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ABSTRACT  
 
The feasibility of extending the technique in practice to the 
development of wave power generation in an environmentally 
inadequate field are investigated by the application of restoring force 
theory to the increasing of wave power generation under the 
circumstances of weak fluctuations. Hydraulic model tests are carried 
out in the wave flume with regular waves as well as irregular waves to 
investigate over the efficacy of the wave power generation utilizing 
restoring force through elastic spring with ratchet wheel. The feasibility 
of the restoring device has been rudimentary confirmed by using a 
small-scale motor, tentatively, the ratchet wheel was adopt as a 
accumulation device to hoard up the amplitude of wave fluctuations 
with feeble energies to great potential, and the clockwork spring of a 
“pull-back car” then act as restoring device with sudden repercussions, 
which may create a greater quantity of wave power, the results are 
compared with that generate reciprocated by conventional oscillating 
movement, this improvement accrues at least twice power as much as 
that of original manner (reciprocation), the technique could be applied 
to the existing equipments for power generations to obtain a higher 
performance evaluation, especially in inadequate environment such as 
waves fields with weak fluctuations. The feasibility of the technique is 
applicable in practical applications to the development of existing wave 
power device, e.g. wave power and/or wind power generator. 
 
KEY WORDS:  Restoring force, Ratchet wheel, Elastic spring, 
Bladed rotor, Hydraulic model test, Wave power, Wave energy 
magnitude.  
 
INTRODUCTION 
 
Under the tendency towards environmental consciousness, clean 
regeneration energy such as solar power, wind power and ocean energy 
has becomes one of the research topics that are worth probing into. 
Considerable quantities of investigations in oceanographic engineering 
are conventionally invest in coastal protection branch, coastal hazard 
mitigation and their physical properties, such as wave breaking, wave 
absorbing or dissipating devices and constructions, ecological 
engineering method, etc. As a native proverbial saying ‘Water can float 
a boat, so can it capsize it’. It is time for us to think contrarily as 

‘Though water may capsize a boat, so can it floats’, i.e. to turn the 
hazardous wave power into useful renewable power might be the best 
way of coastal protection. Waves in the ocean contains a large amount 
of energies, this alternative energy source is one of the most typical 
representatives renewable power, how to develop effectively is 
therefore a popular topics for discussion. Wave energy is an alternative 
energy form of solar energy, which is proportional to the square of its 
height, as far as we may concern, such energy are not yet extensively 
developed as the result of its uncertainty, even though there are a 
considerable quantities of researches into the exploitation of wave 
power and are now in a pre-commercial stage, the nature and extend of 
environmental considerations remain uncertain, the wave heights and 
periods varies under different conditions, e.g. the dark night and 
daytime, winter and summer, etc., also, the circumstances of weak 
fluctuations are not feasible to build a large wave power plant, which 
are not able to produce sufficient motion and/or force to pump high-
pressure hydraulic oil for power generation. Hence, many a little makes 
a mickle, how to make the best used of waves under limited fluctuation 
by the accumulation of wave with feeble energy to great potential, 
which may drive the generator to generate electricity, and has become 
an interesting research topic of a renewable energy in recent years. 

There are presently many successfully developed wave energy 
converters demonstrated by pioneering scientists, such as Duck, 
CPelamis, OWC, FROG, PS FROG, TAPCHAN & MOWC, LIMPET, 
SeaFlow, Stringray, Archimedes Wave Swing, Pico, Oceanlinx, etc. 
(see João, 2008) and may be simply consolidated to four main 
technologies as OWC (Oscillating Water Column), AWS(Archimedes 
Wave Swing), Pelamis WEC(Wave Energy Converter) and Wave 
Dragon, the generation was achieved by hinged joints which the heave 
and sway motion pumps high pressure hydraulic oil. However, 
according to Elliott (1996), it was pointed out that in the UK’s 
programme, a smaller scale options have turned out to be more 
commercially relevant compared with large scale projects. The low 
cost-benefit of electricity acquired from wave power will only be 
competitive when the cost of the power generation is substantially 
reduced, small scale renewable generation may be the most cost-
effective way to bring electricity to remote villages. New innovations 
of different small hydro technologies are summarized and discussed. 
Although small hydro power devices may be a tendency to renewable 
energy generation, improvements and upgrading can still be 
worthwhile. Generally speaking, waves with great fluctuations are more 
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power, specifically; wave power is mainly determined by wave height, 
wave length and its velocity of transmission. It is also well known that 
conversion of wave energy to electricity is generally anticipated to have 
limited environmental impacts. Take the maritime ambient wave 
conditions around Taiwan for example, most of the waves in the ocean 
are not sufficient and doesn’t suffices for the generation of wave power, 
the significant wave heights are mostly lower than 1m, as shown 
statistically in Fig.1 and Fig.2, which are the average wave height 
gauged around Taipei Harbor and An Ping Harbor, respectively. The 
circumstances of weak fluctuations are not feasible to build a large 
wave power plant, which are not able to produce sufficient motion 
and/or force to pump high-pressure hydraulic oil for power generation.  

