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A Study on the Damping Characteristics of a Hybrid Smart Structure Using
Electrorheological Fluids and PZT

shinil Yun*, keunhyo Park*, sangbo Han®, youndae Choi™,

r Abstract JI

Many type of smart materials and contro} laws are available to actively adjust the structure from various external disturbances.
Usually, a certain type of control law to activate a specific smart material is well established, but the effectiveness of
the control scheme is limited by the choice of the smart materials and the responses of the structure. ER fluid is adequate
to provide small but arbitrary control forces at any point along the structure. It was found that active vibration control
of the structure embedded with ER fluids failde to suppress the vibration excited with broad band frequency due to the
limited change of the structure characteristics. To compensate this limited effect of the control scheme with ER fluid alone,
PPF control using PZT as an actuator is added to construct a hybrid controller.
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Fig. 1 Effect of ER fluids under the
electric field
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(a) 0.00 kXV/mm (b) 050 kV/mm

(c) 1.00 kV/mm (d) 150 kV/mm

Fig. 2 Photographs of under various electric
field ER fluids
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Fig. 3 Schematic diagram of the proposed hybrid
smart structure

Table 1 Specification of ERF beam ( mm )
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Fig. 4 Experimental set-up
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Table 2 Natural frequencies and damping
ratio of the hybrid smart structure
Voltage Damping ratio Natural frequency( Hez )
(kV/mm) ( 1st mode ) 1st mode
0.0 0.0409 11.00
0.5 0.0417 16.00
1.0 0.0422 19.00
15 0.0457 20.50
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— (1) G0KV/mm, {=11.0 H, damping ratio=0.0409
— (2) 05 KV/mm, £=16.0 He, dawrping ratio=0.0417
10E — | —— (3) 1L0KVimm, (=190 Hz, denping ratio=0.0422
— (d) 15KV/imm, {205 Hz, danping ratio=0.0457

Fig. 5 Frequency response function of the
Hybrid smart structure respected
with various electric field applied
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Fig. 6 Loss modulus of the hybrid smart
structure under various eletric
field applied
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Fig. 7 Frequency response function of the hybrid
smart structure under PPF controller with

different damping ratio change
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Fig. 8 Active vibration control of the proposed hybrid
smart structure using ER fluids and PZT
( Frequency Domain )
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