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ABSTRAK 

 

 

Mesin suntikan plastik acuan telah digunakan secara meluas dalam industri kerana ia 

memproses secara automatik dengan kadar penghasilan yang tinggi.  Walau 

bagaimana pun, mesin ini masih terdapat kekurangan di mana pemilihan pada 

rekabentuk acuan memberi kesan pada hasil produk. Proses parameters turut 

memberi impak sebagai yang utama dalam mengawal penghasilan produk. Oleh yang 

demikian, penyiasatan terhadap optimum parameter dijalankan menggunakan 

perisian Autodesk Moldflow Insight. Objektif utama kajian ini adalah bertujuan untuk 

mengenalpasti gabungan parameter yang terbaik iaitu suhu acuan, suhu lebur, masa 

suntikan, dan masa penyejukan. Yang keduanya adalah untuk memeriksa tindakbalas 

terhadap produk iaitu isipadu kecutan, sisa tegangan, defleksi, dan masa mengisikan. 

Selain itu, kajian ini juga untuk optimumkan tindakbalas terhadap produk dengan 

menggunakan kaedah Taguchi dan ANOVA.  Kajian ini diuji menggunakan empat 

model acuan iaitu ujian kekuatan tegangan, ujian  hentaman, ujian kekuatan lentur 

dan ujian kekerasan. Model ini terlebih dahulu direkabentuk menggunakan perisian 

CATIA kemudiannya dipindah masuk ke dalam perisian Autodesk Moldflow. Kaedah 

Taguchi diguna pakai untuk mendapatkan sembilan kali ulangan ujian dengan tiga 

aras dan empat faktor, kemudiannya tindakbalas terendah terhadap produk dikenal 

pasti. Peratusan terendah bagi isipadu kecutan adalah pada ujian pertama, bagi sisa 

tegangan adalah pada ujian ketiga, manakala untuk defleksi pada ujian keenam dan 

masa mengisikan pada ujian pertama. Dapatan daripada keputusan S/N analisis, 

optimum tindakbalas terhadap produk ditentukan, iaitu untuk isipadu kecutan pada 

7.67867%, sisa tegangan pada 27.4133MPa, manakala defleksi adalah 0.917567mm 

dan masa mengisikan pada 0.278233 saat. Kemudian ANOVA analisis telah 

dijalankan dan mendapati bahwa suhu lebur memainkan peranan yang penting dalam 

mengawal tindakbalas terhadap produk. 



ii 

 

 

ABSTRACT 

 

 

Injection moulding process have been widely used in industry as it is an automated 

process with high speed production of plastic parts. However, there is limitation of 

injection moulding process where selection of mould design may affected on output 

parts. Also, the input parameters of the process acted as the main characters in 

controlling the output response of the product. Hence, the investigation towards 

optimisation of injection moulding parameters is done by using Autodesk Moldflow 

Insight software. The objective of this study is to determine suitable input parameters 

of injection moulding process including the mould temperature, melt temperature, 

injection time and also cooling time. Second is to examine on output response of the 

process focusing on volumetric shrinkage, in-cavity residual stress, deflection and fill 

time on the final parts. Last purposes of this study is to optimize the output response 

by using Taguchi method and Analysis on Variance (ANOVA). The family mould 

model are tested which tensile test, impact test, flexural test and hardness test. These 

models were prepared by CATIA software before transferred into Autodesk 

Moldflow software. Taguchi method are used to get the total of nine runs with three 

levels and four factors. By using Taguchi method, the lowest output response for 

each response are defined along with the best combination of parameters. The lowest 

percentage for volumetric shrinkage is at run 1, while for in-cavity residual stress at 

run 3, whereas for deflection is run 6 and lowest fill time is at run 1. From S/N 

analysis, optimization value are determined where volumetric shrinkage at 

7.67867%, in-cavity residual stress at 27.4133MPa, deflection at 0.917567mm and 

fill time is 0.278233 second. Then by via ANOVA, resolved that melt temperature is 

the significant input parameter for injection moulding process.   
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This chapter explains about the background of the final year project. It also 

discusses the problem statement of the project, objective to achieve, scope of 

study and an organization of final project report.  

