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ABSTRAK 

Dalam dunia yang kompetitif, matlamat utama merupakan kualiti terbaik, masa 

pengeluaran terpendek dan kos terendah. Isu utama untuk memenuhi ketiga-tiga aspek 

ialah mengurangkan kos dan meningkatkan kualiti. Dalam kajian ini, kajian kes 

mengggunakan pendekatan dan aplikasi secara sistematik dan teknik pengurusan yang 

canggih dilaksanakan di kilang automotif sebenar untuk meningkatkan kualiti proses 

mengecat. Masalah yang timbul dalam proses pembuatan kenderaan komersial ialah 

kualiti rendah pada badan kenderaan yang dicat. Sebuah pengeluar kenderaan komersial 

ringan menghadapi masalah kualiti di permukaan deposisi elektro pada produk yang 

dihasilkan. Permukaan badan kenderaan yang dicat dicemari kecacatan yang tinggi 

semasa proses deposisi elektro. Permukaan yang mempunyai kecacatan boleh 

disingkirkan melalui proses pemasiran yang berkos tinggi dan memakan masa 

pengeluaran. Objektif kajian ini untuk mengenalpasti dan menganalisis faktor-faktor 

yang mempengaruhi kualiti proses deposisi elektro dan mengurangkan kos operasi. 

Kajian ini memberi tumpuan kepada pengurangan kecacatan deposisi elektro dalam 

proses mengecat untuk meningkatkan kualiti dan mengurangkan proses pemasiran 

daripada major kepada minor. Pendekatan yang dicadangkan ialah dengan 

menggunakan kitaran PDCA untuk mengurangkan kecacatan deposisi elektro pada 

badan kenderaan. Pendekatan tersebut dicadangkan kerana memenuhi budaya 

organisasi yang mengadaptasi aspek pengurusan pembuatan Jepun. Kecacatan utama 

pada badan kenderaan yang telah dideposisi elektro dikenal pasti oleh carta Pareto. 

Kecacatan bit pada deposisi elektro badan kenderaan disiasat dalam kajian ini. Punca 

utama bit adalah 80% dari besi dan 20% dari fosfat. Habuk besi terhasil dari proses 

pemasangan badan kenderaan yang dijalankan di bahagian pemasangan badan 

kenderaan, kekal di dalam badan kenderaan dan dibawa masuk ke proses pengecatan. 

Pencemaran fosfat dihasilkan akibat kesan tindak balas kimia antara besi badan 

kenderaan dan bahan kimia zink fosfat. Punca utama masalah bit telah dikenalpasti 

menggunakan kaedah berkualiti seperti brainstorming, rajah sebab dan kesan dan 

penyiasatan genba. Melalui analisis Graviti, Urgency, dan Tendency (analisis GUT), 

penyebab utama diutamakan dan aktiviti penambahbaikan dirancang dengan 

menggunakan alat 5W2H. Kaedah terbaik untuk mencegah kecacatan bit ialah dengan 

mengeluarkan atau mengurangkan pencemaran besi dan fosfat di bahagian pemasangan 

dan pengecatan badan kenderaan. Kawalan proses, penapisan dan kaedah penyemburan 

yang berkesan, pemisahan magnetik dan proses pelarasan permukaan badan kenderaan 

adalah disyorkan untuk memperbaiki kecacatan bit. Pelaksanaan kitaran PDCA 

mengurangkan kecacatan bit daripada 103 ke 21 kecacatan bit per unit dan 

menyumbang kepada pengurangan kos operasi sebanyak 49%. Jumlah pengurangan 

operasi itu bersamaan dengan gaji tujuh (7) orang pekerja di kawasan pemasiran elektro 

deposi selama setahun. Hasil daripada kajian ini telah memberi gambaran tentang 

penggunaan kitaran PDCA yang berjaya melalui penggunaan pendekatan dan aplikasi 

secara sistematik dan alat pengurusan kualiti asas dan teknik canggih sebagai rangka 

kerja penyelesaian untuk menyelesaikan masalah industri sebenar seperti masalah 

bahagian pengecatan automotif.  
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ABSTRACT 

