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Abstract: 

 Natural fibers are naturally available it  appears as an alternative reinforcement to synthetic fibers, reducing costs and showing 

results close to synthetic fibers. Manufacturing a single material by using different fibers like Ridge gourd, sisal and jute  fibers. 

Here p romoter, catalyst and axylator t reated fiber is used in composites. The mechanism suggested for higher strength composites 

reinforced with thinner fibers were a relat ively more uniform rupture of these fibers, which statistically has a greater prob ability 

of having less structure defects. One of the traditional method hand lay-up technique is use for preparing fiber reinforcing 

polyester composite. So that the mechanical analysis to check the properties of the fiber and compare with three different na tural 

fibers and find the best one. So that we have to undergoes mechanical analysis like Impact, Hardness and Tension test. We 

concluded the best optimum parameter for the suitable fiber.  
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I. INTRODUCTION 

 

Composites are the class of material referring to a combination 

of two or more materials main ly divided into matrix and 

reinforcement. “Materials composed of two or more distinctly 

identifiable constituents” are used to describe natural 

composite like t imber and organic materials like tissue 

surrounding the skeletal system. Composite are main ly 

classified as polymer matrix, metal matrix and ceramic matrix 

composite. Reinforcement can be in the form of fiber, 

particulates or whiskers properties can be achieved depending 

on matrix and rein forcement satisfying the application needed. 

The reinforcement fiber prov ides strength and stiffness to the 

composite whereas the matrix p rovides rigidity and resistance. 

The matrix binds the reinforcement phases. Composites are 

anisotropic and have a non-homogeneous structure. The 

volume fraction of matrix and fiber decides the total strength 

of the composites. Composites cannot be made from 

constituents with divergent linear expansion characteristics. 

Fibers may be long continuous or short chopped resulting in 

different properties. The alignment of fiber is most important 

in determin ing the strength of composite. So the fibers can be 

unidirectional, bid irectional or random d irect ional and they are 

woven. The main property of composite is that it provides 

high strength to weight ratio  compared to metals. Most 

composite materials remain elastic till failure occurs and show 

decreased failure strain, when loaded in tension and 

compression so they are almost britt le. The other properties 

cannot be defined without specifying the type of composite. 

The mechanis m suggested for higher strength composites 

reinforced with thinner fibers were a relat ively more uniform 

rupture of these fibers, which statistically has a greater 

probability of having less structure defects. Many authors have 

carried out their studies in this area. They have indicated that 

the incorporation of natural fibers into polymers could 

improve some desired properties. Natural fibers exh ib it many 

advantageous properties as reinforcement in fiber-reinforced 

composites. They are low density materials, yielding relatively 

light weight composites with specific properties. In an effort 

to develop a superior, but economical composite, natural fibers 

can be combined with synthetic fibers in the same matrix 

material to take the best advantage of both. It is also possible 

to combine different kinds of fibers to form either interplay or 

an interplay  hybrid laminate. An  interplay  hybrid laminate 

consists of different kinds of fibers in different laminas, 

whereas an interplay hybrid laminate consists of two or more 

different kinds of fibers interspersed in the same lamina.  

 

II. NATURAL FIBERS  REINFORCED VINYL  

ES TER COMPOSITE 

 

A natural fibers are rein forced vinyl ester resin composite is a 

polymer matrix composite with vinyl ester as a matrix material 

and natural fibers as reinforcement. NFRVEC is aircraft 

gliders, safety helmets, office chair etc... The volume fraction 

of fibers and matrix decides the strength of the composites. 

NFRP it  is manufactured by hand lay-up technique. Hardener 

is mixed  with vinyl ester resin  during fabricat ion 1:10 rat io 

which access matrix. NFRVEC has high strength to weight 

ratio and so engineers are trying to replace metals by 

NFRVEC. Composites of a s ignificant weight savings over 

existing material. Composites can be providing structures that 

are 25-45% lighter than conventional alumin ium structure 

designed to meet the same functional requirement. This is due 

to low density of composites. 

 

1. Properties of NFRVEC  

1. High specific strength/stiffness. 

2. Superior corrosion resistance. 

3. Light weight construction. 

4. Low thermal conductivity. 

5. High fatigue strength. 

 

2. Application of NFRVEC 

1. In automot ive industry natural fiber vinyl resin are used to 

produce chairs, hoods to provide high quality surface finish, 

styling details and processing options as they are cheaper than 

others. 
 

2. In sporting goods industries tennis rockets, fishing rods, and 

bicycle frames are made up of natural fiber composites . 
 

