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Abstract

 Assessments on the confi guration design of the ocean wave energy converter are 
fundamental to obtaining optimum performance under diff erent environmental 
scenarios. In this study, the physical experimental test was conducted to investigate 
the suitable confi guration of the proposed design of the Flap-Float Horizontal (FFH) 
energy converter device. A 1:20 scaled model was investigated in the laboratory 
tank subjected to normal wave conditions. Several parameters, including the arm 
length and angle of the buoy, were analyzed in diff erent wave steepness to obtain 
the optimum arm design confi guration. A total of 72 model tests were addressed to 
obtain a proposed maximum torque and voltage output. The result indicated that 
the best confi guration design could be obtained by increasing the angle between 
the arm and the rope below the water level. In addition, it was discovered that the 
optimal confi guration design with an angle of 880 and an arm length of 0.6 m yield 
the best results. The infl uence of the arm design sensitivity to various wave heights 
tended to be directly linear to the torque and voltage output. Finally, it was found 
that the greater the wave steepness, the bigger the output results. 

Sažetak
Procjena konfi guracije dizajna konvertera energije oceanskoga vala temeljna je za 
dobivanje najbolje izvedbe, prema različitim okolišnim scenarijima. U ovoj studiji izvodi 
se fi zički eksperimentalni test da bi se ispitala prikladna konfi guracija predloženoga 
dizajna naprave FFH – horizontalnog ravnog plutajućeg konvertera. Model omjera A 
1 : 2 ispituje se u laboratorijskome spremniku koji je izložen normalnim uvjetima vala. 
Različiti parametri, uključujući duljinu poluge i kut plutače, analiziraju se u različitim 
strminama valova da bi se dobila najbolja konfi guracija dizajna poluge. Ispituju se 
ukupno 72 testna modela da bi se dobio najveći zakretni moment  i output voltaže. 
Rezultat pokazuje da se najbolji dizajn konfi guracije može dobiti povećanjem kuta 
između poluge i konopa ispod površine vode. K tome, otkriveno da najpogodnija 
konfi guracija dizajna s kutom od 88 stupnjeva i duljinom poluge od 0,6 m donosi 
najbolje rezultate. Utjecaj osjetljivosti dizajna poluge na različite visine vala imao 
je tendenciju biti linearno povezan sa zakretnom silom i outputom voltaže. Najzad, 
ustanovljeno je da što je veća strmina, to su rezultati outputa veći.
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1. INTRODUCTION / Uvod*

The Indonesian government, under presidential decree no. 
5 of 2006, appointed a target aiming for a 17% contribution 
of renewable energy in the total primary energy integration 

* Corresponding author

by 2025. In order to reach such objectives, research and 
assessments on renewable energy, specifi cally ocean renewable 
energy, have become a vital area in the recent decade. Indonesia, 
an archipelagic country with 65% of its territory being the sea, 
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contains a tremendous amount of energy sources, including 
marine currents energy, ocean thermal energy, tidal energy, 
and wave energy. Investigations conducted by the Indonesian 
Agency for Assessment and Application of Technology revealed 
that west of Sumatera, south of Java, Bali, West Nusa Tenggara, 
and East Nusa Tenggara are very promising for wave energy 
generation [1]. 

Wave energy is generated into electricity through 
alternative energy movement eff ects of air pressure fl uctuations 
caused by the wave motion [2]. Ocean wave energy has higher 
predictability and energy density content than wind and solar 
energy [3]. The fi rst energy resource assessment in Indonesia 
over 6.5 years (2011-2017) showed that wave energy had 
been classifi ed based on meteorological seasons. Besides, 
it was found that the most energetic months are June, July, 
and August for all areas of the south, southwest, and west of 
Indonesia [4]. In the south of Java island, Bali island, and West 
Nusa Tenggara, wave energy is available throughout the entire 
year. Based on those data, it is crucial to investigate wave energy 
design and performance research in Indonesia under diff erent 
environmental scenarios. 

