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Abstract: The latest research progress of the floating hydraulic wave power generating device -- 
(Dragon I) is introduced in this paper. Dragon-I is a kind of point absorbing wave energy 
conversion device which uses hydraulic electricity generated system with energy storage function as 
the intermediate link to achieve the conversion of mechanical energy, hydraulic energy and electric 
energy. The mathematical model of the hydraulic power generation system is established, and the 
regulating function of the accumulator is analyzed in this paper. The simulation results show that 
the accumulator is obvious to the pressure and flow control and regulation in the hydraulic 
electricity generated system, which verified that the accumulator can stabilize the electric energy 
generated by the periodic motion excitation. 

1. Introduction  

The sea waves are a kind of huge energy source that has not been developed for the most, so it is 
very necessary to extract energy from the waves[1-3]. Patents on the use of ocean waves can be 
traced back to eighteenth century, while the modern study began in the oil crisis in 1870s. With the 
global warming and the increasing of carbon dioxide, the use of renewable energy to generate 
electricity has become a research hotspot. Point absorption is one of the power conversion devices 
that uses the sea waves to generate electricity, it uses hydraulic, linear motor, magnetic fluid motor 
or mechanical energy conversion system as the intermediate link of energy conversion to translate 
the wave energy into mechanical energy and then generate electricity. One type of energy 
conversion system based on hydraulic technology is widely used in the existing wave energy power 
generation devices, due to its several advantages such as wide range of stepless speed regulation, 
easy control, simple structure, small inertia and low cost[4-7]. However, it still exists some 
problems such as unstable energy output and low conversion efficiency[8-10]. In this paper, a kind 
of point absorption electricity generated device is proposed which makes use of the working 
principle of hydraulic energy storage, and it can greatly improve the stability of energy output. 

2. Mechanical model 

2.1 The Hydrodynamics of Dragon I 

As shown in Figure 1 is the Dragon I.  The buoy heaves along the vertical direction (x direction, 
horizontal plane: x=0), when it is considered as a simple single-degree-of-freedom model, as shown 
in Figure 2. The control equation of the body oscillations is 

   h mmx f t f t                                                  (0) 
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Figure 1 The prototype of the Dragon I Figure 2 Schematic representation of the Dragon I 

 
In which, m is the weight of the buoy,  is the acceleration, is the wave force, is the force 

used to generate electricity (the PTO force) [5]. If the amplitude (the wave and the buoy) meets the 
requirements of the linear system, usually the wave force can be seen as follows 
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In which, is the diffraction force,  is the radial force,  the hydrostatic pressure. In a linear 
system,  represents the action of the spring and  represents the damping which is associated 
with the energy absorption (  and  is constant). Where  is the density of the sea water, g is the 
gravitational acceleration and S is the cross-sectional area of the buoy in static water. 

When the incident wave is regular, the related displacement and force are sinusoidal functions of 
time t, and they can be expressed as[11]: 
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In which, 0X , dF  are complex amplitude,   Re  is the real part.  

Since the system is linear, dF and radial force rf  can be expressed as: 

   

     

3

3

2
d

r

g B
F A

f t A x B x






 

  
  

  
     

                                          (4) 

Where,   A    is the added mass coefficient,   B    is the damping coefficient of the radiation. 

They can be calculated by commercial software based on the literature [11,12]. 
Under the condition of linear system, the control equation of the body oscillations is 

       i t
dm A x B C x gS K x F e                                     (5) 

We can take  Eq.3 into Eq.8: 
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2.2 Hydraulic System of Wave energy converter 

As shown in Figure 2 and Figure 3, most of wave energy conversion devices adopt the hydraulic 
cylinder as the power output device, and the relative movement between the hydraulic cylinder 
piston and cylinder generates the high pressure oil, which flows out from the left side through two 
group of the one-way valve. And the oil is absorbed from the tank trough the one-way valve on the 
right. The generator 12 works with the hydraulic motor and generates electricity. When the cylinder 
rod moves upward relative to the cylinder, the working process is contrary to the former, the down 
cavity absorbs oil through the one-way valve 2 and discharges, the down cavity discharge oil 
through the one-way valve 3. The oil drives hydraulic motor 10, and turns the generator 12 to 
produce electricity.  