However, inasmuch as the energy per unit area of waves on the 
water surface is proportional to the wave height square, great 
mechanical energy depends generally on great potential and/or force, 
i.e. sufficient wave height and wave velocity, nevertheless, as 
mentioned previously, waves in the ocean may not be sufficient for the 
generation of wave power due to its small fluctuations, even so, as 
revealed, “heaped-up earth becomes a mountain”, “accumulated water 
becomes a river”. This research is mainly emphasis upon the efficiency 
on the promoting of the conservation of mechanical energy to the 
electricity, and how to make the best used of waves under limited 
fluctuations and dynamics by the accumulation of waves with feeble 
energy to great potential, and then turn entirely into the generation of 
wave power. 

Su et al. (2002) developed a higher conversion efficiency wave 
power device (OD) with an oscillating buoy, and was based on the 
hydrodynamic analysis on wave power devices in near shore zone by 
You (1993), their results revealed that the total efficiency is much 
higher than that of an Oscillating Water Column (OWC) wave power 
device. A range of systems with point absorbers on the surface and 
linear generators placed on the seabed was investigated by Thorburn et 
al. (2004); different topologies for the electric system transmitting 
power are discussed. A more efficient generator with a higher power 
factor was developed by Thorburn and Leijon (2007) presently by 
introducing a cable wound station and thereby excluding the 
transformers. Orer (2007) determined experimentally the energy 
efficiency of the plate wave energy converter, which indicated that the 
efficiency of the submerged plate wave energy converters can reach up 
to 60%. Josset and Clément (2007) present a numerical simulator of 
OWC wave plants to improve the productivity, and were applied to the 
European wave energy power plant seated on Pico Island. Emmanuel et 
al. (2008) proposed a contact-less force transmission system (CFTS) 
which has enhanced the design of a new direct-drive ocean wave 
energy converter (OWEC) using a ball screw as a gear system for fast 
speed and torque transmission.   

In this article, hydraulic model tests are carried out in the wave 
flume with the elasticity of the restoring device to investigate over the 
efficacy of the wave power generation utilizing restoring force through 
elastic spring. Restoring force, e.g. elasticity, is a force of an elastic 
object that tends to pull an object back toward some original position 
when the object is displaced. For example, a catapult, a trebuchet, a 
slingshot or a bow, it arises as a consequence of a force that tries to 
restore the object to its original shape. One may not be able to fling a 
rock nor an arrow to a distant target bare-handed, yet could easily be 
accomplished by a bow. The distinguishing feature of active power can 
be applied to increase total wave power production if we can 
successfully develop the restoring force technique to exploit these 
resources reliably, this ideal was enlightened by “pull-back car” toys 
with a slightly pull back and greatly ongoing high speed action 
function, i.e. a great repercussion of ratchet wheel together with a 
revolved-tight clock spring can improve the powerless of weak 
fluctuations. Consequently, it is our aim to probe into how to use the 
restoring force  theory to increase the efficiency of existing wave power 

devices. 
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Fig.1 Maritime ambient wave conditions around Taipei harbor 
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Fig.2 Maritime ambient wave conditions around An Ping harbor 
 
