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ABSTRACT 

In high voltage (HV) applications, thermoplastic polymers are preferred to be 

used as insulators especially in cable technology. Polyethylene (PE) and 

polypropylene (PP) have been widely used due to their advantages of having good 

mechanical strength, thermal properties and electrical properties. However, there are 

weaknesses for each type of polymer (either PE or PP) that can be improved. 

Degradations and failures of insulators may cause a big impact to high voltage 

equipment when flashover occurred, thus damaging the equipment. The use of 

polymer blends may compensate the weaknesses of each polymer. In this paper, 

thermoplastic polymer blends composed of high density polyethylene (HDPE) and 

polypropylene (PP) homopolymer were formulated through melt blending method.  

The breakdown properties of the polymer blends with different compositions were 

investigated and analysed. Five samples of polymers composed of 100% HDPE, 80% 

HDPE and 20% PP, 50% HDPE and 50% PP, 20% HDPE and 80% PP, and 100% PP 

were chosen for investigation purposes. The breakdown results obtained were analysed 

using Weibull software. The results showed that thermoplastic blends revealed good 

breakdown performance. These improvements can be transformed into favourable 

choices and cost effective solutions in electrical power systems. 
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ABSTRAK 

Dalam aplikasi voltan tinggi (HV), polimer lebih disukai untuk digunakan 

sebagai penebat terutamanya dalam teknologi kabel. Polietilena (PE) dan 

polipropilena (PP) telah digunakan secara meluas kerana kelebihannya mempunyai 

kekuatan mekanikal, sifat terma dan sifat elektrik yang baik. Walau bagaimanapun, 

terdapat kelemahan untuk setiap jenis polimer (sama ada PE atau PP) yang perlu diberi 

perhatian. Degradasi dan kegagalan penebat boleh menyebabkan kesan besar terhadap 

peralatan voltan tinggi apabila sambaran voltan berlaku, sekali gus merosakkan 

peralatan. Penggunaan campuran polimer boleh mengimbangi kelemahan setiap 

polimer. Di dalam projek ini, campuran polimer termoplastik yang terdiri daripada 

homopolimer polietilena ketumpatan tinggi (HDPE) dan polipropilena (PP) telah 

diformulasikan melalui kaedah campuran pencairan. Sifat pecah tebat campuran 

polimer dengan komposisi yang berbeza telah disiasat dan dianalisis. Lima sampel 

polimer terdiri daripada 100% HDPE, 80% HDPE dan 20% PP, 50% HDPE dan 50% 

PP, 20% HDPE dan 80% PP, dan 100% PP telah dipilih untuk tujuan penyiasatan. 

Hasil kajian pecah tebat yang diperoleh dianalisis menggunakan perisian Weibull. 

Hasil tersebut menunjukkan bahawa campuran termoplastik menghasilkan kekuatan 

pecah tebat yang baik. Penambahbaikan ini boleh diubah menjadi pilihan yang baik 

dan memberikan kos efektif dalam sistem kuasa elektrik. 

  



vii 

TABLE OF CONTENTS 

 TITLE PAGE 

 

