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ABSTRACT: The objective of this study is to investigate the optimum 
process parameters on the high tensile strength of mechanical properties in 
the injection machine process. The injection machine parameters selected are 
melt temperature, holding pressure, injection time and cooling time. Taguchi 
and ANOVA method were performed for design the experimental matrix and 
to find the most significant of the parameters. PP having 20% of fibreglass was 
employed. Injection machine Arburg 420C 800-250 having 80 ton of clamping 
force has been used to moulded the dumbbell shape test sample according to 
ASTM D638 standard. The tensile test was performed using the universal 
testing machine. The result shows that the most significant factors that 
affected the tensile strength are cooling time, followed by injection time, 
holding pressure and melt temperature. Cooling time contributes 61.13%, 
meanwhile, injection time, holding pressure and melt temperature contribute 
each of them 20.15%, 13.41% and 5.32% respectively. Optimization of cooling 
time at 10 s, injection time at 0.5 s, holding pressure at 350 MPa and melting 
temperature at 205 °C shows the highest tensile strength 20.9243 MPa and 
desirability value is 1. Thus, by using the Taguchi optimization method the 
optimize parameters of injection machine parameters can be determined with 
the achievement of the highest tensile strength.  
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1.0 INTRODUCTION  
 

Mechanical properties of thermoplastic consist of tensile strength, 
tensile modulus, hardness, etc. In various tests of mechanical strength, 
tensile test is the most widely performed as the material plastic requires 
strength in holding stretching force. Plastic materials are rarely used in 
virgin material, where usually plastic materials are mixed with an 
additive to enhance the strength of a product. According to Mulle et al. 
[1] that the virgin polypropylene added with fibreglass increased its 
tensile strength up to 44% when added with reinforcing agent of 
25 wt.% of fibreglass. The enhance of composite material due to 
fibreglass as reinforcing agents are stiffer and stronger than the 
polymer matrix where polymer matrix serves as a medium of transfer 
load from one fibre to other as well enhanced the polymer composite 
[2-4]. 
 
Plastic part can be produced using various polymer manufacturing 
processes which one of them is using an injection moulding process.  
Injection moulding is known as the most important process for 
processing the mass production of a plastic product having a complex 
shape and long-range of sizes with high precision. Nowadays, the 
production of injection moulded plastic study has been rapidly 
increased. This is because the plastic products are relatively easy to 
mould into complex shapes, low in cost, lightweight and low energy 
requirement for processing compared to metal [5,6]. However, to 
produce high tensile strength, the machine parameters need to be 
studied. According to Hentati et al. [7], the parameters of the injection 
machine can cause tensile strength to increase if it is properly adjusted. 
It is because the parameters set in the injection machine affect the 
quality of the moulded product. In the injection moulding process, 
namely, the process parameters that affected the quality of injection 
moulding are injection pressure, injection time, packing pressure, 
cooling time, packing time, melt temperature, etc. The type of defects 
that always be found in injection moulding are like warpage [8], surface 
blemish [9], voids [10], flash jetting [11], flow mark [12] and weld line 
[13]. 
 
In this study, polypropylene (PP) has been selected based on PP 
material easy to mix with additive materials such as natural fibre [14-
16], metal powder [17], ceramic powder [18], polymer plastic material 
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[19], etc. Furthermore, PP is a thermoplastic polymer resin where 
melting temperature is range from 190 °C to 210 °C. PP is much 
preferable compared to other types of plastic material because PP is 
easy to be processed and consumes less cost. The example of products 
that have been produced from PP is packaging, household appliances, 
etc. PP can be categorised under semi-crystalline polymer where it 
contains percentage crystallinity considerably higher than to other 
plastic materials. The higher crystallinity due to the structural 
arrangement changing when molten plastic injected into the mould 
cavity at hot temperature then cooling process taking place at 
considerably low temperature. Increasing of crystallinity can cause the 
strength of the moulded part increased [20]. There are various types of 
gating system applied in plastic injection mould such as side gate, pin-
point gate, tap gate, etc. From the previous study, it was found that the 
side gate system was suitable for the flat part since the direction of 
fibres parallel at flow direction [21]. However, the side gate was not 
suitable for cylinder part which it can affect the flow front end of the 
meet point as a result weldline can be found on the meet flow front that 
affected the strength of the part. 
 