 
EXPERIMENTAL SETUP 
 
2.1 Theoretical Development 
 
 

 
 

Fig.3 Schematic layout of wave flume and experimental setup 
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The laboratory testing were carried out in a 16m wave flume located at 
the Fluid Mechanics Lab of Tungnan University as shown 
schematically in Fig.3, the channel is 80cm wide and 60cm high, and 
the constant water depth is 25cm. A piston type wave generator is 
located at one end of the flume with the other end an absorbing 1:5 
slope, the wave generator system was control by the Wave Generator 
Filter Unit produced of Canadian Hydraulics Center. The power device 
was tested both in regular and irregular waves in order to confirm the 
efficacy of the design concept. Waves are measured using 5 
capacitance wave gauges with an adapter linked to the PC, the incident 
wave heights are measured with the first gauges while the 2nd and 3rd 
gauges are used for the calculation of reflection coefficient, and the 4th 
and 5th gauges are for transmission estimation. The model was 
installed in the middle of the tank with a distance of 10m from the 
generator. The power device is a bladed rotor looks similar as a water 
wheel as shown in Fig.4 and Fig.5, which is a framework made of light 
wood and Polystyrene to decrease its weight. The blades on the rotor 
were directly driven by the circular water currents as well as the 
buoyant force (see Jobb and Faizal et al., 2009). The movement of the 
blades moves in back and force without clock spring in Oscillation case 
while in the Restoring Force System the blades moves unidirectional 
with clock spring; the spring was revolved tight by accumulated small 
displacement and released when it reached an applicable range.  
 

 
 

Fig.4 Illustration of wave power device with restoring force 

 
 

Fig.5 Schematic layout and setup of wave power device 
 
In this study, the occurrence of electricity generations of waves mainly 
comprise two main stages in the system, the shaft work and power 
output, the first stage is the transition from wave energy to mechanical 
energy of some certain medium such as ratchet wheel, blades, shafts, 
spring, clockwork spring, piston, etc., the second stage is the 
conversion of power output through turbine mechanical energy via the 
generator (motor).  

Since waves provide the motive power that turns the wheel, a 
simply designed ratchet wheel equipment as shown in Fig.6 was 
adopted to maintain uniform direction while the wheel revolves, i.e. the 
shafts is equipped with a ratchet wheel that allows motion in single 
direction like a weather vane or an anemoscope, and is acted as a 
gadget of an accumulation of displacement by amassing the trivial 
fluctuations of the bladed rotor. Similar usage was also developed by 
Thakker et al. (2009) in their impulse turbine where they called it self-
rectifying turbines, that the turbines rotate in the same direction no 
matter what the direction of the air flow in the OWC, which are 
response to the need for turbines to extract power from bi-directional 
airflows. Moreover, the clockwork spring of a “pull-back car” was 
adopt as a device of the accumulation of potential energy by 
accumulating the wave amplitude of trivial fluctuations in all directions  
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Fig.6 Simply designed ratchet wheel device 
with feeble energy to great potential, which may acquire a greater 
potential energy for power generations. The fundamental purpose in 
this study is to investigate over the possibility and efficiency of the 
restoring force technique, the power generator adopted is a 3 Volt 
small-scale motor, therefore its generation of electricity is relatively 
small, but may output very considerable value when apply to the 
general full scale generator and/or farm solutions (see Thorburn, 2007). 

The length of the blades is 78cm, slightly shorter than the width of 
the flume, with an interior included angle of 45°. The output power of 
the generator is measured directly as the electrical power by the 
InstruNet analog/digital I/O system, a data acquisition produced by GW 
Instrument, Inc. Exclude energy losses, the relation between reflection, 
transmission and power generation can be discussed. Experiments were 
carried out both in regular and irregular waves for wave period T and/or 
significant wave period T1/3 of 0.6, 0.7, 0.8, 0.9, 1.0, 1.1, 1.2, 1.3, 1.4 
and 1.5 sec collocated with wave height H and/or significant wave 
height H1/3 of 3, 4 and 5cm individually with a total of 26 varied wave 
properties, the running time is 90 sec. The Bretschneider-Mitsuyasu 
spectrum is used as the target spectrum for the generation of irregular 
waves, which can be expressed as: 
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where H1/3 is the significant wave height, T1/3 is the significant wave 
period, and f is the frequency. According to Goda (2000), the spectral 
peak frequency, fp, is related to the significant wave period, Tp : 
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Where 

