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Abstract   
Springback prediction in hot-formed automotive 

components is complicated by evolving microstructures 

induced by complex hardening schedules. This work 

develops a coupled transformation–plasticity constitutive 

model for low-alloy medium-carbon steel subjected to 

quench–temper, austemper, and quench–partition–

temper histories. Phase transformation kinetics and 

resulting phase fractions are calculated using a mixed-

mode approach, then integrated into a crystal-plasticity 

framework that accounts for differing slip resistance in 

martensite, bainite, and ferrite. Model parameters are 

calibrated using tensile tests and detailed microstructure 

characterization from prior comparative studies of 

hardening methods. Finite element simulations of 

U‑channel forming and quenching predict springback 

angles consistent with experiments. The results illustrate 

how heat-treatment choice strongly modulates springback 

via microstructure-controlled mechanical response, 

providing design guidance for spring and structural 

components manufactured by hot stamping. 
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