
 

 

 
ENHANCING FLANGE LENGTH IN 

STAMPING OF HIGH STRENGTH STEEL 

SHEETS SM520B USING STRETCH 

FLANGING METHOD 

 

 

 

 
 

MOHD SYAFIQ BIN YUSOFF 

 

 
 

 
 

 

 

MASTER OF SCIENCE 

 
UNIVERSITI MALAYSIA PAHANG 

 



 

SUPERVISOR’S DECLARATION 

We hereby declare that We have checked this thesis and in our opinion, this thesis is 

adequate in terms of scope and quality for the award of the degree of Master of Science. 

 

 

 

_______________________________ 

 (Supervisor’s Signature) 

Full Name  : DR. ZAMZURI BIN HAMEDON 

Position  : SENIOR LECTURER 

Date   :  

 

 

 

_______________________________ 

 (Co-supervisor’s Signature) 

Full Name  : DR. MUHAMMED NAFIS BIN OSMAN ZAHID 

Position  : SENIOR LECTURER 

Date   : 



 

STUDENT’S DECLARATION 

I hereby declare that the work in this thesis is based on my original work except for 

quotations and citations which have been duly acknowledged. I also declare that it has 

not been previously or concurrently submitted for any other degree at Universiti Malaysia 

Pahang or any other institutions.  

 

 

 

_______________________________ 

 (Student’s Signature) 

Full Name : MOHD SYAFIQ BIN YUSOFF  

ID Number : MMF15015 

Date  :  

 



 

 

 

ENHANCING FLANGE LENGTH IN STAMPING OF  

HIGH STRENGTH STEEL SHEETS SM520B 

USING STRETCH FLANGING METHOD 

 

 

 

MOHD SYAFIQ BIN YUSOFF 

 

 

 

Thesis submitted in fulfillment of the requirements 

for the award of the degree of 

Master of Science 

 

 

 

Faculty of Manufacturing and Mechatronic Engineering Technology 

UNIVERSITI MALAYSIA PAHANG 

 

 

DECEMBER 2020 

 

 



ii 

ACKNOWLEDGEMENTS 

First and foremost, all thanks to Allah S.W.T for giving me the good health, strength and 

opportunity to complete the research journey. My sincere indebtedness and gratitude to 

my parents for their love, dream and sacrifices throughout my life. I acknowledge the 

sincerity of my siblings, who consistently encourage me to carry on my higher studies up 

until this level. I cannot find the appropriate words that could properly describe my 

appreciation for their devotion, support and faith in my ability to attain my goals. I also 

would like to thank my parents for unceasing encouragement, supports and attentions. I 

am also grateful to my entire family members. 

My sincere gratitude to my supervisor Dr. Zamzuri Hamedon for the continuous support 

of my Master’s research project, for his patience, motivation, enthusiasm, advices and 

immense knowledge. He has always impressed me with his outstanding professional 

conduct, and his strong conviction for engineering. I appreciate his consistent support 

from the first day in this study to these concluding moments. His guidance helped me in 

all the time in research and writing of this thesis. I am truly grateful for his tolerance of 

my naïve mistakes, and his commitments to my future career. I also sincerely thank for 

the time spent correcting my many mistakes. I could not have imagined having a better 

supervisor and mentor for my Master research. I am also very thankful to all lecturers and 

Instructors in Faculty of Manufacturing Engineering for their guidance, advices, and 

motivation. 

My colleague and course mates especially Nik Ruqiyah and Nurizzathanis; should also 

be recognized for their support. My sincere appreciation to them who have provided 

assistance at various occasions. Their view and tips are useful indeed. Unfortunately, it 

is not possible to list all of them in this limited space. My sincere thanks to all of them, 

who help me in many ways and made my stay at UMP pleasant and unforgettable. In 

preparing this thesis, I was in contact with many people, researches, academicians, and 

practitioners. They have contributed towards my understanding and thoughts. I also place 

on record, my sense of gratitude to one and all, which directly or indirectly, have lent 

their hand in this venture. Special thanks should be given to my research group members. 

I would like to acknowledge their comments and suggestions, which was crucial for the 

successful completion of this study. 

