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ABSTRACT 

Applications of dual phase (DP) steel are increasing due to its excellent 

features; those are high tensile test and good formability. DP steel offers high ratio 

between strength and weight which is crucial in the performance of light weight 

construction, as well as capability to be deformed into complex geometry. The major 

disadvantage of the application of DP steel in metal forming is the occurrence of 

springbaclc resulted by the elasticity recovery after load is released. The geomehcal 

discrepancy due to springback can cause problem in part assembly and geometric 

deviation of the design. If springback could be predicted, the tool and die could be 

accurately designed and built. Many simplified analytical model have been 

developed to predict springback, however these model managed to cover only simple 

geometries. For real part geometry, finite element (FE) method should be deployed. 

However, the accuracy of the springb ack prediction is influenced by material and 

process parameters included in the FE analysis. 

This study was focused on the investigating of the elastic-plastic behavior of 

DP steel following by the micro and macro modeling by using FEM. Uniaxial 

tensile testing was used to obtain stress and strain relationship and metallographic 

observation was conducted to identify phases and interaction between martensite 

particle and ferrite matrix during forming. 

Micro mechanical FE analysis depicted that under uniaxial stress ferrite 

grains elongated and martensite particles were inclined to accumulate. Grain 

boundaries were areas with the highest strain and failures could initiate in these 

areas. SEM micrograph confirmed the FE analysis results. FE simulation of uniaxial 

tensile testing indicated that exponential based plastic constitutive material equation 

represented the stress strain relationship better than linear based equation. 



FE simulation results for V-shape bending and U-channel shape deep 

drawing as well as experimental studies demonstrated the occurrence of significant 

springback by the forming of DP steel. By V-shape, the geometrical discrepancy 

was higher than by U-channel shape, because by U-channel shape the flow of 

material was controlled by the blank holder force. Good agreement between FE 

simulation and experimental results was achieved with the standard error below 1 0 

%. 



vii 

Aplikasi besi dua fasa (dual phase steel) semakin meningkat disebabkan sifat- 

sifatnya yang sangat baik seperti ketegangan yang tinggi dan mudah dibentuk. Besi 

ini menawarkan nisbah kekuatan kepada jisim yang tinggi di mana ianya sangat 

penting kepada prestasi pembinaan serta kemampuan untuk berubah bentuk menjadi 

geometri kompleks. Kekurangan utarna aplikasi besi dua fasa ini adalah te jadinya 

'springback' hasil daripada pemulihan elastik selepas beban dilepaskan. Perbezaan 

geometri yang disebabkan oleh 'springback' bukan sahaja rnenimbdlcan masalah 

semasa pemasangan malah menyebabkan rekabentuk geometri yang tersisih. Jlka 

'springback' dapat dikenalpasti, acuan dapat direkabentuk d m  dibina dengan tepat. 

Banyak model analitikal yang diringkaskan telah dibangunkan untuk mengenalpasti 

'springback', namun model-model ini hanya dapat digunakan dalam geometri yang 

ringkas. Untuk geometri yang sebenamya, kaedah unsur terhingga (FEM) hams 

digunakan. Namun, ketepatan dari ramalan 'springback' adalah dipengaruhi oleh 

parameter bahan dan proses yang dimasukkan ke dalam analisis FE. 

Penelitian ujikaji ini fokus kepada kelakuan elastic-plastik besi dua fasa dan 

diikuti dengan pernodelan mikro dan makro dengan menggunalcan FEM. Ujian 

ketegangan s earah telah dilakukan untuk memperoleh hubung an ketegasan d m  

keterikan. Pemerlnatian metalografi juga dijalankan ~ ~ n t u k  mengenalpasti fasa dm 

hubungan antara zarah martensit dan matnks ferit semasa proses p embentukan. 

Analisis FE mel~anikal mikro menunjukkan di bawah ketegasan searah, 

butiran ferit memanj ang manakala zarah martensit cenderung untuk mengumpul . 
Sempadan butiran adalah kawasan di mana nilai keterikan yang paling tinggi dan 

kegagalan mudah berlaku di kawas an ini. Mikrograf SEM telah mengesahkan 

keputusan analisis FE ini. Sirnulasi FE bagi ujikaji ketegangan searali 

menunujukkan persamaan bahan bagi konstitutif plastik yang berdasarkan eksponen 



adalah lebih baik mewaluli hubungan ketegasan dan keterikan daripada persamaan 

berdasarkan linear. 

Kepulusan Simulasi FE dan expekmen bagi pembengkokkan dalarn bentuk V 

dan U telah menunjukkan kesan 'springback yang amat ketara semasa pembentukan 

besi dua fasa. Bagi bentuk V, perbezaan geometri adalah amat ketara berbanding 

bentuk U. Hal ini adalah kerana bagi bentuk U, aliran bahan adalah dikawal oleh 

h a s a  penghempit. Kecocokan di antara keputusan simulasi dan experimen adalah di 

bawah 10% sisihan piawai. 


















