Rathi and Salunke [22] stated that the easiest way to do the set-up on 
the injection moulding machine is based on the trial-and-error method 
or on the experience of moulding technician and machine set-up 
operator. The disadvantage of this approach is time-consuming and 
not cost-effective. Despite this time-consuming approach, there is no 
assurance that the optimum process parameters can be obtained [23]. 
Taguchi method one of design of experiment (DOE) technique can be 
used as optimum process parameter, however other methods of DOE 
such as factorial design and response surface method (RSM) are also 
can be implemented. Compared to other DOE technique, Taguchi 
method only requires minimal experimental runs for process 
optimization. According to Prasad et al. [24], they found that the time 
required for conducting experiments using RSM is almost twice that 
needed for the Taguchi methodology. The advantage of using Taguchi 
method is efficient and effective experimental approach can reduce the 
experimental trials and this method is used to determine the optimum 
level of process parameters [25]. 
 
Therefore, this study focuses on the effect of processing injection 
moulding machine parameters on the tensile strength of polypropylene 
having twenty per cent of fibreglass. The tensile test sample was 
injected using the two-plate side gate system. Four injection moulding 
machine parameters selected were cooling time, injection time, holding 
pressure and melting temperature. Taguchi method was selected for 
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design the experimental matrix and ANOVA was used to find the most 
significant of the parameter to the response. Optimization parameter 
on the maximum of tensile strength was also performed using the 
desirability function approach to find the optimum set of combination 
parameters. 

 
2.0 METHODOLOGY 

 

PP having 20% of fibreglass was employed in this experimental study. 
Type of PP filled with 20% fibreglass was Dynaglass PPG3637. 
Meanwhile, injection moulding machine ARBURG 420C 800-250 
having 80 ton of clamping force has been used to moulded the 
dumbbell shape test sample according to ASTM D638 standard. Two-
plate mould with side gate system was used to mould the dumbbell 
part. All dumbbell shape test samples were kept at room temperature 
(25±3) °C for two days and relative humidity (30±2)% before beginning 
the tensile test. The tensile test was performed using the universal 
testing machine from Shimadzu Autograph AGS-X with maximum 
load capacity 20 kN. The pulling speed of the tensile test was set at 
50 mm/min. The level process parameters selected are melt 
temperature (205 °C to 245 °C), holding pressure (350 MPa to 550 MPa), 
injection time (0.5 s to 0.9 s) and cooling time (10 s to 30 s) as shown in 
Table 1.  
 

Table 1: Experimental parameters of the injection moulding machine 

Level 
Melt 

temperature ( 
°C) 

Holding 
pressure 

(MPa) 

Injection 
time (s) 

Cooling 
time (s) 

Low 205 350 0.5 10 
Medium 225 450 0.7 20 

High 245 550 0.9 30 

 
The injection moulding machine parameters were obtained from the 
analysis done using Autodesk Moldflow simulation software from the 
previous research [26]. Further, for the optimization process, Taguchi 
method was performed in this study. Taguchi optimization method 
applied S/N ratio to qualify the quality characteristics deviating from 
the desired value. Since this study focuses the highest output of the 
tensile strength, therefore S/N ratio the bigger the better is applied as 
shown in equation 1 [27]. 

2
1

S y (Bigger) = -10log [  ]
N n

∑                                         (1) 

where y is total of the tensile strength result and N is the number of the 
Journal of Advanced Manufacturing Technology (JAMT) 

 
tensile test sample in the experimental run. 

 
3.0 RESULT AND DISCUSSION 

 
3.1 Experimental Result 

 

The value of tensile strength is directly taken from the stress-strain 
curve. For this study, the final value of tensile strength was obtained 
through the average tensile strength value of three pieces of the 
dumbbell shape test sample. As presented in Table 2, the highest value 
of tensile strength comes from the set of a parameter in the 
experimental run at number 1.  
 

