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Figure 1 (Color online) Dynamic vibration absorber. (a) Undamped
DVA; (b) Voigt DVA; (c) grounded DVA; (d) three-element DVA.
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Figure 2 (Color online) Pendulum dynamic vibration absorber.
(a) Pendulum DVA; (b) DVA with additional viscous damper and
inerter attached to the pendulum; (c) spring pendulum DVA;
(d) autoparametric pendulum absorber.
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Figure 3 (Color online) Tuned inertia dynamic vibration absorbers.
(a) Inerter-based DVA; (b) X-absorber; (c) lever-type DVA; (d) lever-
type inerter-based vibration absorber; () tumbler-inspired DVA.
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Figure 4 (Color online) Principle of tunable dynamic vibration
absorbers.
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Figure 5 (Color online) Stiffness-tuned dynamic vibration absorber.
(a) Electromagnetic absorber; (b) rotational stiffness-tuned absorber;
(c) variable spring stiffness absorber; (d) variable-stiffness particle damper.
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Figure 6 (Color online) Damping of the dynamic vibration absorber.
(a) Magnetorheological damper; (b) RLC shunt circuit; (c¢) coulomb
friction-electromagnetic coupled damper; (d) negative-impedance
electromagnetic shunt circuit with rotor; (e) the electromagnetic shunt
damper with opposing magnet pairs.
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Figure 7 (Color online) Tuned mass dynamic vibration absorber. (a)
Variable mass moment absorber; (b) inerter-based DVA with a rhombus
truss structure; (c) vibration absorber with tunable liquid mass; (d) semi-
active omnidirectional tuned liquid column damper.
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Figure 8 (Color online) Principle of nonlinear energy sinks.
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Figure 9 (Color online) Multi-stable NES. (a) Bistable NES;
(b) magnet-based bistable NES; (c) bistable NES constructed by a
buckling beam; (d) multi-stable NES.
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Figure 10 (Color online) Track NES. (a) Track NES; (b) track NES
with second-order and fourth-order polynomials; (c) NES combined
with curved track and coil spring.
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Figure 11 (Color online) Rotatory NES. (a) Eccentric rotational NES;
(b) rotatory NES for multi-layer structure vibration control; (c) torsional
NES; (d) torsional NES for flexible structures.
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Figure 12 (Color online) NES with non-smooth stiffness feature.
(a) Nonlinear structure with discontinuous stiffness; (b) comb-shape
NES; (c) parallel NES; (d) vibro-impact NES.
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Figure 13 Metaheuristic algorithms. (a) The flow diagram of GA; (b) the flow diagram of SA; (c) the flow diagram of multi-objective particle swarm

optimization.
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A state-of-the-art review and research progress on low-frequency and
broadband vibration absorption technology

PAN XiaGui & YAN Bo

School of Mechanical Engineering, Zhejiang Sci-Tech University, Hangzhou 310018, China

As equipment in aerospace and related fields becomes larger, lighter, and more precise, structural modes become increasingly dense.
Low-frequency vibration problems become more prominent and seriously affect equipment safety, reliability, and operational
stability. Vibration absorption technology suppresses vibration at target frequencies by attaching an absorber to the primary structure
and tuning its parameters. It has been widely used in engineering applications because it does not change the stiffness of the primary
structure. This paper reviews recent research progress and development trends in low-frequency broadband vibration absorption
technologies. It highlights the current state of passive absorbers, tunable vibration absorbers, and nonlinear energy sinks. It also
summarizes and compares absorber parameter optimization methods and design criteria. Finally, this paper discusses future
development trends in low-frequency broadband vibration absorption. It provides theoretical references and technical support for
vibration suppression in high-end equipment.

vibration absorption, dynamic vibration absorber, low-frequency vibration, nonlinear energy sink, vibration
suppression
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