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ABSTRACT 

 

 

 

 Design and development of the automated sorting system in manufacturing 

industries for plastic recycling was done by conducting research on the method of 

identification plastic types and sorting mechanism. Plastic that usually used can be 

categorized into seven types. There are two main types of sorting system which are 

marcosorting and microsorting. Research methodology for this project also has been 

explained. Methods used to perform research are archival collection including online 

and library research. Besides, methods to design and analysis the proposed design by 

using CATIA software also stated. In order to achieve the objectives of the project, the 

studies and research on the existing designs of the automated sorting system for plastic 

recycling were done. The advantages and disadvantages of each existing design were 

reviewed and the data will be used for development of a new design. The design process 

is started by concept generation and selection. The conceptual designs produced are 

selected by using concept screening. Concept design selected then been continued for 

development of detail design by using CATIA software. The detail design is analysis is 

Generative Structural Analysis workbench in CATIA to find the Von Mises stress and 

determine the factor of safety. The proposed design has saved about 92 percent of space 

usage compare to the existing design. The proposed design is compared to the existing 

design to find out the advantages and disadvantaged of the proposed design. Design 

optimization also been explained in the discussion section.  
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ABSTRAK 

 

 

 

 Rekabentuk dan pembangunan sistem pengisihan secara automatik dalam 

industri pembuatan untuk kitar semula plastik telah dilakukan dengan menjalankan 

kajian ke atas kaedah-kaedah pengenalpastian jenis-jenis plastik dan mekanisme 

pengisihan. Plastik yang biasa digunakan boleh dikategorikan kepada tujuh jenis. 

Terdapat dua jenis sistem pengisihan iaitu macrosorting dan microsorting. Kaedah 

kajian untuk menjalankan projek ini turut diterangkan. Kaedah-kaedah untuk 

menjalankan kajian ialah pencarian arkib.Selain itu, kaedah merekabentuk dan 

menganalisis rekabentuk yang dicadangkan menggunakan perisian lukisan berbantu 

komputer dan perisian kejuruteraan berbantu komputer turut dinyatakan. Untuk 

mencapai objektif projek, kajian dan penyelidikan telah dijalankan ke atas rekabentuk 

sistem pengisihan secara automatik yang sedia ada. Kelebihan dan kekurangan bagi 

setiap rekabentuk sedia ada akan dinilai dan data yang diperolehi akan digunakan untuk 

pembangunan rekabentuk yang baru. Proses rekabentuk bermula dengan menjana 

rekabentuk konsep diikuti dengan pemilihan rekabentuk konsep. Rekabentuk yang 

dipilih kemudian akan diteruskan kepada rekabentuk terperinci dengan menggunakan 

perisian CATIA. Analisis dijalankan ke atas rekabentuk terperinci tersebut untuk 

mendapatkan tekanan Von Mises dan faktor keselamatan. Rekabentuk yang dicadangkan 

telah menjimatkan sebanyak 92 peratus penggunaan ruang dibandingkan dengan 

rekabentuk asal. Rekabentuk yang dicadangkan akan dibandingkan dengan  rekabentuk 

sedia ada untuk mengetahui kelebihan dan kekurangan kepada rekabentuk yang 

dicadangkan. Optimasi rekabentuk juga akan diterangkan di bahagian perbincangan. 

 



vii 
 

               

 

 

TABLE OF CONTENTS 

 

 

 

CHAPTER TITLE 

   

  CONFESSION 

  DEDICATION 

ACKNOWLEDGEMENT 

  ABSTRACT 

  ABSTRAK 

  TABLE OF CONTENT 

  LIST OF TABLES 

  LIST OF FIGURES 

  LIST OF SYMBOLS  

  LIST OF APPENDIX 

  

 

 

CHAP. I INTRODUCTION 

1.1 Background 

1.2 Objectives 

1.3 Scopes 

1.4 Problem statement 

1.5 Dissertation outline 

 

 

 

 

 

 

 

PAGE 

 

ii 

iii 

iv 

v 

vi 

vii 

viii 

ix 

x 

xi 

 

 

 

 

1 

2 

2 

3 

4 



viii 
 

CHAPTER TITLE 

 