1.1 Background  

Long time ago, there are numerous types of plastic materials have been invented 

from time to time as they become one of most demanded material in industries field 

including clothing, agriculture, constructions, electronic, furniture, packaging, 

transportation and etc. It is known that plastic materials can be classified into two 

groups which are thermoplastic and thermosetting where each class of plastics has 

their own characteristics that beneficial in any product making.  

 

In making any product or parts that are made from plastic materials, various 

processes can be performed to produce plastic parts such as injection process, blow 

moulding process, extrusion process, compression process and also transfer process. 

The most commonly thermoplastic materials used for injection moulding process is 

polypropylene (Kazmer, 2007). Polypropylene is found to be useful for any 

application that involves corrosion resistance, abrasion resistance, high impact 

strength and good surface hardness. As polypropylene not only reduce the actual cost 

of product making from previous material used basically were made up from metal 

but also give a benefits in life span of products. Usually polypropylene is widely 
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used for any tanks, vessels or any type of storage containers as it resistant to varieties 

liquid such as acid and alkali. It also can withstand solution temperature up to 200 

o
C.   

 

Undoubtedly, injection moulding is the most fantastic process as it is an automated 

process with high speed of production. Injection moulding process is capable in 

producing products from plastic material where the molten polymer is injected at 

high pressure into a designed mould. Before any parts can be moulded a suitable 

injection mould must be well designed and manufactured (Malloy, 2011). Injection 

moulding specialty as it is economically making extremely complex parts to tight 

tolerances. 

 

In order to fulfil requirements and demands of the parts, mould must be perfectly 

designed to produce the highest quality of parts while minimal the cost of production 

(Malloy, 2011). Plastic injection mould is the most complex system that must meet 

demands imposed by the injection moulding machine process. The main function of 

mould is to fill up the polymer melt within the mould cavity so that it can be 

completely filled to form a perfect replicate shape from a mould cavity. Mould also 

function as heat absorber. It is very effective in transferring heat from hot melt 

polymer to the cooler mould.   

 

It is very important to get a high quality of final product as product is perfect without 

any defects such as weld line, warpage deflection, sink mark and accurate dimension. 

However, it is very impossible to get such a perfect final product without undergo 

any experimental on production of product. By run an experimental method can be 

costly as test is run time to time based on output responses and changeable input 

parameters. Therefore, these problems can be overcome by doing a simulation on 

injection moulding process in producing of plastic product. Varieties software are 

used for injection moulding simulation that includes Autodesk Moldflow, 

Modlex3D, and Sigmasoft (Kunal H.Kate, 2015). In this project Autodesk Moldflow 

software is used as it capable in analysing the output responses of final product based 

on input parameters.  
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1.2 Problem Statement  

Injection moulding process is the most widely used manufacturing process for the 

production of plastic part. Unfortunately, designing injection moulded part can be 

extremely difficult as it need to cover the complexities of part geometry and also 

process. There are some ways to meet the requirement of parts is by determine the 

type of mould plate to use on the manufacturing of product which is between two-

plate or three-plate mould design. It is because different plate design used may cause 

different effects on output responses on the final product. There is the consideration 

on output responses for injection moulding process such as shrinkage, warpage 

deflection, residual stress and also fill time on plastic product. The output responses 

are important as it determine the performance of final plastic product.  

As known two plate mould design is commonly used in plastic making, the 

experimental study is focus on optimisation of injection moulding parameters of 

three plate mould design. In order to determine the best output responses on plastic 

products by using three plate mould design, the simulation process of three-plate 

mould is done by using Moldflow software. By using Moldflow software the best 

and suitable input parameter involved such as melting temperature, mould 

temperature, cooling time and injection time can be determined.  These problems can 

be resolved by optimize the design of injection mould or plastic parts for better 

output. 

1.3 Objective  

The main purpose of this project is to determine the best flow analysis such as 

shrinkage, warpage deflection, residual stress and filling time of three-plate family 

injection mould.  

 

Three sub-objectives are performed to achieve this main objective: 
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i- To find the suitable input parameters of injection moulding such as melt 

temperature, mould temperature, cooling time and injection time for 

analysing of three plate family mould. 

ii- To investigate the output responses of flow analysis such as shrinkage, 

warpage deflection, residual stress and fill time of three-plate family injection 

mould. 

iii- To optimize output responses on the simulation of product by using Taguchi 

method and analysis of variance (ANOVA). 

