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Test on Hole Expansion Property for 450~780 MPa Dual Phase Steel Sheets
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ABSTRACT: The paper aims to avoid flanging or hole-expansion in forming dual-phase steel to improve the productivity. Un-
iaxial tensile test and hole-expansion test for several dual-phase steels between 450 MPa and 789 MPa were carried out. Effects
of microstructure on mechanical properties of dual-phase steels were analyzed. The yield strength for 450~780 MPa dual-phase
steels increased with the reduction of ferrite's grain size. The ultimate tensile strength increased almost linearly with the increase
of martensite's volume fraction. Compared with DP450 and DP600, DP500 had an intermediate ultimate tensile strength (579
MPa) and a maximum elongation; but for the difference of martensite's shape and distribution, it had a minimum hole-expansion
ratio. The hole-expansion ability of dual-phase steel was mainly affected by total volume fraction, size, shape and distribution of
martensite particle rather than strength and elongation of material. Uniform distribution of globular martensite particle indicates
better hole-expansion ability.
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Tab.1 Chemical composition (mass fraction) of dual-phase steels %
KR C Si Mn P S Alt Ni Cr Ti
DP450 0.082 0.040 1.299 0.010 0.003 0.038 0.007 0.288 0.002
DP500 0.086 0.136 1.506 0.013 0.005 0.033 0.006 0.379 0.001
DP600 0.097 0.075 1.399 0.012 0.003 0.088 0.015 0.017 0.003
780DPD+Z 0.094 0.015 1.923 0.009 0.002 0.055 0.007 0.370 0.001
780DP 0.078 0.241 1.806 0.011 0.004 0.052 0.010 0.387 0.002
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Tab.2 Computing results of martensite particle and ferrite

grain
prpn PRORIKERRL SICIRIR SICHOREy SRR
Refum — BUMI%  Ko/bhum® g
DP450 4.93 153 3.09 2.65
DP500 4.49 20.0 3.84 3.00
DP600 3.51 23.6 2.99 2.04
780DPD+Z 1.34 41.8 1.86 -
780DP 1.82 374 245 -
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Tab.3 Tensile test results of dual-phase steels

JREE Jaism brbisr RS AR ISR

S LA mm J¥/MPa J&/MPa % B (nff)
DP450 1.5 317 491 25.5 0.195
DP500 1.8 313 579 28.4 0.166
DP600 1.4 375 636 23.4 0.173

780DPD+Z 1.4 562 836 15.9 0.129
780DP 2.0 509 783 19.9 0.120
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Fig.2 Corelation of grain size and yield strength
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Fig.3 Correlation of volume fraction and ultimate tensile
strength of martensite steel
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Fig.6 Shape and distribution of martensite particles
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