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Abstract of thesis presented to the Senate of Universiti Putra Malaysia in fulfilment of 
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The wide use of glass filled nylon (Polyamide 6) composites material in office furniture 

industry has put higher demands on engineers to conduct more accurate and increasingly 

sophisticated analysis of materials in order to endure the performance of the molded parts 

under the end-use conditions characterized by varying humidity, temperature, and 

dynamic load or deformation. Glass Filled Nylon (Polyamide 6) Composites is a 

hygroscopic material where it is very sensitive to moisture which is an important factor 

to be considered during material pre-selection, parts design, mechanical performance 

prediction, testing and evaluation process. The effect of moisture can be a major factor in 

products and parts evaluation that were exposed to different weather conditions due to 

changing in seasons or geographic locations. Due to this effect of moisture absorption in 

uncontrolled condition, rejection % increased from 3% to 20% due to inconsistent of 

testing results during in process inspection. This also caused some of the production lot 
to be quarantined until further verification. This resulted loss and reduced of the profit of 

the company as well as wastage of material and resources. The research focused on 

process control of conditioning the nylon parts and components after molded before 

proceeding with testing and evaluation. Post Conditioning machine was developed for 

quantify the optimize process control of Glass Filled Nylon (Polyamide 6) Composites 

parts. These process control covered a wide range for 3 process parameters for 

conditioning; temperature (from 20 to 80-degree C), relative humidity (from 30% to 80% 

RH) and time (unlimited variables control). The variation of these parameters may result 

in significantly different moisture absorption rates, equilibrium levels and mechanical 

properties. The results comprehensive up to date information and critical understanding 

on the impact of moisture and temperature on testing and evaluation of Glass Filled Nylon 
(Polyamide 6) Composites parts and components. This method of the post conditioned 

machine accelerated the moisture absorption from 0.001 percent to 0.125 percent which 

is incremental by 12,400 percent compare to current industry practice. This able to 

stabilize the parts in short time and able to proceed for evaluation. It will give better 

recommendations on process control of conditioning the nylon parts and components to 

make sure that all the testing and evaluation result valid and standardize between different 

seasons and geographical locations.  
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Penggunaan bahan nylon Bersama gentian kaca (Polyamide 6) komposit yang meluas di 

Industri Perabot Pejabat telah memberikan permintaan yang lebih tinggi kepada para 

jurutera untuk menjalankan analisis bahan yang lebih tepat dan semakin canggih untuk 

menanggung prestasi bahagian yang dibentuk di bawah keadaan penggunaan akhir yang 

dicirikan oleh kelembapan yang berbeza-beza, suhu, dan beban dinamik atau ubah 

bentuk. Kaca Diisi Nylon (Polyamide 6) komposit adalah bahan higroskopik di mana ia 

sangat sensitif terhadap kelembapan yang merupakan faktor penting untuk 

dipertimbangkan semasa pra-pemilihan bahan, reka bentuk bahagian, ramalan prestasi 

mekanikal, proses ujian dan penilaian. Kesan kelembapan boleh menjadi faktor utama 

dalam produk dan penilaian bahagian yang terdedah kepada keadaan cuaca yang berbeza 

kerana perubahan dalam musim atau lokasi geografi. Disebabkan kesan serapan 

kelembapan dalam keadaan tidak terkawal, penolakan % meningkat dari 3% ke 20% 
disebabkan keputusan ujian semasa proses pemeriksaan yang tidak konsisten. Ini juga 

menyebabkan sebahagian daripada hasil pengeluaran dikuarantin sehingga pengesahan 

lanjut. Ini menyebabkan kehilangan dan mengurangkan keuntungan syarikat dan juga 

pembaziran sumber dan bahan. Penyelidikan ini memberi tumpuan kepada kawalan 

proses penyaman komponen nilon dan komponen selepas diacu sebelum meneruskan 

ujian dan penilaian. Mesin Post - Conditioning telah dibangunkan untuk mengukur 

kawalan proses yang mengoptimumkan bahagian nilon. Kawalan proses ini meliputi 

pelbagai aspek untuk 3 parameter proses untuk penyaman; suhu (dari 23 hingga 80 darjah 

C), kelembapan relatif (dari 40% hingga 80% RH) dan masa (kawalan pembolehubah 

tanpa had). Variasi parameter ini boleh mengakibatkan kadar penyerapan kelembapan, 

paras keseimbangan dan sifat mekanik yang berbeza. Keputusan-keputusan adalah 
komprehensif. terkini dan memberi pemahaman kritikal mengenai kesan kelembapan dan 

suhu pada pengujian dan penilaian komponen dan komponen Kaca Diisi Nylon 

(Polyamide 6) komposit. Dengan cara menggunakan mesin  Post – Condition, kadar 

serapan kelambapan dipercepatkan dari 0.001 peratus  kepada 0.125 peratus yaitu 

penaikkan sebanyak 12,400 peratus dari keadaan yang berada di industri kini. Ia akan 

memberi cadangan yang lebih baik mengenai kawalan proses penyaman komponen nilon 
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dan komponen untuk memastikan bahawa semua keputusan ujian dan penilaian itu sah 

dan bersandar di antara musim dan lokasi geografi yang berbeza. 
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CHAPTER 1 

