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Optimization of green sand 

mould process parameters using 

Taguchi approach in conjunction 

with Grey relational analysis 
Abstract— The condition of the mould cavity in sand casting is critical for foundrymen to 

achieve high-quality castings. Since the last few decades, optimization of green sand 

mixture has played a critical role in defect minimization. Experiments were carried out in 

this study using varying percentages (by weight) of sand additions such as water, 

molasses, bentonite, and fly ash. Green compression strength, permeability, compatibility, 

and mould hardness have all been tested as a result of the subsequent green sand mould 

qualities. To tackle this multi-response optimization issue, the Taguchi strategy was used, 

followed by Grey relational analysis (GRA). An attempt was made to achieve an ideal 

level of green sand combination process parameters in order to generate the best quality 

attributes of the green sand mould. The L18orthogonal array design by Taguchi, the 

Signal-to-Noise (S/N) ratio, and analysis of variance were used to evaluate the effect of 

chosen green sand mould process factors and their levels on the produced mould qualities. 

Among the other sand process factors, bentonite was determined to have the greatest 

effect. Through confirmation trials, a new experiment was undertaken at the ideal 

parametric combination to forecast and validate increase of quality features. As a result, 

GRA may be a complete decision-making tool for selecting the proper grade to improve 

the quality attributes of sand in the foundry business. 

 

Keywords— Green sand mould; Molasses; Fly ash; Bentonite; Water; Orthogonal array; Grey 

relational analysis 

I.  INTRODUCTION 

 Green sand casting remains one of the most 

commonly used casting processes today due to usage of 

cost-effective raw materials, with ample variety of 

castings with respect to complex size and composition, 

and the possibility of recycling the green sand moulding. 

The green sand combination is moistened, typically with 

water, and suitable bonding agents such as molasses, fly 

ash, dextrin, and starch etc. to improve the physical and 

mechanical properties of the green sand mould. Thus, it is 

vital for the foundry men to have the proper selection of 

the additives in green sand moulding to get the substantial 

increase in green sand mould properties which in turn 

lead to quality castings. Hence, suitable choice of the 

composition of a green sand moulding combination and 

their optimization are of crucial significance. The 

Taguchi method is very popular for solving optimization 

problems in the field of production engineering [1-4]. 

Few researchers made an attempt on the optimization 

of casting process parameters based on the Taguchi’s 

method. Guharaja et al. [5] conducted a research to 

optimise the green sand-casting process using Taguchi's 

parameter design technique in order to provide the best 
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quality attributes of spheroidal graphite cast iron rigid 

coupling castings. It was found that, the optimized 

parameter levels are moisture content–2.6%, green 

strength–950 g/cm2, permeability number–235 and mould 

hardness number–80. Sushil Kumar et al. [6] 

implemented Taguchi method to optimize the process 

parameters of the sand castings. In order to minimize 

casting defects of differential housing cover castings, the 

optimized parameter levels are moisture content −4.0%, 

green strength −1,990 g/cm2, pouring temperature 

−1410oC and mould hardness number vertical −72 and 

horizontal −85. Karunakar and Datta [7] performed trials 

with varied grain fineness number, clay percentage, 

moisture percentage, mulling duration, and hardness with 

the goal of optimising the sand mixture formulation using 

a back propagation artificial neural network (ANN) and a 

micro genetic algorithm. Using the Taguchi approach and 

ANN Analysis, Lakshmanan Singaram [8] adjusted 

control elements of sand process characteristics such as 

green strength, moisture content, permeability, and mould 

hardness. It was discovered that the optimal level of 

control parameters include green strength of 1.2 Kg/cm2, 

moisture content of 2.0 percent, and mould hardness of 

60. Rasik and Ishwar [9] attempted to capture the impacts 

of signal to noise ratio of the experimental subject based 

on orthogonal arrays employed, an analysis of variance, 

and optimal circumstances using the Taguchi technique. 

The results showed that the selected process parameters 

had a substantial impact on casting defects, and the 

improvement predicted in casting defect reduction was 

determined to be 37.66 percent in the foundry sector. 

Karunakar and Datta [10] have applied back 

propagation neural networks for analysis and prediction 

of casting defects. It is concluded that neural network was 

the prominent optimization tool for prediction of casting 

defects such as cold shut, sand drop, slag inclusions and 

microstructure related defects. Vasudev et al. [11] 

recommended a methodology to foundry industry for the 

optimal layout of multi-cavity sand moulds based on an 

investigation of minimum gaps between the cavities and 

from cavity to mould wall in order to maximize the 

mould yield without compromising casting quality. 

Gadag et al. [12] has created nomograms which give 

optimum combination of active clay and chosen organic 

additive in order to get anticipated properties in the clay-

bonded moulding sand containing given amounts of dead 

clay and moisture. Charnnarong Saikaew and Sermsak 

Wiengwiset [13] investigated the effects of variation in 

bentonite and water added to a recycled sand mold on the 

properties of the molding sand to achieve high quality 

iron castings. In three case studies in industrial 

applications, Al-Refaie et al. [14] developed a technique 

for optimising numerous answers in the Taguchi method 

utilising regression models and grey relational analysis. It 

was reported that that the formulated approach is efficient 

to obtain global optimal factor levels. In the current 

decade researchers were also inclined towards various 

other casting processes to achieve high quality castings 

[15-24]. 

Bast et al. [25] has optimized the moulding 

parameters for sandcompaction by computer simulation 

and a new compaction measuring device and studied the 

effect of different moulding parameters. It was observed 

some agility to optimize the mould process. Few 

researchers also made an attempt on various properties of 

casting process [26-38]. Oji et al. [39] studied that the 

statistical multiple regression model for predicting the 

ultimate tensile strength of aluminium alloy castings 

under different sand-casting process parameters namely 

mould temperature, pouring temperature and runner size. 

The proposed multiple regression model was found to be 

useful for forecasting the ultimate tensile strength of 

aluminium alloy sand castings under typical 

circumstances. Kumaravadivel and Natarajan [40] made 

major efforts on minimizing the defects developed in the 

sand-casting process by process window approach. It was 

observed that the optimized parameters which obtained 

by using the Taguchi method and RSM were tested and 

validated the proposed process window approach. 

