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ABSTRACT 

 

This research discussed the optimization energy consumption in injection molding process to 

meet energy efficiency in production and get an optimal parameter setting. Injection molding 

is one of the techniques used in producing plastic product by injecting plastic materials 

molten by heat into a mold and then cooling and solidifying. It is a very complex process due 

to various parameters that must be considered. At this time, the industry manufacturer plastic 

consumes high electrical energy to produce plastic product. This in turn will release carbon 

dioxide gas which can have adverse effects on the environment. In this research, the all-

electric injection molding machine is used because of this machine proven consume less 

energy compare with hydraulic and hybrid machine. Hence, this gives an advantage to the 

manufacturer to reduce the energy consumption from the optimization process. To optimal 

setting up of injection molding process, variables play a very important role in reducing 

electrical energy consumption to produce product. The variables involved to control settings 

are holding pressure, injection pressure, injection speed, mold open/close speed and screw 

rotation speed. Furthermore, this research presents a simple and efficient way to optimize 

parameter setting in injection molding process by using Taguchi experimental method and 

signal-to-noise ratio. With using both methods, optimal parameter settings can be achieved. In 

this research, an orthogonal array (OA) and signal-to-noise (S/N) ratio are employed to 

conduct optimization of injection molding parameter. As a result, optimization in injection 

molding can create the better process parameter settings which can not only reduce electrical 

energy consumption but, be more robust and also enhance the stability of injection process. In 

addition, this in turn will contribute towards sustainable manufacturing processes and 

reducing the carbon dioxide emissions. 

 

Keywords: Injection molding machine, optimization, parameter setting, Taguchi Method, 

sustainable manufacturing 
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ABSTRAK 

 

Kajian ini membincangkan penggunaan tenaga yang optimum dalam proses pengacuan 

suntikan untuk memenuhi kecekapan tenaga dalam pengeluaran dan dapat mengoptimumkan 

penetapan parameter. Pengacuan suntikan adalah salah satu teknik yang digunakan dalam 

menghasilkan produk plastik dengan menyuntik bahan plastik lebur dengan haba ke dalam 

acuan dan kemudian menyejuk dan memejal. Ia adalah satu proses yang sangat kompleks 

kerana pelbagai parameter yang perlu dipertimbangkan. Pada masa ini, pengeluar industri 

plastik menggunakan tenaga elektrik yang tinggi untuk menghasilkan produk plastik. Ini 

seterusnya akan membebaskan gas karbon dioksida yang boleh memberi kesan buruk kepada 

alam sekitar. Dalam kajian ini, semua-elektrik mesin pengacuan suntikan digunakan kerana 

mesin ini terbukti menggunakan tenaga yang kurang berbanding dengan mesin hidraulik dan 

hibrid. Oleh itu, ini memberi kelebihan kepada pengeluar untuk mengurangkan penggunaan 

tenaga melalui proses pengoptimuman. Tetapan optimum daripada pembolehubah proses 

pengacuan suntikan memainkan peranan yang amat penting dalam mengurangkan 

penggunaan tenaga elektrik untuk menghasilkan produk. Pembolehubah yang terlibat untuk 

mengawal tetapan ialah memegang tekanan, tekanan suntikan, kelajuan suntikan, acuan 

terbuka kelajuan / rapat dan skru kelajuan putaran. Tambahan pula, kajian ini membentangkan 

satu cara mudah dan berkesan untuk mengoptimumkan tetapan parameter dalam proses 

pengacuan suntikan dengan menggunakan kaedah eksperimen Taguchi dan dan isyarat-

kepada-hingar. Dengan menggunakan kedua-dua kaedah ini, tetapan parameter yang optimum 

dapat dicapai. Dalam kajian ini, pelbagai ortogon (OA) dan isyarat-kepada-hingar (S / N) 

digunakan untuk menjalankan pengoptimuman pengacuan suntikan parameter. Hasilnya, 

pengoptimuman dalam pengacuan suntikan boleh membina proses tetapan parameter yang 

lebih baik yang bukan sahaja boleh mengurangkan penggunaan tenaga elektrik tetapi, menjadi 

lebih mantap dan juga meningkatkan kestabilan proses suntikan. Di samping itu, ini 

seterusnya akan menyumbang kepada proses pembuatan yang mampan dan mengurangkan 

pengeluaran karbon dioksida. 

 

Kata kunci: Suntikan mesin pengacuan, pengoptimuman, tetapan parameter, Taguchi 

Kaedah, pembuatan mampan 

  



 
vi 

 

ACKNOWLEDGEMENT 

 

 

I would like to thank Allah for His love and blessing that make me move forward to complete 

this dissertation.  