Scholars have carried out a series of research on the design, 
characteristics, and mechanisms of numerous ocean wave 
energy. In general, ocean energy uses a generator to produce 
electrical energy, and the blade is the main component that can 
extract kinetic energy from mechanical motion [5,6]. Meanwhile, 
the potential application of other energy converters, including 
terminator, point absorber, and attenuator technology, are 
reviewed in detail in the references [7,8,9,10,11]. Further, the 
converter is usually equipped with a turbine, hydraulic, and 
generator power take-off  (PTO) mechanism [8]. The existing 
ocean wave energy technology, namely, oscillating water column 
(OWC), pressure diff erential, fl oating structure, overtopping, 
and oscillating wave, are discussed in the references [7,8,9,11]. 

The recent global development of wave energy technology 
has resulted in a wide range of prototypes based on location 
grouping, working principles, and converters [12]. One of the 
novel wave energy converter types is Flap-Float Horizontal (FFH) 
energy converter device. The physical model of the FFH energy 
converter device is designed based on the onshore site using 
a single fl oating structure working principle and the absorber 
converter, which is inspired by the Wave Energy Converter 
(WEC) stationed at Hanstholm in the Danish Westcoast, see in 
literature [13]. The form of the WEC is called Wave Star Energy 
which consists of two or more point absorber converters 
[14,15,16,17]. In the example, the Wave Star Energy utilizing 
hydraulic power take-off  mechanism has been developed both 
in numerical model simulations [18,19,20] and experimental 
models [21,22,23,24]. However, the application of the hydraulic 
PTO mechanism is not recommended due to high operation 
costs [25]. Besides, the previous study shows that the most 
critical part of the WEC and Wave Star Energy models is the arm 
as the main component of a hydrodynamic subsystem (HS) [25]. 
In this case, the length of the WEC and WaveStar’s arms reported 
through experimental studies are 10 and 12 m [22,23]. Thus, the 
arm design is the most vital component to be analyzed as it links 
the point absorber and the PTO mechanism. Apart from the arm 
design, the work regarding the fl oat design is essential to be 
noticed. The best fl oat type in the WEC design is the hemisphere 
shape with a diameter of 5 m [22,23].

The above review of the ocean wave energy converter 
has been presented. However, limited studies were found to 
assess the confi guration of the arm design of the ocean wave 
energy to obtain optimum performance in the Indonesian 
aquatic environment. In this regard, a laboratory-based test was 
conducted utilizing a scaled physical model of the FFH-type 
ocean wave energy converter under diff erent environmental 
scenarios.  The infl uence of  the arm length, arm angle, and wave 
steepness parameters was investigated in a laboratory tank 
to obtain an optimum design confi guration for the proposed 
FFH energy converter device.  The water depth during the 
experiment was 0.65 m, which had been conditioned according 
to the conditions in the fl ume tank. The twelve wave steepness 
(H/gT2) used during the experiment have met the range of (H/gT2) 
 1x10-4 – 119.6x10-4. This paper is organized as follows: Section 1 
describes the research background and state of the art. Section 
2 describes the theoretical background of the FFH energy 
converter device, and the experimental setup for laboratory 
tests is described in Section 3. Test results and discussions 
are presented in Section 4, followed by a conclusion and 
recommendation in Section 5.

2. THEORETICAL BACKGROUND / Teoretska 
pozadina
The buoy arm of the FFH energy converter device has a rotating axis 
at point A. The forces acting on the FFH energy converter device are 
analyzed at point B, as presented in Figure 1. Equation 1 explains a 
force equilibrium of the buoy for the motionless initial state.

Figure 1 The forces acting on the FFH energy converter device
Slika 1. Sile koje djeluju na FFH napravu – konverter energije

                              (1)

                                (2)

                                       (3)

  In a motionless state, the pulley is also motionless thus, 

                                              (4)

                                       (5)
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                                 (6)

Where Mb is the mass of the buoy (kg),  is the gravitational 
acceleration (m/s2),  is the buoyant force (N),   and  are 
the belt tension,  is the buoy angle (o), and R is the radius (m). 
In the moving state, loosen up  to 0, while  is still in a tense 
state, so that:        

                                (7)

                                 (8)

                                  (9)

                                          (10)

                            (11)

                       (12)

Where  is the angular velocity (rad/s),  is the angular 
acceleration (rad/s2), t is time (s), generator is the moment inertia of 
the generator (kg.m2), and  is the torque (Nm). 

