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Abstract

The deformation of polycrystalline steels are often very heterogeneous both intergranular and
intragranular. In the course of steel development, heterogeneity at various scales has been controlled
in order to realize superior characteristics at macro scale. In the present study, [1] /n-situ observation
of microstructure evolution was conducted for uniaxial and biaxial tensile deformation using the
microscopic biaxial tensile system with EBSD (electron back scatter diffraction) with scanning
electron microscope (SEM) analysis. Biaxial tension deformation was simulated by using crystal
plasticity FE simulation, the anisotropic work hardening behavior under biaxial tension in
polycrystalline IF (interstitial free) steel was microscopically explained from the viewpoints of
microstructural evolution. [2] Voids nucleation of dual phase steel with 10% martensite volume
fraction was analyzed by meso-scale FE simulations. FE simulations have satisfactorily predicted
the strain localization in ferrite, the fracture of martensite islands, and the martensite islands
subjected to interface decohesions. Furthermore, the effects of the strength between two phase on
the ductile fracture of DP steel will be investigated using finite element simulations with continuum
damage mechanics (CDM) model.
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Comparison of in-situ observations and martensite fracture

with simulation results'

(a) At 0.1 gauge strain, and (b) At 0.28 gauge strain

Locations of martensite fracture are highlighted by elliptical

red markers
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0.28 gauge strain'
(b) Visualization of the components of the separation
vectors along the tensile direction'
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15 BEFET IV
Analysis model

x2 MHEH

Material constants

K[MPa]| ¢[-] | n[] | &,[-] |S[MPa]| D[]

Soft 900 0.005 | 0.117 | 0.117 | 10.0 | 0.064
Hard 1330 0.004 | 0.040 | 10.0 1.0 0.380
3600 ' ' ’ ) )

Non-metallic
900 0.004 | 0.140 | 0.01 1.0 0.010

inclusion
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Effect on material properties of volume fraction and shape

of inclusion®®

(in case that strength differential between phases is lower)
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Effect on material properties of volume fraction and shape
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(in case that strength differential between phases is higher)
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#=3 MHEEEHEORER
Materials and phases

Phase1/Hardness [HV] | Phase2/Hardness [HV] | AHV
Cl1 Soft 3/310 Hard 1/1000 690
C2 Soft 2/295 Hard 1/1000 705
C3 Soft 1/280 Hard 1/1000 720
D1 Hard 2/720 Soft 6/540 180
D2 Hard 2/720 Soft 5/370 350
D3 Hard 2/720 Soft 4/200 520
R4 MHEEH
Material constants
K[MPa]| &[] | n[-] | &,[-] |S[MPa]| D, []

Hard 1 3650 | 0.004 | 0.040 | 0.040 1.0 0.99
Hard2 | 2505 | 0.004 | 0.050 | 0.050 5.0 0.99
Soft 1 1200 | 0.004 | 0.240 | 0.240 1.0 0.99
Soft 2 1260 | 0.004 | 0240 | 0.240 1.0 0.99
Soft 3 1300 | 0.004 | 0.240 | 0.240 1.0 0.99
Soft 4 791 0.004 | 0.155 | 0.155 5.0 0.99
Soft 5 1363 | 0.004 | 0.088 | 0.088 5.0 0.99
Soft 6 1934 | 0.004 | 0.064 | 0.064 5.0 0.99
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Effect on stress strain relation of strength differential
between phases
(in case that volume fraction of soft phase is 80%)
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Effect on stress strain relation of strength differential
between phases
(in case that volume fraction of soft phase is 20%)
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