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Abstract   
Very-high-cycle fatigue (VHCF) behaviour of low-alloy 

medium-carbon spring steel is examined for three 

hardening routes: austempering, direct quench–temper, 

and induction surface hardening. Hourglass specimens 

were tested using ultrasonic fatigue up to 10¹⁰ cycles, and 

fracture surfaces were analysed to classify surface- versus 

subsurface-initiated failures. Induction-hardened samples 

showed superior high-cycle performance but exhibited 

internal fisheye failures in VHCF due to large inclusions 

in the softer core. Austempered steels delayed VHCF crack 

initiation, while quench–tempered material displayed the 

lowest fatigue strength. Observed trends are interpreted 

with respect to earlier comparative studies on different 

hardening methods for medium-carbon spring steels, 

providing guidance for suspension spring design under 

VHCF loading. 
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