DECLARATION ii 

DEDICATION iii 

ACKNOWLEDGEMENT iv 

ABSTRACT v 

ABSTRAK vi 

TABLE OF CONTENTS vii 

LIST OF TABLES ix 

LIST OF FIGURES xi 

LIST OF ABBREVIATIONS xiii 

LIST OF SYMBOLS xv 

LIST OF APPENDICES xvi 

CHAPTER 1 INTRODUCTION 1 

1.1 Problem Background 1 

1.2 Problem Statement 3 

1.3 Research Goal 4 

1.3.1 Research Objectives 4 

1.4 Research Scopes 4 

1.5 Contributions 5 

1.6 Project Timeline 6 

CHAPTER 2 LITERATURE REVIEW 7 

2.1 Introduction 7 

2.2 Polyethylene 11 

2.3 Polypropylene 13 



viii 

2.4 Breakdown in solid insulator 14 

2.5 Overview of Weibull Analysis 16 

2.6 Direction for further research 18 

CHAPTER 3 RESEARCH METHODOLOGY 20 

3.1 Introduction of Research Design 20 

3.1.1 Proposed Method 22 

3.1.1.1 Fabrication process of High Density 

Polyethylene and Polypropylene 

Blends Sample 22 

3.1.1.2 Experimental Implementation 24 

3.1.1.3 Weibull Statistic Analysis 26 

CHAPTER 4 RESULTS AND DISCUSSION 28 

4.1 Fabrication Process Result 28 

4.2 The Result of HVAC Breakdown Strength 31 

4.3 The Result of HVDC Breakdown Strength 35 

4.4 The Result of Weibull Statistic Analysis for HVAC and 

HVDC Breakdown Strength 38 

4.5 Comparison of HVAC and HVDC Breakdown 

Strength Result 42 

CHAPTER 5 CONCLUSIONS AND RECOMMENDATIONS 44 

5.1 Research Outcomes 44 

5.2 Future Works 45 

REFERENCES  46 

APPENDICES A- B               50-51 



ix 

LIST OF TABLES 

TABLE NO. TITLE PAGE 

Table 2.1 Properties of several thermoplastic polymers 10 

Table 3.1 The various composition for five samples of polymer 

blends 

23 

Table 4.1 The result of HVAC breakdown strength for 

composition of 100% HDPE 

33 

Table 4.2 The result of HVAC breakdown strength for 

composition of 80% HDPE and 20% PP 

34 

Table 4.3 The result of HVAC breakdown strength for 

composition of 50% HDPE and 50% PP 

34 

Table 4.4 The result of HVAC breakdown strength for 

composition of 20% HDPE and 80% PP 

34 

Table 4.5 The result of HVAC breakdown strength for 

composition of 100% PP 

35 

Table 4.6 The result of HVDC breakdown strength for 

composition of 100% HDPE 

36 

Table 4.7 The result of HVDC breakdown strength for 

composition of 80% HDPE and 20% PP 

36 

Table 4.8 The result of HVDC breakdown strength for 

composition of 50% HDPE and 50% PP 

37 

Table 4.9 The result of HVDC breakdown strength for 

composition of 20% HDPE and 80% PP 

37 

Table 4.10 The result of HVDC breakdown strength for 

composition of 100% PP 

38 

Table 4.11 The two parameter of Weibull distribution of HVAC 

breakdown strength test 

40 

   

 

 

  



x 

Table 4.12 The two parameter of Weibull distribution of HVDC 

breakdown strength test 

41 

Table 4.13 Comparison of HVAC and HVDC breakdown strength 42 

  



xi 

LIST OF FIGURES 

FIGURE NO. TITLE PAGE 

Figure 1.1 The planned schedule of project 1 and 2 6 

Figure 2.1 The long chains chemical structure of Polyethylene 11 

Figure 2.2 Branch structure of Low Density Polyethylene 12 

Figure 2.3 Branch structure of High Density Polyethylene 12 

Figure 2.4 Polypropylene chain 13 

Figure 2.5 The development of insulator materials with high 

electric strength 

15 

Figure 2.6 Complete generation of trees structure 16 

Figure 2.7 The Weibull data plot 17 

Figure 3.1 The flow chart of the project implementation 21 

Figure 3.2 

 

Three main approaches for research methodology of 

this project 

22 

Figure 3.3 Internal melt mixer 23 

Figure 3.4 Hot pressed machine and digital weight scale 24 

Figure 3.5 Linear relationship in the Cartesian Coordinate 27 

Figure 4.1 Composition of 100% HDPE 29 

Figure 4.2 Composition of 80% HDPE and 20% PP 29 

Figure 4.3 Composition of 50% HDPE and 50% PP 29 

Figure 4.4 Composition of 20% HDPE and 80% PP 30 

Figure 4.5 Composition of  100% PP 30 

Figure 4.6 Thin film specimen of polymer blends using hot 

pressed machine 

31 

Figure 4.7 Thickness measurement using digital micrometer 31 

 

 

  



xii 

Figure 4.8 HVAC and HVDC test set up 32 

Figure 4.9 The Weibull distribution analysis of HVAC 

breakdown strength test 

39 

Figure 4.10  The Weibull distribution analysis of HVDC 

breakdown strength test 

41 

Figure 4.11 The comparison between HVAC and HVDC 

breakdown strength 

43 

  

