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Effect of Microstructure on Deformation Behavior of Ferrite-Bainite Steels

Nobuyuki 1SHIKAWA, Hitoshi SUEYOSHI, Shigeru ENDO and Nobuo SHIKANAI

Synopsis

: Effect of bainite volume fraction on tensile properties of ferrite-bainite steels was investigated experimentally and analytically. Ferrite—

bainite steels with different bainite volume fractions having the similar mechanical properties for each constituent phase were prepared and
the tensile properties were investigated. Lower yield ratio (YR) and higher n-value were obtained for the steels with bainite volume fraction
of 16 to 35%, while the ferrite or bainite single phase steels exhibited relatively higher YR and lower n-value. In order to investigate micro-
scopic deformation behavior of ferrite-bainite steels, an axisymmetric unit cell model based on a regular array of second-phase particles
arranged on a BCC lattice was applied. Finite element analyses were carried out to investigate the macroscopic and microscopic response of
unit cells with morphological features based on the actual steels. Macroscopic deformation behavior of ferrite-bainite steels calculated by the
unit cell model showed good agreement with experimental results. In addition, the effect of bainite volume fraction on YR and n-value was
well simulated by the unit cell model. Microscopic investigation on the unit cells revealed that significant strain concentration existed in the
ferrite phase near the ferrite/bainite boundary for ferrite—16% and 35% bainite steel, which had higher experimental n-value. However, fur-
ther increasing of bainite volume fraction caused plastic deformation of bainite phase and the strain concentration was decreased, resulting in
lower level of n-value for ferrite—58% bainite steel. Effect of bainite morphology on strain hardening behavior of ferrite-bainite steels was
also discussed based on analytical study using the unit cell model.

Key words : ferrite-bainite steel; plastic deformation; stress—strain curve; n-value; FEM analysis; unit cell model.
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Table 1. Chemical compositions of the steels used.

No. | Microstructure Chemical compositions (mass %) Bainite volume | Bainite aspect | Micro hardness (HV5g)
C Si Mn Nb \% fraction (%) ratio Ferrite Bainite
1 100%F 0.010 0.28 1.46 0.041 0.051 0.9 - 151 -
2 F+16%B 0.036 0.29 1.52 0.046  0.051 15.5 2.6 178 349
3 F+35%B 0.080 0.29 1.51 0.044 0.051 349 23 181 328
4 F+58%B 0.121 0.29 1.52 0.046 0.051 58.1 2.5 229 384
5 100%B 0.203 0.28 1.52 0.044  0.051 97.1 349
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Fig. 1. Schematic illustration for ferrite—austenite equilib-
rium in the Fe—C partial phase diagram.
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Fig. 2. Microstructure of the steels used.
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Fig. 3. Stress—strain curves of ferrite-bainite steels.
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Fig. 4. Effect of bainite area fraction on yield and tensile
strength of ferrite-bainite steels.
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Fig. 5. Effect of bainite area fraction on yield ratio and n-
value determined in the strain range from 1 to 4%.
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Fig. 6. The V-BCC model: (a) three dimensional array of
Voronoi tessellation of the BCC lattice, (b) two ad-
jacent axisymmetric Voronoi cells.
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Fig. 10. Contour plots of equivalent plastic strain for ferrite—bainite steels calculated by unit cell model at nominal strain of 4%.

White arrows indicate maximum plastic strain points.
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Fig. 11. Distribution of equivalent plastic strain around ferrite/bainite phase boundary.
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Fig. 12. Effect of bainite area fraction on stress—strain
curves for the ferrite—bainite steels with bainite
aspect ratio of 2.0.
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