Table 2: Experimental result of tensile strength and S/N ratio 

Run 
Melt 

temperature 
(˚C) 

Holding 
pressure 

(MPa) 

Injection 
time (s) 

Cooling 
time (s) 

Tensile 
strength 
(MPa) 

S/N ratio 

1 205 350 0.5 10 20.9243 26.4130 
2 205 450 0.7 20 20.2007 26.1073 
3 205 550 0.9 30 20.4583 26.2174 
4 225 350 0.7 30 20.4043 26.1944 
5 225 450 0.9 10 20.4644 26.2200 
6 225 550 0.5 20 20.4155 26.1992 
7 245 350 0.9 20 20.2664 26.1355 
8 245 450 0.5 30 20.4260 26.2037 
9 245 550 0.7 10 20.6125 26.2826 

 
Based on the result, the highest of tensile strength is 20.9243 MPa with 
the combination of set machine parameters at 205 °C of melt 
temperature, 350 MPa of holding pressure, 0.5 s for injection time and 
10 s of cooling time. From the table, it means that when the cooling 
time, melt temperature, holding pressure and injection time 
parameters are respectively set-up at the low level of machine setting 
parameters, the tensile strength of the polypropylene filled with 
fibreglass reaches to its highest value. As stated by Yan et al. [4] the 
reinforcing agent that was fibreglass entanglement with polymer 
matrix at the lower temperature rather than at high temperature the 
fibreglass and polymer chain were parallel due to the composites were 
easily flowed during exit at nozzle injection mould machine.  
In this study, the value of tensile strength is translated into a signal to 
noise ratio. Since, in this study, the aim is to find the highest tensile 
strength. Therefore, analyse work in Taguchi approach was set to the 
bigger the better mode. The result in Table 2 shows that the tensile 
strength result was translated into S/N ratio where the highest S/N ratio 
was 26.4130 in the experimental run at number 1 and the lowest S/N 
ratio was 26.1073 in the experimental run at number 2. 
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tensile test sample in the experimental run. 
 

3.0 RESULT AND DISCUSSION 
 

3.1 Experimental Result 
 

The value of tensile strength is directly taken from the stress-strain 
curve. For this study, the final value of tensile strength was obtained 
through the average tensile strength value of three pieces of the 
dumbbell shape test sample. As presented in Table 2, the highest value 
of tensile strength comes from the set of a parameter in the 
experimental run at number 1.  
 

Table 2: Experimental result of tensile strength and S/N ratio 

Run 
Melt 

temperature 
(˚C) 

Holding 
pressure 

(MPa) 

Injection 
time (s) 

Cooling 
time (s) 

Tensile 
strength 
(MPa) 

S/N ratio 

1 205 350 0.5 10 20.9243 26.4130 
2 205 450 0.7 20 20.2007 26.1073 
3 205 550 0.9 30 20.4583 26.2174 
4 225 350 0.7 30 20.4043 26.1944 
5 225 450 0.9 10 20.4644 26.2200 
6 225 550 0.5 20 20.4155 26.1992 
7 245 350 0.9 20 20.2664 26.1355 
8 245 450 0.5 30 20.4260 26.2037 
9 245 550 0.7 10 20.6125 26.2826 

 
Based on the result, the highest of tensile strength is 20.9243 MPa with 
the combination of set machine parameters at 205 °C of melt 
temperature, 350 MPa of holding pressure, 0.5 s for injection time and 
10 s of cooling time. From the table, it means that when the cooling 
time, melt temperature, holding pressure and injection time 
parameters are respectively set-up at the low level of machine setting 
parameters, the tensile strength of the polypropylene filled with 
fibreglass reaches to its highest value. As stated by Yan et al. [4] the 
reinforcing agent that was fibreglass entanglement with polymer 
matrix at the lower temperature rather than at high temperature the 
fibreglass and polymer chain were parallel due to the composites were 
easily flowed during exit at nozzle injection mould machine.  
In this study, the value of tensile strength is translated into a signal to 
noise ratio. Since, in this study, the aim is to find the highest tensile 
strength. Therefore, analyse work in Taguchi approach was set to the 
bigger the better mode. The result in Table 2 shows that the tensile 
strength result was translated into S/N ratio where the highest S/N ratio 
was 26.4130 in the experimental run at number 1 and the lowest S/N 
ratio was 26.1073 in the experimental run at number 2. 
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Table 3 indicates the response table for a signal to noise ratio of tensile 
strength. The bigger the better characteristic was used to obtain the best 
setup of parameter arrangement. The best combination of a parameter 
was identified by selecting the highest difference value of each factor. 
In the table, it shows that delta value for cooling time has the higher 
value meanwhile the lowest value of injection machine parameter is 
melt temperature. Thus, it shows that the most influenced factor that 
has been affected the tensile strength is cooling time followed by 
injection time, holding pressure and melt temperature. Poszwa et al. 
[28] stated that when the cooling process takes appropriate time, it will 
increase the internal stresses of the injection moulded component due 
structure proper arrangement of the polymer chain. Hence, cooling 
time was the most significant factor affecting the moulded of the plastic 
part. 
 