However, traditional Taguchi method cannot solve multi-
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objective optimization problem. To address this, the 

Taguchi technique, in combination with Grey relational 

analysis, has a wide variety of applications in many 

production processes [41-42].  

In this present research investigation, the optimization 

of sand mould process parametersis considered with 

multiple quality characteristics of the sand properties 

using the Grey relational analysis.  

II. TAGUCHI BASED GREY RELATIONAL ANALYSIS 

Optimization of process parameters is the vital step in 

the Taguchi method to achieve perfection and cost 

effectiveness. The optimal process parameters are 

selected not only to progress quality, but also to be least 

profound to the deviation of environmental conditions 

and other noise factors. Basically, conventional process 

parameter design [42] is complex and very difficult to 

use. Several experiments need to be carried out when the 

number of process parameters increases. In order to 

resolve the task, the Taguchi has developed a method 

consisting of a special design of orthogonal arrays to 

study the total process parameter universe with a small 

number of experiments. Taguchi also recommended using 

the loss function to assess the quality characteristic that 

deviates from the target value, which is then turned into a 

signal-to-noise (S/N) ratio. Typically, there are three 

types of the quality characteristic in the analysis of the 

S/N ratio, that is, the lower-the-better, higher-the-better, 

and nominal-the-better. The larger S/N ratio corresponds 

to enhanced quality characteristic irrespective of the type 

of the quality characteristic. This is true for optimising a 

single quality feature. However, optimising many quality 

attributes differs from optimising a single quality feature. 

The higher S/N ratio for one response characteristic may 

equate to a lower S/N ratio for another. As a result, the 

overall estimation of the S/N ratio is necessary for the 

optimization of many quality aspects.  

To solve this problem, the grey relational analysis is 

adopted in the present investigation. The first step of the 

grey relational analysis is the grey relational generation. 

During this step, the green compression strength, 

permeability, compatibility and mould hardness are 

normalized in the range between zero and one. Next, the 

grey relational coefficient is calculated from the 

normalized data to express the relationship between the 

desired and actual the green compression strength, 

permeability, compatibility and mould hardness. Then, 

the grey relational grade is computed by averaging the 

grey relational coefficient corresponding to each quality 

characteristic. Following that, we may determine the 

many quality attributes based on the grey relational grade. 

As a consequence, optimising the complex numerous 

quality parameters may be reduced to optimising a single 

grey relational grade. Later, ANOVA analysis is 

performed to determine which process factors have a 

significant impact on quality features, and the matching 

best parametric combination may be predicted. Following 

that, a confirmation experiment is carried out to confirm 

the optimal process parameters determined by the 

analysis. Furthermore, the methods' specifics are 

discussed in the following sections. 

III. METHODOLOGY 

A. Materials and Equipment’s 

The materials were used in this research are green 

sand which has been used as basic moulding sand. 

Molasses is an organic additive which can be used as 

good surface finish purposes, and to achieve a specific 

sand mould properties the fly ash have been used in 

variable percentages with green sand and tests carried out 

for green compression strength, permeability, mould 

hardness and compatibility for moulding sand. The 

additive molasses is available commercially in Bhilai, 

Chhattisgarh. Fly ash was acquired from the Sepat 

Thermal Power Station, Chhattisgarh (India). Bentonite 

was purchased commercially from Nagpur, Maharashtra-

India.  The proportionate quantities of the green sand, fly 

ash and molasses were poured in the sand muller as 

shown in Fig. 1 and mixed according to the Taguchi 

orthogonal array matrix in the sand muller (Capacity at 5 
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Kg). The mixed sand combination was transferred into a 

precision specimen tube to make A.F.S. standard test 

specimens of diameter 50 mm x 50 mm. The sand was 

compressed by releasing a sliding weight at a fixed 

distance. The specimens of the sand mould were ready to 

be tested for their properties. The permeability test was 

done using a calibrated permeability meter as shown in 

Fig. 2. The green compression strength test was carried 

out using a universal sand strength testing machine as 

shown in Fig. 3.The mould hardness and compatibility 

were tested by mould hardness tester and compatibility 

scale respectively. The sample of the sand specimen for 

testing its respective properties is as shown in Fig. 4. 

 

Fig. 1 Sand muller 

 

 

Fig. 2 Permeability meter 

 

Fig. 3 Universal sand strength machine 

 

Fig. 4 Sand specimen sample 50 mm X 50 mm 

B. Steps for determining optimum green sand mould 

process parameters by GRA 

The usage of the design of experiments with grey 

relational analysis to optimize the green sand mould 

process parameters with multiple quality characteristics 

as given in Fig. 5. 

 

Fig.5 Process Layout of optimum green sand mould process parameters 

by GRA for present investigation 
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C. Process parameters of green sand mould 

An Ishikawa diagram (cause and effect diagram) was 

constructed as shown in Fig. 6 to identify the green sand 

mould process parameters that may influence green sand 

properties.  

 

Fig.6 Cause and effect diagram 

From Fig. 6, the most significant parameters are water 

(wt. %), molasses (wt. %), bentonite (wt. %) and fly ash 

(wt. %). The range of water was selected as 3.5-4.5 wt. 

%, molasses was selected as 1.25-3.25 wt. %, the 

bentonite was selected as 5-15 wt. % and the fly ash was 

selected as 5-15 wt. %. The selected green sand mould 

process parameters, along with their ranges, are given in 

Table 1. 

TABLE 1  

GREEN SAND MOULD CONTROL PROCESS PARAMETERS AND THEIR 

LIMITS 

Parameters 
Range  

(wt. %) 
Designation 

Levels of factors 

1 2 3 

Water 3.5-4.5 A 3.5 4.5 --- 

Molasses 1.25-3.25 B 1.25 2.25 3.25 

Bentonite 5-15 C 5 10 15 

Fly ash 5-15 D 5 10 15 

 

D. Selection of orthogonal array 

The selection of orthogonal array based on the earlier 

researchers and the present foundry industry needs 

concern number of parameters and their interaction and 

the significant number of levels for the parameters is 

considered. Therefore, each parameter was analyzed at 

different levels based on the performance of the process 

parameters. From the selected input parameters, the 

significant interactions between them are to be 

considered. As per the study conducted, it is observed 

that there is significant interaction between water with 

molasses (A*B) and bentonite (A*B) which ultimately 

affects quality characteristics. The total Degrees of 

Freedom (DOF) for four factors, one at two levels and 

three at three levels, and the interactions is 11. In the 

present investigation, the required Degrees of Freedom is 

11 and the available Degrees of Freedom is 17. As a 

result, the L18 orthogonal array is chosen. Taguchi has 

released two tools to help with factor and interaction 

assignment to arrays. The assigned L18 orthogonal array 

is shown in Table 2. After the parameters and its 

interactions are assigned to a specific column in the 

chosen orthogonal array, the parameters at various levels 

are assigned for every test. The assigned experimental 

array is shown in Table 3. The green sand properties were 

found as per the trial conditions as given in Table 3. 