 

 

INTRODUCTION 

 

 

1.1 Background 

 

 

Globalization pressures have begun to have a major impact on the practice of Product 
Engineering across a wide range of industries. A new paradigm has emerged whereby 

companies are utilizing skilled engineering teams dispersed around the world to design 

and develop the products in collaborative manner. Best practice in Product Development 

(PD) is now rapidly migrating from local, cross functional collaboration to a mode of 

Global collaboration [1].  

 

 

Global Product Development therefore represents a major transformation for business, 

and it applies to a broad range of industries. There are main 5 reasons for Global Product 

Development being implemented; Lower Cost, Improve Process, Global Growth, 

Optimize resources of engineers & materials and Technology Access. 
 

 

Product Engineering, Operations and Supply Chain are the main impacted by this Global 

product development practice. Products and components that been produced everywhere 

in the world must be maintained and kept same quality standard. Transporting 

components around the world also required proper plan and standard to comply. 

 

 

According to Global Market Inc., the injection molded plastic market has established 

itself as one of the most dynamically evolving businesses in recent times. As one of the 

most commonly-used processes for product manufacturers, plastic injection molding is a 

precise method that can fabricate nearly any type of plastic part. Technologies, processes 
and materials used in injection molding continue to advance, allowing manufacturers 

better insight to design, develop and produce the highest performing and cost-efficient 

plastic parts.  

 

 

Plastics provide many unique advantages when used in product design. Plastic parts or 

components can be designed and formed in any shape and this gives a lot of freedom for 

the designers and engineers to innovate and developing the products. From a cost 

perspective, plastics offer not only a low cost per unit volume of material, but also low 

manufacturing and assembly costs due to their ability to be easily formed into net shape 

products containing assembly features [2]. 
 

 

Plastic is material consisting of any of a wide range of synthetic or semi-synthetic organic 

compounds that are malleable and so can be molded into solid objects. There are a lot 

types of plastic that can be choose depending on the part/ components function and 

usability. Due to complexity of the product and standard requirement to comply, as well 

as optimization and efficiency, engineering plastic has been introduced and been used 
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widely in most of the industries like automotive, aircraft, furniture, electronics and 

construction. Engineering plastics are materials designed generally for industrial 

applications that demand exceptionally durable materials. Basically, engineering plastics 

are significantly stronger than conventional kinds. They’re designed to provide strength 

and/or durability according to one or more metrics (e.g., heat resistance). For the most 

part, engineering plastics fall into the category of thermoplastics, which, unlike 

thermosetting plastics, may be reshaped and reused when needed. The overall global 

engineering plastics market is forecast to reach $104.32 billion by 2024, growing 5.4 

percent per year between 2017 and 2024 [3]. 

 
 

There is a huge variety of these kinds of plastics, in a wide range of applications. 

Engineering plastics include Polyamide (PA), Polyamide-imide (PAI), 

Polybenzimidazole (PBI), Polycarbonate (PC), Polyetherimide (PEI), Polyether ether 

ketone (PEEK), Polyethylene terephthalate (PETE), Polyimide (PI), Polymethyl 

methacrylate (PMMA), Polyoxymethylene (POM), Polyphenylene sulfide (PPS), 

Polyphenylsulfone (PPSU), Polysulfone (PSU), Polytetrafluoroethylene (PTFE).  

 

 

In the past 30 – 40 years engineering plastic have been competing with materials such as 

steel, aluminum and concrete in cars, aircraft, buildings, bridges, bicycles, furniture and 
everyday sports goods. Polyamide (Nylon), one of the most widely used engineering 

thermoplastics, is an extremely versatile engineering plastic. An excellent combination 

of mechanical performance (toughness, low coefficient of friction, and good abrasion 

resistance) and cost make Nylon an ideal replacement for a wide variety of materials from 

metal to rubber. One of the main example is in the furniture industry where most of the 

Task Chair back structure frame is made from Nylon with Glass filled plastic material 

replacing aluminium material. Steelcase Inc. is the largest office furniture in the world as 

well as leading in the innovation of the product has been using plastic material to replace 

metal or aluminium material since 30 years ago and recently with the advancement of the 

plastic material process Steelcase even able to develop plastic chair control mechanism 

that conventionally full of metal and spring.  