 

 



iii 

ABSTRAK 

Pada masa kini, kepingan besi berkekuatan tinggi digunakan secara meluas dalam 

industri kerana kelebihannya yang berkekuatan tinggi dan beratnya yang ringan. Walau 

bagaimanapun, disebabkan kekuatan yang tinggi tersebut, proses penghasilan produk 

perlu dipermajukan bagi mengatasi kecacatan yang terjadi semasa proses penghasilan 

produk tersebut. Oleh itu, kajian ini menumpukan perhatian pada peningkatan panjang 

unjuran kepingan besi yang dilentur dengan menggunakan tiga pendekatan yang berbeza; 

rekabentuk acuan pelentur dengan hadangan sisi, penggunaan kolar iaitu pra-lentur 

sebelum lenturan dijalankan; dan juga teknik lenturan-secara-regangan bersama haba, 

untuk meminimumkan kekerapan keretakan yang berlaku dalam proses lenturan 

kepingan besi berkekuatan tinggi. Penyelidikan dimulakan dengan eksperimen awal 

untuk menguji had rekabentuk acuan pelentur terdahulu yang berpermukaan rata, dengan 

mempertimbangkan beberapa parameter seperti panjang maksimum unjuran, bidasan, 

dan taburan ketebalan. Kemudian, haba digunakan dalam eksperimen dengan 

memanaskan kepingan besi tersebut sebelum dibentuk untuk meningkatkan 

kebolehbentukan besi tersebut. pelentur dengan hadangan sisi dihasilkan dan diuji dengan 

tetapan yang sama yang digunakan dalam ujikaji sebelumnya. Kaedah lain yang 

digunakan bersama pelentur dengan hadangan sisi adalah penggunaan kolar sebelum 

proses lenturan-secara-regangan dilakukan. Berdasarkan eksperimen tersebut, didapati 

bahawa acuan pelentur permukaan rata mencapai panjang unjuran maksimum 12 mm dan 

tidak mencapai sasaran 18 mm. Proses lenturan-secara-regangan menggunakan haba 

terbukti meningkatkan kebolehbentukan kerana panjang unjuran maksimum yang dicapai 

adalah 24 mm dan bidasan dikurangkan hingga maksimum 5 °; dan dalam aspek taburan 

ketebalan, ketebalan di bahagian tengah unjuran menurun hanya 0.2 mm dan penebalan 

yang dicatatkan ialah 0.15 mm. Selain itu, dapat disimpulkan bahawa teknik pengunaan 

kolar adalah berhasil kerana panjang unjuran maksimum meningkat menjadi 24 mm 

sementara acuan lenturan berpenghadang sisi mencapai panjang unjuran maksimum 16 

mm. Bagi penggunaan kolar dalam lenturan-secara-regangan, panjang unjuran meningkat 

sebanyak 50% berbanding dengan proses lenturan-secara-regangan tanpa kolar. Sudut 

bidasan berkurangan sementara ketebalan di tengah meningkat juga memperlihatkan 

produk akhir yang baik dihasilkan daripada kepingan besi berkekuatan tinggi. Sebagai 

perbandingan, antara ketiga-tiga kaedah ini, lenturan-secara-regangan bersama haba 

menunjukkan hasil yang paling baik berdasarkan panjang unjuran, sudut bidasan dan juga 

pengagihan ketebalan yang dicatat. Bagi kaedah lenturan-secara-regangan tanpa haba, 

penggunaan kolar adalah kaedah terbaik berbanding dengan kaedah konvensional. 

 



iv 

ABSTRACT 

Nowadays, high strength steel sheets were widely used in the industry due to the 

advantages in offering high strength with light weight. However, due to the high tensile 

strength the manufacturing process need to be improved to prevent defects that occurred 

in the production. Currently, stretch flanging method was used for the manufacturing of 

steel sheets, however some defects were still observed especially when a long flange 

length involved. Thus, this research were focusing on minimizing fracture by enhancing 

the flange length of the stretch flanged steel sheet by using three different approaches 

namely the side stopper punch shape; application of collar length and pre-heating of the 

steel sheets before stretch flanging process. The research started with preliminary 

experiment to test the limit for normal flat-bottom punch with considering a few 

parameters such as maximum flange length, springback, and thickness distribution. Then, 

heat was used in the experiment by pre-heating the sheets before being stretch-flanged to 

improve the formability of the sheets. Side-stopper punch was fabricated and tested with 

the same setup used in the previous experiment. Another method used with side-stopper 

punch was the application of collar bending before the stretch flanging take places. From 

the experiment, it was showed that flat-bottom punch achieved maximum flange length 

of 12 mm and not achieving the targeted 18 mm. The hot-stretch flanging process was 

proven to improve the formability as the maximum flange length achieved was 24 mm 

and the springback was reduced to the maximum of 5° and in aspect of thickness 

distribution, the thickness at the center of the flanged part were decreased by only 0.2 

mm and the thickening recorded were 0.15 mm. Besides, it can be concluded that collar 

length was a success as the maximum flange length increased to 24 mm while the side 

stopper punch achieved maximum of 16 mm flange length. For stretch flanging process 

with collar length, the maximum flanges length of high strength steel sheet increased by 

50% compared to stretch flanging process without collar length. The angle of springback 

was decreased while the thickness at center increased was also show good finished 

product of high strength steel sheet in stretch flanging process. For comparison, between 

these three methods, the hot stretch flanging shows the most excellent results due to the 

flange length, springback and thickness distribution. For cold flanging, the collar bending 

was the best methods compared to the conventional methods. 
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