3/105.1 TTp  . Similar to that in physical applications of the wave 

generation theory, a transfer function must be multiplied to obtain the 
spectrum for the motion of the numerical wave generator, thus  
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(f) denotes the transfer function of wave amplitude and the stroke of 
wave paddle, whereas in the present study, a piston type wave 
generator was investigated, hence, 
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k is the wave number, h is the water depth. Neglect the period which 
are excessively small or large, i.e. the associate period resolution can be 
express as:  
 

maxmin TTT                                                                             (5) 

 
where Tmin=0.5sec and Tmax=4.5sec was chosen presently. The surface 
fluctuations can be expressed by: 
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Here n and N denotes random variable number between 0 ~ 2 and 
total number of sampling, respectively. 
 
 
 

 
RESULTS AND DISCUSSIONS 
 
3.1 Small scale generator test  
       
To investigate over the possibility and efficiency of the restoring force 
technique, a small-scale motor is adopted as a small-scale power 
generator, the power generation was tested by stirring the blades 
arbitrarily to revolve the wheels, the output voltage as well as current 
was record synchronously, the relation between the output voltage and 

current was known as Power(watt)=Voltage(Volt)×Current(Amp), and 

thus is shown and confirmed in Fig.7, from which it can be seen that 
the variation of voltage has connection with output wave power. 
Though the output power could be restored in an accumulator such as 
miniature battery, yet, the improvement and the efficiency of the 
restoring force device are simply discussed herein by the variation of 
output voltages for convenient. 

Since the buoy rotors are to be located on the ocean surface, the 
blades move “back and force” or “up and down” in oscillation case 
according to the motions of the particle near the water surface as 
conventional manner of many successfully developed wave energy 
converters, the appearance of the output voltages was similar to the 
fluctuations. Moreover, in present method, the displacements of all 
fluctuations of the bladed rotor are accumulated by the ratchet wheel on 
the shafts, and the output power appeared like a thorn according to the 
unidirectional snap back motion as a result of the restoring force create 
by clockwork spring of the ‘pull-back car”. The improvements and 
efficiency are described as follow. 
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Fig.7 Relation between the output voltage, current and wave power 
 
3.2 Regular waves  
       
The output voltage is measured directly by the data acquisition system 
coincide with the wave generation and is arranged in Table 1, which 
shows the accumulative results running for 45sec, we can perceive the 
disparity between wave energy utilizing ‘Oscillating System’ (OS) 
which the blades moves in back and force while in the present 
‘Restoring Force’ (RF) technique System the blades moves 
unidirectional, the R/O ratio indicates the relative value of this two 
accumulative output voltages, i.e. RF/OS, it reached more than 21.9 
when the wave height H is 3cm collocate with wave period T=0.6 sec, 
this represents that the voltage output is enhanced 21 times as much as 
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oscillating design when the wave height and wave period is rather 
small, the conventional power generators are almost ineffectual and idle 
under this circumstances. Nevertheless, the values of each measured 
voltage vary increasingly with the extending of wave period from 
T=0.6 to 1.5 sec in OS case, which increases from 0.11725 Volt/m2 to 
0.612434 Volt/m2 when H=3cm, and 0.433658 Volt/m2 to 0.997237 
Volt/m2, 0.607961 Volt/m2 to 1.293803 Volt/m2 when H=4cm and 5cm 
individually, this tendency was not conspicuous in RF whereas the 
output value is comparatively stable with little alterations, and thus will 
cause the overall R/O ratio to decrease progressively downwards 
accordingly, this indicates the present method are brought into full play 
specifically for environmentally inadequate field. The outcomes 
showed that generator using restoring force technique have increased 
the efficiency which accrues at least triple output value. The cause of 

the decreasing R/O ratio may due to the product of D and k, i.e. D×
k, where D is the displacement of the swaying blades which slightly 
increased along with the increasing wave length and k is the wave 
number per unit time which decrease substantially from T=0.6 to 1.5sec.  

