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ABSTRACT: The longitudinal vibration stability of elastic rods under delayed boundary feedback
is presented analytically, with emphasis on the structure and evolution of stability patterns in the
parameter plane. For the undamped controlled rod, exponential stability exists only on isolated,
zero-measure vertical lines when the delay ratio (feedback delay over wave travel time) is an odd
integer. The introduction of an attached lumped mass (inertial effect) triggers a sudden stability
switch: as the inertia ratio increases, new zero-measure stability lines ‘sprout’ from previously
unstable regions. The undamped system is only asymptotically stable (not exponentially), while
internal damping expands these lines into finite stable domains.
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