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Effect of Internal Stress due to Plastic Costraint on Fracture

Ductility of Dual Phase Steel

Jung Kyu Kim

Abstract

The effect of the micro-internal stress which is induced in the ferrite grain by plastic
constraint, on fracture behavior was investigated. The specimen used has combined
microstructure with matrix of ferrite encapsulated by second phase of martensite.

The micro-internal stress in the ferrite grain was estimated using a simple mechanical
model, and its effect on micro and macro fracture behaviors was discussed. The resu-

Its obtained are summarized as follows;

The micro-internal stress promotes the formation of cleavage cracks in the ferrite
during deformation. Consequently, it was concluded that the internal stress is one of
the significant factors which cause the fracture ductility to decrease.
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Fig. 1 Martensite encapsulated islands of ferrite
(MEF microstructure, light etching phase-
ferrite; dark-martensite).
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Fig. 2 Deformation model of compound cylinder.
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Fig. 3 Plastic constraint factor as a function of
strength ratio.
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Table 1 Heat treatments and metallurgical properties.

Heat treatments and metall- | Series Tempering Micro-Vickers hardness
' Hardness ratio

urgical proper. temp.°C Martensite Ferrite

1200°Cx4h Annealing A, As quench. 709 197 3.6
780°Cx40min Air cool. A, 200 715 202 3.5
800°Cx50min Quenching A 300 585 186 3.1
(second phase volume fraction:

70, ferrite grain size: 50um) A4 400 484 160 3.0
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Table 2 Plastic costraint factor of microstructure

calculated from equation (4).

series R,/R, Mg,/%0, £
4 | | =5 2.63
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Fig. 6 Number of clearvage cracks as a function of
applied strain.

Fig. 7 Scanning electron micrographs of fracture
surfaces (above: series A;, below: series Ay).
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cleavage cracking vs. plastic constraint factor.
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