 

 

1.4 Scope of Study 

 

In this case study, the main focused is to simulate of injection mould design of three-

plate mould. These two types of mould design are analyzed by using Moldflow 

software. Moldflow software is used to run a simulation on these three mould 

designs without any fabrication or any experimental handy work.  Before the 

simulation starting, the three dimensional product plastic drawing is drawn by using 

CATIA software then the drawing is exported to Moldflow software to run a 

simulation. In order to analyze the result of this study Minitab software is used by 

implementing Taguchi Method and ANOVA. Taguchi Method is responsible to 

design the experimental matrix and to find out significant parameters on the output 

response includes shrinkage, warpage deflection, residual stress and filling time 

while ANOVA is to optimize the output responses 

 

 

1.5 Organization of Final Project 

 

The remainder of this project is compilation of five chapters which are Chapter 1 for 

introduction; Chapter 2 for literature review and Chapter 3 for methodology.  

Chapter 1 is about the background of injection moulding process includes plastic 

material Polypropylene, problem statement, objective and scope of project. Next is 

Chapter 2, the literature review section where it discusses about finding related to the 

case of study based on previous research. While in Chapter 3 is about how the 
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project is handle includes details on working procedure and process in performing 

the project. It also discuss on methods and approaches used in order to gain output of 

study. The next chapter, chapter 4 consists of results and discussion of the study. It 

discuss on every signify results of simulation for each response. The last chapter is 

chapter 5 is the overall conclusion for the study. The recommendation for future 

work and sustainable development were attached together. 
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This chapter consists of theory about processing of plastic including injection 

machine operation. Studied focus on five main aspects which are plastic 

materials, injection moulding machine, mould design, and visible defects on 

plastic parts. 

2.1  Plastic Material 

By referring to Malloy (2011), plastics or in the scientific terms called plastomers is 

refer to the group of polymer which is have a combination of various additives that 

lead to form a material constructions. It made up from various natural and common 

materials such as natural gas, petroleum fuels, plant materials, water and air. Plastics 

are one of the important engineering materials for many reasons. Specialty of plastics 

is they have a wide range of properties as they can be design and modify into 

different formula to meet desired purposes and needs. Also in the most cases they are 

cost effectiveness. The physical strength of plastic is depending on their molecular 

weight which it can be classify plastics materials into two classes whether 

thermoplastics or thermosetting. 

2.1.1 Thermoplastics  

Based on case study, focus it set on thermoplastics material since the project is using 

Polypropylene plastic material. Generally, thermoplastic is the most common plastics 

LITERATURE REVIEW 

CHAPTER 2 
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material used in the injection moulding process. It can be repeatedly softened by 

heating process then solidified by undergo cooling process. Moreover, theory stated 

by Chana (2013) said there only physical changes happen in thermoplastic 

processing. Thus, it can be categorized into recyclable materials. The applications of 

thermoplastic materials are widely used in manufacturing of house appliances, 

luggage, tool handles, and automotive components. Thermoplastic materials are 

Polyethylene, Polyvinylchloride (PVC), Polystyrene and Acrylonitrile Butadiene 

Styrene (ABS). 

 

2.1.2 Thermosets  

 

Kalpakjian (2008) has stated that behaviour and properties of thermoset is different 

from thermoplastic materials as the structure formed is strong covalent bonds. That is 

the reasons why shape of thermoset material is permanently set. Differ from 

thermoplastic materials, thermoset are naturally strong and hard plastic materials. It 

will not affect their shape and geometry of structure when exposed to heat sources or 

undergo any rate of deformation. Thermoset is unrecyclable plastic materials. Mostly 

applications that used thermoset plastic materials as a handle and knob on cooking 

pots and pans also widely used in electrical components such as lights switches. 

Example for thermoset plastic material is epoxy and polyester. 