The dissertation could not have been accomplished without support, guidance and assistance 

from many individuals. First of all, this special gratitude goes to my supervisor, Dr. Mohd. 

Farizal Rajemi for his guidance, valuable suggestion, patience, commences encouragement 

and advice that he has given me to complete of this dissertation. I am deeply indebted for his 

time, passion, dedication, support and assist me to give the right path to write a dissertation, 

and that was the essential thing that I have learn from him.  

Next, the special thank you goes to the people that frequently give courage which is my 

beloved mother Cik Halimah @ Aklimah Yaacob. And also, my family members and fiancé 

always give me motivation and support to finish my dissertation. This study would not have 

been possible without support from my best friends Ana and Hani. I am grateful for these 

friends who have screamed, cried and laughed with me throughout this journey.  

Last but not least, also thanks to my colleagues and course mates that assist me through this 

research paper with their support, advice, and motivated me along this way.   



 
vii 

 

TABLE OF CONTENTS 

CERTIFICATION OF DISSERTATION ......................................................................... II 

PERMISSION TO USE..................................................................................................... III 

ABSTRACT ....................................................................................................................... IV 

ABSTRAK ........................................................................................................................... V 

ACKNOWLEDGEMENT ................................................................................................. VI 

TABLE OF CONTENTS ................................................................................................. VII 

LIST OF TABLES ............................................................................................................. IX 

LIST OF FIGURES ............................................................................................................. X 

LIST OF ABBREVIATIONS............................................................................................ XI 

CHAPTER ONE ...................................................................................................................1 

INTRODUCTION ................................................................................................................1 

1.1 Introduction to the Study ..........................................................................................1 

1.2 Background of the Problem ......................................................................................4 

1.3 Problem Statement ...................................................................................................8 

1.4 Research Objectives .................................................................................................9 

1.5 Research Questions ................................................................................................ 10 

1.6 Significance of the Study ........................................................................................ 10 

1.7 Scope of Study ....................................................................................................... 12 

1.8 Definition of Key Terms ......................................................................................... 13 

1.9 Organization of Remaining Chapters ...................................................................... 15 

CHAPTER TWO ................................................................................................................ 17 

LITERATURE REVIEW .................................................................................................. 17 

2.1 Introduction ............................................................................................................ 17 

2.2 Plastic Injection Molding Process ........................................................................... 17 

2.3 Definition and Conceptualization of Optimization Energy ...................................... 20 

2.4 Sustainable Manufacturing ..................................................................................... 22 

2.5 Research Model / Framework ................................................................................. 24 

2.6 Definition of Variables ........................................................................................... 26 

CHAPTER THREE ............................................................................................................ 29 

RESEARCH METHODOLOGY ....................................................................................... 29 

3.1 Introduction ............................................................................................................ 29 

3.2 Research Design ..................................................................................................... 29 



 
viii 

 

3.2.1 Identify Control Factors and Control Variables ................................................... 33 

3.2.2 Development Parameter Setting Orthogonal Array (OA) ..................................... 34 

3.2.3 Identify a Signal to Noise Ratio (S/ N) ................................................................ 37 

3.3. Data Collection Procedures .................................................................................... 39 

3.4 Data Analysis Techniques ...................................................................................... 42 

CHAPTER FOUR .............................................................................................................. 44 

ANALYSIS OF RESULT AND DISCUSSION ................................................................. 44 

4.1 Introduction ............................................................................................................ 44 

4.2 Distribution of Energy ............................................................................................ 44 

4.3 Energy Map ............................................................................................................ 49 

4.4 Optimization Parameter Setting .............................................................................. 54 

4.5 Discussion .............................................................................................................. 60 

CHAPTER FIVE ................................................................................................................ 63 

CONCLUSION ................................................................................................................... 63 

5.1 Introduction ............................................................................................................ 63 

5.2 Recapitulation of the Study ..................................................................................... 63 

5.3 Summary of Results ............................................................................................... 64 

5.4 Limitation of Study ................................................................................................ 66 

5.5 Suggestions for Future Research ............................................................................. 66 

5.6 Conclusion ............................................................................................................. 67 

REFERENCES ................................................................................................................... 68 

APPENDICES .................................................................................................................... 71 

Appendix A: Calculation Distribution of Energy .................................................................. 71 

Appendix B: Calculation Electrical Energy Map ................................................................... 72 

