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Abstract In the present study, the tensile properties and dynamic strain aging of an Fe-24.5Mn-4Cr-0.45C alloy were
investigated in terms of strain rate. During tensile testing at room temperature, all the stress-strain curves exhibited serrated
plastic flows related to dynamic strain aging, regardless of the strain rate. Serration appeared right after yield stress at lower
strain rates, while it was hardly observed at high strain rates. On the other hand, strain-rate sensitivity, indicating a general
relationship between flow stress and strain rate at constant strain and temperature, changed from positive to negative as the strain
increased. The negative strain-rate sensitivity can be explained by the Portevin Le Chatelier effect, which is associated with
dynamic strain aging and is dependent on the strain rate because it is very likely that the dynamic strain aging phenomenon
in high-manganese steels is involved in the interaction between moving dislocations and point-defect complexes.
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Table 1. Characteristics of the different types of serrations and

experimental conditions.'”

Serration Characteristic Experimental conditions
type
A Periodic Deformation bands initiation and
Rise — drop propagation
B Oscillations Discontinuous band propagation
C PerlOdlc. Dislocation unlocking
Drop — rise
Band propagation with no work
hardening
b Plateaus Strain gradient ahead of the
moving band front
E Modified A Band propagation with little or no

work hardening
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Fig. 1. Optical micrograph showing the microstructure of an
undeformed Fe-24.5Mn-4Cr-0.45C alloy.
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Fig. 2. X-ray diffraction results of an Fe-24.5Mn-4Cr-0.45C alloy
tested at different strain rates.
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Fig. 3. (a) Image quality map, (b) inverse pole figure map, (c) image
quality-inverse pole figure map of an Fe-24.5Mn-4Cr-0.45C alloy
deformed to approximately 20 % at the strain rate of 107*s™".
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Fig. 4. Engineering stress-strain curves of an Fe-24.5Mn-4Cr-0.45C alloy tested at different strain rates and (b) enlargement of the boxed

segment of the stress-strain curves.
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Table 2. Tensile properties of a Fe-24.5Mn-4Cr-0.45C alloy tested at different strain rates.

Strain rate (s™) Yield strength (MPa)

Tensile strength (MPa)

Elongation (%) Reduction in area (%)

107 395.2 820.8 62.3 57
102 417.1 865.0 61.5 59
10° 392.8 875.0 72.1 58
107 363.1 887.8 78.6 58
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Fig. 5. Engineering stress-strain curves of an Fe-24.5Mn-4Cr-0.45C alloy exhibiting the serrations at different strain and strain rates.
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Fig. 6. (a) Strain-rate sensitivity of an Fe-24.5Mn-4Cr-0.45C alloy and (b) strain-rate sensitivity plotted as a function of the engineering

strain.
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