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Development of a dynamic vibration absorber with variable stiffness property using
Magneto-rheological Elastomer

Toshihiko KOMATSUZAKI™, Yoshio IWATA, Hirofumi RINGE and Keiji KAWAGOSHI

“! Institute of Science and Engineering, Kanazawa University
Kakuma-machi, Kanazawa, Ishikawa, 920-192 Japan

The dynamic vibration absorber is well known as a kind of passive-type vibration control device, where the mass and
the stiffness elements basically comprise 1-dof system. Despite the reliability and the simplicity in constitution, the absorber
does not work effectively for unexpected disturbances. The use of the absorber with fixed property is usually limited to a
harmonically excited case, where the damper is only effective for pre-determined narrow frequency range. The damper
design following well-known optimal tuning theory can extend the effective range, whereas the damping performance
remains at a certain amount and yet the vibration caused by transient disturbances cannot be reduced sufficiently. A
frequency-tunable dynamic absorber incorporating element with variable stiffness property can be a measure for placing
adaptability to the structure against non-stationary disturbances, but the realization of such variability would be
mechanistically complex and the problem of response time may become an issue. The Magneto-rheological elastomer (MRE)
is known as a class of smart materials whose elastic property can be varied by the applied external magnetic field. In this
paper, the MRE is adopted as the stiffness element in the dynamic absorber whose natural frequency is tunable by the external
magnetic field. Both numerical and experimental investigations show that the vibration of 1-dof structure can be fully
reduced by the proposed dynamic absorber with variable stiffness functionality.
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Tablel System parameter used in numerical investigation

Mass ratio
0.05 0.1 0.2 0.3 04
Tuned freq. ratio 0.95 091 0.83 0.77 0.71
Optimal damping ratio 0.13 0.17 0.21 0.23 0.23
Freq. ratio (damper fixed) 0.98 0.95 0.91 0.88 0.85
Freq. variation range 0.78-1.18 0.76-1.14 0.73-1.10 0.70-1.05 0.68-1.01

ks : Variable

f k> : Low )

Frequency

Fig.6 Switching rule for the variable stiffness absorber
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Fig. 10 Property change of variable stiffness dynamic absorber

Table2 Variation characteristic of variable stiffness dynamic absorber

Iron concentration Frequer:;:zg\gariation Bandwidth M?ﬁggg;ztlii%g to Damping ratio
40% 17.6-26.4[Hz] 8.8[Hz] 1.50 0.16
50% 23.2-32.9[Hz] 9.7[Hz] 1.42 0.16
60% 27.2-36.2[Hz] 9.0[Hz] 1.33 0.15
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Fig. 11 Experimental Setup of 2-dof system evaluating performance of DVA

Table 3 Natural frequency of the primary system and corresponding frequency variation range of DVA

Natural frequency of primary system -
MRE when DVA fixed Frequency variation range of DVA
40% 23.7[Hz] 17.6-26.4[Hz]
50% 28.2[Hz] 23.2-32.9[Hz]

60% 33.1[Hz] 27.2-36.2[Hz]
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Fig. 12 Comparison of the primary system response curves damped by DVA
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