3. DESCRIPTION OF MATERIALS AND 
EXPERIMENTAL SETUP / Opis materijala i 
eksperimentalne postavke
 FFH energy converter device consists of 4 components: the 
reinforcing structure, generator, buoy arm, and buoy. The 
reinforcing structure and arms are made of steel.  A half-spherical 
buoy made of styrofoam was chosen because this material fl oats 
more easily on the water surface. Then the styrofoam was coated 
with fi ber and putty to make the buoy impermeable to water 
and stronger. After that, the fi nishing process was conducted by 
painting, leveling, and smoothing it with sandpaper, see Figure 
2.  During the experiments, the FFH converter system was excited 
in a fl ume tank (Figure 3) by the predetermined regular water 
wave fi eld characterized by the wave height (H) and period (T), 
see Table 1. It aimed to determine the eff ect of the buoy angle 
( ) and the wave condition or the wave steepness (H/gT2) on 
the torque (Nm) and the voltage (V). A 1:20 scaled model of the 
buoy was placed on the water surface (d) with a depth of 0.65 m 
in the fl ume tank.  The voltage was measured using a voltmeter 
connected directly to the generator pulley (Figure 3). 

                                                            (a)                                                                 (b)
Figure 2 (a) The buoy was made of half-spherical styrofoam (b) The buoy was reinforced with a fi berglass layer

Slika 2. (a) Plutača je napravljena od polusferične pur pjene (b) Plutača je ojačana premazom fi berglas

Figure 3 The FFH performance test scheme in a fl ume tank
Slika 3. Testna shema izvedbe FFH u umjetnom vodenom spremniku
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The height and period of the wave were adjusted to obtain 
a particular value of H/gT2 (wave parameter), as presented in 
Table 1. The environmental data were taken from the southern 
coast of Indonesia in Arafura, Natuna, and Situbondo, having an 
ocean wave steepness range (H /gT2) of 1x10-4 – 119.6x10-4. Table 
2 below presents the length and the arm position to the water 
surface and the buoy angle (β).

Ta ble 1 Wave height and wave period for the FFH performance test
Tablica 1. Visina i razdoblje vala za izvedbeni FFH test

No H (m) T (s) H/gT2 (10-4)
1 0.0905 0.88 119
2 0.0855 0.90 107
3 0.0840 0.89 108
4 0.0770 0.89 99
5 0.0710 0.97 77
6 0.0680 0.82 103
7 0.0425 0.83 63
8 0.0145 0.59 43
9 0.0135 0.64 34

10 0.0065 0.65 16
11 0.0045 0.78 8
12 0.0010 0.88 1

Table 2 The arm length and position to the water surface and the 
buoy angle

Tablica 2. Duljina poluge i položaj prema površini vode i kutu plutače

The length of the 
buoy arm (m) The position of the buoy arm β (o)

0.4 Above the water surface 18
0.5 Above the water surface 19
0.6 Above the water surface 20
0.4 Below the water surface 67
0.5 Below the water surface 71
0.6 Below the water surface 88

4. RESULTS AND DISCUSSION / Rezultati i rasprava
4.1. Conditions of physical experimental test / Uvjeti 
fi zičkoga eksperimentalnog testa
An experimental test on Flap-Float Horizontal (FFH) - type 
ocean wave energy converter under normal wave conditions to 
investigate the eff ect of proposed parameters is reviewed in this 
section. The input parameters, including wave steepness (H/
gT2) and angle variations (β), were designed with 12 variations 
of wave steepness, and six variations of angle were tested for 
60 s to obtain data on the torque and voltage output. The six 
angle variations (β) corresponding to the arm length above and 
below water levels  were 18°, 19°, 20°, 67°, 71°, and 88°. A total of 
72 tests were conducted to observe the relationship between 
those wave steepness under diff erent angle variations and 
calculate the maximum torque and voltage output. An example 
of the test results to depict the relationship between the time 
series and the torque and voltage output is illustrated in Figure 
4. For instance, the relationship between the torque output 
and the time series of the model using a wave steepness of H = 
0.0905 m and T = 0.88 s, and an angle (β) of 18° is illustrated in 
Figure 4a. From these results, the maximum measured torque 
output was obtained at 44 s with a magnitude of 88 x 10-4 Nm, 
and the average torque output was obtained with a magnitude 
of 18.4 x 10-4 Nm. Moreover, Figure 4b presents the relationship 

