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Sound-insulation and Vibration-isolating Efficiency of Piezoelectric Materials with Negative Capacitance Circuits
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This paper investigates the sound-insulation and vibration-isolating efficiency of the piezoelectric films and ceramics

connected with the electrical circuit to control their elasticity. Normal incident transmission loss of polyvinylidene

fluoride (PVDF) films is measured before and after coupling the negative capacitance circuit which makes the films

harden, and similar experiments are carried out to examine vibration transmissibility of PZT ceramic plates with the

circuit which makes the ceramics soften. Results indicate that each circuit has the ability to improve sound- and

vibration-shielding efficiency of the film and the ceramic. The efficiency is noticeably improved by 15 dB for the film

and by 30 dB for the ceramics approximately at frequencies where the equivalent electrical impedance of the circuit

matches that of the materials. Magnitude of the improvement is controlled arbitrarily by adjusting the output voltage

from the negative capacitance circuit.

Keywords: Piezoelectric materials, Elasticity, Negative Capacitance Circuit, Sound Insulation, Vibration Isolating

1. FLHIZ
AMAREERTIERRRELEEMEHIREETHILIZLY,
MEL OB REHIE TEBZENALIITR>TVBIN, ARFFR
TRZNEZGAL, FEROAFIIHNTHEBHERYv—T 4V A
DEEFERELFET2FE, BLIORBGHREEICHAS
NEB LI/ ORBIBFHRELFIETIFHEICOVTR
5. |

2. EEMHEANATRDOR

ABFRTIL, Fig. 1 DIOREROEIRE RV TEEMEIOM
HRORKIEERAS. EBAOEIMIZX T 28EE6IHIT S
&, BEOAL T U YHLITRER BT T2 (BRIZEERH
ExoN5) 8, ZORIBEIOIIEEMRNKHT S, —EOBE
BHEIBADERERF IV TFTUHDIITHEIEND, EN

(b) Decreasing elasticity

(a) Increasing elasticity

Fig. 1. Negative capacitance circuits connected with piezoelectric
materials.
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Fig. 2. Cross-section of the sound-shielding structure with
piezoelectric film supported by urethane foam and steel mesh.
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Fig.3. Transfer function technique for measuring normal incidence
transmission loss.
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Fig.4. Measurement system of normal incidence transmission loss
using transfer function technique.
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Fig. 5. Improvement in transmission loss by negative capacitance
circuit; target frequency is set at 630 Hz and 1 kHz respectively.
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Fig. 6. Change in the improvement as a function of output voltage
of the negative capacitance circuit.
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Fig. 7. Change in the improvement as a function of target
frequency of the negative capacitance circuit.
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Fig. 8. Cross-section of vibration isolating structure with multi-
layered piezoelectric ceramic.
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Fig. 9. Measurement system of vibration transmission ratio.
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Fig. 10. Improvement in vibration transmission ratio by the
negative capacitance circuit.
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