Using a single-repetition randomization approach, the 

trials were repeated three times for the same set of 

parameters [3]. 

TABLE 2  

TAGUCHI’S L18 ORTHOGONAL ARRAY DESIGN 
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TABLE 3 

EXPERIMENTAL DATA OF GREEN SAND PROPERTIES 

Expt. No. 
GCSa 

(kPa) 

Permeabilitya 

(mmws) 

Compatibilitya 

(%) 

Mould 

hardnessa 

(nu.) 

1 145 250 70 70 

2 155 255 85 75 

3 170 240 95 88 

4 175 255 80 78 

5 170 258 78 75 

6 165 265 75 80 

7 158 260 80 80 

8 155 268 78 78 

9 165 265 85 85 

10 170 260 80 75 

11 165 265 75 80 

12 175 255 80 78 

13 165 265 80 85 

14 158 260 78 80 

15 155 268 75 78 

16 160 270 80 80 

17 180 285 92 92 

18 140 280 75 75 

aAveraged of three experiment results 

IV. DATA PRE-PROCESSING 

In GRA, data pre-processing is required since the 

range and unit in one data sequence may differ from the 

others. It is also necessary when the scatter range 

sequence is too large. For this purpose, the experimental 

results are normalized in the range between zero and one. 

Depending on the characteristics of data sequence, there 

are various methodologies of Data pre-processing 

available for the GRA. To obtain optimal green sand 

properties, the “larger-the-better” quality characteristic 

has been used for maximizing green compression 

strength, permeability, mould hardness and compatibility. 

When the “larger-the-better” is a characteristic of the 

original sequence, then the original sequence should be 

normalized as follows: 

                                              (1) 

Where,  and are the sequence after the 

Data pre-processing and comparability sequence 

respectively,  for green sand properties; i=1, 2, 

3…...., 18 for experiment numbers 1 to 18. The  for 

green compression strength is calculated for Expt. No. 2 

using Equation (1) as shown below. 

             

Similarly, the subsequent calculations are also made 

and all the sequences after Data pre-processing (Grey 

relational generation) using Equation (1) are depicted in 

Table 4. 

Now, is the deviation sequence of the reference 

sequence and the comparability sequence , i.e. 

                                              (2) 

The deviation sequence can be calculated for 

Expt. No. 2 using Equation (2) as follows; 

 

 

 

   

So,                     (3) 

Similar calculation is performed for i= 1 to 18 and the 

results of all  for i=1 to 18 are presented in Table 5.  

TABLE 4  

GREY RELATIONAL GENERATION OF SAND QUALITY CHARACTERISTICS 

Expt. No. 
GCSa 

(kPa) 

Permeabilitya 

(mmws) 

Compatibilitya 

(%) 

Mould 

hardnessa 

(nu.) 

Ideal 

sequence 
1 1 1 1 

1 0.125 0.222 0.000 0.000 

2 0.375 0.333 0.600 0.227 

3 0.750 0.000 1.000 0.818 

4 0.875 0.333 0.400 0.364 

5 0.750 0.400 0.320 0.227 

6 0.625 0.556 0.200 0.455 

7 0.450 0.444 0.400 0.455 

8 0.375 0.622 0.320 0.364 

9 0.625 0.556 0.600 0.682 

10 0.750 0.444 0.400 0.227 

11 0.625 0.556 0.200 0.455 

12 0.875 0.333 0.400 0.364 

13 0.625 0.556 0.400 0.682 

14 0.450 0.444 0.320 0.455 

15 0.375 0.622 0.200 0.364 

16 0.500 0.667 0.400 0.455 

17 1.000 1.000 0.880 1.000 

18 0.000 0.889 0.200 0.227 
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Investigating the data presented in Table 5,  

and is obtained and are as follow: 

 

 

TABLE 5 

EVALUATION OF   FOR EACH OF THE RESPONSES 

Expt. No. 
GCSa 

(kPa) 

Permeabilitya 

(mmws) 

Compatibilitya 

(%) 

Mould 

hardnessa 

(nu.) 

Ideal 

sequence 
1 1 1 1 

1 0.875 0.778 1.000 1.000 

2 0.625 0.667 0.400 0.773 

3 0.250 1.000 0.000 0.182 

4 0.125 0.667 0.600 0.636 

5 0.250 0.600 0.680 0.773 

6 0.375 0.444 0.800 0.545 

7 0.550 0.556 0.600 0.545 

8 0.625 0.378 0.680 0.636 

9 0.375 0.444 0.400 0.318 

10 0.250 0.556 0.600 0.773 

11 0.375 0.444 0.800 0.545 

12 0.125 0.667 0.600 0.636 

13 0.375 0.444 0.600 0.318 

14 0.550 0.556 0.680 0.545 

15 0.625 0.378 0.800 0.636 

16 0.500 0.333 0.600 0.545 

17 0.000 0.000 0.120 0.000 

18 1.000 0.111 0.800 0.773 

TABLE 6 

GREY RELATIONAL COEFFICIENT OF EACH PERFORMANCE 

CHARACTERISTICS (WITH 𝛇=0.5) 

Expt. No. 
GCSa 

(kPa) 

Permeabilitya 

(mmws) 

Compatibilitya 

(%) 

Mould 

hardnessa 

(nu.) 