3. In marine application natural fiber composites are used in 

power boats passenger ferries etc..., as they have better 

corrosion resistance and light weight.  
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4. A lso natural composite used in offshore pipe lines for oil 

and gas extract ions. 

 

3. Fiber Description 

Most of the fibers used in reinforced p lastics are sisal, jute, 

ridge gourd fibers as they are inexpensive, easy to 

manufacture and possess high strength and stiffness with 

respective plastics with which they are reinforced. They are 

low density; resistant to chemicals, insulation capacity are 

other bonus characteristics, although the one major 

disadvantage in ridge gourd is that it is prone to break when 

subjected to high tensile stress for a long time. However, it 

remains break-resistant at higher stress-levels in shorter time 

frames. Th is property mitigates the effective strength of the 

natural fibers especially when that is expected to sustain loads 

for many months or years continuously. Period of loading, 

temperature and other factors also dictate the tolerance level of 

natural fibers. The natural fibers are available in the form of 

continuous and chopped filaments. 

 

TYPES OF RES INS 

 

Thermoset Resin 

1. Polyester 

2. Vinyl Resin 

3. Epoxy  

4. Phenolic  

5. Polyurethane 

 

Thermoplastic 

1. Acetyl 

2. Acrylonitrile Butadiene Styrene (ABS) 

3. Nylon 

4. Polyethylene (PE) 

5. Polypropylene (PP) 

6. Polyethylene Terephthalate (PET) 

 

4. Vinyl ester resin 

Vinyl ester resin is a resin produced by the esterificat ion of 

epoxy resin with an  unsaturated mono carboxylic acid. Vinyl 

ester provide excellent resistant to water, organic solvents and 

alkalis, but less resistant’s to acids then polyesters. Vinyl ester 

is stronger than polyester and more resilient then epoxies. 

Next to polyester, vinyl esters are most economical for 

traditional fiber glass parts, and can be used with a variety of 

tooling and process. Both polyester and vinyl ester resin  will 

react and built in molecular weight to a solid waxy  resin and 

be mostly unstable in that waxy state. Consequently, they are 

generally cut in styrene mono mer for management as a liquid 

resin. Vinyl ester resin is formulated for maximum corrosion 

resistance to most fuels and both acid ic and basic chemicals. 

Vinyl esters are similar in three molecular structures to 

polyesters, but differ primarily in the location of their reactive 

sides, these being position only at the ends of the molecular 

chains. 

 

5. Vinyl ester hardener  

Vinyl resin is cured by adding hardener. Unlike the catalytic 

hardeners used for curing polyester resin, vinyl resin hardener 

contains monomers, which contribute to the curing reaction. 

They are generally used in combination with our thick resin 

for an excellent coating vinyl resin.  

Hardeners are: promoter, catalyst and axy lator.  
 

6. PVA-Mould release agent 

PVA (poly v inyl alcohol) mould release agent is to be wiped, 

sponged or sprayed in to the pattern and mould surface to 

provide a very compatible and reliable release barrier for 

polyester, vinyl ester. 

 

III. METHODOLOGY 

 

1. FIBERS  

 

1.1 Ridge gourd fiber  

This light weight woven ridge gourd fiber is very high 

performances for more advanced composites products such as 

radio controlled  planes, robotics, and other precision 

applications. 

 

1.2 Sisal fiber 

It is called as (sisal hemp) because for centuries hemp was a 

major source for fiber, the sisal fiber is tradit ionally  used for 

rope and twine, and has many other uses, including paper, 

cloth, and dartboards etc… 

 

1.3 Jute fiber  

Jute is one of the most affordable natural fibers and it is 

second only to cotton in amount produced and variety of uses 

of vegetable fiber. Jute fibers are composed primarily of the 

plant materials cellu lose and lignin.  

 

1.4 Characteristics 

1. Compatib le with polyester, vinyl ester, and epoxy.  

2. Good resistance to weave distortion. 

3. High mechanical strength in both directions  of weave. 

4. Excellent impregnation and low consumption of resin. 

5. Easy process ability in molding techniques. 

 

2. Vinyl ester resin properties  

1. Viny l ester is exh ibit better resistance to water and many 

other chemicals their polyester counter parts and are 

frequently found in applications such as pipe lines and 

chemical storage tanks. 

 

2. It is excellent chemical resistance especially to acid at a 

temperature up to 80 degrees Celsius. 