CHAP. II LITERATURE REVIEW 

  2.1 Introduction 

  2.2 Types of Plastics 

  2.3 Types of Automated Sorting  

   System 

  2. 3.1 Macrosorting 

  2.3.1.1  Spectroscopy 

  2.3.1.2  X-rays 

  2.3.1.3  Laser-Aided Identification 

  2.3.1.4  Marker System 

  2.3.2 Microsorting 

  2.3.2.1  Sink Float System 

  2.3.2.1  Froth-Flotation 

  2.3.2.3  Selective Dissolution and 

    Flash Devolitization 

  2.4 Conveyor Belt 

  2.5 Electric Motor 

  2.6 Air Compressor 

   

CHAP. III METHODOLOGY 

  3.1 Project Flow Chart 

  3.2 Archival Collection 

  3.2.1 Online research 

  3.2.2 Library research 

3.2.3 Pamphlet, brochure and catalogue 

of the product and system 

  3.3 Analyze the existing design 

PAGE 

 

6 

6 

8 

10 

 

10 

13 

13 

15 

16 

17 

18 

20 

20 

 

23 

24 

25 

 

26 

26 

28 

28 

29 

29 

 

30 

 



ix 
 

CHAPTER TITLE 

   

3.4 Generate conceptual design 

  3.5 Concept selection  

  3.6 Detail design 

  3.7 Analysis of design 

  3.8 Comparison of the result 

   

CHAP. IV EXISTING DESIGN 

  4.1 Existing Design 

4.1.1 NIRSort™ Plastic & Colour 

Sorting System 

  4.1.2 Titech Polysort® 

  4.1.3 Titech Coloursort® 

  4.2 Analysis of Existing Design 

4.3 Advantages and disadvantages of 

the existing design   

  

CHAP. V CONCEPT GENERATION AND 

SELECTION 

  5.1 Introduction 

5.2 Product Design Specification 

(PDS) 

5.3 Morphology Chart 

5.4 Concept Design 

5.5 Concept selection 

 

 

 

PAGE 

 

31 

34 

34 

35 

36 

 

37 

37 

38 

 

39 

40 

41 

43 

 

 

 

44 

 

44 

45 

 

46 

48 

53 

 

 

 



x 
 

CHAPTER TITLE 

 

CHAP. VI DESIGN AND DEVELOPMENT 

  6.1 Introduction 

  6.2 Part and Sub Assembly Design 

  6.2.1 Hopper 

  6.2.2 Structure 

  6.2.3 Conveyor system 

  6.2.4 Sorting and ejection method 

  6.2.5 Collection container 

  6.2.6 Safety features 

  6.2.7 Assembly design 

  6.3 System Development 

   

CHAP. VII DESIGN ANALYSIS AND RESULT 

  7.1 Introduction 

  7.2 Analysis 1 

  7.3 Analysis 2 

  7.4 Analysis 3 

  7.5 Factor of Safety 

  7.6 Sorting rate 

7.7 Required pressure (air 

compressor) for ejection process 

   

CHAP. VIII DISCUSSION 

  8.1 Introduction 

8.2 Comparison of proposed and 

existing design 

8.2.1 Advantages and disadvantages of 

proposed design 

 

PAGE 

 

54 

55 

55 

56 

57 

58 

59 

60 

61 

62 

 

 

64 

65 

66 

67 

68 

69 

70 

 

 

 

71 

72 

 

73 

 



xi 
 

CHAPTER TITLE 

 

  8.3 Optimizing space usage 

  8.3.1 Design of hopper 

  8.3.2 Location of non-PET bin 

  8.3.3 Conveyor belt length 

  8.3.4 Other device placement 

  8.4 Value of safety factor 

   

CHAP. IX CONCLUSION 

  9.1 Conclusion 

  9.2 Recommendation 

 

  REFERENCES 

  BIBLIOGRAPHY 

  APPENDICES 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

PAGE 

 

74 

74 

75 

76 

77 

78 

 

79 

79 

81 

 

82 

86 

89 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



xii 
 

 

 

 

LIST OF TABLES 

 

 

 

BIL. TITLE 

 

2.1 Plastic Recycles Code System, Material, 

Properties and Common Uses.  

