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Development of a power generator utilizing chaotic vibrations of a saddle-shaped
plate for maintenance free small hydroelectric generation

Nagai, Ken-ichi
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CFRP

Aiming at establishment of an energy harvesting method by generating
dynamic-through flow-induced vibrations in an saddle-shaped thin plate with a piezo-elastic sheet,
experimental results are presented on flow-induced vibrations of a bi-stable rectangular CFRP laminated
curved plate. The plate has two equilibrium configurations, a cylinder and a saddle. Vibration responses
of the plate are measured, with changing the angle and speed of the flow. Maximum strain is obtained when
the vibration response is accompanied by dynamic snap-through with specific velocity and angle of flow,
in which broader frequency components are generated compared with the response without dynamic
snap-through. Contributions of vibration modes to the chaotic responses are inspected by the principal
components analysis.
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Fig.2 Fixture and angle
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(a) Cylinder

(b) Saddle
Fig.3 Configurations of CFRP plate

Table 1 Natural frequencies

! 1 2 3 4
@;  (cvlinder) 47 148 278 456
@;  (saddle) 9.6 138 33.5 485
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Fig.4 Natural vibration modes
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Fig.5 Characteristics of restoring force of
CFRP plate
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Fig.6 Root mean square value of strain
related to angle of flow
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(b) V=8.9 m/s, 6=0 deg
Fig.7 Time histories and Fourier spectra
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(a) V=7.1 m/s, 6=-5 deg
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(b) V=8.9 m/s, 6=0 deg
Fig.8 Maximum Lyapnov exponent

Table2 Principal component of natural vibration
(cylinder)

Eigenmode

C ¢ C C

Chl 0.130 0082 -0017 0.013
Ch2 0130 -0.077) -0016] -0.110
Ch3 0.690] -0.710 0690 -0.670
Chy 0.700] -0.690 0.710 0.750

Table3 Principal component of natural vibration
(saddle)

S S, 5; S,

Eigenmode

Chl 0.790 0.360) -0300{ -0410
Ch2|  -0.110 0690 -0.180] -0.260
Ch3|  -0.600] -0014 0.900 0.780
Chd 0.075] -0.630 0.260 0.400

Table4 Results of principal component analysis
of flow-induced vibration of the plate (1%
component)

WindVelocity [m 5]
and6[deg] 8.5[m’s] | 8.5[m's] | 8.5[m/'s] | 8.5[m's] | 8.9[ms]
-3[deg] | O[deg] 2[deg] 4[deg] 0[deg]

Contribution ratio [%]

Ist component 98.9 67.9] 96.9] 85.1] 97.2]
Eigen vector

Chl -0.048 -005] -0041] -0049] -0.055

Ch2 -0.045 0.026] -0011] -0043] -0.049

Ch3 0.74 0.89 0.98 0.80 0.76

Chd 067 -0.45 0.20 0.51 0.65

8.9[m’s] | 8.9[m's] | 8.9[m's]
2[deg] 4[deg] 6[deg]

[ 92.2] 82.7] 90.2
-0052]  -0.041] -0.048
-005|  -0.038] -0.044

0.76 0383 0.79

0.65 056 0.61
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