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Abstract

Quasi-zero-stiffness (QZS) vibration isolators offer a superior solution for low-frequency vibration isolation;
however, their application remains constrained by an inherent sensitivity to the supported load. To address
this limitation, this paper proposes a novel QZS isolator comprising specifically shaped curved-beams and
integrated regulation mechanisms to achieve a continuously tunable rated load. Through the synergistic reg-
ulation of the lateral displacement and the rotation angle at the curved-beam boundaries, the isolator’s QZS
characteristic can be reconfigured to accommodate arbitrary payloads within a design range. The research
first employs nonlinear finite element analysis to elucidate the synergistic effects of boundary conditions on
load—displacement characteristics of the curved-beam. Subsequently, a multi-objective optimization strategy
is developed for designing the curved-beam, aiming to satisfy the predefined load-tuning requirements while
adhering to strength constraints. In the optimization case presented herein, the isolator can be reconfigured
to maintain QZS characteristics across a payload range-as exemplified by an optimized design spanning 50\%
to 150\% of the nominal load. Nonlinear dynamic analysis is further conducted to evaluate the isolation perfor-
mance under different boundary conditions and payloads, demonstrating the effectiveness of the synergistic
regulation in restoring system performance. Finally, a 3D-printed prototype was fabricated and validated
through comprehensive static and dynamic experiments. The results demonstrate that the isolator maintains
a consistent low cut-off frequency under three significantly different loads through the rated-load tuning strat-
egy. The proposed QZS isolator offers a compact and robust solution for high-performance passive vibration
control in complex engineering environments, with its QZS characteristic reconfigurability ensuring practical
viability in scenarios where precise payload prediction is challenging.
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