  



xiii 

LIST OF ABBREVIATIONS 

AC - Alternating current 

ASTM - American Society for Testing and Materials 

CDF - Cumulative Distribution Function 

DC - Direct current 

DMI - Digital Measuring Instrument 

EPR - Ethylene propylene rubber 

FMEA - Failure mode and effect analysis 

FRACAS 

FTA 

- 

- 

Failure reporting and analysis  

Fault Tree Analysis 

HDPE - High Density Polyethylene 

HVAC - High voltage alternating current 

HVDC - High voltage direct current 

IVAT - High Voltage High Current 

LDPE - Low Density Polyethylene 

MgO - Magnesium oxide 

MLE - Maximum Likelihood Estimation 

MTTF - Mean time to failure 

NR - Natural rubber 

OT - Operating terminal 

PCTFE - Polychlorotrifluoroethylene 

PE - Polyethylene 

POE - Polyolefin elastomer 

PP - Polypropylene 

PS - Polystyrene 

PTFE - Polytetrafluoroethylene 

PVC - Polyvinyl chloride 

SEBS - Styrene Ethylene Butylene Styrene 

s-PP - Syndiotactic polypropylene 

SR - Silicone rubber 

   



xiv 

TPU - Thermoplastic polyurethanes 

UV - Ultraviolet 

XLPE - Cross-linked Polyethylene 

  



xv 

LIST OF SYMBOLS 

d - thickness 

E - Breakdown strength 

C2H6 - Ethane gas 

g - gram 

Hz - Hertz 

kV - kilovolt 

mm - millimetre 

V - Volt 

wt - weight 

% - Percentage 

oC - Celsius 

°F - Fahrenheit 

𝛼 - Scale parameter 

𝛽 - Shape parameter 

𝜂 - Characteristic life 

   

   

   

   

   

   

   

   

   

   

   

  



xvi 

LIST OF APPENDICES 

APPENDIX TITLE PAGE 

Appendix A Research Paper Thread Diagram 50 

Appendix B Typical Electrodes for Dielectric Strength Testing of 

Various Types of Insulating Materials 

51 

   

   

 

 

  

 



 

1 

CHAPTER 1  

 

 

INTRODUCTION 

1.1 Problem Background 

The technology of insulation in electrical power systems has evolved 

drastically. The main purpose of an insulator in an electrical power system is to prevent 

the flow of electric current between two points of different potential and to hold the 

conductor or busbar at a certain distance from ground. The degradation and failure of 

solid insulating materials is the most common cause of problems in electrical 

equipment, which may then result in short circuit, arcing and up to the extent of 

flashover. This unwanted event is something that many industries wish would never 

occur. However, an insulator is never perfect and will somehow fail at some point of 

usage.  

 

 

The application of many types of insulator in high voltage systems become 

important and many researchers have been exploring the enhancement of insulator’s 

materials and blending techniques to increase the equipment’s reliability. Therefore, 

polymers have emerged as the best of materials to meet the demand request as one of 

the power level increased [1]. Crosslinked Polyethylene (XLPE) has been widely used 

at the highest voltage of AC and DC power system up to 525kV [3]. However, XLPE 

cannot be recycled and may cause pollution to the environment during its aging end of 

life [4]. 

 

 

The similarity between all insulator technology study is the focus on the 

materials used for specific conditions and applications. The types and rates of insulator 

failures are depending on many contributing factors such as electrical, mechanical and 

environmental condition. The word “failure” signifies the unexpected or unwanted 
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behaviour which lead to malfunctioning of equipment within the design life period and 

business upset.  

 

 

In particular, the studies have been done to get a good breakdown strength with 

various type of insulator polymer materials such as Polyethylene (PE), Polypropylene 

(PP), Low Density Polyethylene (LDPE), Low Density Polyethylene (LDPE) and 

Polypropylene (PP) blends, Low Density Polyethylene (LDPE) and High Density 

Polyethylene (HDPE) blends. It is also considered various blending techniques in 

relation to the influence of additives or metallic load incorporation, various 

temperature conditions and testing methods.  

 

 

Through polymerization process of ethylene gas, a long chain polymer can be 

manufactured called Polyethylene (PE). Nowadays, thermoplastic PE was popular 

when it was compared with other material such as paper insulated materials because 

of low cost, good electrical properties and low temperature flexibility. HDPE is 

considered as one of the best polymers for dielectric applications. However, there are 

disadvantages of PE on its practical temperature limit of 70 °C [5]. 

 

 

Polypropylene (PP) has been proposed as an alternative material for HVDC 

cable insulators due to its high melting point and eco-friendly property, better than PE. 

The mechanical and electrical properties of PP can be further improved at low 

temperature condition by introducing polyolefin elastomer (POE) and MgO 

nanoparticles to PP [6].  