 
 

Nylon material is hygroscopic and absorbs relatively much moisture compared to other 

thermoplastic polymers. In addition, nylon moisture content has a large influence on the 

properties (weight and mechanical), which have an influence on the behavior strength, 

stiffness, elongation and natural frequency. Nylon is a unique material where it required 

dry condition during the injection process and after injection, it need sometimes to 

stabilize and depending on the environment of the injection factory. In the room 

temperature, 23deg C/ 50% RH, nylon material parts with 2 – 3mm thickness will need 1 

month to fully stabilize and parts with >5mm thickness will need about a year to stabilize 

[4]. The condition will become unknown when the parts been storage in the warehouse 

with uncontrolled temperature and humidity. 
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1.2 Problem Statement 

 

 

The wide use of Glass Filled Nylon (Polyamide 6) Composites material in the product 

design has put higher demands on engineers to conduct more accurate and increasingly 

sophisticated analysis of materials to endure the performance of the moulded parts under 

the end-use conditions characterized by varying humidity, temperature, and dynamic load 

or deformation. According to Glass Filled Nylon Market by Type (Polyamide 6, 

Polyamide 66), End Use Industry (Automotive, Electrical & Electronics, Industrial), 

Manufacturing Process (Injection Molding, Extrusion Molding), Glass Filling and 
Region Global Forecast to 2024 report, the market size for glass filled nylon targeted to 

be USD 8.2 billion in 2019 and increase to USD 10.8 billion in 2024. The market growth 

is attributed to the increased demand from automotive and electrical & electronic 

industries. Automotive is expected to be the largest end-use industry of glass filled nylon 

between 2019 and 2024 and Asia Pacific is the largest region of the usage. 

 

 

Glass Filled Nylon (Polyamide 6) is a hygroscopic material where it is very sensitive to 

moisture [10]. This is an important factor to be considered during material pre-selection, 

parts design, mechanical performance prediction, testing and evaluation process. The 

effect of moisture can be a major factor in products and parts evaluation that were exposed 
to different weather conditions due to changing in seasons or geographic locations. 

 

 

Glass Filled Nylon (Polyamide 6) required dry condition during the injection process and 

after injection.  It needs time to stabilize and it is depending on the environment of the 

injection factory where different region has different weather condition especially 

temperature and humidity contents. It is getting worst with four seasons region where 

different season has different temperature and humidity. At room temperature 23℃ / 50% 

RH, Nylon material parts with 2 mm – 3mm thickness will need 1 month to fully stabilize 

and parts with more than 5mm thickness will need about a year to stabilize [4]. The 

condition will become unknown when the parts been storage in the warehouse with 

uncontrolled temperature and humidity.  
 

 

With this condition, it will be difficult for manufacturer that produce molded Nylon 

injection part to scheduling in-process checking and evaluation especially when it need 

to perform destructive test as part of the in-process control. Performing destructive test is 

very important to confirm variation of material and process is under control but without 

understanding the impact of environmental and how to control the condition after molded 

injection to nylon material part then the result from the testing can be misleading to the 

engineers. 

 

 
After molded the nylon part condition is in dry condition (0 ~ 0.2% moisture content) and 

conducting the destructive during this time will not represent in actual application 

condition and normally, molder or manufacturer will let the parts stable for few hours and 

sometimes will be overnight. This condition will create risk of the part produce during 

this time in term of validation until destructive testing is conducted to proof the material 

and process is stable and consistent. But if the testing failure then the parts that has been 

produced during the waiting time is either quarantine or scrap. This condition created 
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wastage of time, cost and resources. One of the example based on this condition was 

happened at Steelcase flag chair named Gesture. One of the components of the Gesture 

chair which is arm bracket made from Nylon with 30% Glass Filled required in process 

destructive test to verify consistency of material and injection process. Arm Bracket is 

one of the very critical structural components of the chair. 

 

 

It required destructive test 1 set in every 3 hours production. In an hour production able 

to produce 30 sets of arm bracket. The results of the testing inconsistent depending on the 

time of the day as well as months in the year due to seasonal changed. It makes it worst 
when the arm bracket tooling located in Malaysia and the other one in Europe have 

different results because of the different environment and climate. The failure of the 

testing caused rejection increased from normal standard 3% to 20%. This definitely 

impact production capacity and waste of money for scrap. 

 

 

Due to this condition most of the molder/ manufacturer is taken extreme step to soak the 

nylon material parts into water in a hope that it will fasten the stabilization of the material 

and conducting the destructive after that to proof the consistency of the process, but the 

problem of this method caused the parts reached the saturation level where the dimensions 

will grow 2 – 3% and seen swell from the parts [5]. The soaking could be few hours to a 
day without any proper understanding and control. It impacted the strength and stiffness 

of the parts as well it is not representing the actual absorption moisture condition during 

daily usage of the product. Fitment and function also is the main issues consequence from 

this soaking method. 

