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ABSTRACT 

In the painting production process, repairing of paint work defects by running 

the part through the process again, together with the requisite quality control routines, 

account for a very large proportion of the operating costs. At current defective rate of 

37 per cent rejection due to dust, not only it deteriorates the quality and the 

performance of productivity, but it also brings negative impact to the operation cost 

and company revenue. Hence, this research focuses on identifying the air flow patterns 

for existing painting booth utilising Computational Fluid Dynamic (CFD) to 

understand the concentration and movement of dust particles. The data gathered from 

the CFD simulation is used to remodel the mechanical design of air ventilation system 

for the painting booth by focusing on the size and location of the exhaust system. Based 

on this, the optimum value for air flow velocity which is also an important variable in 

the movement and concentration of particles can be defined. However, the range for 

the tested air flow supply is subjected to the capability of current painting booth Air 

Supply Unit (ASU) which is from 0.1 m/s ~ 0.5 m/s. During CFD simulation process, 

Renormalization Group (RNG) k-ε turbulence model has been used to predict the 

particles movement and concentration. Eight new designs based on current painting 

booth have been proposed and validated. Painting booth of model I found to be the 

best solution to minimize and reduce the dust particle concentration with 98.13 per 

cent of average particles escaped with air flow rate of 16103 m3/min. An experimental 

data has been collected using the air flow meter in a small-scale model of painting 

booth together with smoke visualization to validate findings from numerical 

simulation, CFD. It is found that the average relative error for model A, was recorded 

at range of 1.04 to 3.08 per cent. In summary, the relative error between numerical and 

experimental data is less than 10 per cent which is acceptable and in a good agreement. 

So far, this is the first study that has been conducted to understand the dust particles 

movement with the impact of the ventilation system and multiple air velocity setting 

in context of Malaysia automotive painting industry. 
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ABSTRAK 

 

 

Dalam proses pengecatan, pembaikan kerosakan cat pada produk memerlukan 

pengulangan proses iaitu pengecatan kali kedua, dituruti dengan rutin kawalan kualiti 

telah menyumbang kepada kenaikan kos operasi syarikat. Kerosakan produk 

disebabkan habuk pada kadar 37 peratus, bukan sekadar menurunkan kualiti 

pengeluaran, bahkan membawa kesan negatif kepada kadar operasi dan keuntungan 

syarikat. Justeru itu, projek penyelidikan ini akan memfokuskan kepada menilai 

keberkesanan penggunaan Computational Fluid Dynamic (CFD) bagi mengenal pasti 

corak aliran udara yang menjadi kawasan tumpuan habuk di dalam kebuk pengecatan 

yang digunakan sekarang. Keputusan dan data yang diperolehi daripada simulasi CFD 

akan digunakan untuk menghasilkan model sistem mekanikal aliran udara yang baharu 

di dalam kebuk pengecatan yang memfokuskan kepada saiz dan lokasi sistem ekzos. 

Walaubagaimanapun, kadar aliran udara adalah bergantung kepada kemampuan Unit 

Bekalan Udara (ASU) kebuk pengecatan iaitu dari 0.1 m/s ~ 0.5 m/s. Semasa proses 

simulasi CFD, model gelora Renormalization Group (RNG) k-ε telah digunakan untuk 

meramalkan pergerakan dan tumpuan zarah habuk tersebut. Lapan (8) reka bentuk 

mekanikal baru kebuk pengecatan dan satu reka bentuk sedia ada telah dicadangkan 

untuk diuji. Model garisan pengecatan I dengan purata 98.13 peratus zarah terbebas 

dan kadar aliran udara pada 16103 m3 /min telah dipilih berdasarkan keberkesanan 

untuk mengurangkan zarah habuk di dalam model baru kebuk pengecatan. Selain 

simulasi menggunakan CFD, data eksperimen telah juga dikumpul dengan 

menggunakan alat meter aliran udara di dalam model berskala kecil bersama-sama 

visualisasi asap untuk mengenal pasti vektor aliran udara. Data tersebut telah 

digunakan sebagai rujukan untuk membandingkan antara data eksperimen dan 

simulasi bagi menilai keberkesanan proses simulasi. Purata relatif ralat untuk model 

