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ABSTRACT 
 

Floating Storage offloading(FSO) and Floating Production Storage Offloading (FPSO) need the energy storage. 
In the ocean, wind, tide and sun shine always available on FSO and FPSO placed. They should use the wind 
that’s reserve as energy storage. As state of the art of this research are wind turbine which has a multi range 
energy optimal catching. These are wind turbine complete with the attachments of switch gear and switch gear. 
The advantage of this instruments can charging five accumulator maximal in once charging. The method start 
with basic wind turbine knowledge, comparison conventional and new design of wind turbine, controlling design 
of the attachments that used logic controlling in order to reach the stability of electric, mathematical modeling in 
MATLAB programming simulation, and the last is running programming of the design.The results showed that 
all of gear ratio had stability conditions. With assumed the ramp function wind speed show that the first gear 
ratio has range of rotary speed zero to 111 rpm. Where charging is started at 62,5 rpm. The following steps are 
Gear ratio second to fifthhave range output of 50 rpm to 99 rpm. All of system has the number of accumulator to 
charge is one that   occurred switch 1 continuously five accumulators that charge on switch five. 
KEYWORDS:multi range, switch gear, switch charge, FPSO, FSO. 
 

1. INTRODUCTION 
 
Floating, Production, Storage, Offloading (FPSO) and Floating, Storage, Offloading (FSO) are the 

development of offshore concept, and has several different in variety of ways with trading tankers, Paik, [1]. 
Although, geometrically, this shapes has similarity with trading tankers. In the fact, they must be applied nearby 
shore oil and gas terminals.  Offshore is one of the ocean activities. They need the energy for the activity. In 
order to fulfill the energy they must go to continent and spent the cost and transportation risk for it. The cost and 
risk will be reduced if we get the energy from the environment. Wind always blows, tide will spike and the sun 
light the FSO or FPSO.. For the begun research, we should use the wind as the one of the energy that will be 
catch into electrical energy for storage. Usually, wind turbine be designed at one range of wind speed. 
Boukhezzar[2] has a research at 20 m/s wind speed range when he was doing multivariable pitch controlling of 
wind turbine that has the result multivariable control better than single variable control.Vasilis A. Riziotis, 
Spyros G. Voutsinas [3]use 11.5 m/s wind speed range when they were research pitch blend on rough terrain at 
500 kW wind turbine power.Endusa Billy Muhando, Tomonobu Senjyu, Hiroshi Kinjo, Toshihisa Funabashi [4] 
use 12.46 m/s wind speed when they were research linier quadratic controller, Harald Miland, Ronny Glöckner, 
Phil Taylor, Rolf JarleAaberg, Georg Hagen [5] get 9,1 m/s wind speed mean when research load control of 
wind turbine. B. Boukhezzar, H. Siguerdidjane [6] has 7 m/s mean value wind speed to control action non linier 
wind turbine. In one range wind speed only charge one accumulator for energy storage.So, my state of the art is 
not one range wind speed but multi range wind turbine for maximal catching the energy. It’s not charge one 
accumulator but more than one in once charging for energy storage. 

 
2. MATERIALS AND METHODS 

 
In the ocean, there is the wind that flow continuously. We should use that energy and so we need a wind 

turbine for catch the wind to convert into electric energy for storage. In the place that has energy surplus, we 
should need the good instrument. Usually wind turbine is used to charge one accumulator. For catch the optimal 
energy, wind turbine will be installed the attachments that can do charging one, two or three accumulator in one 
times charging which depends on the stronger or weakness of the wind flowing.The two goals of this research 
are wind energy convert into electrical energy for storage and useful of multi range wind turbine as state of the 
art. In order to reach the goal, wind turbine is needed for the first goal and for the second goal; we proposed 
switch gear and switch charge attachment as state of the art.  
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We divide the research method into five parts. The first we should know the system of wind turbine, the 

second we describe the differentiation between conventional and our new wind turbinesystem that the 
attachments of switch gear and switch charge, the third is designing of the attachments and logic control 
operational. The fourth is designing of simulation system on Simulink MATLAB programming. And the last is 
programming running of the simulation that results conclusion. 

