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ABSTRACT

This study proposes an impact dynamic damper to attenuate the first bending resonance of electric
vehicle drive shafts, to evaluate its performance and durability through system-level numerical
analysis. Modal analysis confirms that the dynamic damper operates via a linear absorption
mechanism under low-amplitude conditions before impact initiation. System-level frequency response
function analysis demonstrates that the proposed impact damper substantially suppresses the primary
resonance peak relative to the baseline shaft and flattens the response across the entire spectrum. It
thereby exhibits superior broadband damping compared to conventional tuned mass dampers.
Furthermore, time-domain dynamic analysis under real-world road-travel loads shows that while the
impact damper induces minor transient impulses during initial contact exceeding the designated static
clearance, it rapidly stabilizes displacement profiles through sequential inelastic collisions during
steady-state operation. Cumulative fatigue damage evaluation using the rainflow cycle counting
method and Miner’s rule reveals a structural trade-off, showing a slight increase in the cumulative
damage fraction because of high-frequency micro-impulses. Nevertheless, this value remains safely
below the structural failure threshold under accelerated excitation conditions, and successfully satisfies
automotive durability design criteria. Consequently, the proposed impact-type dynamic damper
guarantees a robust broadband vibration control solution by integrating linear absorption and
non-linear impact damping under variable operating conditions.
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