A direkodkan pada julat 1.04 ke 3.08 peratus. Secara kesimpulannya purata relatif ralat 

di antara data eksperimen dan simulasi bagi model A adalah kurang daripada 10 

peratus iaitu boleh diterima dan dianggap baik. Setakat ini, kajian ini adalah kajian 

pertama dijalankan untuk memahami pergerakkan zarah habuk yang melibatkan impak 

dari sistem pengudaraan dan beberapa pemalar kelajuan angin dalam konteks industri 

pengecatan komponen kereta di Malaysia.   
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CHAPTER 1  

 

 

INTRODUCTION 

1.1 Introduction 

Recently, the top and highest rejection of almost all painting lines in 

automotive industry is contributed by dust ranging between 30% and 40%. For 

example in coating industries, dust have an effect on appearance issue. The repairing 

of paint work defects by running the part through the process again, together with the 

requisite quality control routines, account for a very large proportion of the operating 

costs involved. Hence, in order to reduce the airborne contamination contributed by 

dust particle, the Computational Fluid Dynamic (CFD) [1] has been utilized to 

understand the air flow pattern that will affect the dust particle concentration in the 

painting booth environment. Therefore, suggestions for a better air ventilation system 

in the painting line have been proposed to achieve a better environment with less dust 

particle contamination. This will eventually present benefits to the painting industries 

by achieving higher production parts pass rate for the finish product.  

The result obtained from numerical simulation was analysed to improve 

existing painting booth design by focusing on the size and location of the exhaust 

system. On top of that, air flow velocity within the range of 0.1~0.5m/s was tested to 

get the optimum speed that is able to reduce the particle concentration inside painting 

booth. The air flow range was set based on the capability of current painting line Air 

Supply Unit (ASU). Meanwhile, the Renormalization Group (RNG) k-ε turbulence 

model was selected to be applied in CFD simulation to predict the particles movement 

and concentration. In total, Eight (8) new models of painting booth that benchmark the 

existing painting booth design have been proposed and validated. Next, the 

experimental data was conducted using air flow meter in a small-scale model of 

painting booth followed by smoke visualization to verify the airflow vector. Finally, 
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this data was used to compare between experiment and numerical simulation in order 

to measure the effectiveness of analysis and findings.  

Apart from parts quality, the significance of controlling dust in a production 

line is also crucial which may have an impact on the workers’ health [2].  All issues 

that have been addressed above pose a direct impact on the deterioration of 

performance in indoor environment which is related to the indoor air pollutant (IAP) 

[3]. In general, IAP comes from many sources such as poor ventilation system, workers 

activities, garment wear by personnel (overall, shoes, gloves), product (plastics, metal, 

liquid etc.) and processing method (part cleaning process, jig maintenance, painting 

sequence). Generally, machine is known to consist many complicated mechanisms and 

most of them are very sensitive to the dust particle. This dust particle has the ability to 

reduce the machine performance to manufacture a quality product which may result in 

increased machine maintenance cost. Hence, many researchers found significant 

impact on machine and product quality performance caused by dust contamination. 

Oyebisi [4] realized the dust and particle will affect the performance of electronic 

components whereby the dust particle attacks the ceramic capacitor while Hata et al. 

[5] found that dust particle would disturb and reduce the performance of the equipment 

such as ball bearing and sensors. As for the workers, dust particle has become a risk to 

air pollution. Bascom et al. [6] described that operators who work in high dust particle 

concentration will face high potential risks of contracting critical illness such skin and 

lung cancer, asthma and eye related illness such as cataracts and pterygia. Finally, it 

can lead to low productivity and increase the medical treatment for the workers 

involved.  
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1.2 Problem Background 

Combat Coating (M) Sdn. Bhd. is a company based in Batang Kali, Selangor. 

