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Abstract   
This paper employs a multi-objective materials design 

approach to select optimal hardening routes for low‑alloy 

medium-carbon spring steel. A database was compiled 

from experimental studies comparing quench–temper, 

austempering, and induction surface hardening, including 

mechanical properties, fatigue performance, and 

dimensional stability. Machine-learning surrogate models 

based on Gaussian process regression were trained to 

capture relationships between processing parameters and 

target properties. Pareto fronts were generated to identify 

non-dominated treatments for various performance 

envelopes relevant to automotive suspensions. Results 

show that quench–partition–temper variants outperform 

conventional quenched–tempered conditions when 

strength and fatigue resistance are prioritized, while 

austempering emerges when toughness and low distortion 

are critical. The methodology demonstrates how prior 

detailed comparisons of hardening methods can be used as 

structured input data for modern materials design 

frameworks. 
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