Ideal 

sequence 

1 1 1 1 

1 0.364 0.391 0.333 0.333 

2 0.444 0.429 0.600 0.393 

3 0.667 0.333 0.943 0.733 

4 0.800 0.429 0.440 0.440 

5 0.667 0.455 0.623 0.393 

6 0.571 0.529 0.673 0.478 

7 0.476 0.474 0.600 0.478 

8 0.444 0.570 0.702 0.440 

9 0.571 0.529 0.733 0.611 

10 0.667 0.474 0.673 0.393 

11 0.571 0.529 0.805 0.478 

12 0.800 0.429 0.892 0.440 

13 0.571 0.529 0.846 0.611 

14 0.476 0.474 0.733 0.478 

15 0.444 0.570 1.000 0.440 

16 0.500 0.600 0.733 0.478 

17 1.000 1.000 0.805 1.000 

18 0.333 0.818 0.733 0.393 

Table 7 displays the grey relational grade for each 

experiment performed with L18 OA. Because it receives 

the highest grey relationship grade, Experiment 17 has 

the best multiple quality features out of the eighteen 

experiments. According to the findings of the research, 

optimising the many quality features of green sand mould 

attributes has been translated into optimising a single 

grey relational grade. 

TABLE 7 

GREY RELATIONAL GRADE AND RANK 

Expt. No. 
Grey relational grade 

(Yi) 
Rank 

1 0.355 18 

2 0.466 17 

3 0.669 2 

4 0.527 15 

5 0.534 14 

6 0.563 10 

7 0.507 16 

8 0.539 13 

9 0.611 6 

10 0.552 11 

11 0.596 7 

12 0.640 3 

13 0.640 4 

14 0.540 12 

15 0.614 5 

16 0.578 8 

17 0.951 1 

18 0.569 9 

 

Figure 7 depicts the grey relational grade for several 

process parameters. A vertical line represents the mean of 

grey relationship grade for each attribute. The greater 

grey relationship grade is generally recognised to be 

required for best quality. Using the same procedure, the 

mean of the grey relational grade values for each level of 

the green sand mould parameters was computed. The 

higher the value of the grey relational grade, the stronger 

the association between the two series. [43]. As a result, 

Table 8 depicts the appropriate amounts of green sand 

mould parameters setting for better green sand qualities 

(A2, B3, C3, and D3). The level with the highest grey 

relational grade is the best level of the green sand mould 

characteristics. The presence of an asterisk (*) indicates 
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that the level value signifies a higher quality of green 

sand mould. Based on the grey relational grade values in 

Table 7, the optimal green sand mould control parameters 

for maximum sand characteristics are water 4.5 wt. 

percent (level 2), molasses 3.5 wt. percent (level 3), 

bentonite 15 wt. percent (level 3), and fly ash 15 wt. 

percent (level 3). (level 3). The higher the numbers in 

Fig. 7 are, the better the green sand characteristics and 

mould quality. Therefore, experiment 17, as shown in 

Table 7 and Fig. 7, may be considered as very close to fit 

the optimal process conditions. As shown in Table 8, the 

difference between the maximum and the minimum value 

of the grey relational grade of the sand mould process 

parameters: 0.1008 for water, 0.0795 for molasses, 

0.1376 for bentonite, and 0.1119 for fly ash material. The 

most effective factor affecting quality characteristics is 

determined by comparing these values. This comparison 

will give the level of significance of the controllable 

factors over the multi-quality characteristics. 

TABLE 8 

MEAN RESPONSES FOR OVERALL GREY RELATIONAL GRADE 

Symbol 

Green 

sand 

mould 

process 

parameters 

Grey relational grade Main 

effect 

(Max-

Min) 

Rank 
Level 

1 

Level 

2 

Level 

3 

A Water 0.5303 0.6311* --- 0.1008 3 

B Molasses 0.5464 0.5696 0.6260* 0.0795 4 

C Bentonite 0.5219 0.5607 0.6595* 0.1376 1 

D Fly Ash 0.5272 0.5757 0.6392* 0.1119 2 

Total mean value of the grey relational grade = 0.5807 

* Levels for optimum grey relational grade 

  

The most effective controllable factor was the 

maximum of these values. Here, the maximum value 

among 0.6311, 0.6260, 0.6595, and 0.6392 is 0.6595. The 

value indicates that the bentonite is influenced on the 

multi-quality characteristics among the other sand mould 

process parameters. Examining these data, on the other 

hand, reveals the major significance that each 

controllable parameter plays over the multi-quality 

features. The order of importance of the controllable 

parameters to the multi-quality characteristics in the sand 

mould process parameters, in sequence, such as: 

parameter C (bentonite), D (fly ash), A (water), and B 

(molasses) (i.e., 0.6595>0.6392>0.631> 0.6260). The 

most efficient parameter for influencing the qualitative 

attributes of the green sand mould was parameter C 

(bentonite). Similarly, a few researchers attempted to 

optimise casting process parameters [44]. 

 

Fig. 7. Mean plot for overall Grey relational grade 

A. Analysis of Variance (ANOVA) of experimental results 

ANOVA is a statistical technique, which can infer 

some important conclusions based on analysis of the 

experimental data. The method is customized to reveal 

the level of significance of influence of parameter(s) or 

interaction of parameters on a particular response. It 

deconstructs the entire variability of the response (the 

sum of squared departures from the grand mean) into 

contributions from each parameter and the error. Thus 

                                                                 (4) 

 

 

 

 

Total degrees of freedom= 17 

Where              

Total sum of squared deviations about the mean 
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Mean response for jth experiment 

Grand mean of the response 

P:  Number of experiments in the orthogonal array 

Sum of squared deviations due to each factor 

  Sum of squared deviations due to error 

In ANOVA table mean square deviation is defined as: 

 

F-value of Fisher’s F ratio (Variance ratio) is defined 

as: 

 

Depending on F-value, P-value (probability of 

significance) is calculated. According to the present 

analysis, the most effective parameters with respect to 

green compression strength, Permeability, Compatibly, 

and Mould hardness are Bentonite, Fly ash, water, and 

Molasses respectively. Percent contribution indicates the 

relative power of a factor to reduce variation. For a factor 

with a high percent contribution, has a great influence on 

the performance. The percent contributions of the green 

sand mould parameters on the green sand properties are 

shown in Table 9 and Fig.8. Bentonite (26 wt. %) was 

found to be the major parameters affecting green sand 

properties, whereas water (20 wt. %) and fly ash (16 wt. 

%) were found to be the second and third ranking 

parameters respectively. 

