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Abstract

This study introduces a magnetically nonlinear grounded negative-stiffness dynamic vibration ab-
sorber (MNG-NSDVA), demonstrating its exceptional efficacy in suppressing primary system vibra-
tions. The inherent nonlinearity of the magnetic mechanism is rigorously validated through theo-
retical analysis. Employing the Incremental Harmonic Balance (IHB) method coupled with an arc-
length continuation technique, we determine the system’s frequency-amplitude response charac-
teristics, with subsequent high-fidelity numerical verification. Comprehensive parametric investi-
gations elucidate the influence of nonlinear stiffness magnitude, external excitation intensity, and
absorber stiffness on the primary system’s resonant behavior. Critically, numerical simulations es-
tablish that optimal tuning of the MNG-NSDVA yields significant vibration mitigation across broad
frequency bands while simultaneously eliminating unstable phenomena, including jump disconti-
nuities. Comparative analysis against linear negative-stiffness absorbers confirms a substantially
expanded attenuation bandwidth and superior suppression efficiency, particularly pronounced
within the critical low-frequency regime.
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Figure 1. Schematic representation of the magnetically enhanced NES operating principle
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Figure 2. Force-displacement analysis experiment
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Figure 3. Force-displacement curve
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Figure 4. Dynamic vibration absorber model
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Figure 5. Amplitude-frequency curve for k;, =50 N/m3
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Figure 6. Comparison of linear DVA and nonlinear DVA
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Figure 7. Amplitude-frequency curves under different parameters
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Figure 9. 3D surface plot for different linear stiffness values
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Figure 10. Comparison of the optimized model with other vibration absorber models
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Figure 13. Time history of the primary system with grounded vibration absorber
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Figure 14. Time history of the primary system with negative-stiffness linear vibration absorber
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Figure 15. Time history of the primary system with negative-stiffness nonlinear grounded vibration absorber
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Table 1. Main-system displacement equation and damping ratio
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REAZ NES & B 10924 11 M 2 THUM1 A e Ak 91 P22 T3

2) BAALE RS HOMT: BB ARLNERIE k, B, WA 2 AR VAR & [P oM B i s A T R SE 26
PERIEE ko, BOBER, W@ 2 AT 25 2 i B A% BEAE SN 3SR, mi ML th 2 BB 4 K

3) ZHAA T RI], BEE AR LNERIEE k, AI3E K, A0t 28 W 2 SE i/ N K . i S5 e
WA R BIR N ANENIEE k, » T35 SCHR[6TIE RN SCIR [ 7R AL BEAT XS b, R I HH AL DR B R

4) FEBENLIURN T, ASCRAL S HAPIASMERU AR L, 0 B 1 R (UGB LR TR b, A SRRt 3R T
H B IR R -

E&WMAE
B X H AR RS T H (5. 12072140).
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