Table 3: The response of signal to noise ratio with ranking 

Level 
Melt 

temperature ( 
°C) 

Holding 
pressure 

(MPa) 

Injection 
time  
(s) 

Cooling 
time  
(s) 

1 26.25 26.25 26.27 26.31 
2 26.20 26.18 29.19 26.15 
3 26.21 26.23 26.19 26.21 

Delta 0.04 0.07 0.08 0.16 
Rank 4 3 2 1 

 
The main effect plot for S/N ratio on each factor was transformed to 
graph means of S/N ratios versus the level of injection machine 
parameters as shown in Figure 1. The graph in the figure shows that 
optimum level for all factors reach at a Level 1 for melting temperature 
at 205 °C, holding pressure at 350 MPa, injection time at 0.5 s and 
cooling time at 10 s. These value level on each parameter will be used 
to find the optimum parameters on tensile strength. 

 
3.2 Analysis of Variance (ANOVA) 

 

ANOVA was performed to determine the relative significance of 
individual factors on tensile strength. The P-value is able to test the 
significance of each factor on the response factor. The ANOVA 
computes the quantities such as P-value and R-squares (R-sq) as 
represented in Table 4. A parameter with P-value greater than 0.05 is 
considered to be insignificant while parameter with P-value lower than 
0.05 is considered to be significant [29]. Based on this statement, the 
cooling time is considered as the most significant factor meanwhile the 
other factors with higher P-value than 0.05 are considered to be a less 



Optimization of Injection Machine Parameters on High Tensile 
Strength of Polypropylene/Fibreglass

75ISSN: 1985-3157     Vol. 16     No. 3   September-December   2022

Journal of Advanced Manufacturing Technology (JAMT) 
 

significant factor. R-squares describes the amount of variation 
observed is explained by the input factors. High R-squares indicate that 
the input factor is able to predict the response with high accuracy [30]. 
As shown in the table, the highest R-squares value is in cooling time 
that has been recorded as 61.13%. This followed by injection time at 
20.15%, holding pressure at 13.41% and the lowest R-squares value is 
5.32% for melt temperature.  Therefore, it shows that cooling time is the 
most significant factor that affects the tensile strength of polypropylene 
filled with 20% of fibreglass. 

 

 
Figure 1: Main effects plot for S/N ratio 

 
3.3 Optimum Parameter using Desirability Function Approach 

 

In order to find the optimum tensile strength for this study, the 
optimum test was conducted. For the optimum test, the optimum set 
of a parameter is analysed by using the Minitab software. The purpose 
is to find that by using an optimum set of parameter, the highest tensile 
strength value can be found. Based on the optimum level in Figure 1, 
the combination of an optimum parameter of tensile strength is set at 
205 °C for melt temperature at Level 1, 350 MPa for holding pressure at 
Level 1, 0.5 s for injection time at Level 1 and 10 s for cooling time at 
Level 1 as shown Table 5. A further process, desirability function 
approach was done to find the set of parameters that can produce high 
tensile strength. 
 