 

3. High stiffness, high ductility, high strength 

The raw materials are 

 

Woven ridge gourd fiberizing (500 GSM) 

Sisal fiber 

Jute fiber 

Vinyl ester resin 

Vinyl ester hardener 

PVA Mold release agent 

Shape - rectangle  

Dimension required - 150 X 150 X 10 mm 

 

 
Figure.1. Dimension of the plate  
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3. FABRICATION OF NFRVEC  

 

3.1 Materials needed 

1. Mold 

2. Raw materials 

3. Roller 

4. Plastic breaker 

5. Blade 

6. Weighing machine 

7. Paint brush 

8. Th inner 

9. Insulation tape 

10. Medical gloves 

 

3.2 Design the cavity 

The design cavity means; it is hand lay-up equipment for 

preparing the composite laminate p lates. It is manufactured by 

steel plates as per required dimensions and welded the joints 

make the cavity. 

 

 
Figure.2. Design cavity 

 

3.3 Fabrication step 

STEP 1: PVA APPLICATION 

1. First the porous wooden surface is suitably shield, cleaned 

to free it  from any contaminants. 

2. Using a clean lint-free cloth PVA mold release agent is 

applied to a reasonable amount to an area of surface.  

3. PVA is only ever applied in a single quote as the second 

quote will simply remove the first quote as we try to applying 

the second quoting and resulting in more uneven surface. 

4. A llow the PVA to dry fully around 3-4 hours before you 

begin laminating. 

5. When re-using the wooden board we should remove any 

traces of the PVA using water and clean thoroughly before re 

applying PVA. 

6. Release of a mold can be assisted using water which will 

dissolve the PVA and help the mold or part  to be released. 

 

STEP 2: BUILDING UP OF FIRST LAYER 

1. Insulation is used to identify the require dimension of work 

piece in the base board. 

2. Mixing of v inyl ester and hardener in 10:1 rat io.  

3. Mixture is applied uniformly in  the board to required 

dimension with a brush. 

4. First layer of ridge gourd fiber, sisal fiber and jute fibers are 

cut to dimension require and placed in the board 

5. Po ly vinyl ester is applied  and smudged with a brush on the 

first layer of the fiber. To get a flat surface, a steel roller is 

rolled over the layer. Excess resin coming out of the rolling is 

collected in the beaker. 

6. The corresponding process is repeated for twenty fiber 

layers and stacked up. Roller is rolled over each layer to 

remove the discontinuous in the fiber and also to obtain a flat 

surface. And the excess of resin coming from it is collected in 

beaker. Then it is a left free for curing fo r about 5 hours. After 

curing the ejection is done by a screw driver and hammer.  

 

 
Figure.3. Jute fiber laminate  

 

 
Figure.4. Ridge gourd fiber laminate  

 

 
Figure.5. Sisal fiber laminate  

 

4. COS T OF FABRICATION 

 

Table. 1. cost of fabrication 

 

MATERIAL COST(Rs) QUANTITY(kg) 

Ridge gourd fiber 300 5 kg 

Vinyl ester resin 2000 3 

Vinyl ester hardener 1000 1 

Cost of beaker 250 3 piece 

Cost of Paint brush 200 2 piece 

Cost of PVA  250 1 

Total cost of 

composite 

6000 - 
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IV. EXPERIMENTAL ANALYS IS  

 

1. COMPOS ITE WHEEL 

Automotive industry is going through a transformat ional phase 

with increased pressure to reduce weight, increase volume and 

remain sustainable. Composites have traditionally played a 

key role in achieving these objectives, although at a high cost 

and low volume requirements. With the advancement in the 

composites technologies, resulting in availab ility of low cost 

raw materials, support for high volume production composites 

usage and adoption in automotive industry is going a key 

turning point. In our project, we have carried  out an exercise 

to understand the benefits of replacing conventional wheel 

material with ridge gourd fiber reinforcement composite for 

the vehicle wheel. Here, we could reduce wheel weight, 

unsprang mass of the vehicle, and improved rotation inertia. 

We considered ridge gourd fiber reinforcement and vinyl ester 

resin system. In th is paper an attempt has been made to replace 

conventional passenger carrying vehicle wheel with a ridge 

gourd fiber reinforced composite laminate material. The 

process is carried out by modeling a composite wheel 

followed by structural analysis using hyper works pre-

processor. The strength of the wheel is determined by 

considering extreme boundary conditions it will bear while 

operational use. Assuming a vehicle that is symmetric in the 

front view, such that the vehicle has the same left and right 

side weights in a static equilib rium position. 