TABLE 9 

RESULTS OF ANOVA USING ADJUSTED SS FOR TEST 

Source DF SS MS F-Value 
Percentage 

contribution 

A 1 0.046 0.046 14.784 20% 

B 2 0.020 0.010 3.248 9% 

A*B 2 0.027 0.013 4.305 11% 

A*B2 2 0.008 0.004 1.271 3% 

C 2 0.060 0.030 9.770 26% 

A*C 2 0.015 0.007 2.409 6% 

A*C2 2 0.014 0.007 2.217 6% 

D 2 0.038 0.019 6.118 16% 

Error 2 0.006 0.003 -- 3% 

Total 17 0.233 0.014 -- -- 

 

Fig.8 Contributed percentage of the green sand mould parameter 

The sand properties are the “larger the better” type of 

quality characteristics. Larger the better S/N ratios of 

grey relational grade were computed for each of the 18 

trials and the values are depicted in Table 10. 

 

TABLE 1 

SIGNAL TO NOISE RATIO OF GREY RELATIONAL GRADE 

Expt. No. 

Grey relational grade 

( ) 
S/N ratio 

1 0.355 -8.986 

2 0.466 -6.624 

3 0.669 -3.491 

4 0.527 -5.561 

5 0.534 -5.446 

6 0.563 -4.988 

7 0.507 -5.899 

8 0.539 -5.367 

9 0.611 -4.275 

10 0.552 -5.166 

11 0.596 -4.495 

12 0.640 -3.875 

13 0.640 -3.883 

14 0.540 -5.346 

15 0.614 -4.243 

16 0.578 -4.763 

17 0.951 -0.434 

18 0.569 -4.891 

 

ANOVA on grey relational grade was used to 

determine the impact of each process parameter affecting 

the qualitative attributes of the green sand mould. Figure 

9 depicts the S/N ratio of the grey relational grade 

produced for various process settings. A vertical line 

represents the S/N ratio of grey relational grade for each 
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parameter. The S/N ratio is likewise greatest at the same 

parameter levels (A2, B3, C3, and D3) as the ideal values 

for obtaining maximum green sand qualities of the green 

sand mould process parameters. 

 

Fig. 9 Effect of green sand mould parameters on the multi-quality 

characteristics 

V. CONFIRMATION EXPERIMENT 

Once the optimal level of green sand mould process 

parameters is selected the final step is to predict and 

verify the improvement of the quality characteristics 

using the optimal level of thegreen sand mould process 

parameters. The estimated Grey relational grade  

usingthe optimum level of the green sand mould process 

parameters can be calculated as 

                                          (5)     

Where 
 
is the overall mean of the Grey relational 

grade, 
 
is the optimal mean of the Grey relational grade, 

and q is the number of green sand mould process factors 

that have a substantial impact on the numerous quality 

features. The estimated Grey relational grade utilising the 

optimal green sand mould process parameters may 

therefore be determined using Equation (5). The findings 

of the confirmation experiment employing the optimal 

green sand mould process parameters are shown in Table 

11. As a result, the grey relation grade of quality features 

increases from 0.355 to 0.951. This study clearly shows 

that many quality attributes in the green sand mould 

process are considerably improved. 

TABLE 11  

RESULTS OF THE CONFIRMATORY EXPERIMENT 

 

Initial GS 

process 

parameters 

Optimal GS process parameters 

Prediction Experiment 

Factors levels A1B1C1D1 -- A2B3C3D3 

GCS 145 -- 185 

Permeability 250 -- 265 

Compatibility 70 -- 95 

Mould hardness 70 -- 90 

S/N ratio of 

overall Grey 

relational grade 

-8.986 -- -0.434 

Overall, Grey 

relational grade 
0.355 0.8136 0.951 

Improvement in Grey relational grade =0.596 

 

VI. CONCLUSIONS 

Based on the present investigation following 

conclusions were made.  

1. It was discovered that bentonite had the greatest 

impact on the multi-quality features of the other 

parameters tested. Bentonite, fly ash, water, and 

molasses are the order of significance of the 

controllable elements to the multi-quality features. 

The experimental findings clearly indicate that the 

suggested technique may successfully improve the 

characteristics of green sand. As a result of this 

strategy, optimising the challenging numerous 

quality parameters may be substantially simplified. 

2. The optimal green sand mould management 

parameters for maximum sand qualities are water 4.5 

wt. percent, molasses 3.5 wt. percent, bentonite 15 

wt. percent, and fly ash 15 wt. percent. At the best 

combination of settings, the improvement in grey 

relational grade for sand attributes is 0.596. 

Confirmation experiments have effectively 

demonstrated the efficacy of this strategy. As a 

result, the answers obtained from this approach may 

be employed by foundrymen and production 

engineers who are looking for an ideal solution of 

sand mould process parameters for sand casting. 
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It is proposed that this method is an approach for 

optimization and control parameters analysis of the green 

sand mould parameters based on L18 orthogonal array 

design matrix table. 

REFERENCES 

[1] Rowlands H, Antony J, Knowles G., “An application of 

experimental design for process optimization”, The TQM 

Magazine, 2000, 12(2): 78–83. 

https://doi.org/10.1108/09544780010318325  

[2] Antony J, Antony F., “Teaching the Taguchi method to 

industrial engineers”, Work Study, 2001 50(4): 141–149. 

https://doi.org/10.1108/00438020110391873  

[3] Maghsoodloo S, Ozdemir G, Jordan V, Huang C-H, 

“Strengths and limitations of Taguchi’s contributions to 

quality, manufacturing, and process engineering”, Journal 

of Manufacturing Systems, 2004, 23(2): 73–126. 

https://doi.org/10.1016/S0278-6125(05)00004-X  

[4] Yang WH, Tarng YS., “Design optimization of cutting 

parameters for turning operations based on the Taguchi 

method”, Journal of Material Processing Technology, 

1998, 84: 122–129.  

https://doi.org/10.1016/S0924-0136(98)00079-X  

[5] Guharaja S, Noorul Haq A, Karuppannan K., 

“Optimization of green sand-casting process parameters 

byusing Taguchi's method”, The International Journal of 

Advanced Manufacturing Technology, 2006, 30, 1040-

1048. https://doi.org/10.1007/s00170-005-0146-2  

[6] Kumar S, Satsangi P.S, and Prajapati D.R., “Optimization 

of Green Sand-Casting Process Parameters of a Foundry by 

Using Taguchi’s Method”, International journal of 

advanced manufacturing technology, 2011, 55: 23–34.  

https://doi.org/10.1007/s00170-010-3029-0  

[7] Karunakar, D.B., Datta, G.L., “Controlling green sand 

mold properties using artificial neural networks and 

genetic algorithms—A comparison”, Applied Clay Science, 

2007, 37 (1–2), 58–66.  

https://doi.org/10.1016/j.clay.2006.11.005  

[8] Lakshmanan Singaram. “Improving quality of sand-casting 

using Taguchi method and ANN analysis”, International 

Journal on design and Manufacturing Technologies, 2010, 

4(1):  1–5. https://doi.org/10.18000/ijodam.70071  

[9] Rasik A Upadhye and Dr. Ishwar P Keswani. 