 

 

2.2 Polypropylene 

 

Polypropylene first produced commercially in 1958, and until now it has been 

produced in very large quantity that approximate 30 million tons per year.  The 

production of polypropylene also increase nearly 10% for every year. Demand on 

according to Diop (2015), polypropylene has outstanding properties as it has a good 

resistance towards chemical and mechanical properties. Also it can resist most of 

chemical solvents, or any aqueous solutions including oils. Which, it is leads to 

formation of linear PP. However, in pure form Polypropylene it has a low melting 
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strength also do not throughout strain hardening.  The advanced method has been 

examined for producing Polypropylene that have a high melting strength; most 

frequently deliberate is by integration of long chain branches. 

2.3 Injection Moulding  

Due to high demand of plastic products, surely industries need to find the best 

method or process to produce a perfect plastic product in an escalated time. Injection 

moulding is one of the processing methods used in production line of plastic 

materials as it compatible with various raw materials such as glasses, metals, 

elastomers and most common is thermoplastic and thermosetting plastic. Moreover, 

injection moulding process also capable in producing a high quality product with 

closed tolerances and complex geometry. Based on Kazmer (2007), an operating of 

injection moulding machine also known as net shaped manufacturing process as it 

melt the resin then force it into an shaped mould cavity by using highly pressure 

injection then undergo cooling process to solidified in order to get desired product. 

 

Faziur Rehaman (2015) has stated that injection moulding process requires the use of 

an injection moulding machine, raw plastic material, and a mould. The plastic is 

melted in the injection moulding machine and then injected into the mould, where it 

cools and solidifies into the final part. 

 

2.3.1   Cycle Process of Injection Moulding Machine 

Cycle of injection machine operation starts with the retraction of the ejector plate 

then the mould is closed.  The injection section melts the polymer resin and injects 

the molten polymer into the mould. Faziur Raheman (2014) indicates that, the 

injection moulding machine uses a hydraulically operated plunger to force the plastic 

through a heated region. The melt converges at a nozzle and is injected into the 

mould. 
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Kazmer (2007) has proved that, injection moulding process is generally set up by 

process flow which is includes plastication, injection, packing, and cooling process. 

First stage is plastication; during this stage molten polymer is plasticized from any 

solid form of pellets or granules which are fed hopper go down into heating chamber. 

Then, the material is heating up into molten state by heating up the barrel using heat 

conduction generated by the barrel heater. Next is injection stage where the molten 

polymer is forced out by plunger or screw to filling up the mould cavity. The molten 

polymer is injected down from barrel then travels through a feed system, went 

through gates and runner to fill up the closed mould cavity.   

 

After the mould cavity is filled up, next is packing stage where it provides the molten 

polymer to cool down and contracts towards wall of mould cavity. Last stage is 

cooling stage, where the polymer is in rigid shaped and ready for injection step. 

Then, the moulded part is safely removed from mould cavity by injecting it out. 

Figure 2.1 below is schematic diagram for injection moulding machine processing a 

plastic material (Kazmer, 2007).  

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2.1: Schematic of injection moulding process (Kazmer, 2007) 
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2.4 Mould 

The essential part of producing an accurate and high quality of final part in injection 

moulding process is depending on type of mould used. It is important for designer to 

recognize the properties of the mould parts which will be determining on what type 

of plate design to be used in the process. Each of family mould is custom-made as 

they are newly made to meet needed on different design (Chana, 2013). Geometry 

and tolerances of product given is the main factor which has a great influence in 

deciding on the type of mould to be used.   

 

Mould is generally made up from wear resistance materials such as tool steels, 

stainless and also aluminium. It is because injection moulding process is mass 

production as the mould will be use repeatedly. This type of material also equipped 

with any narrow geometry design on part where they are more prone to wear, 

damage, and undergo deformation during the process.  

There are two type of mould design which is two-plate mould and three-plate mould. 

Both design give out different responses towards the production and also give a great 

influence towards input parameters. 

2.4.1   Three Plate Mould 

Three-plate mould design is upgrade design from two-plate design. There are three 

mould sections which move relative to each other (Kazmer, 2007). Each section can 

consist of more than one plates. Three-plate mould design is more versatile with 

placement of gate whether on top or bottom part at any point of surface.  

 

Figure 2.2 below shows a cross sectional view of three plate mould design (Kazmer, 

2007). 


