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Upper and Lower Bounds in Flow Stress of a Dual Phase Steel Predicted by
the Secant Method and Related Microstructures

Seiji Korani, Noriyuki Tucniba and Yo Towmora

Synopsis : Elasto-plastic flow curves of dual phase steels consisting of martensite and ferrite have been predicted by using the
secant method proposed by Wene. The predicted flow stress for a given volume fraction of martensite becomes the
upper bound when the matrix is considered to be martensite, whilst the predicted flow stress becomes the lower bound
when the matrix is ferrite. This prediction is compared with experimental results obtained from Mn-Si-C martensite-
ferrite steels where the volume fraction and morphology were altered by changing heat treatment. It is found that the
prediction is in good agreement with the experimental results when the matrix structure can be identified by means
of optical microscopy. In the case where the matrix structure is percolated and is not distinguishable, the flow stress

curves lie between those two bounds.

Key words : Mn-Si-C ferrite-martensite steel ; flow stress; the secant method ; upper and lower bounds ; percolation.
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Fig. 1. Schematic illustrations of plastically

deformed condition; (a) plastic relaxation
occurred by local flow in the vicinity of an
inclusion; (b) the secant Young modulus
(E®%) to represent the strain partitioning
between the matrix and inclusion.
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Fig. 2. Calculating flow chart of the secant method.
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Table 1. Chemical compositions of steel used (mass%).

- C Mn Si P S Cu Al N Fe
0.16 143 041 0014 0.004 0.01 0.027 0.028 bal.

T1 T2
TypeA ! 973~1043K , 3.6ks
TypeB 1423K, 9x10°ks  10131073K , 3.6ks
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Fig. 3. Schematic illustrations of heat treatments.
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Fig. 4. Optical micrographs of ferrite-martensite dual phase steels : (a) DPA, 35% fy ; (b)DPA, 50% fy ; (c)DPA,
80% fy ; (A)DPB, 35% fy ; (e)DPB, 50% fy ; (f)DPB, 80% fy.
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Table 2. Input data for calculation.

fm dr  heat condition (T2)
353 36.0 973
DPA 497 372 993
79.1 395 1023
348 404 1003
DPB 493 358 1013
81.0 404 1063

dr : grain diameter of ferrite;

fis :volume fraction of martensite.
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