“Optimization of sand-casting process parameter using 

Taguchi method in foundry”, International Journal of 

Engineering Research & Technology, 2012, 1(7): 1–11.  

https://www.ijert.org/optimization-of-sand-casting-

process-parameter-using-taguchi-method-in-foundry  

[10] Karunakar, D.B., Datta, G.L. “Prevention of defects in 

castings using back propagation neural networks”, 

International Journal Advanced Manufacturing 

Technology, 2008, 39: 1111–1124. 

https://doi.org/10.1007/s00170-007-1289-0  

[11] Vasudev D. Shinde, Durgesh Joshi, B. Ravi, K. 

Narasimhan, “Optimization of Mould Yield in MultiCavity 

Sand Castings”, Journal of Materials Engineering and 

Performance, 2013, 22 (6): 1574-1581. 

https://doi.org/10.1007/s11665-012-0458-y  

[12] Gadag S.P, Sunni Rao K.S, Mawr N Srinivasan, Seshan S. 

“Design of statistical experiments to optimize the 

composition of clay-bonded moulding sand mixtures 

containing organic additives”, Journal of Indian Institute of 

science, 1986, 24: 669-677.  

http://journal.library.iisc.ernet.in/index.php/iisc/article/vie

w/2689  

[13] Charnnarong Saikaew, Sermsak Wiengwiset. 

“Optimization of molding sand composition for quality 

improvement of iron castings”, Applied Clay Science, 

2012, 67-68: 26–31. 

https://doi.org/10.1016/j.clay.2012.07.005  

[14] Al-Refaie A, Al-Durgham L, Bata N. “Optimal Parameter 

Design by Regression Technique and Grey Relational 

Analysis”, Proceedings of the World Congress on 

Engineering, 2010, 3: 1-5. 

http://www.iaeng.org/publication/WCE2010/WCE2010_pp

2091-2095.pdf  

[15] Qiang L, Qi-tang HAO, Wan-qi JIE, Maijer DAAN. 

“Influence of filling parameters on fatigue properties of 

A357 alloy produced by counter pressure plaster mold 

casting”, Transactions of Nonferrous Metals Society of 

China, 2013, 23: 1281−1285. 

http://tnmsc.csu.edu.cn/paper/paperView.aspx?id=paper_3

02643  

[16] Hassan Jafari, Mohd Hsbullah Idris, Amirreza 

Shayganpour. “Evaluation of significant manufacturing 

parameters in lost foam casting of thin-wall Al−Si−Cu 

alloy using full factorial design of experiment”, 

Transactions of Nonferrous Metals Society of China, 2013, 

23: 2843−2851.  

https://doi.org/10.1108/09544780010318325
https://doi.org/10.1108/00438020110391873
https://doi.org/10.1016/S0278-6125(05)00004-X
https://doi.org/10.1016/S0924-0136(98)00079-X
https://doi.org/10.1007/s00170-005-0146-2
https://doi.org/10.1007/s00170-010-3029-0
https://doi.org/10.1016/j.clay.2006.11.005
https://doi.org/10.18000/ijodam.70071
https://www.ijert.org/optimization-of-sand-casting-process-parameter-using-taguchi-method-in-foundry
https://www.ijert.org/optimization-of-sand-casting-process-parameter-using-taguchi-method-in-foundry
https://doi.org/10.1007/s00170-007-1289-0
https://doi.org/10.1007/s11665-012-0458-y
http://journal.library.iisc.ernet.in/index.php/iisc/article/view/2689
http://journal.library.iisc.ernet.in/index.php/iisc/article/view/2689
https://doi.org/10.1016/j.clay.2012.07.005
http://www.iaeng.org/publication/WCE2010/WCE2010_pp2091-2095.pdf
http://www.iaeng.org/publication/WCE2010/WCE2010_pp2091-2095.pdf
http://tnmsc.csu.edu.cn/paper/paperView.aspx?id=paper_302643
http://tnmsc.csu.edu.cn/paper/paperView.aspx?id=paper_302643


Optimization of green sand mould process parameters using Taguchi approach in conjunction with Grey relational analysis  
 

   
 79   

Journal of Production and Industrial Engineering                                                                                                                                      www.rame.org.in                                                                         

https://doi.org/10.1016/S1003-6326(13)62805-8  

[17] Ming-xing REN, Guo-tian WANG, Bang-sheng LI, Zhen-

long WANG, Heng-zhi FU2. “Similar physical simulation 

of microflow in micro-channel by centrifugal casting 

process”, Transactions of Nonferrous Metals Society of 

China, 2014, 24: 1094−1100. 

https://doi.org/10.1016/S1003-6326(14)63167-8  

[18] CHEN Yan-fei, XIAO Shu-long, TIAN Jing, XU Li-juan, 

CHEN Yu-yong. “Effect of particle size distribution on 

properties of zirconia ceramic mould for TiAl investment 

casting”, Transactions of Nonferrous Metals Society of 

China, 2011, 21: s342−s347. 

https://doi.org/10.1016/S1003-6326(11)61603-8  

[19] Shi-bo BIN, Shu-ming XING, long-mei TIAN, Ning 

ZHAO, Lan LI. “Influence of technical parameters on 

strength and ductility of AlSi9Cu3 alloys in squeeze 

casting”, Transactions of Nonferrous Metals Society of 

China, 2013, 23: 977−982. 

https://doi.org/10.1016/S1003-6326(13)62555-8  

[20] LIU Zhao-jing, ZUO Feng, REN Shan-zhi, LI Feng-zhen. 

