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Wave energy conversion by using point absorber has recently gained intensive research 

in renewable energy. However, a majority of research works only focused on the regions 

with high wave heights, which may not be readily achievable in Malaysian seas 

condition. As the technology of point absorber facing the concern on less-applicability 

in low wave height conditions in Malaysia, a numerical modeling to understand the 

maximum potential power output to be generated by point absorber is now in demand 

to predict the power capture ability of point absorber in Malaysian waters. In order to 

complete this research gap, this paper is aiming to determine the sensitivity of different 

configurations of power take-off system in point absorber and to numerically analyze 

the potential maximum power output to be generated by the point absorber in Malaysian 

water, under regular wave motion. The significance of this study leads to a better 

understanding of the envelope of power output generated by point absorber in Malaysian 

seas. The methodology is conducted with theoretical modeling of point absorber, 

developing a numerical model of power take-off system to identify the maximum 

magnetic flux density of different stator-translator configuration, and simulating the 

power output of point absorber in time-domain under regular wave condition based on 

Malaysia seas data. The results show that power output of point absorber can be 

increased by a double-sided stator. The envelope of maximum power output to be 

generated has been identified. This research provides a further understanding of the 

development of point absorber technologies in Malaysian seas condition. 
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1. Introduction 

 

Harvesting energy from ocean in electricity power generation has been gaining vast interests from 

the researchers in the development of renewable energy and multiple types of ocean energy conversion 

methods, such as tidal [1-6], overtopping [7-9], oscillating water column [10-13], ocean currents [14-
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16], ocean thermal energy conversion [17, 18], salinity gradient power [19], and heaving point 

absorber [20-34] have been investigated. A point absorber is an ocean energy conversion device for 

harvesting wave energy and converting it into electricity through its power take-off system. A point 

absorber can either employ a hydraulic system or linear permanent magnet electrical generator to 

convert electricity [35]. Korde [21] investigated enhancement for power-absorption by point absorber 

and presented a frequency domain solution for an optimal power absorption in single mode device. A 

10 kW direct drive point absorber was developed in [27]. Yeung et al. [22] evaluated technical 

feasibility and performance of a linear generator in point absorber by mathematically modeling the 

critical parameters that can affect the efficiency of the design and later physically test the constructed 

model in a wave tank. Cochet and Yeung [30] further investigated the solution of coupled surge-pitch 

motion of point absorber and reported that small radius and deeper draft of the outer buoy can exert 

larger capture width and motion. Tom and Yeung [32] also evaluated the nonlinear relationship 

between the generator damping and the magnet-coil gap width and they revealed that more than a 

double increment of the capture widths can be obtained by proper matching these parameters. 

As the numerical simulation tools [36, 37] become more comprehensive with respect to the rapid 

increment of computing power, the cost to develop the point absorber in more complex structural 

behaviors is now reduced significantly before an expensive model test has been carried out. For 

instance, wave energy convertor analysis by using Unsteady Reynolds Averaged Navier-Stokes 

(URANS) simulations were developed in [37] and the peaks of power predicted by URANS are close 

to the experimental values with a difference in the frequencies at the power peaks was observed. 

Numerical modeling and optimization of a point absorber were developed in [22, 23]. Further, 

computational fluid dynamics code was developed in [25] to study the performance of coupled fluid-

structure interaction of point absorber in a 3D numerical wave tank. Numerical prediction can also 

enhance the knowledge in the preparations of experiments. The performance for two self-reacting point 

absorber with 1:25 scale was undertaken in heave motion [38], and the reactive control is reported can 

increase power capture for point absorber after conducting the numerical and experimental 

comparison. The key parameters to improve the performance of point absorber can be investigated by 

varying the parameters in the numerical simulation prior to the model test in the wave tank. Davidson 

et al. [39] proposed a general framework for the identification of linear and nonlinear parametric 

models numerically based on fully nonlinear Navier-Stokes equations. Cho and his co-workers [40] 

studied the point absorber by using relative heave motion in between the buoy and an inner dynamic 

system. They found that the maximum power can be obtained at the optimal spring and damper 

condition. Research on the buoy shape was studied as well in [41] for point absorber to determine the 

hydrodynamic and dynamic loads of a novel shape. 