In a competitive world, the goals are best quality, shortest production time, and lowest 

cost. The main issues in meeting these three aspects are reducing cost and improving 

quality. In this research, a case study using a systematic approach and an application of 

basic and advanced tools and techniques was carried out in an actual automotive plant 

to improve the quality of the painting process. In the manufacturing of commercial 

vehicles, the problem faced was low quality of the painted body. A light commercial 

vehicle company was facing a low-quality problem on the electrodeposited surface of 

their product. The surface of the painted body was contaminated with defects during the 

electrodeposition process. The defect surface can be removed through the process of 

sanding but it is high in cost and requires extensive production time. The objectives of 

this study are to identify and analyse factors affecting the quality of electrodeposition 

process and reduce the operational cost. The study focused on reducing defects in the 

electrodeposition process of painting process to improve the quality and replacing the 

major sanding process with light sanding process. The PDCA cycle approach was 

utilised to reduce the defects in the electrodeposited body. The approach was proposed 

as it fitted the organisation culture adapted from the Japanese manufacturing 

management system. The major defect in the electrodeposited automobile bodies was 

identified by Pareto chart. The main defect of bits was investigated in this study. The 

major contribution of the bits was 80% from iron and 20% from phosphate. The iron 

filings from the metal assembly process carried out in the body assembly shop remained 

on the body during the painting process in the paintshop. The phosphate sludge was 

generated due to the effect of the chemical reaction with the metal and zinc phosphate 

chemical. Using quality tools like brainstorming, cause-and-effect diagram, and genba 

investigation, the root causes of the bit problem were identified. Through the Gravity, 

Urgency, and Tendency (GUT) analysis, the root causes were prioritised and the 

improvement activities were planned using 5W2H tools. The best method to prevent the 

bit defects was by removing or reducing the iron filing and phosphate sludge at the 

body assembly and painting departments. The process control, efficient filtration and 

spraying method, magnetic separation, and surface adjustment process were 

recommended to improve the bit defects. The application of PDCA cycle succeeded in 

helping the company to minimise from 103 to less than 21 bits per unit and contributed 

to a total of 49% operational cost reduction. The amount is equivalent to the salary of 

seven (7) operators at electrodeposition sanding line for one year. The results from the 

study have provided an insight on the successful deployment of PDCA cycle through 

the application of basic and advanced tools and techniques as the systematic problem-

solving framework on solving actual industrial issues such as automotive painting 

problem.  

 

 



 

87 

REFERENCES 

Akafuah, N., Poozesh, S., Salaimeh, A., Patrick, G., Lawler, K., & Saito, K. (2016). Evolution 

of the automotive body coating process—A Review. Coatings, 6(24), 1–22.  

Al-marsumi, M. (2009). Total quality management in the top rank of the dairy industry in 

Jordan. Jordan Journal of Mechanical and Industrial Engineering Volume, 3(1), 47–58. 

Ansdell, D. A. (1999). Paint and Surface Coatings: Theory and Practice (2nd ed). Cambridge: 

Woodhead Publishing Ltd. 

Arbogast, G. W. (1997). A case study: Statistical analysis in a production quality improvement 

project. Journal of Quality Management, 2(2), 267–277.  

Arlt, K. (1994). Cathodic deposition of paint. Electrochimica Acta, 39(8-9), 1189–1193.  

Barker, R. L. (1990). Drawing on Japanese Experience. The TQM Magazine, 2.  

Bender, L. B. (2013). Automotive paint - Encyclopedia of forensic sciences. Encyclopedia of 

Forensic Sciences (2nd ed). USA: Elsevier Inc.  

Bennett, A. (2010). Automotive: Innovative filtration applications in the auto industry. 

Filtration & Separation, 47(1), 28–31.  

Besra, L., & Liu, M. (2007). A review on fundamentals and applications of electrophoretic 

deposition (EPD). Progress in Materials Science, 52(1), 1–61.  