“Preparation of helicopter rotor counterbalance component 

by means of permanent-mold casting”, Transactions of 

Nonferrous Metals Society of China, 2007, 17: 357−362. 

https://doi.org/10.1016/S1003-6326(07)60098-3  

[21] Chucheep T, Burapa R, Janudom S, Wisutmethangoon S, 

Wannasin J., “Semi-solid gravity sand casting using gas 

induced semi-solid process”, Transactions of Nonferrous 

Metals Society of China, 2010, 20: s981−s987. 

https://doi.org/10.1016/S1003-6326(10)60617-6  

[22] WANG Shou-ren, WANG Min, KANG Suk-bong, CHO 

Jae-yung. “Microstructure comparison of ZK60 alloy 

under casting, twin roll casting and hot compression”, 

Transactions of Nonferrous Metals Society of China, 2010, 

20: 763−768.  

https://doi.org/10.1016/S1003-6326(09)60211-9  

[23] LI Bang-sheng, REN Ming-xing, YANG Chuang, FU 

Heng-zhi, “Microstructure of Zn-Al4 alloy microcastings 

by micro precision casting based on metal mold”, 

Transactions of Nonferrous Metals Society of China, 2008, 

18: 327−332.  

https://doi.org/10.1016/S1003-6326(08)60057-6  

[24] Alptekin KISASOZ, KeremAltug GULER, Ahmet 

KARAASLAN, “Infiltration of A6063 aluminium alloy 

into SiCB4C hybrid preforms using vacuum assisted block 

mould investment casting technique”, Transactions of 

Nonferrous Metals Society of China, 2012, 22: 1563−1567. 

https://doi.org/10.1016/S1003-6326(11)61356-3  

[25] Bast J, Kadauw A, Malaschkin A., “Optimizing of 

moulding parameters for green sand compaction by 

computer simulation and a new compaction measuring 

device”, International Journal of Metal casting, 2009, 9: 

55-65. https://doi.org/10.1007/BF03355448  

[26] Jin-Woo KIM, Dong-Gi LEE. “Creep and tensile 

properties of press molding joined GMT-sheets”, 

Transactions of Nonferrous Metals Society of China, 2011, 

21: s170−s174.  

https://doi.org/10.1016/S1003-6326(11)61083-2  

[27] Hui-zhong LI, San-cheng Y, Xiao-peng L,Yong-hui C, 

Chao L, Lan H. “Grain boundary pre-precipitation and its 

contribution to enhancement of corrosion resistance of 

Al−Zn−Mg alloy”, Transactions of Nonferrous Metals 

Society of China, 2016, 26: 2523−2531.  

https://doi.org/10.1016/S1003-6326(16)64378-9  

[28] Anil Kumar B, Benny karunakar D. “Effects of grain 

refinement and on hot tearing of A713 aluminium cast 

alloy”, Transactions of Nonferrous Metals Society of 

China, 2016, 26: 1783−1790. 

https://doi.org/10.1016/S1003-6326(16)64291-7  

[29] Giordano C, Giulio T. “Grain refinement of gravity die 

cast secondary AlSi7Cu3Mg alloys for automotive cylinder 

heads”, Transactions of Nonferrous Metals Society of 

China, 2016, 26: 1211−1221. 

https://doi.org/10.1016/S1003-6326(16)64222-X  

[30] Zhi-qin WANG, Bin ZHANG, De-jiang LI, Robert 

FRITZSCH, Xiao-qin ZENG1, Hans J. ROVEN, Wen-

jiang DING. “Effect of heat treatment on microstructures 

and mechanical properties of high vacuum die casting 

Mg−8Gd−3Y−0.4Zr magnesium alloy”, Transactions of 

Nonferrous Metals Society of China, 2014, 24: 3762−3768. 

https://doi.org/10.1016/S1003-6326(14)63530-5  

[31] Song Panng, Guo-hua WU, Wen-cai Liu, Liang Zhang, 

Yang Zhang, Hans Conard, Wen-jiang Ding. “Influence of 

pouring temperature on solidification behavior, 

microstructure and mechanical properties of sand-cast 

Mg−10Gd−3Y−0.4Zr alloy”, Transactions of Nonferrous 

Metals Society of China, 2015, 25: 363−374. 

https://doi.org/10.1016/S1003-6326(15)63612-3  

https://doi.org/10.1016/S1003-6326(13)62805-8
https://doi.org/10.1016/S1003-6326(14)63167-8
https://doi.org/10.1016/S1003-6326(11)61603-8
https://doi.org/10.1016/S1003-6326(13)62555-8
https://doi.org/10.1016/S1003-6326(07)60098-3
https://doi.org/10.1016/S1003-6326(10)60617-6
https://doi.org/10.1016/S1003-6326(09)60211-9
https://doi.org/10.1016/S1003-6326(08)60057-6
https://doi.org/10.1016/S1003-6326(11)61356-3
https://doi.org/10.1007/BF03355448
https://doi.org/10.1016/S1003-6326(11)61083-2
https://doi.org/10.1016/S1003-6326(16)64378-9
https://doi.org/10.1016/S1003-6326(16)64291-7
https://doi.org/10.1016/S1003-6326(16)64222-X
https://doi.org/10.1016/S1003-6326(14)63530-5
https://doi.org/10.1016/S1003-6326(15)63612-3


Shiv kumar and Srinivasa Rao Pulivarti 

 80   

Journal of Production and Industrial Engineering                                                                                                                            

[32] I Yeong-Eun YOO, Tae-Hoon KIM, Tae-Jin JE, Doo-Sun 

CHOI, Chang-Wan KIM, Sun-Kyung KIM. “Injection 

molding of micro patterned PMMA plate”, Transactions of 

Nonferrous Metals Society of China, 2011, 21: s148−s152. 

https://doi.org/10.1016/S1003-6326(11)61079-0  

[33] Song Panng, Guo-hua WU, Wen-cai Liu, Liang Zhang, 

Yang Zhang, Hans Conard, Wen-jiang Ding. “Influence of 

cooling rate on solidification behavior of sand-cast 

Mg−10Gd−3Y−0.4Zr alloy”, Transactions of Nonferrous 

Metals Society of China, 2014, 24: 3413−3420. 

https://doi.org/10.1016/S1003-6326(14)63484-1  

[34] Ke QIU, Ri-chu WANG, Chao-qun PENG, Nai-guang 

WANG, Zhi-yong CAI, Chun ZHANG. “Effect of 

individual and combined additions of Al−5Ti−B, Mn and 

Sn on sliding wear behavior of A356 alloy”, Transactions 

of Nonferrous Metals Society of China, 2015, 25: 