 

 

There are many advantages and disadvantages of each material as insulators. 

The selection of an insulating material is very important to determine the integrity and 

lifespan of the insulator so as to achieve reliable and economic operation of a system. 

Many types of high voltage insulators have been used, such as inorganic (ceramic and 

glasses) or organic material such as Polyvinyl Chloride (PVC), Polyethylene (PE), 

Cross-linked Polyethylene (XLPE), Ethylene Propylene Rubber (EPR), Natural 
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Rubble (NR), Silicon Rubber (SR) and etc. Therefore, in this study, the breakdown 

strength for polymer blends insulator with different compositions of HDPE and PP 

was investigated.  

 

 

 

 

1.2 Problem Statement 

XLPE insulator has been widely used as a cable insulator of choice for many 

years. This material has many desirable characteristics but its thermomechanical 

properties have consequences for both continuous and emergency cable ratings. Many 

researchers made XLPE as a reference and benchmarking for better improvement in 

insulator technology.  

 

 

In 2004, synthesized with homogeneous metallocene catalyst developed called 

stereoregular syndiotactic Polypropylene (s-PP), blend system based upon High 

Density Polyethylene (HDPE) and Low Density Polyethylene (LDPE) [7]. Then 

research followed by compositional optimization of a propylene 

homopolymer/propylene-ethylene polymer blends in 2015 compared to Cross-linked 

Polyethylene (XLPE) breakdown strength [8]. In 2016, thermoplastic blend materials 

such as High Density Polyethylene (HDPE) and Low Density Polyethylene (LDPE) 

blends, Polypropylene (PP) blends can reveal better thermal and electrical 

performance with respect to XLPE that has significant impact with continuous 

operating temperature of 90oC [3]. The space charge injection and accumulation which 

can cause the breakdown and aging of materials are the main problem in development 

of HVDC cable although PP is known has a better prospect compared than XLPE [9]. 

Then, in 2017, the modified nanocomposite with addition of MgO effectively 

suppressed the space charge accumulation compared to PP/SEBS blends and improved 

the breakdown strength [10]. 
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Although lots of work were done on the use of PP as good alternative to XLPE, 

little work was done on the breakdown strength of PP when blended with PE. Different 

compositions of PP/PE blends may result in different breakdown properties, but this 

is less explored as far as the author was aware. 

 

 

 

 

1.3 Research Goal 

1.3.1 Research Objectives 

The objectives of the research are: 

(a) To formulate thermoplastic polymer blends composed of Polyethylene and 

Polypropylene. 

(b) To investigate the breakdown properties of Polyethylene and Polypropylene 

blends. 

(c) To analyse the breakdown strength of Polyethylene and Polypropylene blends. 

 

 

 

1.4 Research Scopes 

Polyethylene (PE) and Polypropylene (PP) have been widely used due to its 

advantages either good mechanical strength, thermal properties or electrical properties. 

However, there are weaknesses for each homopolymer that need to be compensated. 

Polymer blending may compensate the weakness of each polymer to become a good 

insulator material. See in Appendix A for the thread block diagram of previous 

research paper on breakdown strength. In this paper, combinations Polyethylene and 
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polypropylene with different compositions were used to investigate the breakdown 

strength of polymer blends. 

 

 

This research focused on the breakdown properties of Polyethylene (PE) and 

polypropylene (PP) blends. The Polyethylene used was High Density Polyethylene 

(HDPE) while the polypropylene used was polypropylene homopolymer. Five types 

of polymer blends composed of 100% HDPE, 80% HDPE and 20% PP, 50% HDPE 

and 50% PP, 20% HDPE and 80% PP, and 100% PP were chosen for investigation 

purposes. The experimental setup based on HVAC and HVDC testing was carried out 

to observe and record the breakdown properties of each samples. The distribution of 

dielectric strength will be plotted and analysed using Weibull distribution analysis. 

 

 

 

 

1.5 Contributions 

The work gave the following contributions: 

 

(a) Determination of the blending composition percentage between HDPE and PP 

through melt blending process. 

(b) Improved understanding of the breakdown strength of polymer blends with 

different compositions of HDPE and PP.  

(c) Evaluation of dielectric strength distribution using Weibull software. 
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1.6 Project Timeline 

Figure 1.1 shows the project timeline for the project 1 and 2: 

 

 

Figure 1.1 The planned schedule of project 1 and 2  
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