between the voltage output and the time series of the model 
using a wave steepness of H = 0.0905 m and T = 0.88 s and an 
angle (β) of 18°. The maximum voltage output was obtained at 
44 s with a magnitude of 1.06 volts, and the average voltage 
output was obtained with a magnitude of 0.221 volts. 

(a)

(b)

Figure 4 Output time response of the model with an angle 
of 180 and a wave steepness of (H/gT2) 119x10-4, where a = 

torque and b = voltage 
Slika 4. Output vremenskog odgovora modela s kutom od 18 
stupnjeva i strminom vala od (H/gT2) 119x10-4,   gdje je a = 

zakretna sila, a b = voltaža

4.2. Relationship between the angle variations and the 

torque and voltage output / Odnos između varijacija 
kuta te outputa zakrivljenosti i voltaže
In   this section, the relationship between the variation of the buoy 
angles (β) above the water (18o, 19o, 20o) and below the water (67o, 
71o, 88o) as stated in Table 2 and the variation of the wave steepness 
(H/gT2) 1 x 10-4 – 119 x 10-4 as stated in Table 1 on the torque and 
voltage output is reviewed. This study aims to obtain the best arm 
design confi guration with the highest torque and voltage output. 
The relationship between the arm angle variations of 18°, 19°, and 20° 
with the position above the water level and at various wave steepness 
is fi gured out in Figure 5a. It was found that the higher the angle 
of the arm and the rope, the bigger the torque output for all wave 
steepness. It was also found that an arm design with a length of 0.4 
m and an angle of 18° above the water level had the smallest torque 
output. In contrast, the highest torque output was obtained in 
the arm design with a length of 0.6 m and an angle of 20° above 
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the water level. Similar arm lengths using diff erent angles with a 
position below the water level were compared to perform a more 
comprehensive analysis. Fi gure 5b compares the torque output 
at the angle variations positioned below the water level analyzed 
in 12 variations of wave steepness (H/gT2) as stated in Table 1. 
Similarly, the results indicated that increasing the angle caused 
an increase in the torque output in all wave steepness (H/gT2). In 
conclusion, the lowest torque output of the model was obtained 
with an arm length and angle of 0.4 m and 67°, respectively. On 
the other hand, the highest torque of the model was obtained 
with an arm length of 0.6 m and an angle of 88°. Besides the torque 
output, an analysis of the infl uence of the arm design variations on 
the voltage output is necessary. Th e relationship between the arm 
angle and position above the water level and the voltage output at 
diff erent wave steepness (H/gT2), as stated in Table 1, is presented 
in Figure 6a. Similar to the previous torque output results, it can be 
observed that the bigger the angle of the arm design, the higher 
the voltage output for all wave steepness (H/gT2). Besides, the 
lowest voltage output was found in the model with an angle of 18°, 
while the highest voltage output of the model was obtained with 
an angle of 20° above sea level. Moreover, the voltage output of the 
model using angle variations below sea level is illustrated in Figure 
6b. It was found that the highest voltage output was obtained with 
an arm angle of 88°, and the lowest voltage output was obtained 
with an arm angle of 67° below sea level.

