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ABSTRACT 

 

 The purpose of this paper is to determine the optimization conditions of the mechanical behaviors on the composite materials using 
Grey-Taguchi method. The composite material consists of coir fiber-polyester resin with sea shell particle. Here coir fiber diameter, coir 

fiber length, sea shell powder content and sea shell powder mesh size are the parameters in the composites as different level. Experiments 

are conducted to analyze the mechanical behavior as per the standards of ASTM for the fabricated laminates.  The composite materials are 
optimized using Taguchi method with the combination of Grey relational analysis. The mechanical properties such as tensile strength, 

compressive strength, flexural strength and impact strength are selected as quality targets. Nine experiments are performed, based on L9 

(34) orthogonal array of Taguchi method. Confirmation test is carried out to verify the optimal result. This is enhanced concurrently 
throughout optimal combination of composite materials parameters acquired from the proposed method.  

 
Keywords: Sea shell powder, coir fiber, polyester, strength, composite, Grey-Taguchi method.  

 
INTRODUCTION 
 

 Natural fibers are environmental friendly 

substance. The glass fiber or man-made fiber 

reinforced polymer matrix composites attain more 

strength. Although this area of application is very 

limited due to their fabrication cost is very high. The 

present work describes the consumption of the 

biological fibers as reinforced substance in the 

improvement of the polymer matrix composites. The 

natural fibers are proposed several scientific and 

biological reimbursements for applying the fibers in 

the reinforcing polymer matrix composites. Many of 

the natural fibers are intermittent in the polymeric 

composites like coir fiber, jute, sugarcane, bamboo, 

sisal, rice husks, etc [1]. Length of the fiber is one of 

the most important criterions to affect the mechanical 

along with physical properties such as compressive 

strength, flexural strength, water absorption, density 

and moisture content. In common, the tensile 

strength of the composite materials absolutely gets 

improved by the accumulation of natural fibers by 

means of the polymer matrix. Because, the natural 

fibers have the stiffness rate and tensile strength rate 

as much better than the other matrix materials. The 

short fibers are dominantly achieving enhanced 

performance in the higher amount of fiber content 

reinforced polymer matrix composites [2]. Sea shells 

are together as of the sea shore. The shells are 

cleaned and dried for three days in sun light as before 

grinding. The shells are sieved by means of a hand 

sieve as size of different micron level. The shells are 

again crushed and prepared into fine particle [3].  

 The coir fiber is incorporate with the polyester 

resin matrix. The coir fiber acts as a reinforcing 

agent. The coir fiber resists the wear while the 

coconut shell powder particles act as a lubricant. 

Both the materials increase the wear resistance in the 

composite material in which the wear rate is minimal 

[4]. Natural materials are having the great amount of 
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carbon as well as cellulose. It provides the strength 

along with good bonding in the composite field [5]. 

Natural fiber provides many current advantages over 

the artificial fiber which makes them smart as 

reinforcement in composite material [6]. Natural 

fiber comes from the abundant also renewable 

resources [7]. It ensures a permanent fiber supply and 

an important material as cost saving to the plastics 

manufacturing industry [8].  

 The natural fiber composites are very cost-

effective materials [9]. These composites materials 

are very suitable for aerospace, construction, sport 

and automotive applications, especially for the very 

last mentioned application. The various advantages 

of natural fiber in excess of synthetic glass and 

carbon fiber are low cost, low density, comparable 

specific tensile behavior, non-abrasive to the 

equipments, non-irritation to the skin, reduction of 

energy consumption, less health risk, renewability 

and recyclability [10]. Consequently, significant 

research and development attempts are being carried 

out to explore the possibility of substitute this filler 

among renewable raw materials as fillers [11]. 