Appendix C: Calculation Optimization Parameter Setting ..................................................... 73 

 

  



 
ix 

 

LIST OF TABLES 

Table                                                                                                                                     Page                             

Table 3.1 Process Parameter Factors and Levels ................................................................... 36 

Table 3.2 Taguchi Orthogonal Array (OA) Matrix Table ...................................................... 36 

Table 3.3 Orthogonal Array L18 Smaller-the-Better .............................................................. 37 

Table 4.1 Injection Molding Parameter and Their Levels ...................................................... 55 

Table 4.2 Experimental Plan Using L18 Orthogonal Array ..................................................... 56 

Table 4.3 Experimental Results for Total Energy and S/N Ratio ........................................... 57 

Table 4.4 Response Table for Signal to Noise Ratio ............................................................. 58 

Table 4.5 Optimum Setting Table ......................................................................................... 59 

Table 4.6 Recommended Setting .......................................................................................... 60 

 



 
x 

 

LIST OF FIGURES 

Figure                                                                                                                                   Page 

Figure 1.1 Profile of the Plastic Products Industry by Manufacturing Process, 2009 ...............4 

Figure 1.2 Electricity Consumption in Malaysia by Sector (%), in the Year 2011 ...................5 

Figure 1.3 Electricity Consumption in Malaysia by Sector (%), in the Year 2012 ...................6 

Figure 1.4 Electricity Consumption in Malaysia by Sector (%), in the Year 2013 ...................6 

Figure 2.1 Complete Cycle of Injection Molding Process ..................................................... 18 

Figure 2.2 Model Nissei NEX 500 All Electric Injection Molding Machine .......................... 20 

Figure 2.3 Share of Energy Consumption in Representative Injection Molding Process ........ 21 

Figure 2.4 Theoretical Frameworks for Electrical Energy Consumption................................ 25 

Figure 3.1 Steps Applied for Taguchi Optimization Process ................................................. 32 

Figure 3.2 Control Factors and Control Variables in Injection Molding Parameter Setting .... 34 

Figure 3.3 Kyoritsu KEW 5020 Current Logger ................................................................... 41 

Figure 4.1 Amount of Current and Time in Injection Molding Processes .............................. 46 

Figure 4.2 Distribution of Electrical Energy Consumption in Injection Molding ................... 48 

Figure 4.3 The Injection Speed and Holding Pressure Parameter .......................................... 50 

Figure 4.4 Electrical Powers [kW] for Each Setting .............................................................. 51 

Figure 4.5 Electrical Energy Map for Each Setting ............................................................... 52 

Figure 4.6 Electrical Energy Usages for 1000 Shots .............................................................. 53 

Figure 4.7 Response Graph of S/N Ratio .............................................................................. 59 

  



 
xi 

 

LIST OF ABBREVIATIONS 

 

Abbreviations 

 

ANN   Artificial Neural Networks 

ABC   Artificial Bee Colony Algorithm 

CO2   Carbon Dioxide  

GDP    Gross Domestic Product  

GHG    Greenhouse Gas  

GWh   Gigawatt Hour 

IMM   Injection Molding Machine  

kWh   Kilowatt-hour 

MSD   Mean Square Deviation  

OA    Orthogonal Array 

ROI   Return of Investment   

S/N    Signal to Noise Ratio 

  



1 
 

CHAPTER ONE 

 

INTRODUCTION 

 

1.1 Introduction to the Study 

 

Electricity is the main source for daily life and now it is classified as primary human 

need. In Malaysia, 90% of electricity generation is divided into two sources in which 

60% is from gas and 30% from coal, while the rest of 10% is from hydro and oil 

(Bakar, 2011). Electricity is used in various sectors including domestic, industrial, 

enterprise, agriculture and education and so on. In this country, the electricity demand 

has recorded an increase of 6.1% per year (Consumer Research and Resource Centre, 

2012). The electrical energy is generated almost every day to meet the needs of users 

in daily life. Demand for electricity in Peninsular Malaysia in 2010 continued to 

increase over 2009 of 7.8% from 94.748 in 2009 to 102.139 GWh (Energy 

Commission Report Malaysia, 2010). The sources used to generate electricity are 

based on oil, gas and coal which cannot be renewed due to the shortage of these 

resources.  

Electricity is the most important element in an operating system of a residential 

or commercial building. Some of the systems within a building include lighting 

system, air conditioning system, motor equipment systems, communication systems, 

production systems and etc. The absence of electricity causes the system to stop its 

work as well as affect the activity of users in various sectors to do their work 

effectively.  
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