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Abstract— This paper present an experimental investigation of the wear performance of a hybrid composite consisting of Isophthalic  
polyester resin, glass, jute and graphite powder. These are mainly focused in automobile and aircraft parts. Varying in the percentage 
of fibres and fixed percentage of graphite particulate reinforcement were fabricated by hand layup techniques. The optimized at the 
different parameters like applied load, sliding speed, sliding distance using Taguchi method. The specimens were inspected by Pin on 
Disc apparatus. The experiment created through Taguchi’s technique. The experiments conduct by L9 orthogonal array. Find the 
optimum wear as well as co- efficient of friction under the effect of applied load, sliding speed, sliding distance. The dry sliding wear 
resistance was analysed in “smaller the best”. Morphology analysis of the fabricated composite was done by inverted microscope and 
it’s displayed the proper distribution of reinforcement particles. 
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I. INTRODUCTION 

In the recent preceding, research has erased from fibre reinforced composite materials to happen the present worldwide demand 
for light weight, high performance, eco-friendly, wear and corrosion resistant materials. The isophthalic composite reinforced with 
glass, jute and graphite particulate are a novel range of advanced materials. The finest part of effort in isophthalic composite has 
stayed absorbed towards development of high performance composite with high strength and good tribological properties for using 
in aerospace automotive and application. Tilly and sage [1] ensure investigated the influence of velocity, Impact angle, particle size 
and weight of impacted abrasives on nylon, carbon–fibre- reinforced nylon, epoxy resin, polypropylene and glass–fibre-reinforced 
plastic. M. Janardhana [2] has studied the “effect of the type and content of filler in epoxy–glass composite system on the friction 
and slide wear characteristics”. M. Rahim [3] has studied “friction and wear behaviour of polyetherimide composites in various 
wear modes”. A high performance engineering polymer, polyetherimide (pei) and its two composites. P. Distort [4] have studied 
“wear mechanisms in polymer matrix composites abraded by bulk solids”. An experimental study of the wear of polymer matrix 
composite materials subjected to abrasion from bulk materials has been conducted. Thomas larsen et al.[5] studied the friction and 
wear properties of glass /epoxy and carbon aramid /epoxy composite and found that, coefficient of friction decreased by replacing 
carbon aramid with glass fibre, and wear rate of glass /epoxy composite is more than the carbon aramid /epoxy composites. 

 

II. MATERIAL AND EXPERIMENTAL FABRICATION 

A. Matrix Material : 
For this experimental investigation, Isophthalic resin is used as the matrix material. It is a medium viscosity polyester resin. It is 

good chemical resistance and good mechanical properties. Polyester resin is a usual economic resin which is commonly used 
material industry. Table I. shows the properties of matrix material. 

 
TABLE I 

PROPERTIES OF POLYESTER RESIN 
 

Component Density (g/cm3) Modulus (GPa) Strength (MPa) Elongation (%) 

Isophthalic 1.25 3.20 42.00 2.18 

B. Reinforcement Material Glass fibre: 
E glass fibre: is used in the reinforcement it is high strength to the weight ratio and good corrosion resistance. Fibre materials 
are used for manufacturing automobile, marine structures and boat hulls it is a higher elongation and low cost and hence 
commonly used.  
Jute fibre:The Jute fibre is from the bi–direction fabric was used in the reinforcement. Jute is one of the most natural fibres. It 
is relatively strong, light weight and elastics. 
Graphite powder: Graphite powder used in the filler material of the reinforcement. It is a good friction .Graphite powder in 
making lead particles. It is a high melting point. 
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III. MANUFACTURING OF THE HYBIRD COMPOSITE. 

The fabrication of composite are carried out hand layup techniques. The polyester resin is a matrix material and the reinforced 
material is likes glass, jute, and graphite powder. The polyester resin hardener and accelerator are mixed. Plywood is used 
having a mould specimen. The fibres and filler material are mixed with polyester resin by the simple string. A realising agent 
used for easy removal. The fabricated composites are curing for 24 h. after curing the specimens are cut for mechanical test. 

 

 
 

Fig.1. Wear samples 

 

IV. MECHANISM OF WEAR TEST 

 
The composite specimens were rubbed by hardened steel. A Dry sliding wear tests was conducted by pin - on- disc setup. the 
wear test are different parameters like sliding speed, applying load, Sliding time and percentage of reinforcement were 
different in the range agreed in Table II. 