3886−3892.  

https://doi.org/10.1016/S1003-6326(15)64081-X  

[35] Prasad B.K, Modi O.P. “Slurry wear characteristics of 

zinc-based alloys: Effects of sand content of slurry, silicon 

addition to alloy system and traversal distance”, 

Transactions of Nonferrous Metals Society of China, 2009, 

19: 277−286.  

https://doi.org/10.1016/S1003-6326(08)60265-4  

[36] Sun Shao-chun, Yuan Bo, Liu Man-ping. “Effects of 

moulding sands and wall thickness on microstructure and 

mechanical properties of Sr-modified A356 aluminum 

casting alloy”, Transactions of Nonferrous Metals Society 

of China, 2012, 22: 1884−1890. 

https://doi.org/10.1016/S1003-6326(11)61402-7  

[37] XU Jie, YANG He, LI Heng, Zhan Mei. “Significance-

based optimization of processing parameters for thin-

walled aluminum alloy tube NC bending with small 

bending radius”, Transactions of Nonferrous Metals 

Society of China, 2012, 22: 147−156. 

https://doi.org/10.1016/S1003-6326(11)61154-0  

[38] ZHAO Er-tuan, KONG Fan-tao, CHEN Yu-yong, LI Bao-

hui. “Interfacial reactions between Ti-1100 alloy and 

ceramic mould during investment casting”, Transactions of 

Nonferrous Metals Society of China, 2011, 21: s348−s352. 

http://www.ysxbcn.com/paper/paperview.aspx?id=paper_1

6790  

[39] Oji J O, Kareem B, Idusuyi N, Akinluwade K J, Isadare D 

A, Taiwo A T, Adetunji A R.   “Optimization of Process 

Parameters for the Ultimate Tensile Strength of 

Aluminium Alloy Sand Castings using Taguchi Method”, 

Scholars Journal of Engineering and Technology, 2014, 

2(3B):383-387. 

https://www.semanticscholar.org/paper/Optimization-of-

Process-Parameters-for-the-Ultimate-Idusuyi-

Akinluwade/66b1b43f5fbd736b68bec5e8ec2cde13f19dcd7

f  

[40] Kumaravadivel A, Natarajan U.  “Optimization of sand-

casting process variables—a process window approach”, 

International journal of advanced manufacturing 

technology, 2013, 66: 695-709. 

https://doi.org/10.1007/s00170-012-4358-y  

[41] Tarng Y S, Juang SC, Chang CH. “The use of Grey-based 

Taguchi methods to determine submerged arc welding 

process parameters in hard facing”, Journal of Material 

Processing Technology, 2002, 128:1–6. 

https://doi.org/10.1016/S0924-0136(01)01261-4  

[42] Lim S-H, Lee C-M, Chung WJ. “A study on the optimal 

cutting condition of a high-speed feeding type laser cutting 

machine by using Taguchi method”, International Journal 

of Precision Engineering and Manufacturing, 2006, 7(1): 

18–23. https://www.semanticscholar.org/paper/A-study-

on-the-optimal-cutting-condition-of-a-high-Lim-

Lee/62a1a3dbe79090d61f348ff6091d47e998d63148  

[43] Lin ZC, Ho CY. “Analysis and application of grey relation 

and ANOVA in chemical-mechanical polishing process 

parameters”, International journal of advanced 

manufacturing technology, 2003, 21:10–14. 

https://doi.org/10.1007/s001700300001  

[44] Mao-yong LIN, Chung-chen TSAO, Chun-yao HSU,Ai-

huei CHIOU, Peng-cheng HUANG, Yu-cheng LIN. 

“Optimization of micro milling electrical discharge 

machining of Inconel 718 by Grey-Taguchi method”, 

Transactions of Nonferrous Metals Society of China, 2013, 

23: 661−666. 

https://doi.org/10.1016/S1003-6326(13)62513-3 

 

 

 

 

https://doi.org/10.1016/S1003-6326(11)61079-0
https://doi.org/10.1016/S1003-6326(14)63484-1
https://doi.org/10.1016/S1003-6326(15)64081-X
https://doi.org/10.1016/S1003-6326(08)60265-4
https://doi.org/10.1016/S1003-6326(11)61402-7
https://doi.org/10.1016/S1003-6326(11)61154-0
http://www.ysxbcn.com/paper/paperview.aspx?id=paper_16790
http://www.ysxbcn.com/paper/paperview.aspx?id=paper_16790
https://www.semanticscholar.org/paper/Optimization-of-Process-Parameters-for-the-Ultimate-Idusuyi-Akinluwade/66b1b43f5fbd736b68bec5e8ec2cde13f19dcd7f
https://www.semanticscholar.org/paper/Optimization-of-Process-Parameters-for-the-Ultimate-Idusuyi-Akinluwade/66b1b43f5fbd736b68bec5e8ec2cde13f19dcd7f
https://www.semanticscholar.org/paper/Optimization-of-Process-Parameters-for-the-Ultimate-Idusuyi-Akinluwade/66b1b43f5fbd736b68bec5e8ec2cde13f19dcd7f
https://www.semanticscholar.org/paper/Optimization-of-Process-Parameters-for-the-Ultimate-Idusuyi-Akinluwade/66b1b43f5fbd736b68bec5e8ec2cde13f19dcd7f
https://doi.org/10.1007/s00170-012-4358-y
https://doi.org/10.1016/S0924-0136(01)01261-4
https://www.semanticscholar.org/paper/A-study-on-the-optimal-cutting-condition-of-a-high-Lim-Lee/62a1a3dbe79090d61f348ff6091d47e998d63148
https://www.semanticscholar.org/paper/A-study-on-the-optimal-cutting-condition-of-a-high-Lim-Lee/62a1a3dbe79090d61f348ff6091d47e998d63148
https://www.semanticscholar.org/paper/A-study-on-the-optimal-cutting-condition-of-a-high-Lim-Lee/62a1a3dbe79090d61f348ff6091d47e998d63148
https://doi.org/10.1007/s001700300001
https://doi.org/10.1016/S1003-6326(13)62513-3

	I.  Introduction
	V. Confirmation Experiment

