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Abstract - In the present age of technological innovation in various sectors ranging from automobile to 

aerospace, high strength materials with low weight are in high demand.The strength to weight ratios of 

composite materials using glass fibers, carbon fiber etc make them ideal choice for application in several 

fields. Composite materials are proved as suitable substitutes for steel in connection with weight reduction of 

the vehicle. Hence, the composite materials have been selected for specimen. The commonly used fibers are 

carbon, glass, kevlar, etc. Among these, the glass fiber has been selected based on the cost factor and 

strength. The types of glass fibers are C-glass, S-glassand E-glass. The C-glass fiber is designed to give 

improved surface finish. S-glass fiberis design to give very high modular, which is used particularly in 

aeronautic industries. The E-glass fiber is a high quality glass, which is used as standard reinforcement fiber 

for all the present systems well complying with mechanical property requirements. Thus, E-glass fiber was 

found appropriate for this application and thus the tensile and flexure specimen have being prepared 

accordingly with varying composition of Al2O3 and SiO2. The design of the specimen geometry was done 

using Unigraphix Nx andthe ACP analysis was done using Ansys Workbench. The specimens were 

manufactured and tested using suitable methods, the results of same are in close agreement. 
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I. INTRODUCTION 

Fiberglass (American English), or fibreglass (Commonwealth English), is a common type of fiber-reinforced plastic using 

glass fiber. The fibers may be randomly arranged, flattened into a sheet (called a chopped strand mat), or woven into glass 

cloth. The plastic matrix may be a thermoset polymer matrix— most often based on thermoset-ting polymers such as 

epoxy, polyester resin, or vinyl ester resin—or a thermoplastic. Cheaper and more flexible than carbon fiber, it is stronger 

than many metals by weight, is non-magnetic, non-conductive, and transparent to electromagnetic radiation,can be molded 

into complex shapes, and is chemically inert under many circumstances. Applications include aircraft, boats, automobiles, 

bath tubs and enclosures, swimming pools, hot tubs, septic tanks, water tanks, roofing, pipes, cladding, orthopedic 

casts,surfboards, and external door skins. The results of tensile tests are used in selecting materials for engineering applications. 

Tensile properties frequently are included in material specifications to ensure quality. Tensile properties often are measured 

during development of new materials and processes, so that different materials and processes can be compared. Finally, 

tensile properties often are used to predict the behavior of a material under forms of loading other than uniaxial tension. The 

strength of a material often is the primary concern. The strength of interest may be measured in terms ofeither the stress 

necessary to cause appreciable plastic deformation or the maximum stress that the material can withstand. These measures of 

strength are used, with appropriate caution (in the form of safety factors), in engineering design. Also of interestis the 

material’s ductility, which is a measure of how much it can be deformed beforeit fractures. Rarely is ductility incorporated 

directly in design; rather, it is included in material specifications to ensure quality and toughness. Low ductility in a tensile 

test often is accompanied by low resistance to fracture under other forms of loading. Elastic properties also may be of 

interest, but special techniques must be used to measure these properties during tensile testing, and more accurate 

measurements can be madeby ultrasonic techniques. 

 
II. METHODOLOGY 

 
A. Selection of Materials 

 
1. Fibres Selection 

The commonly used fibers are carbon, glass, kevlar, etc. Among these, the glass fiber has been selected based on the cost factor 

and strength. The types of glass fibers are C-glass, S-glass and E-glass. The C-glass fiber is designed to give improved surface 

finish. S-glass fiber is design to give very high modular, which is used particularly in aeronautic industries. The E-glass fiber is a 
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high quality glass, which is used as standard reinforcement fiber for all the present systems well complying with mechanical 

property requirements. Thus, E-glass fiber was found appropriate for this application. 

 
2. Glassfiber Details 

Glass fiber properties, such as tensile strength, Young’s modulus, and chemical durability, are measured on the fibers directly. 

Other properties, such as dielectric constant, dissipation factor, dielectric strength, volume/surface resistivities , and thermal 

expansion, are measured on glass that has been formed into a bulk sample and annealed (heat treated) to relieve forming 

stresses. Properties such as density and refractive index are measured on both fibers and bulk samples, in annealed or un-

annealed form ASTM C 693 is one of the test methods used for density determinations. 

 
3. Resins Selection 

In a FRP leaf spring, the Inter laminar shear strengths are controlled by the matrix system used. Since these are reinforcement 

fibers in the thickness direction fiber do not influences Inter Laminar Shear strength. Therefore, the matrix system should have 

good inter laminar shear strength characteristics compatibility to the selected reinforcement fiber. Epoxies show better inter 

laminar shear strength and good mechanical properties. Hence, epoxide is found to be the best resins that would suit this 

application. Different grades of epoxy resins and hardener combinations are classifieds, based on the mechanical properties. 

Details of epoxy resin: 

 CAS: 25068-38-6 

 EC Number: 500-033-5 

 Molecular Formula: C18H21ClO3 

 IUPAC Name: 4,4'-(2,2-Propanediyl)diphenol - 2-(chloromethyl)oxirane (1:1) 

 Molar Weight [g/mol]: 320.810 

 
B. Composition of Specimens 

 Specimen A : Plain E-glass fiber specimen 

-This specimen is of Plain E glass fiber 

 Specimen B : E-glass fiber specimen ( 10% Al2O3 + 10% SiO2) 

-This specimen is of E-glass + 10% Al2O3 + 10% SiO2. 

 Specimen C: E-glass fiber specimen ( 20% Al2O3 + 10% SiO2) 

-This specimen is of E-glass + 20% Al2O3 + 10% SiO2. 

