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ABSTRACT 
 
This paper studied on Wave Buoy Legged Spider power device, a 
floating wave energy system based on linear generator. The 
device contains horizontal cylinders arranged such that it looks 
like the legs of a spider. Inside cylinders will be equipped with a 
linear generator. During wave motions, some rotors of the linear 
generators slide forward and backward, thus generating 
electricity. As a case, a conceptual design of the Wave Buoy 
Legged Spider device using floating balls of Malaysian wave 
buoy for an ocean site in Terengganu, West Malaysia is 
presented. The wave energy was approximately assessed based on 
observed wave data. Furthermore a method to determine the 
directional wave spectra by using nonlinear programming has 
been proposed with introducing a correction factor in order to 
avoid the concentration of power spectral density. The capability 
of this method has been verified by the analysis with the data of 
the experiments of the floating ball response. 
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1.0 INTRODUCTION 
 
This paper presents an efficiently wave buoy legged spider of 
wave power device that used the floating balls [1] from 
Malaysian wave buoy. As we know that a wave power device will 

convert the energy of wave motion into the high-speed rotation of 
generator. The process can be divided into three steps, i.e., 
collecting wave energy, transmitting energy and generating 
electricity by generator [2]. The procedures usually make a wave 
power device complicated, and increase energy loss, hence 
lowering the energy efficiency of the device, such as Archimedes 
Wave Swing [3] and Wave Dragon [4] may need high 
construction cost, but not for the new wave power device, called 
wave buoy legged spider. This power device utilizes linear 
generators and thus is able to simplify energy transmission and 
decreases energy loss during conversion. The device is also 
constructed by simple structure and low cost, and will show high 
energy efficiency in the case study section.  
 
 
2.0 WAVE BUOY LEGGED SPIDER 
 
As showed in Fig. 1, the Wave buoy legged Spider device is a 
floating system incorporating eight horizontal cylindrical 
members, called power antennas. The antennas look like the leg 
of a spider. The major components of the device include power 
antennas, floating balls, an energy conservation control center (or 
control center), a buoyant plate, submarine electrical cables, 
mooring lines, connecting bars, and elastic ropes.  

The power antennas are rigidly connected to the buoyant plate 
through connecting bars. Four floating balls that used Malaysian 
wave buoys are attached on each power antenna. Inner floating 
balls may be connected together through flexible elastic ropes so 
as to integrate the power antennas. Buoys are also attached at the 
ends of each power antenna to provide additional buoyancy.  

The control center incorporates an energy storage box and a 
series of components used for power storage and transmission, 
such as transformer and rectifier. The energy storage box could be 
a kind of typical small battery system as described in [5], which is 
able to conserve a small portion of electricity generated by the 
power antennas. The stored power is used for the device’s own 
maintenance, and the majority of the generated electricity will be 



Journal of Ocean, Mechanical and Aerospace 
-Science and Engineering-, Vol.6 

April 20, 2014 

 
 

25 Published by International Society of Ocean, Mechanical and Aerospace Scientists and Engineers 

 

transmitted to the shore via submarine electrical cables. 
The floating balls enable the power antennas to absorb surface 

wave energy to the greatest degree when the device is fluctuating 
with wave. In addition, adaptive variable damping may be 
employed to enhance the efficiency of the Water Spider device. 
Adaptive variable damping can be used to achieve the best 
damping given random waves ([6]; [7]). The Wave buoy legged 
Spider device is anchored at seabed by mooring lines. 

 

 
Figure 1: Wave Buoy Legged Spider 

 

2.1 Power antenna 
As the component of the Wave buoy Spider device, the power 
antennas convert wave energy into electricity. The power 
antennas adopt the wave power capsule technology developed by 
Zhang et al. (2010). The capsule technology uses linear 
generators, which generate electricity by the sliding of their rotors 
(Zhang et al., 2010). As shown in Fig. 2, a power antenna 
accommodates a sliding rotor, a stator, and insulating rubber 
materials. 

