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Abstract 

 
This study presents an optimization of injection moulding parameters on mechanical properties of plastic part using Taguchi method and 

Grey Relational Analysis (GRA) approach. The orthogonal array with L9 was used as the experimental design. Grey relational analysis 

for ultimate tensile strength, modulus and percentage of elongation from the Taguchi method can convert optimization of the multiple 

performance characteristics into optimization of a single performance characteristic called the grey relational grade (GRG). It is found 

that mould temperature of 62oC, melt temperature of 280oC, injection time of 0.70s and cooling time 15.4s are found as the optimum 

process setting. Furthermore, ANOVA result shows that the cooling time is the most influenced factor that affects the mechanical proper-

ties of plastic part followed by mould temperature and melt temperature. 
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1. Introduction 

Polypropylene (PP) is considered as a popular thermoplastic mate-

rial which becomes one of the most widely used plastic material 

and produced in large quantities due to its used in many applica-

tions. The application of PP has a wide coverage in automobile 

industry, household equipment, electrical devices, packaging and 

many others [1– 3]. Plastic injection moulding is the most com-

mon manufacturing method to manufacture a desired plastic part 

with specific shape and size. In addition, the process parameters of 

injection moulding affect the quality and performance of the 

moulded product. The optimization of process parameters such as 

melt temperature, mould temperature, injection and holding pres-

sure, holding time, cooling time and injection speed is needed to 

produce plastic products that have a better performance in term of 

mechanical properties [4]. 

There have been several studies to study the effect of process pa-

rameters on mechanical properties of plastic part. Mirvar et al. [5] 

found that the process parameters such as holding pressure time is 

the most influenced factor that affect the tensile strength followed 

by cooling time and holding pressure. In 2013, Mehat et al. [6] 

studied the effect of process parameters such as melt temperature, 

packing pressure, packing time and cooling time on ultimate 

strength and elongation at break of plastic gear. They found that 

the changes in the process parameters have contributed the varia-

tion of result in the mechanical properties of the plastic part. 

One of the common optimization methods is Taguchi method that 

has been implemented by many researchers to optimize their de-

sired objective and output.  [7–10]. Taguchi method uses orthogo-

nal array, signal-to-noise ratio as well as analysis of variance 

(ANOVA) to optimize the process parameters and the advantage 

of this method is time and cost can be reduced due to its orthogo-

nal array method. However, optimization using Taguchi method 

can only optimize a single objective.  

Some researchers have approached a multiobjective method called 

Taguchi with Grey Relational Analysis method to get the best 

combination of process parameters of multiple characteristic per-

formances. [11–13]. Therefore, the aim of this paper to optimize 

injection moulding parameters on mechanical properties such as 

ultimate tensile strength, modulus and percentage of elongation of 

plastic part using Taguchi method and Grey Relational Analysis 

approach. 

2. Methodology 

2.1 Materials and Experimental Method 

 
The plastic materials, Polypropylene (PP) were supplied by Lotte 

Chemical Titan (M) Sdn, Bhd. with properties of melt flow rate, 

4.0 g/10 min and density of 0.9 g/cm3. The injection moulding 

used for the experiment was Allrounder 370 H 600-170 Hybrid 

machine (ARBURG). Dumbbell specimen for tensile test is in 

accordance with ASTM D638 and tensile tests were performed at 

room temperature in an Instron Universal Testing Machine with a 

cross-head speed of 50 mm/min. 

 

2.2 Design of Experiment Using Taguchi Method 

 
Four parameters with three levels such as mould temperature, melt 

temperature, injection time and cooling time [14] were considered 
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as process parameters for this experiment. An orthogonal table of 

L9 was established as shown in Table 1. 

 
Table 1: Process parameters and their levels 

Process Parameters 
Level 

Low Medium High 

Mould Temperature, 

 MoT (oC) 
50 56 62 

Melt Temperature, MeT (oC) 250 280 310 

Injection Time, 

IT (s) 
0.63 0.70 0.77 

Cooling Time, 
CT (s) 

12.6 14.0 15.4 

 

2.3 Grey Relational Analysis (GRA) 

 
In grey relational analysis (GRA), the data from experimental 

result is pre-processing to normalize the random grey data with 

varied units and the original sequences is converted into a compa-

rable sequence between the values of zero to one [15]. The follow-

ing equation shows the normalization method depends on the 

characteristic of the particular attributes. 

 

Equation (1) is used for the-larger-the-better characteristic, 

 

                                       (1)                                                                                                                     

 

Equation (2) is used for the-lower-the-better characteristic, 

 

                                            (2)                                                                                                    

 

Equation (3) is used for closer to the desired value that has the-

nominal-the-better characteristic, 

 

                         (3) 

 

Where, i = 1,…, m; k = 1,…, n. m is the number of experimental 

data set, n is the number of responses.  denotes the original 

sequence,  is known as comparability sequence which is had 

after pre-processing, max  and min  are the largest 

and smallest value of  respectively;  implies the desired 

value for . 

After pre-processing or normalization step, the grey relational 

coefficient is needed for kth response characteristic for ith experi-

mental setup. The grey relational coefficient is expressed by using 

Equation (4) 

 

                                                    (4) 

       

Where, is zero, is one;  is distinguishing coefficient is 

0.5 and   is the deviation sequence of the experiment trial. 

