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Abstract

Negative stiffness is a unique equivalent stiffness property characterized by an opposite incremen-
tal relationship between force and displacement within a specific operating range. Compared with
traditional positive-stiffness systems, negative-stiffness elements usually cannot work stably on
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their own; however, when they are properly combined with positive-stiffness, damping, or inertial
elements, the equivalent dynamic stiffness of the system can be significantly reduced, thereby im-
provinglow-frequency vibration isolation and vibration mitigation performance. In recent years,
negative-stiffness structures have attracted increasing attention in quasi-zero-stiffness vibration
isolation, precision instrument isolation, spacecraft micro-vibration control, vehicle and ship vibra-
tion control, civil structural vibration reduction, and mechanical metamaterials. This review dis-
cusses the basic concepts, physical implementation principles, dynamic challenges, engineering ap-
plications, and development trends of negative stiffness. First, the relationship among negative stiff-
ness, quasi-zero stiffness, and high-static-low-dynamic stiffness is clarified. Then, typical imple-
mentations are reorganized according to their physical mechanisms, including geometric-nonline-
arity type, instability type, potential-energy-reconfiguration and multistable type, field-force type,
and structural-unit/metamaterial type. Subsequently, the contents related to low-frequency isola-
tion, stability, nonlinear frequency response, parameter sensitivity, and damping coupling are in-
tegrated into an independent section entitled “dynamic challenges and key scientific issues of neg-
ative-stiffness systems”. The discussion focuses on stable operating ranges, jump and bifurcation
phenomena, multi-parameter matching, and identification of safe operating boundaries. Finally,
current issues such as insufficient parameter adjustability, inadequate engineering verification, and
incomplete reliability assessment are summarized, and future directions, including adjustable neg-
ative stiffness, multi-directional isolation, intelligent-material coupling, and tests under realistic op-
erating conditions, are discussed. The review indicates that negative-stiffness technology provides
an effective approach for low-frequency vibration control, but further work is still required in sta-
bility design, parameter optimization, and experimental validation before broader engineering ap-
plication.
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