 



Journal of Advanced Manufacturing Technology (JAMT)

76 ISSN: 1985-3157     Vol. 16     No. 3   September-December   2022

Journal of Advanced Manufacturing Technology (JAMT) 
 

Table 4: Ranking contribution for tensile strength 
Parameters P-value R-sq (%) Rank 

Melt temperature 0.849 5.32 4 
Holding pressure 0.649 13.41 3 

Injection time 0.509 20.15 2 
Cooling time 0.059 61.13 1 

 
Table 5: Best combination of parameters 

Factor Value Level 

Melt Temperature (°C) 205 1 
Holding Pressure (MPa) 350 1 

Injection Time (s) 0.5 1 
Cooling Time (s) 10 1 

 
Table 6 shows the value of desirability after the optimization process 
parameters by Minitab software. Each experimental run produces a 
different value of desirability. Desirability function approach assigns 
number 0 and 1 to the possible value with 0 completely undesirable 
and 1 represent a completely desirable [31]. 
 

Table 6: Desirability value 
Run Tensile Strength (MPa) Desirability 

1 20.9243 1.0 
2 20.2007 0 
3 20.4583 0.3560 
4 20.4043 0.2814 
5 20.4644 0.3644 
6 20.4155 0.2968 
7 20.2664 0.0908 
8 20.4260 0.3114 
9 20.6125 0.5691 

 
It is found that the combination of an optimum process parameter 
having desirability value of 1 in the experimental run at number 1 
meanwhile the lowest desirability value of 0 in the experimental run at 
number 2. Therefore, it shows the experimental run at number 1 is the 
most optimum set-up parameters that produce high tensile strength. 
 
4.0 CONCLUSION 

 
The performance of tensile strength produced by side gate in the 
injection moulding machine process is investigated based on four 
injection machine parameters using Taguchi method, ANOVA and 
desirability function approach. The most significant factor affected 
tensile strength is cooling time contributed 61.13% followed by 20.15% 
for injection time, 13.41% for holding pressure and 5.32% for melt 
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temperature. This result shows that longer cooling time increases 
crystallinity, thus better structure arrangement. Optimization 
combination parameters found that melting temperature at 205 °C, 
holding pressure at 350 MPa, injection time at 0.5 s and cooling time at 
10 s. These combination parameters show the highest desirability as 
well as higher tensile strength as compare to other experimental runs. 
 
ACKNOWLEDGEMENTS 

 

Authors would like to thank Universiti Teknikal Malaysia Melaka 
(UTeM) for providing facilities for this research work done. This 
research work was support through FRGS/2018/FKP-AMC/F00377 
research grant. 
 
REFERENCES  
 
[1] M. Mulle, H. Wafai, A. Yudhanto, G. Lubineau, R. Yaldiz, W. Schijve 

and N. Verghese, “Influence of process-induced shrinkage and 
annealing on the thermomechanical behavior of glass fiber-reinforced 
polypropylene”, Composites Science and Technology, vol. 170, pp. 183-189, 
2019. 

 
[2] M.A.M. Ali, A. Abdullah, E. Mohamad, M.S. Salleh, N.I.S, Hussein, Z. 

Muhammad, and S. Dahaman, “Tensile properties of ternary blends for 
HDPE/PP/RECYCLE HDPE in blow moulding process”, Journal of 
Advanced Manufacturing Technology, vol. 12, no. 1 (2), pp. 31-42, 2018. 

 
[3] Y. Ou, D. Zhu, H. Zhang, L. Huang, Y. Yao, G. Li and B. Mobasher, 

“Mechanical characterization of the tensile properties of glass fiber and 
its reinforced polymer (GFRP) composite under varying strain rates 
and temperatures”, Polymers, vol. 8, no. 5, pp. 1-16, 2016. 

 
[4] X. Yan, Y. Yang and H. Hamada, “Tensile properties of glass fiber 

reinforced polypropylene composite and its carbon fiber hybrid 
composite fabricated by direct fiber feeding injection molding process”, 
Polymer Composites, vol. 39, no. 10, pp. 3564-3574, 2018. 

 
[5] J. Singh, M. Kumar, S. Kumar and S.K. Mohapatra, “Properties of glass-

fiber hybrid composites: A review”, Polymer-Plastics Technology and 
Engineering, vol. 56, no. 5, pp. 455-469, 2017. 

 
[6] M.A. Amran, M. Hadzley, S. Amri, R. Izamshah, A. Hassan, S. Samsi 

and K. Shahir, “Optimization of gate, runner and sprue in two-plate 
family plastic injection mould”, AIP Conference Proceedings American 
Institute of Physics, vol. 1217, no. 1, pp. 309-313, 2010.  