 (Source: Bluegrass Recycling) 

 

2.2 Polymer Density Range 

 (Source: Atland et al., 1995) 

 

4.1 System of the Product 

 

4.2 Performance of the Product 

 

4.3 Size of the Product 

 

4.4 Advantages and Disadvantages of Existing 

 Design 

5.1 Product Design Specification 

 

5.2 Morphology chart 

 

5.3 Concept screening matrix 

 

 

 

 

 

 

 

 

 

PAGE 

 

9 

 

 

 

18 

 

 

41 

 

41 

 

41 

 

42 

 

44 

 

45 

 

52 



xiii 
 

7.1 Material Properties of analysis 1 (Source: 

efunda.com, 2009) 

7.2 Material Properties of analysis 2 (Source: 

efunda.com, 2009) 

7.3 Material Properties of analysis 3 (Source: 

efunda.com, 2009) 

7.4 Safety factor from analysis 

8.1 Advantages and disadvantages of proposed 

design 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

64 

 

65 

 

66 

67 

72 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



xiv 
 

    

 

 

LIST OF FIGURES 

 

 

 

BIL. TITLE 

 

2.1 Resin Code Labeling System (Source: US 

EPA, 1991) 

 

2.2 Examples of the Different Polymer Absorption 

 Spectrums of Green PET, PVC, and Red 

 HDPE (Source: Scott and Waterland 1995) 

 

2.3 NRT Vinylcycle System 

 (Source: NRT pamphlet) 

 

2.4 Proposed Plastic Recycling Schematic with 

 High-pressure Separations 

 (Source: Atland et al., 1995) 

 

2.5 Example of Multi-solvent Selective 

 Dissolution Process 

 (Source: Vane and Rodriguez, 1990) 

2.6 A simple conveyor system that might be used 

in the automated sorting system 

2.7 An electrical motor use in industrial (Soure: 

Smith, 2009) 

 

 

 

 

 

 

 

PAGE 

 

8 

 

 

12 

 

 

 

 

14 

 

 

 

19 

 

22 

 

 

 

23 

 

24 



xv 
 

BIL. TITLE 

 

2.8 Small air compressor is suitable for used in the 

automated sorting system 

3.1 Flow chart of the project 

3.2 Five-step Concept Generation Method 

 (Source: Ulrich and Eppinger, 2003) 

 

3.3 Finite Element Analysis Steps (Source: Bhat, 

2005) 

 

4.1 NIRSort™ Plastic & Colour Sorting System 

(Source: Product brochure, Eveready 

Manufacturing) 

4.2 Titech Polysort® (Source: Sorting 

Technology,Product  overview 

pamphlet) 

4.3 Titech Coloursort® (Source: Sorting 

Technology, Product overview pamphlet) 

5.1 Concept design A 

5.2 Concept design B 

5.3 Concept design C 

5.4 Concept design D 

5.5 Concept design E 

6.1 Hopper model and cross section that shows 

plate and slider. 

PAGE 

 

25 

 

27 

 

32 

 

35 

 

 

38 

 

 

 

39 

 

 

40 

 

47 

48 

49 

50 

51 

54 

 



xvi 
 

BIL. TITLE 

 

6.2 Early design of housing structure 

6.3 Modified design of housing structure 

6.4 Conveyor belt system 

6.5 Electric motor and belting system 

6.6 Sensor housing and compressed air ejector 

6.7 Collection container 

6.8 Emergency stop button for the system 

6.9 Assembly design 

6.10 The overall system structure 

(Source: Gonzalez, 2002) 

7.1 Housing structure for analysis 

7.2 Von Mises stress for low carbon steel 

7.3 Von Mises stress for medium carbon steel 

7.4 Von Mises stress for alloy steel 

8.1 Hopper height 

8.2 Non-PET bin optimizing the space 

8.3 Conveyor belt of the system 

8.4 Electric motor location 

8.5 Air compressor location 

 

PAGE 

 

55 

55 

56 

56 

57 

58 

59 

60 

62 

 

63 

64 

65 

66 

73 

74 

75 

76 

76 

 



xvii 
 

     

 

 

    LIST OF SYMBOLS 

 

 

 

PET = Polyethylene terephthalate            

HDPE = High-density polyethylene   

V = Vinyl 

LDPE = Low-density polyethylene         

PP = Polypropylene 

PS = Polystyrene 

t/h = tone per hour 

HP = Horse Power 

ω = Angular speed 

rpm = Revolution per minute 

v = Linear velocity 

r =  radius  

m = meter 

s =  second 

g = gram 

kg =  kilogram 

F = Force applied 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



xviii 
 

m = Mass 

a = Acceleration 

u = initial velocity 

t = time 

N = Newton 

P = Pressure 

A = Area 

Pa = Pascal 

FoS = Factor of Safety 

ms = milisecond 

 