III. Design and Analytical Work 

 

A. Design Workflow of Fiberglass Composites 

In the manufacturing technique of E-Glass fiber leaf spring we use the traditional method for manufacture this 

product the work flow is shown in figure below. Before the actual manufacturing start we use wood pattern mould method 

is used to make amodel so that we can form the part as required shape. Glass fiber properties, such as tensile strength, 

Young’s modulus, and chemical durability, are measured on the fibers directly. Other properties, such as dielectric 

constant,dissipation factor, dielectric strength, volume/surface resistivitys, and thermal expansion, are measured on glass 

that has been formed into a bulk sample and annealed (heat treated) to relieve forming stresses. Properties such as density 

and refractive index are measured on both fibers and bulk samples, in annealed or un-annealed form. Density of glass 

fibers is measured and reported either as formed or as bulk annealed samples. ASTM C 693 is one of the test 

methods used for density determinations. 

 
Fig. 3 Design of specimen for tensile testing. Fig. 4 Design specimen for flexural testing 
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B. Analysis of Tensile and Flexure Specimen on ANSYS 

 

Table 1 ANSYS results of tensile specimen. Table 2 ANSYS results of flexure specimen. 

IV. MANUFACTURING OF COMPOSITE SPECIMENS 

 
A. Procedure of Specimen Preparation 

 
1. Specimen A: Plain E-glass fiber Steps: 

i. The specimen are cut to desired shape with help of 3-d printed template. 

ii. The ud-glass fibre is lined with adhesive tape on one side 

iii. E-xpoxy resin (80%) + hardner (20 %) coat is applied to the specimen sheet 

iv. Curing time of 35 to 40 minutes is allowed before application of second layer 

v. Second layer is added and procedure step 2 &3 are repeated to get desired thickness of sheet for 

specimen preparation. 

vi. Specimen assembly is placed under press load an allowed to cure for 24 hours. 

vii. The specimen are ground to desired shape. 

 
2. Specimen B: E-glass + 10% Al2O3 + 10% SiO2 Steps: 

i. The specimen are cut to desired shape with help of 3-d printed template 

ii. The ud-glass fibre is lined with adhesive tape on one side 

iii. Epoxy resin (80%) + hardner (20 %) coat is applied to the specimen sheet 

iv. 10 % Al2O3 + 10 % SiO2 is added ( half potion per layer ) 

 
Fig. 5 Al2O3 & SiO2 

v. Curing time of 35 to 40 minutes is allowed before application of second layer 

vi. Second layer is added and procedure step 2 &3 are repeated to get desired thickness of sheet for 

specimen preparation. 

vii. Specimen assembly is placed under press load an allowed to cure for 24 hours. 

viii. The specimen are ground to desired shape 

 
3. Specimen C: E-glass + 20% Al2O3 + 10% SiO2 Steps: 

i. The specimen are cut to desired shape with help of 3-d printed template 

ii. The ud-glass fibre is lined with adhesive tape on one side 

iii. Epoxy resin (80%) + hardner (20 %) coat is applied to the specimen sheet 

iv. 20 % Al2O3 + 10 % SiO2 is added ( half potion per layer ) 

v. Curing time of 35 to 40 minutes is allowed before application of second layer 

vi. Second layer is added and procedure step 2 &3 are repeated to get desired thickness of sheet for 

specimen preparation. 

vii. Specimen assembly is placed under press load an allowed to cure for 24 hours. 

viii. The specimen are ground to desired shape. 
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Fig. 6 Tensile test specimens A, B & C resp. 

 

Fig. 7 Flexure test specimens A, B & C resp. 

V. TESTING AND RESULTS OF SPECIMEN 

 
A. Testing of Specimens 

 
1. Tensile test on UTM 

Consider the typical tensile specimen shown in Fig. 8. It has enlarged ends or shoulders for gripping. The 

important part of the specimen is the gage section. The cross-sectional area of the gage section is reduced 

relative to that of the remainder of the specimen so that deformation and failure will be localized in this 

region. The distances between the ends of the gage section and the shoulders should be great enough so that 

the larger ends do not constrain deformation within the gage section, and the gage length should be great 

relative to its diameter. Otherwise, the stress state will be more complex than simple tension. 

Test Standard: ASTM D 5034 
 

2. Flexural test on flexure strength testing machine 

This method covers the breaking strength and elongation determined by the grab procedure. This method is 

applicable to woven, nonwoven and felted fabrics. It is not recommended for glass or knit fabrics. The grab 

method is a strength/elongation test in which the central part of the width of a specimen is gripped in the 

clamp. 

Test Standard: ASTM D 790 
 

 
Fig. 8 Typical tensile test specimen. Fig. 9 Typical flexure test specimen. 

 
 

B. Results of Specimen Testing 

 
1. Results of Tensile Test 

Fig. 10 Results of tensile test. Fig. 11 Results of flexure test. 
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VI. CONCLUSION 

i. The E-glass fiber is a high quality glass, which is used as standard reinforcement fiber for all the present 

systems well complying with mechanical property requirements. Thus, E-glass fiber was found appropriate for 

this application and thus the tensile and flexure specimen have being prepared accordingly with varying 

composition of Al2O3 and SiO2. 

ii. The design of the specimen geometry was done using CREO and the ACP analysis was done using 

ANSYS Workbench. The specimens were manufactured and tested using suitable methods, the results of 

same are in close agreement. 

iii. The flexural specimen with 10%Al2O3+10%Si02 were found to exhibit the highest Flexural Strength of 

61.58 MPa. 

iv. The tensile specimen with 20%Al2O3+10%Si02 were found to exhibit the highest braking load of 14.9 KN. 

v. The results of the ACP analysis and theoretical analysis for both tensile and flexure specimen are in close 

agreement and thus the specimen design is validated. 
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