The first, we will describe of wind turbine. Wind turbine has two main components; blades and generator. 
The blades have a function catch the wind and convert into rotary of the axis. And the rotary is received of 
generator to be converting into electrical energy. The wind has energy to be cached and to be converted into 
another kind of energy. The energy value is depended on velocity of mass flowing. These can be formulated in 
(1)  

P = ρ A Cp v3         (1) 
In the thisformula (1). We can notice that the power of wind will be depended on specific mass ρ, the area 

of wind across section A and the velocity through out of wind v.The value of power coefficient Cp is only 
depended on kind of blades which cannotbe done in this research yet.The value of rotary will be indicate by 
torque τ and rotary speed ω. We can see the relation about those variables on formula (2), 

휏 -휏 = Iώ+bω         (2) 
The wind torque τw and electric torque τe get inter acting on inertia I and friction resistive coefficient b. The 

important notice value of rotary speed will be indicated to electric force generator output. We notice that electric 
force must be constant. As we know the electric energy supply must be constant. Kilian [9]showsFaraday 
formula (3) notice that statement. 

 ε= - N          (3) 

The electric force ε will be constant if differential of magnetic flux are going to constant also. The axis 
rotary speed will have the direct impact to the electric force. In order to charge the accumulator, it is needed the 
constant electric force. 

` The second, we will inform that the conventional wind turbine only charge one accumulator. However, 
we will add the attachments tool that wind turbine can charge two or upper accumulator.  The attachments is 
called switch gear and switch charge. Generally, the greater wind flow the faster value of rotary speed. The 
problem is the rotary speed must be constant. The conventional wind turbine must control with pitch controller. 
When the rotary speed rising then the pitch control action reduce the speed with angle pitch blade. Until reach 
the rotary speed which be set on the electric force that be wanted. Boukhezzar, [2] has a research about wind 
turbine which has pitch controller for the rotary speed controller. The rotary speed that he wanted is happen on 
wind speed of 20 m/s. consequently, on the upper 20 m/s, pitch controller action will reduce rotary speed as high 
as wind speed at 20 m/s. That condition is the opportunity point at this research, it’s  Wind speed upper 20 m/s 
should not been rejected. For recovering from rejected that upper, this research quote the new system wind 
turbines complete with the attachments of switch gear and switch charge. 

 The third is designing switch gear and switch charge. The starting idea is rising up from rejected upper 
rotary speed which should be used. Really, if we used the upper rotary speed, the electric force will upper also. 
Consequently, electric force cannot be used. It’s pity, and it is the opportunity, at the upper rotary speed exactly 
we can reduce the rotary without rejected the wind energy. The attachment is switch gear. It converts the rotary 
speed without rejected the energy in ideal condition. As we see on formula (4) that relation. 

 τ1 ω1 = τ2 ω2         (4) 
at the upper rotary speed condition, we can reduce via switch gear until reach the rotary speed value that we 

want. When the rotary speed is reduced then the torque will be added. And when the torque is added then we can 
take the more energy at the constant rotary speed condition. In the fact, when the more energy it’s happen, we 
will charge more than one accumulator. So, we propose the switch charge. Switch gear and switch charge are 
union system that cannot be separated. In the ocean, the wind flow every time with many kind of value. Vihang 
Bhatt [8] notice the range of wind flow on July 1999 the range flow on 3,6 until 16,4 m/s. This condition was 
noticed when his research the impact of wind speed on significant wave height at seas around India. Such as 
research that proposed all of wind speed range should be harvested. The next step in designing is choosing type 
of wind turbine and accumulator which suitable with the wind speed range. AK Wright [7] has a wind turbine 
when he was doing research behavior of small wind turbine. This turbine has technicalspecificationsuch a later: 
number of blades is three blades with diameter 2 m, horizontal axis, produce 600 watts yang ar rotary an 700 
rpm, U = 10 m/s, mounted 8 m height above building, U measured  Synchrotac 710_1960 cup anemometer, Met 
One Instrument 020C wind direction sensing, 0.1 m/s to 10 m/s, optical sensor 2 rpm to omega, 200 Hz sample, 
permanent magnet generator fed into 24 volt battery, that occurs at rotary speed 250 rpm no charge, substantial 
angular velocity Uc  start rotating, cogging 0,36 Nm at stationary and resistive 0,24 Nm, 0,43 kgm2 inertia, very 
low Reynolds number 250000, with range 3-8 m/s 0 to 500 rpm. Designing of accumulator charging which 
taking from generator output couple switch gear and switch charge. Taking from technical specification, we 
cancharge 24 volt at rotary speed250 rpm. Based on formula (3) we can choose accumulator 6 volt that occur at 
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rotary speed 62,5 rpm. Next, We can make the cascade charging, one accumulator at 62,5rpm and every adding 
62,5 rpm we add one accumulator charging. Consequently, every add step of rotary speed 62,5 rpm we must 
convert and reduce to 62,5 rpm back, and we should use switch gear ratio untilreach rotary speed that wanted the 
accumulator.For Power and torque calculation, we refer toJeffrey W. Fergus[10] that research battery technology 
and http://www.geocities.ws/kelistrikan/powercable.htm about impedance of cabling. If  the installation cuprum 
cable 8 m height mounted then value 4 x 8 m x 11,9 mili ohm/m is 476 mili ohm, then circuiting with one 
accumulator result 476 mili ohm + 300 mili ohm that 776 mili ohm and  6 volt charging need the power 46,4 
watt at rotary speed 62,5 rpm. An ideal system need torque 44,544 Nm, let us look table 1 designing switch gear 
and switch charge. Figure 1 show design installation. 
 

