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Abstract

10thd February 2011
Control performance of directional wave actuator in wave attenuation with vertical-vibrating
plate
No0.09502987
YOSHIOKA Shigeyuki
Department of Mechanical Engineering
Nagaoka University of Technology

There are two objectives to control water waves: attenuation of disturbance waves and gen-
eration of expected wave forms. To attenuate the disturbance wave, breakwaters have been
used. Two types of breakwaters are known: dikes and submerged plates. Any disturbance
waves can be perfectly blocked by the dikes when the wave height is lower than that of dikes.
The perfect blocking of the disturbance waves is impossible by the submerged plates because of
the structure, however, it has an advantage in reducing environmental load without disturbing
the water cycle.

Recently, an active control technique has been proposed in order to improve the performance
of disturbance attenuation, where a horizontal plate vibrates in pitching manner: The per-
formance improvement in disturbance attenuation has been theoretically shown based on the
physical model. However, the disturbance is assumed to be a sinusoidal wave with known fre-
quency, and feedback controller design has not been discussed. In addition, there is no need
to adopt the pitching movement for the horizontal plate to be an actuator: The transitional
movement in vertical direction might be used to generate water waves with the horizontal plate.

Generating wave mechanism is used in various fileds than attenuating wave mechanism. For
example, experimental water tank of the ship model, the filed of amusement. Mainly, the
generating wave mechanism which vertical plate drives to horizontal direction is used. The
mechanism of horizontal plate type is not used. We can install generating wave mechanism in
the remote position from the wall surface if we use the horizontal plate type. The degree of
freedom of mechanism is improves.

The generating wave mechanism which vertical plate drives to horizontal direction has been
already experimented and analyzed by many researchers. There are few analysis and experiment
examples of generating wave mechanism and attenuating wave mechanism of horizontal plate
type. In particular, there are not results of analysis and experiment of attenuating wave mech-
anism that the horizontal plate vibrates in the vertical direction. The attenuating performance
is not clarified. In this paper, we aim for designing the robust control system for attenuating
wave mechanism with horizontal plate which vibrates in the vertical direction(vertical-vibrating
plate) and inspecting the effect experimentally.

As first, in this paper, we performed open loop control experiment to inspect validity of at-
tenuating wave mechanism with vertical-vibrating plate. As a result, we were able to attenuate
the disturbance about 70-90% in 1-4 order resonance frequencies. In addition, the theory value
almost accorded with the experimental value of the resonance frequency. Therefore, attenuat-
ing mechanism with vertical-vibrating plate is valid. We designed the H, control system based
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on the frequency response experiment and constituted the control system which was robust for
the modeling error and performed the disturbance attenuation control experiment. As a result,
we got the following knowledge.

We performed the sine wave disturbance attenuation control experiment. As a result, we were
able to attenuate the disturbance about 30%, 30%, 60% in 1-3 order resonance frequencies.
These disturbance attenuation effects almost accord with the prediction. We performed the
wide range disturbance attenuation control experiment. As a result, we were able to attenuate
disturbance about 30%, 60%, 40% in 1-3 order resonance frequencies.

The control system design that we performed in this paper is systematic. It can apply the
same technique for the water tank of different scale. We designed the robust control system for
attenuating wave mechanism with vertical-vibrating plate. As a result, we showed that it had

disturbance attenuating effect experimentally.
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Tablel 0 Experimental equipments

pPC Dell Dimension 2400 / RTLinux(2.4.22-rt13.2-pre3) Fedora Corel

A/D Interface PCI-3174 12bit 1us/ch

PIO Contec PI0-32/32T(PCI) 32bit 200ns

Linear motor Oriental motor EZC4D005M-A Thrust70N Speed(max)600mm/s

Refrence sensor | DENSHI KOGYO CO., LTD CW3-T03
Measurement Range0O +150mm overall accuracy+0.5%/FS
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Fig. 2.3: Photograph of experimental apparatus
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Fig. 2.4: Inspection of amplitude dependence of the system(case of disturbance input)
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Fig. 2.9: Photograph of 3rd resonance wave mode
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Table3 00 Result of open loop experiment

oooo 20 30

a 9mm 27Tmm

bl 11mm 28mm

b2 24mm 40mm

S1 9/11=0.82 27/28=0.96

S2 9/24=0.38 27/40=0.68

A’ 10mm 10mm

Bl 10x 0.82=8.2mm | 10 x 0.96=9.6mm
B2’ 10x 0.38=3.8mm | 10 x 0.68=6.8mm
c 9mm 27Tmm

o1 180° 0°

P2 275° 0°

d1 9mm - 3mm 27 - 8mm

d2 9mm - 3mm 27 - 9mm

30 -
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Fig. 2.10: Attenuation rate
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Fig. 2.11: 2nd resonance wave(without control)

Fig. 2.12: Casel: 2nd resonance wave(with control)

Fig. 2.13: Case2: 2nd resonance wave(with control)



Fig. 2.14: 3rd resonance wave(without control)

Fig. 2.15: Casel: 3rd resonance wave(with control)

Fig. 2.16: Case2: 3rd resonance wave(with control)
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Fig. 5.5: Photograph of 2nd resonance wave(without control)

Fig. 5.6: Photograph of 2nd resonance wave(with control)
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Fig. 5.7: Photograph of 3rd resonance wave(without control)

Fig. 5.8: Photograph of 3rd resonance wave(with control)
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Table5 O Rate of attnuation(case of sine disturbance attenuation control experiment)
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Fig. 5.16: Photograph of wide range disturbance wave(withoutcontrol)

Fig. 5.17: Photograph of wide range disturbance wave(withcontrol)
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Table.6 Rate of attnuation(case of wide range disturbance attenuation control experiment)
0000 00000 %o0D)|000 (000 O0oo0 %@ooo)

2 A7 0.019 | 0.010 | (1 —0.010/0.019) x 100 = 47
3 53 0.063 | 0.028 | (1 —0.028/0.063) x 100 = 55
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