Among the various fillers, sea shell could be very 

interesting material as filler in biodegradable 

polymer composites, due to its good thermal stability 

compared to other. The sea shell can be easily 

crushed into chips or particles; the sea shell is mainly 

composed of calcium carbonate (CaCO3) in two 

forms Calcite and aragonite or a mixture of them 

with some organic compounds [12]. Advantages of 

natural fillers over traditional ones are their low cost, 

high toughness, low density, good specific strength 

properties, reduced tool wear (non-abrasive to 

processing equipment), and enhanced energy 

recovery [13]. Due to the wide application of 

polymer composites, for that reason it is highly 

encouraging to study on the consumption of local 

inexpensive renewable sources of fiber and fillers 

available in our country for the production of this 

polymer composite [14]. 

 

MATERIALS AND METHODS 
 

 Coir fiber diameter, coir fiber length, sea shell 

powder quantity and sea shell powder mesh size are 

the process parameters of polymer composites. Coir 

fiber is straightened along with being compressed by 

mechanical loading in order to get better the process 

effectively. Then fiber is classified into various 

thickness as well as length.  Coir fiber is uniformly 

added with all specimens in the amount of 4gms. Sea 

shell powder (SSP) generally has some moisture 

content. So, SSP is kept at atmospheric temperature 

to mitigate the moisture. Then, SSP is packed in 

pockets as necessary weight percentage also the size. 

The development of the diverse composite materials 

is carried out in the course of the traditional method 

i.e., hand lay-up performance [1].  

 The Taguchi parameter design is a powerful and 

efficient method for optimizing the excellence 

performance of manufacturing processes. The 

Taguchi method is used to attain the high-quality 

targets without any enhancing the cost. This 

successful method exploits an orthogonal array (OA) 

as of the experimental design to study more variables 

in fewer experiments [15]. Taguchi created a 

transformation of the repetition in data to another 

value, which is the response measure of the variation 

present. This transformation is the signal-to-noise 

(S/N) ratio. The S/N is meant to be used as the 

measure of the effect of noise factors on the target 

characteristics. In general, there are three categories 

of the performance characteristics in the analysis of 

the S/N ratio: lower-the-better, higher-the-better, and 

nominal-the- better. The S/N ratio, which condenses 

the multiple data points within a trial, depends on the 

type of characteristic being evaluated [1] [15] [16].  

 The Grey-Taguchi technique has been used for 

different multi response problems in the 

manufacturing process and optimum results are 

obtained [17-19]. Taguchi’s L9 orthogonal array is 

used to investigate the optimum parameters. 

Taguchi’s L9 orthogonal array is used to examine the 

process parameters. The intention of the research is 

to identify the optimum conditions that enhance the 

flexural strength, tensile strength, compressive 

strength and impact strength of the composites using 

the Grey- Taguchi technique. The optimum results of 

the composites are determined by Grey relation 

analysis (GRA) and an L9 orthogonal array, which 

engaged nine experiments, by changeable the three 

levels with four parameters [20].  

 The comparison shows that grey relational 

analysis can be used to predict the significance of the 

parameter effect in the case of insufficient data from 

the Taguchi method [21]. The most important 

difference between the classical experimental design 

and the Taguchi method based on robust design 

method is that the earlier tends to focus solely on the 

mean of the quality characteristic while the later on 

considers the minimization of the variance of the 

characteristic of interest. Although, the Taguchi 

technique has drawn much appreciation due to 

several major limitations, it has been able to solve 

single response problems effectively [22]. GRA is a 

method in grey system theory that describes the 

posture relationships between one main factor and all 

other factors in a given system. The object of 

ANOVA is to identify the influence of individual 

factors by applying statistical approaches and 

summarizing the effect of the experiment. In 

addition, the Taguchi method could not determine 

the effect of individual factors in the 

experimentation, and ANOVA can be used to 

compensate for that effect [23]. 

 Taguchi method is making use of an orthogonal 

array (OA) from the experimental design to study 

more variables in lesser amount experiments. The 
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design of the experiment is formulated for the 

composites, with the intention to improve the tensile 

strength, flexural strength, compressive strength and 

impact strength as the responses of the composite 

materials. When perform tests of the composite 

materials, four parameters on three levels are 

considered. It is shown in Table.1. These levels of 

the factors are assigned to the L9 orthogonal array 

and there are obtainable in Table.2. 

 

Table 1: Parameters and their levels. 