 

2. PLASTIC WHEEL 

 
Figure.6. Plastic wheel 

 

Engineered plastic wheels (nylons, acetals, polycarbonates) 

are a popular choice with a range of properties that fit well 

into many caster applications, including: 

1. Operation in extremely humid and wet environments 

2. Operations in extreme temperatures  

3. Operations where chemical exposure is an issue. 

 

Benefits  

Engineered plastics (EP) offer many benefits when used in an 

industrial wheel application. Their harder Durometer when 

compared to polyurethanes greatly improve their ergonomic 

properties and roll ability thus making carts equipped with EP 

wheels easier on the operator. Most of the EPs will also 

withstand higher temperatures than polyurethane wheels. EP 

wheels also have higher load capacities than polyurethane 

wheels and won’t rust like steel or cast iron wheels. 

Engineered plastics are generally RIM casted or extruded and 

hence can be purchased in bar forms. Generally, the bars are 

cut to length and CNC machined to a specified profile of the 

face of the wheel. For larger quantities of wheels, the material 

can be RIM casted to a very near net shape or final 

configuration. 

 

Drawbacks 

Despite their advantages of good ergonomics while being easy 

on floors, there are some disadvantages to using EP wheels in 

an industrial caster application.  The EP materials have a low 

coefficient of friction, which makes the wheels more p rone to 

sliding when cornering at higher speeds.  This of course can be 

avoided by taking corners at  lower speeds or having a rougher 

floor. The engineered plastic materials can be very expensive, 

especially for the high performance grades although most 

plastics can be had at a reasonable price.  This higher price 

could make EP wheels less appealing when comparing to 

polyurethane or cast iron wheels.  In some applications, only 

an engineered plastic will perform to the desired specifications 

and are worth the extra cost.  In application where debris on 

the floor is an issue, especially  metal shaving, the EP wheels 

are vulnerable to the embedding of this foreign material which 

can have significant impact on the operation of the wheels. EP 

wheels perform best when used in clean application where 

foreign matter or material is not lying on the floor or t rack.  

The engineering staff at  Caster Concepts has extensive 

experience in  the use of engineered p lastics in the caster and 

wheel applications 

 

Parameters of plastic material model  

Table. 2 .Plastic properties 
 

Parameters Values  

Young’s modulus 210kN/mm
2  

Poisson’s ratio 0.3 

Density 7800 kg/m3 

Yield strength 500 MPa  

Tangent modulus pa 

 

3. PLASTIC DEFORMATION CURVE 

 
Figure. 7. Stress strain curve  

 

4. COMPARISON OF WHEELS  

 

Table. 3. Comparison of wheels  

PLASTIC WHEEL RIDGE GOURD WHEEL 

Less flexib ility Greater flexib ility 

Low strength (ductile) High strength (ductile) 

Low temperature property High temperature property 

Low load carrying capacity High load carrying capacity  

Wear resistance is less Higher wear resistance 

It carry below 100kg It carry above 120kg  
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5. CREO MODEL DES IGN  

 

 
Figure.8. Creo model design 

 

6. ANALYS IS DIAGRAM 

 

6.1 STRESS  

 
Figure. 9. Stress analysis 

 

6.2 STRAIN 

 
Figure.10. Strain analysis 

 

6.3 DISPLACEMENT 

 

 
Figure. 11. Displacement analysis  

6.4 MAXIMUM PRINCIPLE STRESS  

 
Figure.12. Maximum principle stress 

 

V  .  RES ULT AND DISCUSS ION 

 

1. TYPES  OF TES TING 

1. Impact test 

2. Hardness test 

3. Tension test 

 

2. IMPACT TES T 

There are two type of test they are: 

1. charpy test 

2. izod test 

THEORY: 

In both test the employee a swinging pendulum to strike a 

notched plate. It  is used to compute the energy required 

fracture the plate and the plate  impact strength. 

 

 
Figure.13. Procedure for impact test 

 

2.1 Charpy test 

In charpy test the work p iece is fixed horizontally.  

Formula for calculat ing the impact strength  

Impact strength = energy abs orbed / cross sectional area 

Unit of impact strength is J/mm
2
. 

