steel [5]. The properties of composites depend on the fibers laid or laminated 

in the matrix during the composites preparation. High cost of polymers was a limiting factor in their use for 

commercial applications. Composite materials have wide range of industrial applications and laminated GF 

reinforced composite materials are used in marine industry and piping industries because of good 

environmental resistance, better damage tolerance for impact loading, high specific strength and stiffness 

[6]. Polymeric composites were mainly utilized in aircraft industries such as rudder, elevator, fuselage, 

landing gear doors, that is due to light weight, reduction of higher fatigue resistance in the fasteners and 

number of components [7]. Polyester matrix-based composites have been widely used in marine 

applications; in marine field the water absorption was an important parameter in degradation of polymer 

composites [8]. The different mechanisms were used to identify the degradation of material such as 

initiation, propagation, branching and termination [9].  Epoxy resins have been widely used for above 

applications that have high chemical/corrosion resistance properties, low shrinkage on curing. The 

capability to be processed under various conditions and the high level of cross linking epoxy resin networks 

led to brittle material [10]  

 Energy dissipation of composite was important when they were subjected to vibration environment. Several 

factors influenced the energy dissipation of FRP composites such as fiber volume, fiber orientation, matrix 

material, temperature, moisture and others like thickness of lamina and thickness of the composites [11]. All 

polymeric composites have been temperature-dependent mechanical properties. The dynamic stability of 

polymer matrix composites like the storage modulus and damping factors were essential to investigating 

under cold and higher temperature [12]. 

II. MATERIAL SELECTION 

1. Based on the type of matrix material  

 

Each type of glass fibers have unique properties and are used for various applications in the form of polymer 

composites. Functional characteristics of GFRP composites was equal to steel, had higher stiffness than 

aluminum and the specific gravity was one-quarter of the steel . Properties that have made glass fiber so 

popular in glass fiber reinforced composites include low cost, high production rate, high strength, high 

stiffness, relatively low density, non flammable, resistant to heat, good chemical resistance, relatively 

intensive to moisture able to maintain strength properties over a wide range of conditions, good electrical 

insulation. Glass fibers reinforced polymer composites have been prepared by various manufacturing 

technology and are widely used for various applications. Glass fibers are having excellent properties like 

high strength, flexibility, stiffness and resistance to chemical harm. Lapox L-12 is an unmodified epoxy 

laminating resin designed for high performance applications with low viscosity (Fig. 1). It can be used with 

various hardeners for making GFRP. The choice of hardener depends on processing method. 

Hardener K6 is a low viscosity room temperature curing liquid hardener. It is commonly employed for hand 

layup applications. 

Being rather reactive, it gives rapid cure at normal ambient temperatures.  Laminates can be subjected to 

operating temperatures from 40 _C to 120 _C. Lapox L-12 and Hardener K-6 can be mixed easily at room 

temperature. Since three process parameters are considered, an L9 orthogonal array was selected by using 

Taguchi method [8]. The process parameter considered in the study and their levels are shown in Table 1. 

As per L9 orthogonal array, using Taguchi method a total of  9 experiments are conducted to study the 

tensile strength of the GFRP. 
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Fig.1:-Glass with  Epoxy resin and K-6 hardener. 

 

 

2. Manufacturing process  of Composite Material       

Compression Molding- 

The Compression molding is very high-pressure method. it is suitable for molding the glass fiber 

reinforcements with high-strength. In this process the bottom half of the mold weighed charge is placed The 

charge may be BMC (bulk molding compound) or SMC (sheat moulding compoung) these are mixture of 

chopped glass strands and resin. Both the parts of mold are bonded and heated to 2500 to 4000 F, where the 

pressure around 60 to-100 bar is applied to the charge. Maintain the heat and pressure up to the molding 

material come in contact with all mold areas and it is cured. Compression molding process is also used for 

producing composite from unconventional fibers Unconventional fibers like flax, hemp, sisal etc are 

comingled with the fiber of the thermoplastic polymer. Then it is hot pressed in the mold to melt the 

thermoplastic fiber thereby forming the composites. 

 

Advantages  

Compression molding is a fast molding process. 

The process is automated. 

Good surface finishes are obtainable, contributing to lower finishing cost.  

 Labour costs are low. 

Applications: 

automobile components, electrical components etc are produced by using BMC and SMC. 

 

 

 
 

Fig.2:- Composite molding machine  
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III. DESIGN OF EXPERIMENT USING TAGUCHI METHOD 

 

 The experiments are to be carried out based on Taguchi design technique, which is to be used to 

acquire data in a controlled way. An orthogonal array and analysis of variance have been applied to 

investigate the influence of process parameters mechanical properties of glass fiber composite. 