Parameters Symbols Units 
Levels 

1 2 3 

Coir Diameter D mm 0.2 0.5 0.8 

Coir Length L mm 30 50 70 

SSP Content C % 10 15 20 

SSP Size S µm 80 100 120 

 
Table 2:  L9 Orthogonal array. 

Runs Levels of parameter-A Levels of parameter-B 
Levels of 

Parameter-C 

Levels of 

Parameter-D 

1 1 1 1 1 

2 1 2 2 2 

3 1 3 3 3 

4 2 1 2 3 

5 2 2 3 1 

6 2 3 1 2 

7 3 1 3 2 

8 3 2 1 3 

9 3 3 2 1 

 

1. Experimentation:  

 The test specimens are subjected to different 

mechanical tests as per ASTM standards. Tensile 

test, compressive test and flexural test are conducted 

in universal testing machine and the ASTM testing 

standards are ASTM D638-03, ASTM D695 and 

ASTM D790-03 respectively. Impact test is 

conducted in Izod impact testing machine and the 

ASTM testing standard is ASTM D256-05. Testing 

is conducted in two specimens for each and every 

test as each and every proportion. The responses for 

the experiment sets are tabulated, as shown in 

Table.3. 

 
Table 3: Responses for the Experiment sets. 

Exp. No. 
Tensile strength (MPa) Flexural strength (MPa) Compressive strength (MPa) Impact energy (kJ/m2) 

y1 y2 y1 y2 y1 y2 y1 y2 

1 26.15 25.92 58.49 59.73 53.65 52.29 69.95 70.33 

2 28.49 28.82 57.35 58.88 53.75 53.50 68.40 69.25 

3 27.49 29.52 59.79 60.45 53.92 55.22 70.47 71.81 

4 28.62 29.39 60.43 58.92 54.40 56.72 65.72 66.92 

5 28.42 27.55 62.33 61.75 53.54 54.32 67.23 68.23 

6 30.10 30.95 62.78 61.40 54.54 55.76 66.72 67.27 

7 29.32 28.96 60.12 59.07 53.47 54.57 70.74 71.86 

8 27.74 28.12 59.27 59.11 56.46 56.62 69.49 68.39 

9 24.15 25.47 58.92 58.58 53.70 55.21 63.44 64.72 

 
2. Taguchi Method: 
4.1 Grey Relational Analysis for the Experimental 
Results: 
 Taguchi formed a transformation of the 
reproduction in data to another value, which is the 
response calculate of the variation present. This 
transformation is the signal-to-noise (S/N) ratio. The 
S/N ratio is intended to be used as the measure of the 
effect of noise factors on the target characteristics. In 
general, there are three categories of the performance 

characteristics in the investigation of the S/N ratio: 
lower-the-better, higher-the-better and nominal-the-
better. Two replications (y1and y2) are executed for 
all the factor-level settings, as per the Taguchi 
orthogonal array. Signal-to-Noise Ratio: Here, the 
S/N ratio is calculated based on the higher-the-better. 
S/N ratio values are tabulated in Table.4. Higher-the-
better: This characteristic is a non-negative 
measurable characteristic that has an extreme state 
value of infinity:  

 
Table 4: S/N Ratio and Normalized S/N ratio values. 

Exp. 
No 

S/N ratio Normalized S/N ratio 

Tensile 
strength 
(MPa) 

Flexural 
strength 
(MPa) 

Compressive 
strength (MPa) 

Impact 
energy 
(kJ/m2) 

Tensile 
strength 
(MPa) 

Flexural 
strength 
(MPa) 

Compressive 
strength (MPa) 

Impact 
energy 
(kJ/m2) 

1 28.31 35.43 34.48 36.92 0.623 0.263 0 0.850 

2 29.14 35.28 34.59 36.75 0.942 0 0.192 0.667 

3 29.08 35.58 34.74 37.04 0.919 0.526 0456 0.979 

4 29.25 35.51 34.89 36.43 0.985 0.403 0.719 0.323 
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5 28.93 35.85 34.64 36.62 0.862 1 0.281 0.567 