Area of cross section of the given material: 81mm
2  

 

 
Figure.14. Charpy test work piece 
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Table. 4. Tabulation of charpy test 

 

s.no 

 

Material 

used 

Energy 

Absorbed 

By the 

specimen 

 

 

Impact 

Strength 

J/mm
2 

 

Mean 

value 

1 

 

Ridge gourd 

composite 

material 

18 0.2222  

0.2263 19 0.2345 

19 0.2345 

2 Sisal fiber 

composite 

material 

15 0.1851  

0.1892 16 0.1975 

15 0.1851 

3 Jute fiber 

composite 

material 

12 0.1481  

0.1399 11 0.1358 

11 0.1358 

 

2.2 IZOD TES T 

In izod test the work piece is fixed perpendicularly.  

Formula for calculat ing the impact strength 

Impact strength=energy absorbed / cross sectional area 

Unit of impact strength is J/mm
2
. 

Area of cross sectional of the given material= 81mm
2
 

 

 
Figure.15. Izod test work piece  

 

Table. 5. Tabulation of izod test 

 

s.no 

 

Material 

used 

Energy 

Absorbed 

By the 

specimen 

 

 

Impact 

Strength 

J/mm
2 

 

Mean 

value 

 

1 

 

Ridge 

gourd 

composite 

material 

16 0.1975  

0.1933 15 0.1851 

16 0.1975 

 

2 

Sisal fiber 

composite 

material 

12 0.1481  

0.1604 14 0.1728 

13 0.1605 

 

3 

Jute fiber 

composite 

material 

8 0.0987  

0.1069 10 0.1234 

8 0.0987 

 

IMPACT TES T RES ULT  

In, these three fibers ridge gourd fiber having high impact 

strengths. 

Charpy test for ridge gourd fiber = 0.2263 J/mm
2  

Izod test for ridge gourd fiber     = 0.1933 J/mm
2  

 

3. HARDNESS TEST 

 

The natural fiber materia l hardness check by two methods  are, 

  1. Brinell hardness test 

  2. Rockwell hardness test 

 
Figure.16. Hardness testing machine  

 

3.1 ROCKWELL TES T 

 

Theory: 

In Rockwell hardness test consist in touching an indenter of 

standard cone or ball into the surface of a test piece in two 

operations and measuring the permanent increases of depth of 

indentation of this indenter under specified condition. From it 

Rockwell hardness is deducted. 

HRB = Rockwell hardness measured on B scale. 

HRC = Rockwell hardness measured on C scale. 

 

Procedure  

1. Clean the surface of the specimen.  

2. Place the specimen on the testing platform.  

3. Release the load and apply the load until the longer 

needle comes to rest. 

4. After note down the dial reading.  

5. The dial reading g ives the Rockwell hardness number 

of the specimen. 

 

 
Figure. 17. Procedure for Rock well hardness test 

 

Table. 6. Rock well hardness test 

 

s.no Materials Scale Load 

(kgf) 

Rock well hardness number  Rock well 

hardness 

number (RHN) 

1 2 3 

1 Ridge gourd 

materia l 

B 100 20.75 21.6 21.2 21.18 

2 Sisal fiber 

material 

B 100 18.9 18.64 17.61 18.38 

3 Jute fiber 

material 

B 100 16.49 16.97 17.06 16.67 
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4. TENS ION TES T 

Specimens for tension test were carefu lly cut from the 

laminate and shaped to the accurate size using emery paper. 

Tests were conducted using Shimadzu make testing machine 

(model: AG-IS 50 KN, capacity: 5T, and accuracy: 0·2%) at a  

cross head speed of 5 mm/min as per ASTM D638. Tensile 

properties of laminated ridge gourd, sisal and jute composites: 

Table.7. Tabulated value for tensile test 

S.No Material  

Maximum 

Stress 

(N/mm
2
) 

Maximum 

Strain 

Maximum 

Load 

(N) 

1 

Ridge 

gourd 

fiber 

13.84 0.034 1.8x10
3
 

2 
Sisal 

fiber 
13.46 0.032 1.75x10

3
 

3 
Jute 

fiber 
13.07 0.033 1.7x10

3
 

 

VI.CONCLUS ION 

 

The use of composite materials in the different fields is 

increasing day by day due to their improved properties. 

Engineers and scientists are working together for number of 

years for finding the alternative solution for the h igh solution 

materials. In  the present study of natural fiber composite 

materials and their effect on mechanical properties is 

evaluated. The test results for the impact test and hardness 

testing for the fabricated natural fiber material. In this project 

found out the strength is ridge gourd fiber is good when 

compares to the other two natural fibers i.e ., sisal and jute 

fibers. From the results, it  can be asserted that the ridge gourd, 

fiber composite materials are performing well compared to the 

other type of fibers used. 
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