The stator is mainly composed of metal coils, insulating 
barrier, and insulating rubber layers. The outside of the metal 
coils is coated with insulating paint. 

 

Figure 2: Power antenna capsule 

 
The rotor consists of permanent magnet with strong magnetic 

field, wheels, and springs ([8]; [9]). The wheels reduce the 
friction between the rotor and the sliding chamber. The spring can 
buffer the collision between the rotor and the end wall of the 
sliding chamber. The deformation of the spring results in the 

exchange between the kinetic energy and the potential energy of 
the rotor, thus helping the sliding of the rotor in the chamber. If 
the air in the chamber is expelled, the energy loss may be further 
reduced because of decreased air resistance. 

Given wave motions, the rotor in the linear generator slides 
forward and backward, leading to the change of magnetic flux in 
the metal coils. As a result, the induced electromotive force 
converts wave energy into electrical energy. The power generated 
by the linear generator is transmitted to the control center via the 
connecting bars attached at one end of the power antenna. 
 
2.2 Floating ball  
The floating ball is a Malaysian wave buoy as shown in Fig.3 
which follows the movements of the water surface, and monitors 
waves by measuring the vertical acceleration of the buoy. The 
discrepancy between vertical movements of the wave buoy and 
the movement of the sea surface is small. When an attached wave 
buoy follows the waves, the force of the flexible elastic ropes will 
change. This force is produced by changing immersion of the 
buoy, resulting in an error of maximum 1.5%. With decreasing 
wave length, the buoy motion will deviate from the wave motion 
if the wave length is less than 4 m (wave period below 1.6 sec). If 
the wave length is less than 2.5 m (wave period 1.25 sec) the 
response of the buoy decreases fast with increasing wave 
frequency.  
 

 
Figure 3: Floating ball (unit in mm) 

 
Wave data which was measured by the accelerometers 

inside the floating ball are collected to provide essential 
information for the design, construction and performance 
monitoring of wave buoy legged spider power device. 
 
2.2.1 Accelerometer 
For an accelerometer to accurately sense and generate useful data, 
it must be properly coupled to the test object. This requires that 
the accelerometer mounting be rigid over the frequency range of 
interest. The methods for mounting an accelerometer usually 

Power antenna Floating ball 

Control center
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which wave height and wave period were 1.5m and 4.5s, 
respectively. The wave characteristics are close to the significant 
wave height and corresponding wave period in this study, so the 
basic parameters of linear generator applied in Danielsson et.al 
[9] and Danielsson [10] are used herein, showed in Table 1. 

A Wave buoy legged Spider device is hence conceptually 
designed, and Fig. 8 illustrates basic dimensions of the power 
antenna. An octagonal buoyant plate (side length 0.6 m) is 
adopted, and the diameter of the entire device is about 7.85 m. 
Considering the diameter of the device, the total output power for 
a unit width is 2.96 kW/m. In this case study, the total output 
power P* is estimated to be 15.17 kW.  

 
Fig. 8. Power antenna dimension 

 
Tabel.1 Parameter of Linear Generator 

Parameter Value 
Apparent power (kW) 10 
Voltage (V) 200 
Current (A) 29 
Resistive (Ώ) 4 
Width of stator (mm) 460 
Length of stator (mm) 2640 
Width of magnet (mm) 55 
Hysteresis Loss (kW) 0.52 
Eddy current loss (kW) 0.07 
Resistance loss (kW) 2.75 

 
To evaluate the utilization rate of wave energy for the 

conceptual design, an energy efficiency of the small-scale floating 
wave device, such as Wave buoy legged Spider, however, the 
potential energy may not be effectively utilized in practice. Hence 
an energy efficiency of the device is defined. 

kP
P*

=η            (1) 

η is estimated to be 65.2%. It can be observed that considering the 
effectively usable energy Pk, the energy efficiency of the wave 
buoy legged spider device is relatively high. 
 