Bewilogua, K., Bräuer, G., Dietz, A., Gäbler, J., Goch, G., Karpuschewski, B., & Szyszka, B. 

(2009). Surface technology for automotive engineering. CIRP Annals - Manufacturing 

Technology, 58(2), 608–627.  

Bhangale, P., Dhake, R. J., & Gambhire, G. (2015). Reduction in defects of car body panel 

using 7QC tools approach. In National Conference on, Modeling, Optimization and 

Control (pp. 0–5).  



 

88 

Bhasin, S. (2015). Management Beyond Manufacturing. United Kingdom: Springer. 

Bhosale, S. D., Shilwant, S. C., & Patil, S. R. (2013). Quality improvement in manufacturing 

processes using SQC tools. International Journal of Engineering Research and 

Applications, 3(3), 832–837. 

Clargo, M. (2001). Problem Solving Tools and Techniques Prepared by : Retrieved from 

http://www.tesseracts.com/Files/Problem_Solving_Tools.pdf 

Colledani, M., Tolio, T., Fischer, A., Iung, B., Lanza, G., Schmitt, R., & Váncza, J. (2014). 

Design and management of manufacturing systems for production quality. CIRP Annals - 

Manufacturing Technology, 63, 773–796.  

Cox, R. . (1994). Bag filtration in electrocoating installations. Filtration & Separation, 31(4), 

329–330, 332, 334, 336. 

Dahlgaard, J. J., & Dahlgaard-Park, S. M. (2006). Lean production, six sigma quality, TQM and 

company culture. The TQM Magazine, 18(3), 263–281.  

Dahlgaard, J. J., Kanji, G. K., & Kristensen, K. (1990). A comparative study of quality control 

methods and principles in Japan, Korea and Denmark. Total Quality Management, 1(1), 

115–132.  

Dhafr, N., Ahmad, M., Burgess, B., & Canagassababady, S. (2006). Improvement of quality 

performance in manufacturing organizations by minimization of production defects. 

Robotics and Computer-Integrated Manufacturing, 22(5-6), 536–542.  

Donofrio, J. (2010). Zinc phosphating. Metal Finishing, 108(11-12), 40–56.  

Ebnesajjad, S. (2017). Expanded PTFE Applications Handbook. Oxford: Matthew Deans.  

Elg, M., Olsson, J., & Dahlgaard, J. J. (2008). Implementing statistical process control: an 

organizational perspective. The International Journal of Quality & Reliability 

Management, 25(6), 545–560.  



 

89 

Escalante, E. J. (1999). Quality and productivity improvement: a study of variation and defects 

in manufacturing. Quality Engineering, 11(3), 427–442.  

Foley, D. (2010). Selection and maintenance of spray nozzles for pretreatment application. 

Metal Finishing, 108(11-12), 219–225.  

Fouad, R. H., & Mukattash, A. (2010). Statistical process control tools : A practical guide for 

Jordanian industrial organizations. Jordan Journal of Mechanical and Industrial 

Engineering, 4(6), 693–700.  

Gijo, E. V., Scaria, J., & Antony, J. (2011). Application of six sigma methodology to reduce 

defects of a grinding process. Quality and Reliability Engineering International, 27, 

1221–1234.  

Gitlow, H. S., & Loredo, E. N. (1992). Total quality management at Florida power and light 

company; A case study. Quality Engineering, 5(1), 123–158.  

Gorenflo, G., & Moran, J. W. (2009). The ABCs of PDCA. Accreditation Coalition, Minnesota, 

USA. Retrieved from http://www.phf.org/resourcestools/Documents/ABCs_of_PDCA.pdf 

Hamdan, A. M. (2016). Guideline for chemical process in automotive industry. 

Hong, W., Ying, C., & Wen-sheng, C. (2013). Application of PDCA-cycle on the management 

of critical values reporting. Advanced Materials Research, 712-715, 3203–3206.  