     

 

 

     

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



xix 
 

 

 

 

    LIST OF APPENDIX 

 

 

 

BIL. TITLE 

 

A Gantt Chart PSM 1 

B Gant Chart PSM 2 

C Assembly Drawing 

D Orthographic View Drawing 

E CAD Model View 1 

F CAD Model View 2 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

PAGE 

 

90 

91 

92 

93 

94 

95 

 

 



1 
 

 

 

CHAPTER I 

 

 

 

INTRODUCTION 

 

 

 

1.1 Background 

 

 Sorting system is a process to separate mixed items into predetermine types. This 

process can be done manually human power or by automated system. For sorting of 

plastic recyclable, it can be done manual and automated. Manual sorting relies to the 

man who visually identifies and picks out the plastic. While automated sorting system 

uses the several machines and devices to perform the task. 

 Automated sorting system uses a detection system or combination of detecting 

system to identify the different types of plastic. The plastics need to be sorted into their 

resin types. This is because; the process of recycling the plastics will be done by the type 

of resin and must not be mixed with other types.   

 Automated sorting system for plastic recycling can be done either by whole 

bottle sorting (macrosorting) or flake sorting (microsorting). Each type has several 

methods that can be used. For macrosorting the methods that can be used are 

spectroscopy, x-rays, laser aided-identification and marker system. While the methods 

for microsorting are sink float system, froth flotation and selective dissolution and flash 

devolitization. 
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1.2 Objectives 

 

This project has a few objectives that need to be achieved. The objectives of this project 

are as follow: 

 

i. To design and develop an automated sorting system in manufacturing 

industries of plastics for recycling. 

ii. To optimize the dimensions and space requirement for propose design.  

 

 

 

1.3 SCOPES 

 

This project will be covered several scopes including: 

 

i. Literature review on the automated sorting system in manufacturing 

industries of plastics for recycling. 

ii. Analyze existing design of the automated sorting system. 

iii. Conceptual design of the automated sorting system. 

iv. Selection of the concept design. 

v. Detail design of the automated sorting system. 

vi. Analysis of the detail design. 

vii. Compare between the existing and proposed design. 

 

 

 

 

 

 

 

 

 



3 
 

1.4 Problem Statement 

 

Process of recycling of plastics need to be done into resin categories. Plastics 

containers that want to be recycled need to be sorted first into their resin types. They can 

be sorted manually by hand but it is quite costly to hire labours and less efficient. 

Therefore, automated sorting system of plastics for recycling can be the solution to sort 

the plastics for recycles in a lot of amount. 

The automated sorting system of plastics for recycle has already existed in the 

industries. There are several methods of sorting used by the existing system. Some 

systems may have very high-tech sorting methods. While others use simpler ones. In this 

case, the performance of the automated sorting systems may vary to each other. For the 

high-tech system, the sorting performance may be higher but it could increase the cost of 

conducting the system because the power consumption and implementing cost.   

Meanwhile, some existing systems have a big structure. This might caused the 

space uses to install the system become larger. More space used to locate machineries of 

the system. Thus, the propose design of the system is focus on low to medium size of 

recycling industry. The proposed design need to be less spacious but not sacrifices the 

performance of the system.   
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1.5 Dissertation outline 

 

Chapter 1: Introduction 

This chapter gives the explanation about the introduction of this project. It covers 

background, objectives, scopes and problem statement of the project. 

 

Chapter 2: Literature Review  

Literature review done is covered on the searching of past research and project that 

related to this topic. Related journals, books and article have become the main sources to 

collect the important information. Beside that, the online source from internet also has 

been used for this chapter. Other sources of information are gathering from patent, 

pamphlet, brochure and product catalogue. 

 

Chapter 3: Research Methodology 

In this chapter, all methods in theory and practical that been used in this project will be 

explained. There are several methods used in to perform the research for this project. 

The research method that been used are archival research, online research and existing 

design and system research. 

 

Chapter 4: Analysis of existing design 

There a several existing design of automated sorting system for plastic recycling in the 

industries. The design of the system may have few differences among each other. Thus, 

analysis needs to be done to the existing design to find the advantages and disadvantages 

among them. Then the result can be used to further the studies on this project.    
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