6 26.69 35.85 34.83 36.52 0 1 0.614 0.419 

7 29.29 35.50 34.65 37.06 1 0.386 0.298 1 

8 28.92 35.45 35.05 36.77 0.858 0.298 1 0.688 

9 27.88 35.38 34.72 36.13 0.458 0.175 0.421 0 

 The quality characteristics are chosen in this 

study integrated with Flexural strength (higher-the- 

better), Tensile strength (higher-the- better), 

Compressive strength (higher-the- better), Impact 

strength (higher-the- better) that is better the 

performance of all parameters. These characteristics 

are adopted for both the S/N ratio and Normalized 

S/N ratio. The computed S/N ratios and normalized 

S/N ratios for each quality characteristic are exposed 

in Table.4. 

4.2 Grey Relational Coefficients: 

 The Grey relational coefficient is calculated 

using the normalized S/N ratio values in Table 5.  

 

4.3 Grey Relational Grades: 

 Each response of the Grey relation coefficients 

is transformed into the Grey relation grade. The 

results are shown in Table.5. 

 

 

Table 5: Grey relational co-efficient and Grey relational grade values. 

Exp. No 

Grey relational co-efficient 
Grey relational 

grade 
Tensile strength 

(MPa) 

Flexural 

strength (MPa) 

Compressive strength 

(MPa) 

Impact energy 

(kJ/m2) 

1 0.570 0.404 0.333 .769 0.519 

2 0.896 0.333 0.382 0.600 0.553 

3 0.861 0.513 0.479 0.960 0.703 

4 0.971 0.456 0.640 0.425 0.623 

5 0.784 1 0.410 0.536 0.683 

6 0.333 1 0.564 0.463 0.590 

7 1 0.449 0.416 1 0.716 

8 0.779 0.416 1 0.616 0.713 

9 0.480 0.377 0.463 0.333 0.413 

 

RESULTS AND DISCUSSIONS 

 

 The mechanical properties of the coir fiber and 

sea shell powder reinforced polyester composites are 

prepared. To examine the composite material and to 

identify the optimum parameters for the composites, 

prediction of the Taguchi technique and Grey 

relation analysis is used. Grey relation analysis and 

ANOVA table provide the optimum constraint 

settings and the most significant factor in 

composites. In order to establish the average Grey 

relation grade for each factor level, the response table 

of the Taguchi method is employed. First, the Grey 

relation grades are grouped by the factor level for 

each column in the orthogonal array and then 

averaged. It is calculated for particular levels of coir 

fiber diameter, coir fiber length, SSP content and 

SSP size. This is shown in Table.6. From Table.6, it 

can be seen that a higher value is the better multi 

response characteristic of the composites.  

 Therefore, levels A2, B2, C3 and D3 have the 

highest Grey relational grade value for the factors 

Coir diameter, Coir length, SSP content and SSP size 

respectively. Based on above study, best possible 

values of composites are coir diameter is 0.5mm, coir 

length is 50mm, SSP content is 20% and SSP size is 

120 µm. It is noted that enrichment is high for the 

coir diameter is 0.5mm. When the coir diameter is 

less than 0.5mm, the impact energy is decreased. If 

the coir diameter is increases as above 0.5mm, the 

flexural and tensile strength will be decrease. Then, 

the coir length is 50mm level is optimum level. 

Because, if the coir fiber length level is minimized as 

50mm compressive strength will be decreased, if the 

coir length is above 50mm impact energy is 

decreased.  

 
Table 6: Response table for the Grey relational grade. 

Levels Coir diameter (A) Coir length (B) SSP content (C) 
SSP size 

(D) 

L1 0.592 0.619 0.604 0.538 

L2 0.632 0.646 0.530 0.620 

L3 0.611 0.569 0.701 0.676 

 

 In SSP content, the level is gone to below 20% 

of weight the impact strength is decreased. At the 

same time, SSP content level is gone to above 20% 

of weight tensile strength is decreased. SSP mesh 

size is 120 µm which level is optimal level. If SSP 

size is gone to below 120 µm, impact strength is 

decreased and the level is gone to 120 µm, flexural 

strength is decreased. Grey-Taguchi analysis shows 

better improvement for multiple responses. Response 

data of Grey relation grade at various levels of 

composite parameters are plotted in Fig.1. It shows 

the optimal process parameter level yielded by 

highest Grey relation grade. 