From Table 1 we also perceived that, though the values of measured 
voltages varied increasingly with the wave height from H=3cm to 5cm, 
including both the OS and RF, however, from Fig.8 it can be seen that 
the R/O ratio decrease contrarily instead, this is representative of the 
efficacy of the RF technique with ratchet wheel by using the restoring 
force (elasticity) to increase the work efficiency of existing wave power 
devices with limited fluctuations under disadvantageous environment, 
e.g. small fluctuate waves and/or short period waves, and it is 
anticipated that with a wave height of relatively lower fluctuate, the 
output power will be greatly improved. On the contrary, waves with 
favorable conditions are essentially feasible of considerable quantities 
of power generation with certainty, the efficacy of the RF technique 

 

Table 1 Output Voltages and efficacy of the RF technique for Regular 
Waves 

T 
(sec) 

OS 
(Volt) 

RF 
(Volt) 

OS 
(Volt/m2) 

RF  
(Volt/m2) 

R/O Ratio 

H=3cm 
0.6 0.008911 0.195633 0.117250 2.574118 21.954102
0.7 0.025593 0.295559 0.336750 3.888934 11.548431
0.8 0.020263 0.244821 0.266618 3.221329 12.082169
0.9 0.030074 0.25692 0.395711 3.380526 8.542927
1.0 0.031308 0.223526 0.411947 2.941132 7.139581
1.1 0.031004 0.172736 0.407947 2.272842 5.571410
1.2 0.038153 0.214923 0.502013 2.827934 5.633187
1.3 0.039269 0.173366 0.516697 2.281132 4.414831
1.4 0.042785 0.246572 0.562961 3.244368 5.763048
1.5 0.046545 0.261492 0.612434 3.440684 5.618047

H=4cm 
0.8 0.032958 0.28153 0.433658 3.704342 8.542084
0.9 0.052246 0.326466 0.687447 4.295605 6.248631
1.0 0.064728 0.267058 0.851684 3.513921 4.125850
1.1 0.066446 0.262051 0.874289 3.448039 3.943819
1.2 0.079474 0.29764 1.045711 3.916316 3.745124
1.3 0.090011 0.310343 1.184355 4.083461 3.447834
1.4 0.080339 0.321707 1.057092 4.232987 4.004369
1.5 0.07579 0.338429 0.997237 4.453013 4.465352

H=5cm 
0.8 0.046205 0.307052 0.607961 4.040158 6.645428
0.9 0.070178 0.335299 0.923395 4.411829 4.777836
1.0 0.083653 0.340946 1.100697 4.486132 4.075718
1.1 0.077182 0.318027 1.015553 4.184566 4.120481
1.2 0.110581 0.399395 1.455013 5.255197 3.611787
1.3 0.13606 0.360167 1.790263 4.739039 2.647119

1.4 0.109913 0.327532 1.446224 4.309632 2.979920
1.5 0.098329 0.35913 1.293803 4.725395 3.652330

proposed presently are comparatively ineffectual, which procure the 
decrease of the R/O ratio.  