 
5.0 Directional Wave Spectrum 
 
Due to the directionality of waves, the power antennas of a Wave 
buoy legged Spider device may not reach the full capacity Pk, 
simultaneously. The effective output of a power antenna depends 
on a measured wave direction. The effective output (Pe) can be 
approximately estimated as follows: 
 

λcoske PP =           (2) 

where λ (=β) is the angle between the power antenna and wave 
direction (see Fig. 1) 

When a floating ball buoy is facing in following seas, there is a 
range of the encounter frequency of the wave buoy, which cannot 
be related to the wave frequency by a single-value transformation. 
The method to overcome this difficulty has not been well 
established, although studies to evaluate the one-dimensional 
wave spectra as well as the directional wave spectra have been 
extensively carried out in recent years. To determine the 
directional wave spectrum by using a nonlinear programming, the 
ordinates of wave spectrum at an arbitrary wave frequency are 
used as design variables and the optimization by using a nonlinear 
programming is carried out in the range of encounter frequency of 
the buoy. 

 
5.1 Optimization Procedure 
In this section, we propose to determine the wave spectrum by 
using nonlinear programming [11], in which the ordinates of 
wave spectrum at an arbitrary wave frequency are specified as 
design variables and the optimization has been carried out in the 
encounter frequency of the ship. The procedures adopted in this 
paper are as follows. 
1) Define the design variables which are the ordinates of the 

wave spectrum in the wave frequency ; ( )ωwS  

2) Estimate the spectrum of the buoy response, ( )ωxS , by 
using the following relationship, 

 

( ) ( ) ( )[ ] ( ) cccxwx dDAxSS χχωχχωωω

π

π
∫
−

+=
2

2

2
0 ,,  

                      (3) 
Where: the directional function ( )0,χωD  is assumed to be

0
4cos χ . 

3) Transform the estimated spectrum of the buoy response in 
the wave frequency ( )ωxS  to the one in the frequency of 

encounter ( )exS ω , 
4) Define the objective function F, 

 ( ) ( ){ }
2

0

~∑
=

−=
ec

e

exex SSF
ω

ω

ωω        (4)
 

( )exS ω~
and ( )exS ω  are respectively the estimated and 

measured spectrum of the buoy response in the frequency of 

encounter. 

5) Minimize F under the following constraints, 

( ) ( )∫∫
∞∞

=
00

~
eexx dSdS ωωωω          (5)
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5.2 Transformation Spectrum 
The spectrum of ship response in the frequency of encounter can 
be converted to the one in the wave frequency. However, there is 
the situation as shown in Fig. 9, in which one frequency of 
encounter is related to three values of wave frequencies. This is 
the reason why the transformation of the spectrum is difficult. 

Figure 9: Transformation of spectrum from eω and ecω    (for 

ece ωω ≤ ) 

 

When a spectrum of buoy response in the encounter frequency 
is transformed from the one in the wave frequency, the power 
spectral density concentrates only in the region ece ωω ≤ . 
However, the measured spectrum of the buoy response in the 
encounter frequency has a power spectral density even in the 
region ece ωω > , and no concentrated power spectral density is 
appeared. Therefore, in order to deal with the concentration of the 
transformed spectrum in the region ece ωω > , the correction 
factor has been introduced. 

 

Figure 10: Transformation of spectrum from eω and ecω    (for 

ece ωω ≤ ) using correction factor. 

 
 
5.3 Estimated Wave Spectra  
5.3.1 Experiments in Towing Tank 
The experiments were performed in the towing tank of Universiti 
Teknologi Malaysia. The dimensions of the tank are 120.0m 
(length) by 4.0m (breadth) by 2.5m (depth). The buoy was freely 
drifted by towing under a carriage.  

Fig.11 shows the non dimensionalized amplitudes of heave and 

pitch in regular following waves. In the figure, the solid line 
shows the result of strip theory and the mark  corresponds to the 
measured values, they have the same trends theoretically and 
experimentally.  

 
Fig. 11 Heave and pitch responses in regular wave 

 

Fig.12 gives the measured spectra of heave and pitch in 
irregular waves. 

