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Improved Voigt-Type Dynamic Vibration Absorber with a
Clutching Inerter and Grounded Stiffness

DUAN Zixin', SHEN Yongjun'’

(1. School of Mechanical Engineering, Shijiazhuang Tiedao University, Shijiazhuang 050043, China;
2. State Key Laboratory of Mechanical Behavior and System Safety of Traffic Engineering Structures,
Shijiazhuang Tiedao University, Shijiazhuang 050043, China)

Abstract: An improved dynamic vibration absorber (DVA) model integrating clutching inerter and
grounded stiffness was proposed to address the issues of narrow vibration reduction frequency band and
performance limitations due to mass ratio in traditional Voigt-type DV As. Based on the classic Voigt
DVA structure, this model incorporated a clutching inerter with both inertial modulation and
unidirectional energy dissipation characteristics, as well as a grounded spring that can adjust the system
stiffness distribution, to form a new type of passive control device. The approximate analytical solution
of the system was derived using the averaging method, and the key parameters such as stiffness ratio,
frequency ratio and damping ratio were globally optimized using genetic algorithm. The correctness and
accuracy of these parameters were verified through numerical simulation. The analysis shows that the
clutching inerter effectively avoids the energy feedback problem of traditional inerter, and its quasi-
damping characteristics enhance system stability and energy absorption capacity. The introduction of
grounded stiffness further optimizes the distribution of the system natural frequencies. This
performance is verified by comparison with various typical DVAs under the same mass ratio and inertial
ratio conditions. The results show that the proposed improved model can significantly reduce the
resonance amplitude of the primary system while effectively broadening the vibration reduction
frequency band, demonstrating superior overall vibration suppression performance. This study provides
new theoretical basis and optimization design method for designing high-performance passive DVAs,
which has good engineering application value in the field of vibration control in mechanical engineering.

Key words: clutching inerter; dynamic vibration absorber; grounded stiffness; parameter optimiza-

tion