 

 

During the product development stage, validation testing is required to verify the design, 

material and process and this is part of getting regulation requirement or certification. 

Anyway, during validation testing, the engineers always face the challenge with test 

failure and need very quick judgment to fix the issue. The simple solutions taking by the 

engineer is over engineered it to make it pass the test and have more margin on safety but 

most of the root cause is the samples for testing is not in proper control condition. It 
happened with engineers at Steelcase where the Gesture Arm Mount Bracket having 

inconsistent test results as mentioned in previous paragraph and the solutions are to 

increase thickness and grade of material. Furthermore also, engineers are not fully 

understanding the variations on material and process that been impacted by 

environmental. Optimization on design is very crucial nowadays for the company to 

survive as well as reduce wastage of resources, timeline and cost. 

 

 

Globalization becoming important and common nowadays for cost, resources and 

material optimization especially in parts/ components supply chain where parts/ 

components is being produced in one country and supply globally or produced in one 
region supplying to the other region [6]. This condition has exposed the parts to different 

environment and weather depending on geographical locations. It makes it worst with the 

four seasonal countries where it will have extreme weather, cold and dry or hot and 

humid. This always an issue for nylon components where there are a lot of cases of part 

breakage during shipment and handling. 
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Finally, the purpose of this research is to design and develop post conditioned Glass Filled 

Nylon (Polyamide 6) process control machine and develop the frame work for post 

conditioned process control where it will propose accurate and better way of handling 

Nylon material part before destructive test, shipment and handling.  

 

 

1.3 Project Goals and Objectives 

 

 

The overall aim of the study is to develop the framework for the process control of 
conditioning the nylon parts and components after molded before proceeding with testing 

and evaluation. It develops more in depth understanding on how to handle nylon parts or 

components after molded especially related to in-process checking and evaluation as well 

as to verify the design and process itself. 

 

 

Therefore, this study commences with the following objectives: 

 

1) Analyzing the current industry practice and what it impacts on the part design, 

testing, timeline and cost using Test Specimen. 

2) To design and develop post-conditioned plastic nylon material with Glass Filled 
Nylon (Polyamide 6) process control machine. 

3) To validate and verify the post-conditioned process control machine using test 

specimen as per ASTM D790. 

4) To develop Standard Operating Procedure for process control and evaluation 

method. 

 

 

1.4 Significance of This Study 

 

 

The study outcome significantly contributes towards improvement in productivity and 

reduction cost during the product development stage as well as manufacturing processes 

through the post condition process control of Glass Filled Nylon (Polyamide 6). Hence, 

the results of the study help the designer/ engineer to optimize the design and make good 

judgment during developing stage. Also, helps injection molder to be able to optimize the 

process control as well as rejection rate and cost. Overall timeline of developing parts, 
testing and manufacturing will be able to optimize. Global supply chain will get full 

benefit where supplying the parts cross regions and continents able to maintain quality 

and consistency regardless to or from different geographical locations where there 

environmental could be main effect factor for the Nylon parts. Moreover, indirectly this 

study helps the company be more competitive globally.  

 

 

1.5 Scope of the Work 

 

 

The scope of work is developing and experimental evaluations of the Post condition 

machine. The specimen is prepared according to ASTM D790 standard and all the testing 

throughout the experiments are according to ASTM D790. The specimen is produce using 
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injection molding process as the study to improve the post condition process control of 

Glass Filled Nylon (Polyamide 6). 

 

 

This project will be accomplished in the following five phases: 

 

Phase 1: Build up test specimen to validate current condition of process control and 

testing included calculation and simulation 

 

Phase 2: Design and Development of Post Condition Machine 
 

Phase 3: Post Condition process control Machine verification 

 

Phase 4: Experimental Validation with Flexural Modulus Testing and Analysis 

 

Phase 5: Development of New Post Condition Process Control (Standard Operation 

Procedure) 

 

 

1.6 Thesis Organization 

 
 

This study has been divided into 5 phases; - Phase 1: build-up test specimen to validate 

current condition of process control and testing included calculation and simulation, 

Phase 2: Design and Development of post condition process control machine, Phase 3: 

Post Condition process control Machine verification, Phase 4: Experimental Validation 

with Flexural Modulus Testing and Analysis, Phase 5: Development of New Post 

Condition Process Control (Standard Operation Procedure). 

 

 

Chapter 1 provides an overview of this study and the objectives derived from problem 

statements. Chapter 2 presents a comprehensive literature reviews from the relevant areas 

associated with this topic in this research. Chapter 3 provides the overall research 
methodology applied in this research. Chapter 4 presents the comprehensive results and 

discussion from experiments. Finally, Chapter 5 consists of the summary of this research. 

General conclusions are presented for each phase. Lastly, a recommended future research 

is presented.  
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