Islam, S. A., & Ahmed, T. (2013). Improving FTT by using PDCA cycle in RMG sector- A 

case study. In Proceedings of 9th Asian Business Research Conference. 

James, D. I., Maharaja Ganapathy, C., Kodeswaran, T., Muthu Kannan, B., & Murugan, K. 

(2012). Quality improvement of lubricating oil pump shaft through statistical process 

control used in automobile industry. Procedia Engineering, 38, 2053–2062.  

Johnson, C. N. (2002). The benefits of PDCA. www.asq.org. 



 

90 

Juran, J. M., & Godfrey, A. B. (1998). Juran’s quality handbook. In McGrawHill (5th edi). New 

York: McGraw-Hill.  

Khumgorn, S., & Osothsilp, N. (2014). Improvement of paint thickness in electrodeposition 

painting process of truck manufacturing. Advanced Materials Research, 1077, 270–275.  

Kim, J., Park, S., Kim, N., Hur, N., & Oh, C. (2015). Prediction and minimization of micro 

deformation on automobile hood after dipping process. International Journal of 

Automotive Technology, 16(2), 293–300.  

Kitayama, M., Tadao, A., Miura, T., & Nobutaka, O. (1984). Cratering in electrodeposition 

coating of cationic paint on galvannealed steel sheet. Transactions of the Iron and Steel 

Institute of Japan, 24(743), 742–750. 

Kovach, J. V, Cudney, E. A., & Elrod, C. C. (2011). The use of continuous improvement 

techniques : A survey-based study of current practices. International Journal of 

Engineering, Science and Technology, 3(7), 89–100. 

Krylova, I. (2001). Painting by electrodeposition on the eve of the 21st century. Progress in 

Organic Coatings, 42(3-4), 119–131.  

Krylova, I. A., & Zubov, P. I. (1984). Formation and properties of coatings produced by 

electrodeposition of paints. Progress in Organic Coatings, 12, 129–141.  

Kubo, T., Hisada, Y., Murakami, M., Kosuge, F., & Hamano, K. (2011). Application of an 

earthquake early warning system and a real-time strong motion monitoring system in 

emergency response in a high-rise building. Soil Dynamics and Earthquake Engineering, 

31(2), 231–239. 

Kumar, S. S., & Kumar, M. P. (2014). Cycle time reduction of a truck body assembly in an 

automobile industry by lean principles. Procedia Materials Science, 5, 1853–1862.  

Linderman, K., Schroeder, R. G., & Choo, A. S. (2006). Six Sigma: The role of goals in 

improvement teams. Journal of Operations Management, 24(6), 779–790.  



 

91 

Magar, V. M., & Shinde, V. B. (2014). Application of 7 quality control (7 QC) tools for 

continuous improvement of manufacturing processes. International Journal of 

Engineering Research and General Science, 2(4), 364–371. 

Melchiors, M., Sonntag, M., Kobusch, C., & Jürgens, E. (2000). Recent developments in 

aqueous two-component polyurethane (2K-PUR) coatings. Progress in Organic Coatings, 

40(1-4), 99–109.  

Micić, Ž., Micić, M., & Blagojević, M. (2013). ICT innovations at the platform of 

standardisation for knowledge quality in PDCA. Computer Standards & Interfaces, 36(1), 

231–243.  

Mišković-Stanković, V. B. (2002). The mechanism of cathodic electrodeposition of epoxy 

coatings and the corrosion behaviour of the electrodeposited coatings. Journal of the 

Serbian Chemical Society, 67(5), 305–324.  

Mohsen, M., & , Yari, H. , Ramezanzadeh, B. (2014). The current status of automotive coatings 

and future trends using nanotechnology. In Vehicle Engineering (1st ed.). USA: 

AcademyPublish.org. 

Mosadeghrad, A. M. (2014). Why TQM programmes fail? A pathology approach. TQM 

Journal, 26(2), 160–187.  

