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Advanced high-strength steels (AHSS) have composite microstructures.
Third-generation AHSS rely on retained austenite for enhanced properties.

WorldAutoSteel, “A New Global Formability Diagram”, 2022.
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The Q&P heat treatment creates a complex
microstructure containing ferrite, martensite,
and metastable retained austenite.

J.G. Speer, F.C.R. Assuncao, D.K. Matlock, D.V. Edmonds,
“The ‘Quenching and Partitioning’ Process: Background and
Recent Progress,” Materials Research, COLORADOSCHOOLOFMINES

vol. 8, no. 4, pp. 417-423, 2005. Figure replotted by M. Thrun. d BARYE O BNERBY ¢ ENVIRONEBENT
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Deformation temperature and strain rate appear to control the properties.
How this relates to the martensitic transformation is not understood.

J. Hu and G. Thomas: JOM, 2021, vol. 73, pp. 3204-13.
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Framework for the Experimental Methods
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Each experiment integrated mechanical testing, XRD, and SEM-EBSD
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1. How is DIMT responsive to strain rate?
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C. B. Finfrock, M. M. Thrun, D. Bhattacharya, T. Ballard,

A. J. Clarke, and K. D. Clarke, “Strain Rate Dependent Ductility and

Strain Hardening in Q&P Steels,” Metallurgical and Materials COLORADOSCHOOLOFMINES.
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Transactions A, vol. 52A, pp. 928-942, 2021. { BARTE
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Strain Hardening in Q&P Steels,” Metallurgical and Materials
Transactions A, vol. 52A, pp. 928-942, 2021.
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Strain Rate Sensitivity of DIMT
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These data illuminate two challenges:

1. Strain rate and temperature are physically
coupled. It is difficult to detect how each
individually affect DIMT.

2. DIMT must be resolved as a function of
strain or stress to understand the
strengthening contribution of the TRIP-effect
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2. (a) Is the strain rate sensitivity of DIMT due to deformation-induced
heating alone, or a combination of independent strain rate and
temperature effects? (b) If there is a strain rate effect that is independent
of temperature, then can this effect be measured at strain rates above the

adiabatic threshold?
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(b) If there is a strain rate effect that is independent
of temperature, then can this effect be measured at strain rates above the
adiabatic threshold?
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3. (a) Is DIMT sensitive to temperature over the range of 25 to 250 °C?
(b) If so, is there an argument for using warm forming to tailor the
martensitic phase transformation for improved performance during sheet
forming and in service?
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Resolving DIMT at Elevated Temperatures
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