The computational method, together with experimental method, is utilized to enhance the power 

capture performance of point absorbers as well. Numerous researches were carried out to optimize the 

point absorber behaviors by using control schemes. A sliding angle self-tuning method was proposed 

in [42] to find the optimal sliding angle automatically to increase the point absorber power capture 

capability. The energy output of point absorber can be further enhanced by using control strategy, such 

as energy-based performance function. Gilloetaux and Ringwood [43] numerically developed a linear 

time-domain hydrodynamic program to simulate the heaving buoy motions under latching control 

strategy. Later, Bacelli et al. [44] further improved this model to allow constrained optimization 

problem to be reformulated in a nonlinear program through the discretization of power take-off force 

and of the motion of the buoy. The authors in [42] conducted experiment tests and reported that the 

overall efficiency of point absorber can be improved from 3.2% in particular configuration. Phase 

control technique was developed in [45] by adding a fully submerged mass to the point absorber to 

properly shift the device heave natural frequency and gain resonance of motion.  In addition, 

declutching control mechanism was investigated in [46] to increase the power take-off performance of 

the point absorber. The power take-off parameters such as spring constant, stable equilibrium position, 

and mass ratio on the power capture were studied in [47] and they reported that the bi-stable point 
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absorber can harvest more wave energy than a linear point absorber when the wave frequency is less 

than the natural frequency. Moreover, implementation of visco-elastic model-based mooring line [48, 

49] can be considered as a new area for station-keeping of floating objects. 

Time domain numerical simulation of point absorber is significant to determine the dynamic 

performance of the system and maximum magnitude of time-varying parameters [50]. The time-

domain nonlinear model of a 1:17 scale point absorber model under dynamic instability in regular 

waves was studied in [51]. On the other hand, Vicente and his co-workers [52] conducted a time-

domain simulation to study the motions and power absorption of the point absorber in arrays of three 

and seven elements and for different mooring parameters and wave incidence angles. 

The research in the deployment of point absorbers at a practical level is highly localized with respect 

to the different geographical and hydrological conditions, hence, site-specific design optimization is 

needed [53, 54]. Installed capacity factors for point absorber in North Atlantic and Equatorial Pacific 

regions were reported to be 0.8 at 25 kW/m and 0.5 at 75 kW/m as stated in [55]. However, one of the 

main challenges in the development point absorber in Malaysian seas is that the wave heights are 

relatively low, where the average wave energy density of Malaysian seas facing the South China Sea 

is in the range of 1.41 kW/m to 7.92 kW/m [56]. Also, Chong and Lam [57] reported that wave energy 

may not be suitable or commercially viable in Malaysia as wave energy conversion technology 

requires an average annual wave power density greater than 50 kW/m2, where it is not readily available 

in Malaysia seas. The limitation of wave height in Malaysian seas emerges a research problem to the 

applicability of point absorber in this area. However, the residents in remote islands would experience 

the most direct impact once marine renewable energy is installed [58] and utilization of marine 

renewable energy is achievable with abundant supports from government and private sectors [59], it 

is worthy to investigate a more suitable type of point absorber in Malaysia seas. A previous 

investigation was conducted in [60] on an analysis of heave buoys response on Malaysian water and it 

suggested that the strategies of power output from heave buoy can be further enhanced in Malaysian 

water. 

In addressing to the problem statements of applicability of point absorber in Malaysian water, the 

objectives of this paper are (i) to determine the sensitivity of different configurations of power take-

off system in point absorber, and (ii) to numerically analyze the potential maximum power output to 

be generated by the point absorber in Malaysian water, under regular wave motion. The significance 

of this study leads to a better understanding of the envelope of power output generated by point 

absorber in Malaysian seas. 

 

2. Theoretical Modelling 

 

2.1 Formulation of Point Absorber 

 

Based on Faraday’s Law, the electromotive force (emf) of the j-th set of coils can be modeled as 

[30].  
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where φi is the phase difference between each coil tooth, Bm is the magnetic flux density (unit in Tesla, 

T), z3(t) is the heave displacement of the translator, N is the number of coil windings, S is the cross 

sectional area of the coil tooth, and τ is the length of the pole. For a point absorber to be connected into 

a three-phase Y-type equivalent circuit, the emf can be further represented as [61]. 

i
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where e is the electromotive force (unit in Volt), Ra is the resistance, Ls is the inductance, i is the 

induced current, V is the induced voltage, d/dt is the derivative with respect to time. The input power 

(unit in Watt) to the point absorber is 
3

1

in i i

i

P e i
=

=              (3) 

and the output power generated by the point absorber is represented as 
2

out i L
P i R=              (4) 

where RL is the load resistance in the circuit. 