 
[7] F. Hentati, I. Hadriche, N. Masmoudi and C. Bradai, “Optimization of 

the injection molding process for the PC/ABS parts by integrating 
Taguchi approach and CAE simulation”, The International Journal of 
Advanced Manufacturing Technology, vol. 104, no. 9, pp. 4353-4363, 2019. 



Journal of Advanced Manufacturing Technology (JAMT)

78 ISSN: 1985-3157     Vol. 16     No. 3   September-December   2022

Journal of Advanced Manufacturing Technology (JAMT) 
 

 
[8] M. Amran, S. Salmah, M. Zaki, R. Izamshah, M. Hadzley, S. 

Subramonian, M. Shahir and M. Amri, “The effect of pressure on 
warpage of dumbbell plastic part in injection moulding machine”, 
Advanced Materials Research, vol. 903, pp. 61-66, 2014. 

 
[9] H.D. Lin and J.M. Li, “An innovative quality system for surface blemish 

detection of touch panels”, International Journal of Applied Engineering 
Research, vol. 12, no. 21, pp. 11523-11531, 2017. 

 
[10] N. Graupner, G. Ziegmann, F. Wilde and Müssig, “Procedural 

influences on compression and injection moulded cellulose fibre-
reinforced polylactide (PLA) composites: Influence of fibre loading, 
fibre length, fibre orientation and voids”, Composites Part A: Applied 
Science and Manufacturing, vol. 81, pp. 158-171, 2016. 

 
[11] S. Shrestha and G. Manogharan, “Optimization of binder jetting using 

Taguchi method”, The Journal of the Minerals, Metals and Materials 
Society, vol. 69, no. 3, pp. 491-497, 2017. 

 
[12] H. Fu, H. Xu, Y. Liu, Z. Yang, S. Kormakov, D. Wu, and J. Sun, 

“Overview of injection molding technology for processing polymers 
and their composites”, ES Materials and Manufacturing, vol. 8, no. 4, pp. 
3-23, 2020. 

 
[13] Y.C. Kagitci and N. Tarakcioglu, “The effect of weld line on tensile 

strength in a polymer composite part”, International Journal Advanced 
Manufacturing Technology, vol. 85, no. 5, pp. 1125-1135, 2016. 

 
[14] M.R. Islam, A. Gupta, M. Rivai, M.D.H. Beg and M.F. Mina, “Effects of 

fiber-surface treatment on the properties of hybrid composites 
prepared from oil palm empty fruit bunch fibers, glass fibers, and 
recycled polypropylene”, Journal of Applied Polymer Science, vol. 133, 
no. 11 pp. 1-10, 2016. 

 
[15] A. Pappu, K.L. Pickering and V.K. Thakur, “Manufacturing and 

characterization of sustainable hybrid composites using sisal and hemp 
fibres as reinforcement of poly (lactic acid) via injection moulding”, 
Industrial Crops and Products, vol. 137, pp. 260-269, 2019. 

 
[16] M.R. Mansor, M.S. Salit, E.S. Zainudin, N.A. Aziz and H. Ariff, “Life 

cycle assessment of natural fiber polymer composites”, Agricultural 
Biomass Based Potential Materials, vol. 1, pp. 121-141, 2015. 

 
[17] M.F.F.A. Hamidi, W.S.W. Harun, M. Samykano, S.A.C. Ghani, Z. 

Ghazalli, F. Ahmad and A.B. Sulong, “A review of biocompatible metal 
injection moulding process parameters for biomedical applications”, 
Materials Science and Engineering: C, vol. 78, pp. 1263-1276, 2017. 

 
[18] N.E. Zander, J.H. Park, Z.R. Boelter, and M.A. Gillan, “Recycled 

cellulose polypropylene composite feedstocks for material extrusion 
additive manufacturing”, ACS omega, vol. 4, no. 9, pp. 13879-13888, 
2019. 



