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Medium Mn steels are among the most promising candidates among the third-

generation AHSS for automotive applications, owing to their enhanced strength and 

ductility. The superior mechanical properties can be attributed to their extended 

strain hardening behavior. In the current work, we have designed and developed a 

medium Mn steel using the CALPHAD approach to optimize parameters such as 

austenite stability and stacking fault energy [1]. The developed steel shows excellent 

uniaxial tensile properties with UTS of ~1350 MPa and uniform elongation of ~26%. 

One of the interesting observations is the presence of a unique staircase-like feature 

and fine serrations throughout the plastic regime of the stress-strain curve (Figure 1). 

The staircase-like feature consists of a plateau with negligible strain hardening 

followed by an abrupt rise in the flow stress. The quantitative characterization of the 

microstructure evolution during the tensile deformation is of great importance to 

understanding the strain-hardening behavior [2]. Hence, we have used an in-situ 

tensile study coupled with high-energy synchrotron X-Ray diffraction to gain better 

insight regarding the microstructure, defect density, and phase evolution during the 

uniaxial deformation. Preliminary analysis shows a direct correlation between the 

austenite/martensite volume fraction and the strain hardening behavior, with the 

staircase-like feature marked by a dip in austenite fraction, indicating a significant 

role of the TRIP effect. 
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Figure 1: Engineering stress – engineering strain plot of the medium Mn steel 

sample highlighting the staircase-like features and the fine serrations in the plastic 

region during the ex-situ test and the in-situ test results at the same crosshead 

velocity (0.1 mm/s) with the jerks corresponding to the periodic interruptions done to 

capture the diffractograms.  
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