 

2.2 Malaysia Wave Condition 

 

One of the main challenges in the development of extracting renewable energy from waves in 

Malaysia is the wave heights in Malaysian seas are relatively low, where the average wave energy 

density of Malaysian seas facing the South China Sea is in the range of 1.41 kW/m to 7.92 kW/m, 

while the energy storage varies from as low as 7.10 MW h/m to 69.41 MW h/m [56]. The performance 

of point absorber is potentially significant reduced due to the low wave energy density. In order to 

simulate the performance of point absorber in Malaysian seas condition, the input wave amplitude and 

wave period was determined by using meteorological data from Malaysian Meteorological Department 

(MET). The statistical wave data was processed from five years (2010 to 2015) data collection by 

MET. The statistical mean wave height and wave period, as shown in Table 1, were used to generate 

a regular wave input in the time-domain simulation to obtain the respective output power to be 

generated by the point absorber. 

 

Table 1 Statistical wave condition in Malaysian seas∗   

 Wave height (m) Wave period (s) 

Mean 0.87 3.80 

Standard deviation 0.74 2.71 

Median 0.50 3.00 

Mode 0.50 3.00 

Maximum 5.00 15.00 

Kurtosis 3.88 2.12 

Skewness 1.66 1.21 

Total number of sampling 620 620 

 

 

3. Methodology 

 

The flow chart of numerical analysis for point absorber of wave energy conversion is illustrated in 

Fig. 1. The study was started by the literature review on the point absorber and wave energy 

conversion. Later, the magnetic intensity for different power take-off system configurations was 

analyzed by using COMSOL Multiphysics software package. Three types of power take-off system 

models were simulated and the maximum magnetic flux density for each type was determined. The 

results of magnetic field were further used in the time-domain simulation model which was developed 

by the authors in SIMULINK under regular wave input condition based on Malaysian seas data. The 

electromotive force and induced power output under regular wave inputs were identified and the 

process was repeated until the targeted power output has been achieved. 

 

                                                             

∗ Data collection from ship observation by Malaysian Meteorological Department (MET), location at latitude from 4.0°N 

to 6.0°N and longitude from 104°E to 106°E, duration from 1st January 2010 to 31st December 2015. 
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Fig. 1. Flow chart of numerical analyses for point absorber of wave energy conversion in Malaysian seas 

 

 

3.1 Simulation of Power Take-Off System 

 

The magnetic flux density of point absorber with different configurations is simulated in COMSOL 

Multiphysics package to determine the magnetic flux amplitude Bm in the Eq. (1). The modeling was 

conducted in a two-dimensional (2D) model of the cross-sectional area of the power take-off system 

in a point absorber. As shown in Fig. 2(a), the 2D model consists of external coils, internal coils, 

neodymium magnet bars, polymer insulation layers, and air gaps in between the stators and translator. 

This model was meshed in fine elements as shown in Fig. 2(b), where a total of 24,364 elements were 

constructed. This meshed model was used for different configurations in the simulations. The principal 

dimensions of this power take-off model are listed in Table 2. 

Sensitivity of power take-off configurations was examined by simulating this model under three 

different configurations, as tabulated in Table 3. In the first configuration, the iron-based core with 

copper wire coils is circulated around the magnetics bars from external ring, while the internal coil in 

Figure 1 is regarded as void. This configuration is labeled as EX where its stator part is attached 

directly to the inner wall of outer casing and the translator (which refers to magnetic part in this case) 

is oscillated by the wave heave motion and translates vertically with respect to the stator to generate 

electricity. The second configuration is opposite with the first one where its stator is located inside 

magnetic ring and the external coil is regarded as void. Only internal iron-based core with copper wire 

coils interacts with the translator to generate electricity, hence this configuration is labeled as IN. This 

End 
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IN configuration is common as in the works of [62] where the magnetic part (translator) is located in 

an external buoy structure which floats and oscillates with respect to the static center cylinder (stator). 

The third configuration is a combination of both external and internal coils, which is labeled as EI. In 

this configuration, the magnetic translator interacts with copper coils located on both internal and 

external sides. This configuration can increase the total area of magnetic flux cuttings without 

increasing the required space inside generator casing. However, the magnetic translator needs to move 

in between two stators within small air gaps, which requires very precise fabrication technology. 