Results provided for the case of H=5cm with T=0.8 sec by 
applying the RF technique compared with standard OS results are 
shown in Fig.9 and Fig.10, respectively. The solid lines represent the 
variations of output voltages running for 40 sec, and the dotted lines 
illustrate the relative variations of accumulative output voltages, 
accumulative curve represents the accrue of output voltage in time 
series, which in this case the accumulative power is only 0.046205 volt 
with OS and is 0.307052 volt when applying the RF technique, since 
the area of each wheeling blade is 0.076m2 (0.76m×0.10m), the volume 
of production is equivalent to 0.607961 volt/m2 and 4.040158 volt/m2 
individually. Remarkable is the stably output voltage fluctuation, the 
variation of accumulative power in the OS case appears linear; the 
generation of the electricity is unremitting. On the contrary, even 
though the power generations in the RF cases seem intermittent, by 
accumulating small displacement to great interval, a sudden 
repercussion may create a quantity of wave power up to 0.2 volt per 
strike, thus the accumulation of output power reached 6.6 times as 
much as that of the former case. Fig.11 and Fig.12 demonstrated a case 
of longer period T=1.5sec, the accumulative power of which increases 
up to 0.098329 volt with the OS whereas is 0.35913 volt when applying 
the RF technique. Perceive the diversity of the variation of output 
voltage contrast between T=0.8 sec and 1.5 sec, the output power 
increases substantially with OS cases, but remain comparatively steady 
with RF. The comparison of accumulative voltage between varied wave 
properties and power device as well as the efficacy of the RF technique 
is shown in Fig.13, which exhibited that the generation of wave power 
is greatly improved. 
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Fig.8 Variation of R/O ratio for monochromatic waves 
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Fig.9 Accumulative energy extracted for wave power device by 
oscillation. (H=5cm, T=0.8 sec) 
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Fig.10 Accumulative energy extracted for wave power device with 
restoring force technique.  (H=5cm, T=0.8 sec) 

 

0 10 20 30 40 50

Time (sec)

-0.10

0.00

0.10

0.20

0.30

0.40

V
o
lta

g
e
 (v

o
lt) Oscillation

Continue
Accumulative

Regular Wave, H=5cm, T=1.5sec

10 20 30 40 50

-2

0

2

w
a
ve

 p
ro

fil
e
 (
cm

)

 
 

Fig.11 Accumulative energy extracted for wave power device by 
oscillation.  (H=5cm, T=1.5 sec) 
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Fig.12 Accumulative energy extracted for wave power device with 
restoring force technique.  (H=5cm, T=1.5 sec) 
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Fig.13 Comparison of accumulative voltage between varied wave 
properties and power device for regular waves. 
 
 
3.3 Irregular waves  
       
Waves in the ocean are far from regular wave theory and therefore 
simulations for irregular waves are essential for a realistic wave load 
determination. The results are also confirmed by irregular wave tests, 
the best performance rate is always achieved when using 
monochromatic waves, however, regular wave test is yet necessary to 
interpret the physical response simply and conveniently. Unlike regular 
waves that result in a stationary value of maximum power according to 
it’s established fluctuation. To generate more realistic results, irregular 
waves test which is calculated by superimposing numerous components 
of sinusoidal waves were usually proposed since a high performance 
buoy-type wave power device should amass energy from all directions 
in the ocean. Random waves are more complicated but realistic about 
comprising of various monochromatic component waves not only with 
random phase, different amplitude and frequency, but also in various 
directions. 

Table 2 shows the output voltage measured by the data acquisition 
system coincide with the wave generation, from which we can perceive 
the R/O ratio reached more than 13.68 when the incident wave height 
H1/3=3cm collocate with significant wave period T1/3=0.6 sec, with a 
efficiency of 1368%, i.e. the output voltage enhanced nearly 13 times 
when utilizing RF technique, which is as much as that of traditionally 
oscillating designed OS. Similar to that of regular wave tests as 
discussed, an accession of output voltage varied increasingly with the 
extending of wave period from T=0.6 to 1.4 when utilizing the OS, this 
tendency was also not conspicuous in the RF cases resembling regular 
wave test, while the output value is comparatively stable with little 
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alterations, and thus cause the R/O ratio to decrease progressively 
downwards, accordingly. Fig.14 shows the variations and tendency of 
R/O ratio for irregular waves. Compare the alterations with that of 
monochromatic wave cases in Fig.8; the amplitude of variation is much 
more sensitive for monochromatic wave cases since the curvature is 
larger, and the best performance rate occurred when H=3cm, though the 
productivity seems to be rather higher for monochromatic wave cases 
in corresponding period, however, when the incident wave height (both 
H and H1/3) reached 4cm, it appears that the value of R/O ratio for 
irregular wave cases are contrarily larger than that of monochromatic 
wave cases, which achieved more efficiency when adopting the RF 
technique, this may due to the acquisition of higher quantity of 
component waves within (during) identical time interval for random 
waves. 