 

 

TABLE NO – 1 Parameters and their levels 

 

 

E/H ratio 

Parameter and levels 

Glass fiber % Temperature Pressure 

2 20 40 1 

4 20 80 2 

6 20 120 3 

4 40 120 1 

6 40 80 2 

2 40 40 3 

6 60 40 1 

2 60 80 2 

4 60 120 3 

 

 

3. Impact  Testing:- 

     The damage tolerance is a major concern with composite laminates. The compression after impact 

(CAI) testing provides a measure of damage tolerance. The compression after impact (CAI) test is applied on 

a rectangular laminate panel. These test consists of two parts: The first part of the test, the panel is clamped 

around the periphery and then subjected to a controlled impact in the centre of the panel (A drop tower is 

required to provide the impact), In second part, the panel is then placed in a jig and subjected to an edgewise 

compressive load until it fails. The failure load gives an indication of the residual strength of the panel after 

the impact damage. CAI standards in use include: ASTM D7136/D7137 

 

 
 

Figure 3. The specimens of composite material after impact test 
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Figure 4. The specimens of composite material after impact test Sample no 1, 2,3 shows impact strength is 

6,2,2  

 

 

 
Figure 5. The specimens of composite material after impact test Sample no 1 ,2,3 shows impact strength is 

4,6,2 

 

 
Figure 6. The specimens of composite material after impact test Sample no 1, 2, 3 shows impact strength 

is 32,18,8 
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TABLE NO – 2 L9 Orthogonal array used in the current study  

 

 

ANOM 

 The average effect of the measure on the response gives analysis of variance i.e ANOM. Fig. 7 shows the 

ANOM of impact strength. It can be depicted that a combination of epoxy to hardener ratio of 6, glass fiber 

percentage of 60 and curing temperature of  400C gives maximum impact strength.  

 

ANOVA 

Analysis of variance (ANOVA) is a statistical test used to evaluate the difference between the means of 

more than two groups. This statistical analysis tool separates the total variability within a data set into two 

components: random and systematic factors. 

A one-way ANOVA uses one independent variable. A two-way ANOVA uses two independent variables. 

Analysts use the ANOVA test to determine independent variables' influence on the dependent variable in a 

regression study. 

 

 
Figure 7. ANOM of impact strength  

 

It is observed that deflection of specimen is minimum for epoxy to hardener ratio 4, fiber percentage 20, 

curing temperature of 1200 C and pressure 3. In main effects plot the significance of each parameter can be 

judged by the inclination of plot. The parameter with highest line inclination has greater significance than the 

rest. From the main effects plot, it is seen that the parameter glass fiber is the most significant parameter 

while other parameters epoxy to hardener ratio, temperature and pressure fiber are also significant 

parameters. 

 

 

 

 

 

 

 

E/H 

ratio 

Parameters and levels  

Glass fiber 

% 

Temperature Pressure Impact 

strength 

2 20 40 1 6 

4 20 80 2 2 

6 20 120 3 2 

4 40 120 1 4 

6 40 80 2        6 

2 40 40 3 4 

6 60 40 1 32 

2 60 80 2 18 

4 60 120 3 8 
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TABLE NO – 3 ANOVA table of Impact Strength  

 

Source DF Adj SS Adj S F-Value P-Value 

  Epoxy/ Hardener  Ration 2 86.76 43.38 1.01 0.497 

  Glass fiber % 2 472.89 236.44 5.52 0.153 

  Temperature 2 105.42 52.71 1.23 0.448 

  Error 2 85.69 42.84       

  Total 8 776.89          

 

Conclusions 

 

Composite material has wide applications in various automobile industry, application due to its 

advantages in the form of strength durability and lightweight properties. A study has carried out on its 

Manufacturing techniques and testing methods which shows its complexity of manufacturing and wide range 

testing applicability as excess of its standards. Increase in glass fiber contain should improve the mechanical 

properties of composite material. There should be increase in impact strength of composite due to effect of 

percentage addition of hardener with epoxy resin. Significant change in mechanical properties of glass fiber 

reinforced composite (GFRP) material should be observe with change in curing temperature. Increasing fiber 

volume fraction increased the impact strength. The effect of exposure temperature and fibre volume fraction 

on impact strength of GFRP composite depends on the parameter controlling the mode of failure. i.e. matrix 

or fiber. Taguchi method should show optimum tensile strength, shearing strength, bending strength, 

hardness strength.  
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