Mousa, A. (2013). Lean, six sigma and lean six sigma Overview. International Journal of 

Scientific & Engineering Research, 4(5), 1137–1153. 

Nayeri, N., Zargar, M., H., N., N.D., N., A., H., & M.T., Z. (2011). An investigation into the 

effects of quality improvement method on patients’ satisfaction: a semi experimental 

research in Iran. Acta Medica Iranica, 49, 38–43.  

Omar, M. A. (2011). The automotive body manufacturing systems and processes (1st ed). 

United Kingdom: John Wiley & Sons Ltd. 

 



 

92 

Oyabu, Y., Furuno, N., Hirasawa, Y., & Omori, H. (1983). Electrodeposition coating process 

for automobile bodies. Transactions of the Iron and Steel Institute of Japan, 23(994), 994–

1008.  

Paliska, G., Pavletić, D., & Soković, M. (2008). Application of quality engineering tools. 

Advanced Engineering, 2, 73–86. 

Paul, P. (2007). Filtration system improves performance of pre-treatment and electrodeposition 

stages of an automotive assembly plant. SAE Technical Paper. 

Plenert, G. (2012). Strategic Continous Process Improvement. New York: McGraw-Hill. 

Prashar, A. (2017). Adopting PDCA (Plan-Do-Check-Act) cycle for energy optimization in 

energy-intensive SMEs. Journal of Cleaner Production, 145, 277–293.  

Putting the bag into baghouse filters. (2005). Filtration & Separation, 42(3), 22–23.  

Pyzdek, T. (2003). The Six Sigma handbook. McGraw-Hill. http://doi.org/10.1036/0071415963 

Radson, D., & Boyd, A. H. (1997). The pareto principle and rate analysis. Quality Engineering, 

10(2), 223–229.  

Rahman, M. A., Mohiuddin, A. K. M., & Abdullah, H. (2015). Painting process improvement 

through six sigma approach in a Malaysian vehicle assembly company. Advanced 

Materials Research, 1115, 596–600.  

Rashid, O. A. (2013). Business Process Improvement Methodologies : An Overview. Journal of 

Information System Research Innovation, 5, 45–53. 

Rodrigues, F. M. (2016). Importance of Quality Management in the Processors of Fruit and 

Vegetable Industries. International Journal of Emerging Research in Management & 

Technology, 5(2), 6–12. 

 



 

93 

Schmidt, M. T., Elezi, F., Tommelein, I. D., & Lindemann, U. (2014). Towards recursive plan-

do-check-act cycles for continuous improvement. In IEEE International Conference on 

Industrial Engineering and Engineering Management (pp. 1486–1490).  

Schoff, C. K. (2003). Coating of polymers and plastics. (P. V. Y. Rose A. Ryntz, Ed.). New 

York: Marcel Dekker, Inc.  

Schoff, C. K. (2013). Electrodeposition of coatings, part VI: Additional surface defects. 

Retrieved from http://www.paint.org/documents/2015/11/surface-defect_vi.pdf 

Schroeder, R. G. (2000). Six sigma quality improvement :What is six Sigma and what are the 

important implications? In First World Conference on Production and Operations 

Management (pp. 1–8). 

Scoble, C. (2012). Selecting the proper filter media for dust collection system. Retrieved from 

www.filtnews.com 

Shaw, J. A. (1991). Statistical process control for the process industries. ISA Transactions, 30, 

99–106.  

Shieh, R. S., Lyu, J. J., & Cheng, Y.-Y. (2012). Implementation of the Harvard case method 

through a plan–do–check–act framework in a university course. Innovations in Education 

& Teaching International, 49(2), 149–160.  

Shinde, M. P. N. (2015). Interlock in software in CED paint shop for cost and quality 

improvement. International Journal of Engineering Research and Technology, 4(2), 719–

725. 

Silva, A. S., Medeiros, C. F., & Kennedy Viera, R. (2017). Cleaner Production and PDCA 

cycle: Practical application for reducing the Cans Loss Index in a beverage company. 

Journal of Cleaner Production.  