 
Table.2 Output Voltages and efficacy of the RF technique for Irregular 
Waves 
 

T1/3 
(sec) 

OS 
(Volt) 

RF 
(Volt) 

OS (Volt/m2) RF (Volt/m2) R/O  
Ratio 

H1/3=3cm 
0.6 0.007743 0.105947 0.101882 1.394039 13.682939
0.7 0.01073 0.078923 0.141184 1.038461 7.355359
0.8 0.011997 0.099497 0.157855 1.309171 8.293490
0.9 0.012663 0.115548 0.166618 1.520368 9.124852
1.0 0.014914 0.112967 0.196237 1.486408 7.574561
1.1 0.01971 0.12166 0.259342 1.600789 6.172501
1.2 0.021406 0.149787 0.281658 1.970882 6.997431
1.3 0.022695 0.109663 0.298618 1.442934 4.832033
1.4 0.023554 0.093226 0.309921 1.226658 3.957969
1.5 0.007743 0.105947 0.101882 1.394039 13.682939

H1/3=4cm 
0.6 0.017764 0.2 0.233737 2.631579 11.258726
0.7 0.019333 0.190855 0.254382 2.511250 9.871981
0.8 0.020378 0.164 0.268132 2.157895 8.047895
0.9 0.022222 0.21208 0.292395 2.790526 9.543695
1.0 0.026086 0.204964 0.343237 2.696895 7.857241
1.1 0.030057 0.196956 0.395487 2.591526 6.552750
1.2 0.037878 0.195583 0.498395 2.573461 5.163499
1.3 0.040216 0.219907 0.529158 2.893513 5.468147
1.4 0.041845 0.220107 0.550592 2.896145 5.260055

H1/3=5cm 
0.6 0.02861 0.22024 0.376447 2.897895 7.698008
0.7 0.034625 0.238267 0.455592 3.135092 6.881357
0.8 0.040078 0.254133 0.527342 3.343855 6.340960
0.9 0.04191 0.282157 0.551447 3.712592 6.732450
1.0 0.046467 0.282186 0.611408 3.712974 6.072826
1.1 0.052049 0.28071 0.684855 3.693553 5.393187
1.2 0.058386 0.296447 0.768237 3.900618 5.077364
1.3 0.061322 0.289425 0.806868 3.808224 4.719758
1.4 0.063352 0.292555 0.833579 3.849408 4.617928

 
 

Fig.15 and Fig.16 show the results for a case of significant wave 
height H1/3=5cm with significant wave period T1/3=1.0 sec by 
applying both the present RF technique and standard OS, respectively. 
The output voltage fluctuation of the variation of accumulative power 
in the oscillation case reveals that in these two cases the accumulative 
power is 0.046467 volt with original oscillation system and is 0.282186 
volt when applying the RF technique, that is to say, this improvement 
lead to an active power increase from 0.046467 volt to 0.282186 volt 
per generation, and the volume of production is equivalent to 0.611408 
volt/m2 and 3.712974 volt/m2, respectively. A sudden repercussion 
under this circumstances may create a greater quantity of wave power 

up to 0.16 volt per strike, thus the accumulation of output power 
reached 6 times as much as that of the OS case.  

As perceived in Fig.17, a maximum efficiency is attained when 
H1/3=3cm with T1/3=0.6 sec, and is minimized accompanied the 
increasing fluctuations of wave under circumstances of superior 
condition of fluctuations. 
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Fig.14 Variation of R/O ratio for Irregular waves 
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Fig.15 Accumulative energy extracted for wave power device using 
oscillation for irregular waves.  (H1/3=5cm, T1/3=1.0 sec) 
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Fig.16 Accumulative energy extracted for wave power device using 
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restoring force technique for irregular waves.  (H1/3=5cm, T1/3=1.0 sec) 
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Fig.17 Comparison of accumulative voltage between varied wave 
properties and power device for irregular waves. 
 