Optimization of Injection Machine Parameters on High Tensile 
Strength of Polypropylene/Fibreglass

79ISSN: 1985-3157     Vol. 16     No. 3   September-December   2022

Journal of Advanced Manufacturing Technology (JAMT) 
 

 
[19] M. Vásquez-Rendón, and M. L. Álvarez-Láinez, “PTFE as a toughness 

modifier of high-performance PEI/PBT blends: Morphology control 
during melt processing”, Polymers for Advanced Technologies, vol. 32. 
No. 2, pp. 714-724, 2021. 

 
[20] T. Huang and M. Yamaguchi, “Effect of cooling conditions on the 

mechanical properties of crystalline poly (lactic acid)”, Journal of Applied 
Polymer Science, vol. 134, no. 24, pp. 1-7, 2017. 

 
[21] M.A.M. Ali, N. Idayu, Z. Abdullah, M.H.A. Bakar, S. Sivarao, M.S.A. 

Aziz and A.J. Abdullah, “Interchangeable core and cavity plates for 
two-plate family injection mould”, Journal of Mechanical Engineering and 
Sciences, vol. 11, no.3, pp. 2815-2824, 2017. 

 
[22] M.G. Prasad and M.D. Salunke, “Analysis of injection moulding 

process parameters”, International Journal of Engineering Research and 
Technology, vol. 1, no. 8, pp. 1–5, 2012. 

 
[23] J. Zhao, G. Cheng, S. Ruan and Z. Li, “Multi-objective optimization 

design of injection molding process parameters based on the improved 
efficient global optimization algorithm and non-dominated sorting-
based genetic algorithm”, International Journal of Advanced 
Manufacturing Technology, vol. 78, no. 9-12, pp. 1813-1826, 2015. 

 
[24] K.S.H. Prasad, C.S. Rao and D.N. Rao, “Application of design of 

experiments to plasma arc welding process: A review”, Journal of the 
Brazilian Society of Mechanical Sciences and Engineering, vol. 34, no. 1, 
pp. 75–81, 2012. 

 
[25] C. Kuo and H. Liao, “Dimensional accuracy optimization of the micro-

plastic injection molding process using the taguchi design method”, 
Materials Science, vol. 21, no. 2, pp. 224-248, 2015. 

 
[26] M.M. Amran, N. Idayu, K.M. Faizal, M. Sanusi, R. Izamshah and M. 

Shahir, “Optimisation of process parameters in linear runner family 
injection mold using moldflow simulation software”, ARPN Journal of 
Engineering and Applied Sciences. vol. 11, no. 4 pp. 2475-2482, 2016. 

 
[27] R.K. Roy, A Primer on the Taguchi Method. New York: Van Nostrand 

Renthold, 2010. 
 
[28] P. Poszwa, P. Muszynski, P. Brzek and K. Mrozek, “Influence of 

processing parameters on residual stress in injection molded parts”, in 
Proceedings of the International Conference on Manufacturing Engineering 
and Materials (ICMEM), Slovakia, 2018, pp. 18-22. 

 
[29] Q. Feng, L. Liu and X. Zhou, “Automated multi-objective optimization 

for thin-walled plastic products using Taguchi, ANOVA, and hybrid 
ANN-MOGA”, The International Journal of Advanced Manufacturing 
Technology, vol. 106, no. 1, pp. 559-575, 2020. 

 
 
 



Journal of Advanced Manufacturing Technology (JAMT)

80 ISSN: 1985-3157     Vol. 16     No. 3   September-December   2022

Journal of Advanced Manufacturing Technology (JAMT) 
 

[30] R. Ramakrishnan and K. Mao, “Minimization of shrinkage in injection 
molding process of acetal polymer gear using taguchi doe optimization 
and anova method”, International Journal of Mechanical and Industrial 
Technology, vol. 4, no. 2, pp. 72-79, 2017. 

 
[31] Ali, M.A.M., N.M., Ali, M.S. Kasim, R. Izamshah, Z. Abdullah, M.S., 

Salleh, Z. Razak, R.M. Sharip and M. Yamaguchi, “Multi-response 
optimization of plastic injection moulding process using grey relational 
analysis based in taguchi method”, Journal of Advanced Manufacturing 
Technology, vol. 12, no. 1(3), pp. 87-98, 2018. 

 