Table 1 switch gear and switch charge designing 
No  Rotary speed Switch charge Ratio gear Torque  
1 62,5 rpm 1 accu 1/1 44,544 Nm 
2 125 rpm 2 accu 2/1 88,088 Nm 
3 187,5 rpm 3 accu 3/1 133,632 Nm 
4 250 rpm 4 accu 4/1 178,176 Nm 
5 312,5 rpm 5 accu 5/1 222,72 Nm 
 
We can keep the operation use logic control that describes on the flowchart at figure 2 
 

 
 

Figure 1 wind turbine for energy storage on FSO/FPSO 
 
Figure 1 show the wind turbine that installed paced in FSO/FPSO. The placed consideration must installed out  
9f  production area. Paik [1]had the top design  placed like figure 1l 
 

The fourth step is designing simulation system on Simulink MATLAB programming. From eq (1) for 
inertia value = 0,43 kg/m2 and resistive 0,24 Nm found: 
⧍τ  = Iώ + bω 
 = 0,43 ώ + 0,24 ω 
Therefore 
⧍τ (s) = 0,43 s ω(s) +0,24 ω(s)  
and transfer function 

( )	
⧍ 	( )

 = 
, 	 ,

 
 

827 



Fora et al.,2013 
 

 

 
 

Figure 2 logical flow chart (aki=accumulator) 
  

 
 

Figure3 mathematics model system 
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3. RESULT AND DISCUSSION 
 

From running programming the Simulink and MATLAB programming, we can look at figure 4. With 
assume that the rotary speed function as ramp from zero to 400 rpm (see on figure 4 below), we can see the 
system response (as see on figure 4 up). Vertical axis rotary speed with scale four times and horizontal axis is 
time. The green graphic shows the gear ratio 1. The charging activity occur at one accumulator and the range 
rotary speed 62,5 rpm until 111 rpm, the blue show two accumulators charging at range 50 rpm to 99 rpm, the 
purple is charging 3 accumulators at 50 rpm to 97 rpm, the yellow is charging 4 accumulators at 51 rpm to 95 
rpm and the red last is charging 5 accumulator at 51 rpm to 91 rpm. 

 

 
Figure 4 the output of running programming 

 
The output show the range generator rotary speed that representation of the output voltage as showed in 

equation (3). The output stability has become the goal. Andrew Kusiak, Wenyan Li, Zhe Song [11] use the 
predictive control to stability the voltage output, E. Muljadi, K. Pierce, P. Migliore [12] control the rotor until 
reach the stability output generator. A.M. De Paor [13] noticed the load resistive as the control variable for the 
output control.  T. S. Bhatti, A. A. F. Al-Ademi And N. K. Bansal,[14] used load frequency control for out 
stabilityofgenerator. Ying-Yi Hong, Shiue-Der Lu, Ching-Sheng Chiou[15] researched gradient approximation 
for control action output that hopewas the voltage stability. This research show the stability, but still being a 
ripple. 
 
4. Conclusion  
 

The conclusion is the system can charge with multi range. However, the must be repairing especially on 
switch gear replacement from 1 to 2, or 2 to 3 etc. We should use rotary speed 62,5 rpm for several time when 50 
rpm that’s occurred. On the upper (111 rpm, 99 rpm, 97 rpm, 95 rpm, and 91 rpm)we must repair too until reach  
stability voltage charging. We proposed use electrically stability. We hope the next research to do it best. 
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