 
CONCLUSIONS 
 
The application of restoring force through elastic spring to wave power 
device was an enlightenment of “pull-back car”, which may create a 
greatly ongoing high speed action function for power generation with 
only a slightly pull back and/or fluctuations. How to make the best used 
of waves under limited fluctuations by the accumulation of wave with 
feeble energy to great potential are studied in this paper, an 
improvement by applying a concept of restoring force technique to 
present a high performance wave power device, besides, power output 
may be too small to support commercial installation of single unit, but a 
great quantity of units arrayed in order can overcome this problem. this 
can be further discuss by using wave farms and thereby may become an 
supplementary earning of renewable energy in actual operation of wave 
power generations, i.e. the majority of ocean wave fluctuations are 
worth exploitable by applicable processing. Some conclusions may be 
drawn from the present results as follows: 

The feasibility of the restoring device has been rudimentary 
confirmed by hydraulic model test using a small-scale motor, 
tentatively, with a maximum efficiency of nearly 2190%, which simply 
represents that the voltage output is enhanced 21 times as much as 
oscillating design, and even the minimum improvement accrues at least 
twice power as much as original manner, yet, larger scale model test 
would be proceed prospectively with greater precision instruments and 

equipments to obtain a higher performance evaluation. 
The experiments would be carrying out prospectively with elastic 

bodies of various elasticity coefficients under different wave conditions 
to investigate over the corresponding wave power and optimizations, 
moreover, the influence and beneficial results of submerged obstacles 
will be studied as well. Results can also proceed to the investigations 
utilizing multi-directional wave basin, prospectively. The feasibility of 
the technique is applicable in practical applications to the development 
of existing wave power device. 
 
 
ACKNOWLEDGEMENTS 
 
The authors wish to express their gratitude for the financial aids of the 
National Science Council, Republic of China, Project No. NSC-98-
2221-E-236-019. 
 
 
REFERENCES 
 
Elliott, D., 1996, “Renewable energy policy in the UK: Problems and 

opportunities”, Renewable Energy, Vol.9, pp.1308-1311. 
Emmanuel, B. A., Wallace, A.K. and Jouanne, A.V., 2008, “A novel 

direct-drive ocean wave energy extraction concept with contact-less 
force transmission system”, Renewable Energy, Vol.33, pp.520-529. 

Faizal, M., Ahmed, M.R. and Lee, Y.H., 2009, “On utilizing the orbital 
motion in water waves to drive a Savonius rator”, Renewable Energy, 
Available online 3 April 2009. 

Goda, Y., 2000, Random seas and design of maritime structures, 2nd ed. 
World Scientific, Singapore, 443. 

João Cruz, 2008, “Ocean Wave Energy”, Springer-Verlag Berlin 
Heidelberg. 

Jobb G., “An ocean wave energy converter”, Available online at 
http://www.treefinder.de/Ideas/WaveConverter.pdf. 

Josset, C. and Clément, A.H., 2007, “A time-domain numerical 
simulator for oscillating water column wave power plants”, 
Renewable Energy, Vol.32, pp.1379-1402. 

Orer, G. and Ozdamar, A., 2007, “An experimental study on the 
efficiency of the submerged plate wave energy converter”, 
Renewable Energy, Vol.32, pp.1317-1327. 

Su, Yongling, You, Yage and Zheng Yonghong, 2002, “Investigation 
on the oscillating buoy wave power device”, China Ocean 
Engineering, Vol.16, No.1, pp.141-149. 

Thakker A., Jarvis, J. and Sahed, A., 2009, “Design charts for impulse 
turbine wave energy extraction using experimental data”, Renewable 
Energy, Available online 1 May 2009. 

Thorburn K., Bernhoff, H. and Leijon, M., 2004, “Wave energy 
transmission system concepts for linear generator arrays”, Ocean 
Engineering, Vol.31, pp.1339-1349. 

Thorburn K. and Leijon, M., 2005, “Case study of upgrading potential 
for a small hydro power station”, Renewable Energy, Vol.30, 
pp.1091-1099. 

Thorburn K. and Leijon, M., 2007, “Farm size comparison with 
analytical model of linear generator wave energy converters”, Ocean 
Engineering, Vol.34, pp.908-916. 

You, Y., 1993, “Hydrodynamic analysis on water power devices in 
near-shore zones”, Journal of Hydrodynamics, Ser. B, Vol.3, pp.42-
54. 

 

893



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