5.1 Analysis of Variance: 

 This is accomplished by separating the total 

variability of the Grey relational grades, which is 

measured by the sum of the squared deviations from 

the total mean of the Grey relational grade, into the 
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contributions by each process parameter and the 

error. Using ANOVA, the influence of the process 

parameters on the quality targets can be examined. 

The percentage contribution by each process 

parameter to the total sum of the squared deviations 

can be used to evaluate the importance of the process 

parameter change on the performance characteristics. 

The contribution of each process parameter is given 

in the ANOVA table, exposed in Table.7, it can be 

seen that coir fiber diameter has 3.45% contribution, 

coir fiber length has 10.35%, SSP content has 

51.72% and SSP size has 34.48% on the multiple 

performance characteristics. This suggests that the 

SSP content is more important in the sea shell 

powder and coir fiber reinforced polyester resin 

composites. 

 

 

 
 

Fig.1: Response graph of overall Grey relational grade. 

 
Table 7: Results of the ANOVA for the grey relational grade. 

Factors Parameters Degree of Freedom Sum of Squares 
Mean Sum of 

Squares 
% Contribution 

A Coir diameter 2 0.001 0.0005 3.45 

B Coir length 2 0.003 0.0015 10.35 

C SSP content 2 0.015 0.0075 51.72 

D SSP size 2 0.01 0.005 34.48 

Error  0 0 0 0 

Total  8 0.029 0.0145 100 

 

5.2 Confirmation Test: 

 Confirmation experiment is conducted to verify 

the improvement in performance characteristics of 

composites. Table.8 shows final result for initial 

values of process parameters, viz. coir fiber diameter 

is 0.8mm, coir fiber length is 50mm, SSP content is 

15% and SSP size is 100 µm (A3, B2, C2, and D2). 

The process parameters by confirmation test at 

optimal level are as follows: coir fiber diameter is 

0.5mm, coir fiber length is 50mm, SSP content is 

20% and the SSP size is 120µm (A2, B2, C3 and 

D3). Through confirmation test, optimal parameters 

are compared to that of the initial values of the 

process parameters and are shown in Table.8.  

 It shows 8.99% improvement in tensile strength, 

5.97% improvement in flexural strength, 3.28% 

improvement in compressive strength and 7.11% 

improvement in impact energy.  

 
Table 8: Comparison of initial and optimal results. 

Responses Initial parameters Optimal parameters % Improvement 

Setting level A3 B2 C2 D2 A2 B2 C3 D3  

Tensile strength (MPa) 28.25 31.04 8.99 

Flexural strength (MPa) 59.42 63.19 5.97 

Compressive strength (MPa) 54.63 56.48 3.28 

Impact energy (kJ/m2) 67.47 72.63 7.11 

 

3. Conclusion: 

 In the current study, the detailed methodology of 

Taguchi optimization technique coupled with Grey 

relational analysis has been adopted and applied for 

evaluating optimal parametric combination. The 

following conclusions are made: 

 The recommended parameter levels are 0.5mm 

coir fiber diameter, 50mm coir fiber length, 20% 

weight of SSP content and 120µm SSP size which is 

taken from the response table and graph.  It gives the 

maximum the tensile strength, flexural strength, 

compressive strength and impact energy. The 

confirmation test results of the Grey-Taguchi method 

shows 8.99% improvement in tensile strength, 5.97% 

improvement in flexural strength, 3.28% 

improvement in compressive strength and 7.11% 

improvement in impact energy compared to the 

initial parameters. The most significant factor for the 

performance improvement is identified by the 

ANOVA as the SSP content as 51.72%. It is 

concluded that the composite makes the main 
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contribution and has a significant effect on the 

multiple performance characteristics.  
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