(a)

(b)
Figure 5 Rela tionship between the arm torque and angle 

variations at diff erent wave steepness, where a = above water 
level and b = below water level

Slika 5. Odnos između zakretne sile poluge i varijacija kuta pri 
različitim strminama vala, gdje je a = iznad razine vode, a b = ispod 

razine vode

(a)

(b)

Figure 6 Relationship between the arm voltage and angle 
variations at diff erent wave steepness, where a = above water 

level and b = below water level

Slika 6. Odnos između voltaže poluge i varijacija kuta na različitim 
strminama vala, gdje je a = iznad razine vode, a b = ispod razine vode

Furthermore, it is important to compare the torque and 
voltage output between the angle variations below and above 
the water level. Figure 7 illustrates the comparison between 
the arm position and the torque and voltage output at a wave 
steepness (H/gT2) of 119 x 10-4. A similar phenomenon was found 
between the torque and voltage output. It was found that the 
arm design with an equivalent length and an angle below the 
water level was more eff ective and generated a higher output 
than the arm design with the same angle above the water level. 
In addition, it was found that the arm design with an angle of 
88° and a length of 0.6 m was the best design confi guration. The 
analysis results also indicated that the arm models with higher 
angles generated higher angular velocity. The arm model with 
higher angular velocity can move with a higher deviation. With a 
higher angle, the buoy is also easier to move with the amplitude 
of the wave motion.
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(a)

(b)

Figure 7 Comparison between the arm position and the output 
value at a wave steepness of 119 x 10-4, where a = torque and 

b = voltage
Slika 7. Usporedba između položaja poluge i vrijednosti outputa pri 

strmini vala od 119 x 10 - 4, gdje je a = zakretna sila, a b = voltaža

4.3. Analysis of design sensitivity to environmental 

conditions / Analiza osjetljivosti dizajna na okolišne uvjete
This section discusses the sensitivity of the arm design with 
various angles to various environmental conditions, such as 
wave steepness variations. The infl  uence of the torque output 
with various angles and under diff erent wave steepness (H/
gT2), as stated in Table 1, is presented in Figure 8a. The analysis 
results explained that wave steepness (H/gT2) aff ected the torque 
output. In addition, the highest torque output was obtained in 
the design model with an angle of 88° at a wave height of 9.05 
m with T = 0.88 s. Moreover, Figure 8 b illustrates the infl uence 
of voltage output with the arm angle variations under diff erent 
wave steepness (H/gT2), as stated in Table 1. It was found that the 
higher the wave steepness (H/gT2), the higher the voltage output 
generated by the model. The highest voltage was recorded in the 
design model with an angle of 88° at a wave height of 9.05 m with 
T = 0.88 s. Based on the results presented in Figure 8, the higher 
the wave, the greater the output generated by the model. 

5. CONCLUSION / Zaključak
The experi mental laboratory test was conducted to develop a 
1:20 scaled model of an FFH-type ocean wave energy converter. 
The eff ect of the arm design of the FFH energy converter device 
on the torque and voltage output has been comprehensively 
reviewed in the previous sections with the following conclusions:

1. The increa se in the angle between the arm and the rope of 
the buoy, whether the arm is below or above the water level, 
causes an increase in the torque and voltage output. It was 
found that the best confi guration design with an arm angle 
of 880 and an arm length of 0.6 m generates the maximum 
result. The optimum FFH conversion energy device design 
is when the arm of the buoy is positioned below the free 
surface.

2. The infl uence of the arm design sensitivity to various 
environmental conditions tends to be directly proportional 
to the torque and voltage output. In addition, the height 
of the wave (H) is directly proportional to the torque and 
voltage output. The bigger  the wave steepness (H/gT2), the 
greater the output results. Finally, the highest output result 
was obtained at the wave steepness (H/gT2) of 119 x 10-4, at 
the wave height (H) of 0.905 m, and at the period (T) of 0.88 s. 
Based on the results of this study, further studies are 

suggested to address and investigate the performance of the 
arm design of the FFH ocean wave energy converter using 
irregular waves.
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(a)

(b)

Figure 8 Comparison between the output value and the wave 
steepness at the arm angle variations, where a = torque and b 

= voltage
Slika 8. Usporedba između vrijednosti outputa i strmine vala na 
varijacijama kuta poluge, gdje je a = zakretna sila, a b = voltaža
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