 



 

94 

Silva, D. A. L., Delai, I., de Castro, M. A. S., & Ometto, A. R. (2013). Quality tools applied to 

Cleaner Production programs: A first approach toward a new methodology. Journal of 

Cleaner Production, 47, 174–187.  

Singh, V. (2013). PDCA Cycle: A quality approach. Utthan–The Journal of Management 

Sciences, 1(1), 89–96.  

Singhtaun, C., & Prasartthong, N. (2012). The application of an experimental design for the 

defect reduction of electrodeposition painting on stainless steel washers. World Academy 

of Science,Engineering and Technology, 6(10), 349–353. 

Soković, M., Jovanović, J., Krivokapić, Z., & Vujović, A. (2009). Basic quality tools in 

continuous improvement process. Strojniski Vestnik/Journal of Mechanical Engineering, 

55(5), 1–9. 

Sokovic, M., Pavletic, D., & Pipan, K. (2010). Quality improvement methodologies–PDCA 

cycle, RADAR matrix, DMAIC and DFSS. Journal of Achievements in Materials and 

Manufacturing Engineering, 43(1), 476–483.  

Sparks, T., & Chase, G. (2016). Filters and Filtration Handbook. Filters and Filtration 

Handbook (6th ed). Oxford: Butterworth-Heineman.  

Srinivasan, K., Muthu, S., Prasad, N. K., & Satheesh, G. (2014). Reduction of paint line defects 

in shock absorber through six sigma DMAIC phases. Procedia Engineering, 97, 1755–

1764.  

Streitberger, H. J., & Dössel, K. F. (2008). Automotive Paints and Coatings: Second Edition 

(2nd ed). Weinheim: Wiley-VCH Verlag GmbH & Co.  

Voelcker, J. (2015). pic biw.pdf. Retrieved from 

https://www.greencarreports.com/news/1097839_aluminum-body-2015-ford-f-150-gets-5-

star-nhtsa-rating-for-crash-safety 

 



 

95 

Wansbrough, H. (2005). The surface coating of car bodies. Retrieved from 

nzic.org.nz/ChemProcesses/polymers/10F.pdf 

Wazed, M. A., & Ahmed, S. (2009). Theory driven real time empirical investigation on joint 

implementation of PDCA and 5S for performance improvement in plastic moulding 

industry. Australian Journal of Basic and Applied Sciences, 3(4), 3825–3835.  

Yamada, F., Kakimoto, R., Yamamoto, M., Fujimi, T., & Tanaka, N. (2011). Implementation of 

community flood risk communication in Kumamoto, Japan. Journal of Advanced 

Transportation, 45(2), 117–128.  

Yong, J., & Wilkinson, A. (2010). The long and winding road : The evolution of quality 

management. Total Quality Management, 13(1), 101–121.  

Yoshihara, T., & Okita, H. (1983). Phosphate coating techniques for car bodies. Transactions of 

the Iron and Steel Institute of Japan, 23(984), 984–993.  

Yung, W. K. C. (1996). An integrated model for manufacturing process improvement. Journal 

of Materials Processing Technology, 61(1-2), 39–43. 

Zairi, M. (2013). The TQM legacy – Gurus ’ contributions and theoretical impact. The TQM 

Journal, 25(6), 659–676.  

Zobel, S., & Gries, T. (2010). Applications of Nonwovens in Technical Textiles. (R. Chapman, 

Ed.)Applications of Nonwovens in Technical Textiles. Boca Raton: Woodhead Publishing 

Ltd. 

Zu, X., Fredendall, L. D., & Douglas, T. J. (2008). The evolving theory of quality management: 

The role of six sigma. Journal of Operations Management, 26(5), 630–650.  

 


	Quality improvement in electrodeposition process of commercial vehicle using PDCA approach - Table of contents
	Quality improvement in electrodeposition process of commercial vehicle using PDCA approach - Abstract
	Quality improvement in electrodeposition process of commercial vehicle using PDCA approach - References