 
TABLE II 

FACTOR AND LEVELS 
 

Level Load (N) Speed (rpm) Sliding 
Distance (m) 

1 20 200 1000 

2 30 400 1800 

3 40 500 2000 
 

V. EXPERIMENT PLAN 

Experiments are conduct as per the standard orthogonal array. In the current investigation an L9 orthogonal array was chosen 
as shown in Table III. 

 
TABLE III 

 L9 ORTHOGONAL ARRAY 
 

S.No Load (N) Speed (rpm) Sliding Distance(m) 

1 1 1 1 

2 1 2 2 

3 1 3 3 

4 2 1 2 

5 2 2 3 

6 2 3 1 

7 3 1 3 

8 3 2 1 

9 3 3 2 
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The wear parameters selected for the experiment are (i) applied load (ii) sliding speed (iii) sliding distance. The experiment 
contains of 9 tests. The output of studied wear rate. The experimental explanations are further transformed into Signal to noise 
ratio. The response to be studied was the wear rate with the impartial as smaller the best. 
 

TABLE IV 
L9  ORTHOGONAL ARRAY & RESULT 

 

Ex No Load 
(N) 

Sliding 
Speed 
(rpm) 

Sliding 
Distance 
(m) 

Wear Rate 
mm3/m 
Wr 

S/N Ratio 
for Wear 
(db) 

1 20 200 1000 0.002452 52.2096 

2 20 300 1800 0.002244 52.9795 

3 20 400 2000 0.004077 47.7932 

4 30 200 1800 0.025564 31.8474 

5 30 300 2000 0.003432 49.2891 

6 30 400 1000 0.004291 47.3488 

7 40 200 2000 0.017894 34.9459 

8 40 300 1000 0.006423 43.8452 

9 40 400 1800 0.009432 40.5079 

 
TABLE V 

RESPONSE FOR S/N RATIO (WEAR RATE) 
 

Level Applied Load 
(N) 

Sliding Speed 
(rpm) 

Sliding Distance 
(m) 

1 50.99 39.67 47.80 
2 42.83 48.70 41.78 

3 39.77 45.22 44.01 
Delta 2.87 1.37 0.80 
Rank 1 2 3 

 
 
 

VI. RESULT AND DISSUSSION 

 
The Experimental values of wear rate were calculated values of signal to noise ratio. The Taguchi’s technique recommended 
that the analysing signal to noise ratio using theoretical approach that involves graphing and significant. 

 

A. Results of Statistical Analysis of Experiments: 

 The investigational and calculated the experiment results were analysed with the help of marketable software MINITAB 
14 as utilized for the design of experiment and analysis of experiment appliances. The effect of controlled process parameters 
such as applied load, sliding speed and sliding distance are analysed. The rank of intricate factors like wear rate which helped 
signal to noise response is given in tables 4. Experimental results with the help of signal to noise ratio, the optimum conditions 
resulting in wear rate and are also shown in figures 2 and 3. The first level of load and third level of both sliding speed and 
sliding distance are the optimum points. Hence the optimum conditions and the results are given in table VI. 

 
TABLE VI: Optimum Level Process Parameters for Wear Rate 

 
Ex No Load 

(N) 
Sliding Speed 

(rpm) 
Sliding Distance 

(M) 
Wear rate mm3/m S/N Ratio for 

Wear (db) 

1 20 300 1800 0.002244 52.9795 
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Fig.2. Main Effects for S/N ratio-Wr 

 

 
Fig.3.  Main Effects plot for Means-Wr 

 

B.  Microstructure: 

Microstructure analysis of the fabricated composite was done using the inverted microscope and it showed that there was a 
proper distribution of reinforcement particles. To evaluate the isophthalic matrix composite by using optical microscope under 
polarized light. Figure 4 shows images of wear specimens when the polarizers Shows the metallurgical microscope utilized to 
take microscopic images. 

 

Fig.4. microscopy image 
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IV. CONCLUSION 
The experimental investigation of the progress characterisation and wear behaviour of graphite filled hybrid fibre-isophthalic 
resin composite have to the following conclusions.  
Optimum wear rate was got from the testing using Taguchi’s method. 

1. The wear rate is subjugated by different parameters in the order of applied load, sliding speed, sliding distance 
2. 200rpm sliding speed, 20N applied load, 2000m sliding distance are the optimum conditions for wear rate 
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