The company is under the Memorandum of Agreement (MOA) with Universiti 

Teknologi Malaysia (UTM) to conduct investigation and find solutions to increase the 

company’s productivity by reducing the main issue which is dust defects. In the 

production process, elimination of paint work defects by reworking or running the part 

through the process again, together with the requisite quality control routines, account 

for a very large proportion of the operating costs involved. The defects are frequently 

attributable to dust, fibers, burr, cratering, sagging, etc. Combat Coating (M) Sdn. Bhd 

has been providing the painting services in automotive industry since 1995, has taken 

this fact on board, and responded with the research offered to come out with the 

innovative solutions to solve dust in painting process. Contamination contributed by 

dust particle has been identified as the highest rejection in automotive painting line 

and it is crucial to understand the particle movement and concentration in the painting 

line environment. The dust rejection has contributed to 37% from the total rejection in 

painting line at Combat Coating (M) Sdn. Bhd. and becomes a long time issue for the 

company to resolve. As at 2019, in total, there were 43577 pieces of painted part 

affected by dust issue and it has become the top rejection compared to other types of 

defects. The rejection due to dust not only deteriorate the quality and productivity 

performance, but it also brings negative impact to the operation cost and company 

revenue.  

At current rejection of 37%, it’s very difficult to maintain the OEE (Overall 

Equipment Effectiveness) at 85% since the target of producing a good product is not 

achieved [7]. Since the highest contributor of the defect comes from dust, this defect 

is chosen for this study in order to reduce their impact on the good parts production 

efficiency. Based on this fact, this research is crucial to understand the movement of 

dust particle inside the painting booth environment and further action is needed to 

minimize the contamination on the painted part. So far, there is no specific study 

conducted to understand the dust particle movement influence by the ventilation 

system and multiple air velocity setting in the context of Malaysia’s automotive 

painting industry. 
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Dust, 37%

Burr, 14%Fibre, 8%

Cratering, 7%

Sagging, 7%

Scratch Before, 
6%

Touch Mark, 
6%

Thin Paint, 6%

Bump, 5% Poor Gloss, 4%

The details of the rejection breakdown can be referred in Figure 1.1 and Figure 

1.2 below [8]. The total defective part of 37% is considered absolute number after 

referring to the inspection standard provided by Original Equipment Manufacturer 

(OEM). The judgement criteria are based on the size of the dust ranging from 0.1 mm 

to 1.5 mm in diameter. In addition, the acceptable level of the dust defect needs to be 

referred to the location of the part on actual car condition. The details of judgement 

criteria are as listed in Figure 1.3 below while Figure 1.4 explain the painting booth 

layout at Combat Coating (M) Sdn. Bhd.  

 

 

  

 

 

Figure 1.1 Pareto chart of Top 10 painting defects in 2019 [8] 
 

 

  

 

 

 

 

 

 

 

 

Figure 1.2 Pie chart of top 10 painting defects in 2019 [8] 
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Figure 1.3 Judgement criteria for dust defect from OEM. (a) Method used to 
measure the dust size, (b) Dust gauge, (c) Dust inspection criteria [9] 
 

Prior to this, continuous Kaizen or Improvement activity has been conducted 

to counter the dust issue at the painting booth. Some of the activities have been grouped 

into 4M section (Material, Machine, Method and Man) and listed as follows [10]:  

 

 

 

(a) (b) 

(c) 
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1. Material 

a. Provide 2 sets of overall for all operators for daily change. 

b. Trial on multiple type of cleaning solvent at preparation area to find most 

effective cleaning solvent to remove dust and stain before painting process. 

 

2. Machine 

a. Installation of Ionizer device to minimize dust attachment on the painted 

part surface. 

b. Increase the frequency of ceiling filter change from every 12 month to 6 

month. 

c. Installation of air shower room before entering the painting booth. 

d. Provide washing machine & dryer facility to wash all operators overall on 

daily basis. 

 

3. Method 

a. Establish Miruka Board to visualize the wiping rag condition that facilitates 

operator to monitor the effectiveness of cleaning process. 

b. Increase the frequency of jig cleaning by monitoring the overspray 

condition and not by timing based. 

c. Introduction of flaming process to remove overspray at painting jig to 

replace previous chemical cleaning process. 

d. To apply finer filter mesh (150 micron) for solid colour paint for better dust 

filtration. 

e. To conduct particle counter verification every 6 month after ceiling filter 

installation to monitor the particle count. 

f. To have isolation room that covers all raw materials (work in progress) 

from dust contamination at preparation area. 

