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Abstract This paper presents the experimental and theoretical results of the dynamic responses of a pendular energy
extractor in a two-dimensional wave channel. By adopting a wave maker with varying wave height and period, the
dynamic responses of the pendular buoy were experimentally obtained. Furthermore, with the aid of the co-simulation
of moving particle analysis and rigid dynamic analysis, the dynamic responses of the pendular system were evaluated.
In order to validate the feasibility of the proposed wave power generator, the force tuning of the pendular system
with restoring energy was carried out. The results provide proof of concept data for the development and design of

a commercial model for horizontal wave power generators in the shoreline area.

Keywords : Co-Simulation, Flap Buoy, Horizontal Wave Power Generator, Model Experiment, Moving Particle
Simulation, Power Take Off, Shoreline, Restoring Energy, Top Hinged-Pendulum
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Table 1. Dimension and scale of the model experiment

Spec. Scale Real Model
dimension 125 4(L)x0.6(W) |0.16(L)*0.024(W)
of buoy(m) x2(H) x0.08(H)
pitch length(m) 1/25 3 0.12
height of wave(m) 1/50 1~2 0.02~0.04
1;‘:2’&)‘1’5 wave(s) 1/5 5~10 1~2
pressure (N/m” Pr=Lr| 1725 250 10
force(N) Fr=Lr’ 1/15625 1000 0.064
frame of pendulum
displacement (m) 1/25 2.5 0.10
(45° rotation)
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flap buoy ’ ’

‘ ‘ 160mm
| | onopile
| |

Fig. 3. Schematic diagram of the pendular system with
a flap buoy

Fig. 6. Moving particle simulation of the proposed
system with Particleworks S/W

Table 2. Parameter values of experiment and co-simulation

Fig. 4. Photograph of pendular power take off system components values unit
with a restoring energy of weight pulley capacity of flume 396 liter
water filled 198
velocity of wave 0.07 m/s
depth of water 0.15 m
height of wave 0.02 m
period of wave 2 sec
buoy density 1800 3
rigid density 7850 kg/m
NP Revolute(pitch frame
rigid joint Fixed(theq)others) ) deg
wave maker Translation Joint
20*sin(2*pi/2*DIM(TIME,,5))
tuning force step(time,0,0,9,0.5) N
settle time of particle 5 sec
size of particle 15 mm
number of particle 95826 No
/ domain of fill 0, -2800, -40 mm
analysis end time 20
Initial dt 0.002 sec
output Interval Time 0.01
3.z na
o] APS Tl 271 AA ZEe] 2 <ke] &9

Fig. 5. Dynamic analysis of the rigid pendular system =
with RecurDyn S/W =

72
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Fig. 7. Measured peak torque at pendulum hinge
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