3. Analysis of Experimental Result 

3.1 Optimal Parameters for Injection Moulding Process 

 
The experiment was based on Taguchi method that has total of 9 

runs that consists of four factors and three levels as shown in Ta-

ble 2. Three multiobjective optimization problems such as ulti-

mate tensile strength (UTS), modulus and percentage of elonga-

tion (EL) has been transformed into a single objective optimiza-

tion problem using the combination of Taguchi approach and grey 

relational analysis (GRA). 

 

Table 2: Experimental layout and the responses 

Run MoT MeT IT CT 
UTS  

(MPa) 

Modulus 

(MPa) 

EL 

(%) 

   1 50 250 0.63 12.6 23.61 947.55 29.27 

  2 50 280 0.7 14 23.46 953.39 35.26 

  3 50 310 0.77 15.4 23.54 939.37 34.33 

  4 56 250 0.7 15.4 24.73 981.76 31.37 

  5 56 280 0.77 12.6 24.38 970.59 33.07 

  6 56 310 0.63 14 24.41 949.58 32.65 

  7 62 250 0.77 14 24.58 966.82 31.79 

  8 62 280 0.63 15.4 24.78 1014.72 32.23 

  9 62 310 0.7 12.6 24.43 958.28 31.91 

The original sequences of all responses were normalized based on 

Equation (1) which demand for “the-larger-the-better” characteris-

tic for ultimate tensile strength, modulus and percentage of elon-

gation. The result from normalization is shown in Table 3. 

 
Table 3: The sequences of each performance characteristic after data pre-
processing 

 

Run 

UTS 

(MPa) 
Modulus (MPa) Elongation (%) 

1 0.1136 0.1086 0.0000 

2 0.0000 0.1861 1.0000 

3 0.0606 0.0000 0.8447 

4 0.9621 0.5626 0.3506 

5 0.6970 0.4143 0.6344 

6 0.7197 0.1355 0.5643 

7 0.8485 0.3643 0.4207 

8 1.0000 1.0000 0.4942 

9 0.7348 0.2510 0.4407 

The deviation sequences and the distinguishing coefficient then 

were substituted into Equation (4) to obtain the grey relational 

coefficients as well as its grade as presented in Table 4. From the 

table, it is observed that the experiment run no.8 has the highest 

grey relational grade (GRG). Hence, the experiment no.8 gives the 

best multiple performance characteristics among the nine experi-

ments. The higher value of grey relational grade shows a better 

characteristic of the multiple performances. 

  
Table 4: The calculated grey relational coefficient for all comparability 

sequences and grey relational grade 

Run 
UTS 

(MPa) 

Modulus 

(MPa) 

Elongation 

(%) 

Grey  

Relational 

Grade 

1 0.3607 0.3593 0.3333      0.3511 

2 0.3333 0.3805 1.0000 0.5713 

3 0.3474 0.3333 0.7631 0.4813 

4 0.9296 0.5334 0.4350 0.6327 

5 0.6226 0.4605 0.5776 0.5536 

6 0.6408 0.3664 0.5343 0.5139 

7 0.7674 0.4403 0.4633 0.5570 

8 1.0000 1.0000 0.4971 0.8324 

9 0.6535 0.4003 0.4720 0.5086 

The larger-the-better quality characteristic was used for analyzing 

the grey relational grade, since a larger value indicates the better 

performance of the process. Figure 1 shows factor response graph 

obtained from grey relational analysis. This result shows that the 

best processing condition is mould temperature of 62oC, melt 

temperature of 280oC, injection time of 0.70s and cooling time 

15.4s. By using this set of optimum parameters, the value of GRG 

is increased to 0.8375 which is higher than 0.8324 from experi-

ment no. 8. 

 

60 g/cm3 density 
70 g/cm3 density 

80 g/cm3 density 
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Figure 1: Factor response graph obtained from grey relational analysis 

 

3.2 Analysis of Variance (ANOVA) 

 
In order to investigate the significance of the injection moulding 

process parameters on the multiple performance characteristics, 

the analysis of variance (ANOVA) was conducted. The result 

from ANOVA is presented in Table 5. According to Table 5, it 

can be noticed that the highest contribution is cooling time, fol-

lowed by mould temperature and melt temperature. 

 
Table 5: ANOVA results 

Parameters DOF Sum of Squares p-value 
Contribution 

% 

Mold 

Temperature 
2 0.04126 0.332 30.77 

Melt 

Temperature 
2 0.04228 0.321 31.53 

Injection Time 2 0.002881 0.937 2.15 

Cooling Time 2 0.04768 0.268 35.56 

Error 0    

Total 8 0.13410  100 
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4. Conclusion  

The objective of this study is to optimize injection moulding 

parameters such as mould temperature, melt temperature, in-

jection time and cooling time on mechanical properties of 

plastic part. It is found that the GRG increases by using opti-

mum parameter setting about 0.6 per cent. Further, the result 

shows that mould temperature of 62oC, melt temperature of 

280oC, injection time of 0.70s and cooling time 15.4s are op-

timum multi objective process setting. In addition, ANOVA 

result shows that the cooling time is the most influenced factor 

that affects the mechanical properties of plastic part followed 

by mould temperature and melt temperature. Therefore, this 

study indicates that Taguchi method with GRA approach can 

be implemented successfully to injection moulding process 

parameters optimization for multiobjective responses. 
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