 

4. Man 

a. To ensure all sprayers are following and wearing the standard personal 

protective equipment which include overall, glove, hood, safety goggle to 

comply to safety regulation and avoid contamination to the painted part. 

 

 

(a) 
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Figure 1.4 below explain the painting booth layout at Combat Coating (M) Sdn. Bhd. 

   

 

 

 

 

 

   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
 
 
Figure 1.4 (a) Combat Coating (M) Sdn. Bhd. painting line layout. (b) Preparation 
area, (c) Painting booth, (d) Oven and (e) Final inspection [11] 
 

1.3 Research Objective 

The objectives of this research are:  

a. To investigate the air flow pattern of existing painting booth design that has a 

strong influence on the dust concentration in painting booth. 

(a) 

(c) (b) 

(d) (e) 
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b. To investigate the relation between location of exhaust opening and flow 

characteristics.  

c. To analyse the ventilation performance on the dust concentration based on 

different configuration of exhaust opening. 

 

1.4 Scope of the Research 

The scopes of this research are: 

 

a. The study covers the impact of ventilation system design and air flow velocity 

setting on the reduction of dust particle inside the painting line. 

 

b. The new proposed ventilation system will focus on the outlet size and the 

position inside the painting booth. The design will benchmark existing painting 

line system in terms of mechanical structure and other functional items such as 

air supply system (ASU), painting jig and conveyor system. 

 

c. The air flow velocity ranges from 0.1m/s to 0.5 m/s which is based on ASU 

capability will be tested during CFD simulation using the RNG k-ε turbulence 

model. 

 

1.5 Significant Contribution from This Project 

At the end of this research, both parties from industry and university shall 

benefit from the outcomes of the project. The potential contribution will cover the area 

as per below details:  

  

a. Discover and understand the air flow pattern and particle concentration in the 

painting line environment by application of CFD simulation and validation 

through experimental methods. From here, a new design of ventilation system 

for painting line can be proposed and validated in order to get the optimum 

design which can control and minimize the dust contamination.  
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b. Able to determine the suitable parameter setting related to air flow velocity 

which affects the turbulence occurrence and particle concentration in 

automotive painting line. 

 

c. Reduction of defective part contribute by dust shall be the main key factors that 

can improve production efficiency and profitability to the company.  

 

d. The result and finding from this study may become a benchmark and benefit 

other industries that focus on the particle movement, concentration and 

reduction in closed environment such as hospital and pharmaceutical 

industries. 

1.6 Organization of the Thesis 

In Chapter 1, the introduction to the dust issue in automotive painting line has 

been brief and its impact to the company productivity and profitability. Further action 

to understand the root caused and necessary step has been put into plan as part of 

research objective. Meanwhile, the scope of research that focus on existing painting 

booth capability has been listed as part of parameter setting and limiting factor 

throughout the research activity. Finally, the significant contribution of the research 

outcome that will improve company productivity has been targeted as research 

outcome.  

 

Chapter 2 starts with the overview of painting booth main structure and history 

of its development. The characteristics of the main issue, which is dust has been 

discussed and how the dust concentration related to the air velocity has been discussed. 

In addition, the air flow characteristics inside the painting booth need to be explored 

together with the air ventilation system before the new design can be proposed. Finally, 

the application of CFD to understand the air flow characteristics and its application 

has been discovered. 

 

Chapter 3 begins with basic operation of painting booth and new design 

proposal. Next, the application of CFD and its crucial process such as convergence 

study, sensitivity study of grid resolution and boundary condition has been listed to 
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ensure the right method is applied during simulation. The Renormalization Group 

(RNG) k-ε Model has been selected to be applied during numerical simulation based 

on the suitability of this model to be applied in painting booth design. The last section 

in this chapter explains the experimental set-up and procedure as part of validation 

process in this research. 

 

Chapter 4 starts with validation process of existing model A by comparing the 

numerical simulation against the experimental result. Once the data has been validated, 

simulation process for the new design proposal can be proceed and final design with 

optimum value of air velocity and less particle concentration can be discovered.  

 

Finally, Chapter 5 will review the achievement of the research objective and 

recommendation for future works. 
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