 

 

Fig. 2. (a) Two-dimensional layout of point absorber structure: iron cores and coils (red), neodymium magnet bars (blue), 

polymer insulation layers (yellow), and air gap (white), dimension in unit meter; (b) meshing of point absorber structure 

in COMSOL Multiphysics package 

 

 
Table 2 Principal dimensions of power take-off system model   

 
Parameter Magnitude 

Outer core diameter 1.50 m 

Inner core diameter 0.86 m 

Outer magnet length 0.40 m 

Inner magnet length 0.28 m 

Magnet thickness 0.20 m 

Air gap 0.01 m 

Magnet gap 0.132 m 

Coercive magnetic field intensity, Hc 9.05×105 A/m 

Magnetic permeability, µ  1.2×105 H/m 

Number of elements 24364 

 

 
Table 3 Configurations of power take-off system model   

 
Configuration External stator (ring core) Internal stator (tubular core) 

EX Yes No 

IN No Yes 

EI Yes Yes 

 

(a) (b) 
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3.2 Simulation of Point Absorber under Regular Wave Condition 

 

The second analysis was conducted in time-domain simulation by using simulation model, which 

was developed by the authors, in SIMULINK. A simulation model was created based on the Eq. (1) - 

(4) as shown in Fig. 3 to analyze the maximum power output to be generated by point absorber under 

regular wave inputs based on Malaysian seas condition, as listed in Table 1, and the magnetic flux 

intensity for different configurations. 

 

 
Fig. 3. Time-domain based simulation model for point absorber 

 

 

4. Results and Discussion 

 

The magnetic flux density for power take-off system model from static simulation is demonstrated 

in Fig. 4 and the magnitude of maximum magnetic flux density for each configuration is tabulated in 

Table 4. The maximum magnetic flux density is 1.65 T, 1.27 T, and 2.40 T for the configurations of 

EX, IN, and EI, respectively. The largest maximum magnetic flux density was found in the 

configuration of EI, which is consisted of both external and internal iron-based cores. It is also 

noteworthy that the largest magnitude of maximum magnetic flux density is positively correlated with 

the total area of iron-based cores interacting with magnetic translator in the power take-off system. For 

instance, the configuration EX has a larger total area of iron-based core than the configuration IN, 

whereas the maximum magnetic flux density generated by configuration EX is larger than the one by 

configuration IN as well. This phenomenon is potentially caused by the iron-based cores can 

concentrate the magnetic flux in the power take-off system. 

It can be found that the distributions of magnetic flux density are more even along the stator for the 

single-sided core configurations (EX and IN) than the double-sided cores configuration (EI). From 

Fig. 4(a), a majority of the magnetic flux is concentrated in the external iron-based core while the flux 

intensity inside the internal air area is dispersed. The situation is similar on the Fig. 4(b) where majority 

magnetic flux is concentrated inwardly for IN configuration. The magnetic flux is concentrated on 

both external and internal side in the EI configuration. The distribution of flux in configuration EI is 

non-uniform as outcomes of interactions in between both external and internal cores. It is noteworthy 

that the cogging force was not considered in these cases. 
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The magnetic flux density as calculated in Table 4 for power take-off system model is used to 

simulate the electromotive force (based on Eq. (1)), power input (based on Eq. (3)) and power output 

(based on Eq. (4)). The input parameters in the time domain simulation are tabulated in Table 5. 

Several assumptions had been made in this time domain simulation. Firstly, wave excitation is assumed 

in regular form, and the translator oscillates fully in accordance with the wave motion. This assumption 

is useful to identify the maximum envelope of output power for a wave energy convertor. Secondly, 

the magnitude of parameters in Table 5 is based on an arbitrary case. It leads to a room for 

improvement in further optimization of these parameters in the future design works. Thirdly, the 

cogging force in between the magnetic translator and the iron-based stators is not considered in this 

time domain simulation. Fourthly, the area of copper-wire coils in the double-sided cores configuration 

(EI) was set to be identical with the single-sided core configurations (EI and IN) in order to compare 

the effects of magnetic flux density on a consistent basis, hence only the external core in configuration 

EI was circulated with wire-copper coils in this study. 

 

 

Fig. 4. Magnetic flux density for configurations (a) EX, (b) IN, and (c) EI 

 

 

The maximum envelope of output power for configurations EX, IN, and EI are 273 W, 163 W and 

581 W, respectively, under regular wave motion. It is noteworthy that the regular wave motion based 

(a) (b) 

(c) 
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on Malaysian seas conditions is regarded as ideal cases because the actual seas are in irregular motion. 

The results in Table 6 provide a maximum envelope for the researchers to examine the maximum 

power output to be generated by each configuration of point absorber under the parameters setting in 

Table 5.  