 
Figure 12: Measured spectra heave and pitch 

 
5.3.2 Comparisons of wave spectra 
Fig. 13 shows the comparison between the estimated and 
measured wave spectra. In Fig. 14, the spectra of heave and pitch 
response between the estimated and measured in the encounter 
frequency with correction are compared. 
 

 
Figure 13: Comparison between estimated and measured wave 
spectrum 
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Figure 14: Comparison between estimated and measured wave 
spectrum with correction. 

 
 
6 CONCLUSION  
The conclusions have been drawn as following items;  
1. The small-scale wave device, the Wave buoy legged Spider 

concept is characterized by simple structure buoys, high 
energy efficiency, and convenient installation and 
maintenance. The device may provide a promising way for 
small-scale wave energy development. 

2. For designing the Wave buoy legged Spider, a method to 
determine the directional wave spectra by using nonlinear 
programming has been used and the transformation of the 
spectrum has introduced a correction factor in order to avoid 
the concentration of power spectral density. The capability of 
this method has been confirmed by the analysis with the data 
of the experiments. 

 
 
ACKNOWLEDGEMENTS 
The authors wish to acknowledge Universiti Teknologi Malaysia 
and Ministry of Higher Education of Malaysia (MOHE) for the 
research Vot.No.Q.J130000.7124.02H38. 
 
 
5.0 REFERENCE 
1. Wu, L, He, DS, Gou, W, and Zhou, SL (2012). Water Spider 

Wave Power Device: Conceptual Study. International 
Offshore and Polar Conference.  pp 572-575. 

2. Li, F, Ye, JW, and Gou, YF (2006). Study of Wave Energy 
Generator System. Guangdong Shipbuilding. No 4, pp 15-
18. 

3. Czech, B, Bauer, P, and Polinder, H (2009). Modeling and 
simulating an Archimedes Wave Swing park in steady state 
conditions. Power Electronics and Applications, EPE '09. 
13th European Conference. pp 1-10. 

4. Tedd, J, and Kofoed, JP (2009). Measurements of 
overtopping flow time series on the Wave Dragon, wave 
energy converter. Renewable Energy. Vol 34, No 3, pp 711-
717. 

5. Green, J, Bowen, A, Fingersh, LJ, and Wan, YH (2007). 
Electrical Collection and Transmission Systems for Offshore 
Wind Power, Offshore Technology Conference. pp 378-385. 

6. Polinder, H, and Scuotto, M, (2005), Wave Converters and 
Their Impact on Power Systems. Future Power Systems, The 
Proceedings of International Conference on Digital Object 
Identifier.  pp 1-9. 

7. Fan, HY, (2005), The Research of a New Floating Type 
Wave Power Device, Master's Degree Thesis, Tsinghua 
University. 

8. Zhang, ZW, and Lou, DB, (2010), Study and Application of 
Wave Power Generation Capsule Technology, Patent 
201010173262, 2010- 10-13.  

9. Danielsson, O, Thorburn, K, Eriksson, M, and Leijon, M 
,(2003), Permanent Magnet Fixation Concepts for Linear 
Generator, Proceedings of the Fifth European Wave Energy 
Conference. pp 1-7. 

10. Danielsson, O, (2003), Design of a Linear Generator for 
Wave Energy Plant”. Master’s Degree Thesis, Uppsala 
Universitet. 

11. Saito, K., Maeda, K, (1997),.: An Estimation of Ocean Wave 
Characteristics Based on Measured Ship Motions -- 
Application of Nonlinear Programming to the Evaluation of 
Wave Spectrum --, Journal of the Society of Naval 
Architects of Japan, Vol.182, pp.231 - 237, (in Japanese). 

12. Jaswar, C. L. Siow, A. Maimun, C. Guedes Soares, (2013), 
Estimation of Electrical-Wave Power in Merang Shore, 
Terengganu, Malaysia, Jurnal Teknologi, Vol.66.2, pp.9-14. 

 

0 1 2 3 4 5 6 7 80.0

0.5

1.0

1.5

2.0

(rad/sec)

cm2sec

Wave spectrum
Measured
Design points

ω