 
Table 4 Magnetic flux density   

 

 Maximum flux density (T) Minimum flux density (T) 

EX 1.64889 0.00304 

IN 1.27273 0.00103 

EI 2.40469 0.00043 

 
Table 5 Input parameters to time domain simulation 

 

Parameter Value  

Load resistance, RL 7 Ω 

Synchronous inductance, Ls 0.19 H 

Armature resistance, Ra 4.58 Ω 

Number of coil turn, n 500 turn 

Simulation fixed step size 0.001 s 

Simulation solver ODE4 (Runge-Kutta) 

 
Table 6 Induced electromotive force and amplitude of powers 

 

 Power Input (W) Power Output (W) Induced emf (V) 

EX 452 W 273 W 51.9 V 

IN 269 W 163 W 40.1 V 

EI 961 W 581 W 75.7 V 

 

It can be found that point absorber with internal core and coils (IN) is not suitable in Malaysia seas 

condition as it generated only 163 W in this simulated case. A more feasible selection is point absorber 

with external core and coils (EX), which has relatively a larger total surface area of the iron-based core 

to concentrate the magnetic flux and increase the magnetic intensity. On the other hand, the 

configuration with both internal and external core and coils (EI) can generate largest power output 

envelope, which is up to 581 W, in this case setting. However, the fabrication of this EI configuration 

needs highly precise technology. If the technology of high precision fabrication can be unlocked, then 

this type of point absorber can be readily considered to be deployed in Malaysian seas as the wave 

energy conversion device.     

The power input to point absorber, based on Eq. (3), under regular wave condition in Table 1 for 

configuration EI is shown in Fig. 5. The maximum power input is referred to the amount of wave 

power to be transferred into the point absorber that is potentially converted into electricity. It can be 

shown that the amplitude of power input is 961 W and in sinusoidal form. On the other hand, the 

maximum power output, based on Eq. (4), under the given regular wave motion to the point absorber 

is shown in Fig. 6. The amplitude of power output is 581 W. It can be found that the total efficiency 

of energy conversion for the point absorber model in this simulation is 60% under ideal regular wave 

input. The electromotive force, based on Eq. (1), induced by the point absorber under regular wave 

condition is shown in Fig. 7. The electromotive force is generated in a three-phase form where each 

phase has an interval of 120°. The electromotive group under regular wave motion is in proper group 

wave form. The induced voltage and induced current, based on Eq. (3), is shown in Fig. 8. It is 

noteworthy that the regular wave motion based on Malaysian seas conditions is regarded as ideal cases 

because the condition of actual seas is in the irregular motion. The actual input and output power in 

real sea conditions are estimated to be lower than these magnitudes simulated under regular wave 
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condition. Hence, the simulation results provide an envelope of maximum power output that can be 

generated by a specific point absorber configuration, under the given Malaysian wave condition.  

 

 

Fig. 5. Power input (potential wave energy) to point absorber under regular wave for configuration EI 

 

 

 
Fig. 6. Power output generated from point absorber under regular wave for configuration EI 
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Fig. 7. Electromotive force (emf) induced from point absorber under regular wave for configuration EI 

 

 
Fig. 8. Electromotive force (emf), induced voltage and induced current from point absorber under regular wave for 

configuration EI 

 

The maximum power output of point absorber configuration EI under different wave heights and 

wave periods is illustrated in Fig. 9. This surface shows that the maximum power output of point 

absorber is highly dependable to the wave height and wave period. The higher wave height and shorter 

wave period can increase the maximum power output to be generated by point absorber under EI 

configuration. This finding could be useful for the further design of point absorber the coastal regions 

with shorter wave. 

 

5. Conclusion 

 

In this paper, the sensitivity of different configurations of power take-off system in point absorber 

has been identified. The distribution of magnetic flux density in a double-sided stator configuration is 

larger than the one found in a single-sided stator. The maximum magnetic flux in the proposed 

simulation configuration is around 2.4 T. Iron-based core stator can concentrate the magnetic flux, 

however, a double-sided stator requires nonlinear computational analysis due to the interaction in 
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between both external and internal stator. Time-domain simulation on the behaviors of point absorber 

based on Faraday’s Law was used to simulate the maximum power output of the wave energy 

conversion. The envelope of maximum power output to be generated by the particular double-sided 

stator point absorber in Malaysian water, under regular wave motion of 0.87 m wave amplitude and 

3.80 seconds wave period, has been found as 581 W. This power capture ability is feasible only if the 

high precision fabrication technology for point absorber has been achieved. A better understanding for 

the envelope of power output generated by point absorber in Malaysian seas can provide the 

researchers a useful prediction tool for determining the applicability of point absorber in Malaysia.  

 

Fig. 9. Maximum power output of point absorber for configuration EI under different wave heights and wave periods 
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