Denote by 1p , 2p , upp and  downp  the pressure of the high side and low side of the motor, the up 

side and down side of the cylinder, respectively. Assume that the process is a one-dimensional flow,  
and regardless of the upward or downward movement of the piston, it can be expressed by the 
following general formula : 

2
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                                          (7) 

In which,   refers to the effective area of the hydraulic cylinder and x is the displacement of the 
piston. Hydraulic motor is driven by the pressure difference between the both side, , 
changing over time. Simplify the process by ignoring the liquid inertia and pipe pressure loss of 

hydraulic circuits then we got the Eq.7 0k I  . Therefore, 1 2 up downp p p p    when the piston 

moves. 
When the floating body moves, control equation would refer to Eq. 1. Sometimes, the velocity of 

the floating body, changing over time, will be zero. At this time, the floating body remains still until 

the hydrodynamic force act on the floating body          -
t

df t gSx t L t x t d  


   , overcomes 

the resisting force  1 2CS p p   . Then the hydraulic oil can be pumped to the accumulator. The 

gas accumulator is used to “peak clipping fill valley”, so the motor can move smoothly. 
The instantaneous power and the time-average power of the wave energy converter can be 

represented as: 
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In which, The value of P  depended on the time interval  0ft t t   . Practically, in order to 

ensure error on 1% ,  t  must be less than fifteen minutes.  
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1-hydraulic oil container; 2- oil-absorbing one-way valve; 3-oil outlet one-way valve ; 4-pressure gage; 5-
globe valve; 6-energyaccumulator; 7-isolating valve; 8-pressure gage; 9-safety valve; 10-hydraulic motor; 

11-throttle value; 12-generator; 13-hydraulic cylinder 

Figure 3 Schematic representation of the hydraulic system 

2.3 Mathematical model of the gas accumulator 

The role of the accumulator 6 makes the power system work steadily and also improves the rate 
of the energy utilization, when the high pressure oil comes out from the hydraulic cylinder, the 
accumulator can store part of the energy, and also reduce the impact on the power system from the 
instantaneous high pressure; In the same way, when the output of the hydraulic cylinder is less and 
the pressure of the oil is smaller, the accumulator can release some energy and maintain power 
systems working properly. In order to analyse the effect of accumulator more accurately, the 
mathematical model of accumulator is established as shown in Figure 4. 

In the actual analysis process, we divided the accumulator into two parts: the gas chamber and 
the liquid chamber and neglected the influence of the connecting line. We did the stress analysis of 
the join points-oil chamber between the accumulator and the hydraulic circuit to get the mechanic 
model of the accumulator. Then according to the relationship of the pressure and flow between 
different parts, the full mathematical model of the accumulator was got by analysing the mechanic 
model [13,14]. 

Assumptions are as follows: the oil compressibility could be ignored and flows in the 
accumulator could be considered as laminar flow, the time-average temperature of the gas in the 
accumulator could keep same with the surrounding in the different sea conditions and so that it is an 
isothermal process.  

 

Figure  4 The model of accumulator 

Based on the analyses of the system the chamber stress model of the accumulator is: 
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Where,  bp  is the oil pressure of the accumulator,  ak  is the gas stiffness coefficient of the skin at 

any time and  aC  is the damping coefficient of the gas. Set q for the inlet flow of the accumulator, 

which implies that 

 aq V                                                               (10) 

We take Eq.10 into the formula Eq.9 and then Laplace transform as shown in: 
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                         (11) 

When the impact of the connecting line and the elastic modulus of the oil is neglected, we can 
get the mathematical model for the output of the accumulator’s chamber volume after the Laplace 
transform 

    
   

2

2
2 0

0

a a

a a
a b a a

a

V s A
G s

p s kA p
m s B C s k

V

 
 

    
 

                            (12) 

Where, is the accumulator’s cross section (Assumed that the area at the bottom of the bag is 
equal, aA A ),  is the quality of the oil cavity,  and  respectively indicates as the initial air 

pressure and the volume of the accumulator,  is approximate to the oil cavity damping coefficient.  
It can be seen from the Eq.12 that when the impact of the connecting line is neglected the 

performance of the accumulator is mainly about the oil damping, the air volume, the cross-section 
area and the air pressure. 

3. Numerical Simulations 

According to the mathematical model shown in Eq. 9 and Eq.12, a numerical simulation study 
has been completed for the incident response of accumulator under the impact of pressure. Using 
the parameters shown in Table 1, to set the pneumatic pressure of the accumulator, pa0=6Mpa. The 
amplitude of input step signal was 1 which represented that the input pressure pulsation was 1Mpa. 
The simulation results shown in Figure 5, after a short vibration, the accumulator volume reached a 
steady state with time 2.5s. The response time meet the requirements. 

In order to verify the regulatory role of the accumulator to the hydraulic system, a simulation 
model of the hydraulic power system (as shown in Figure 3) was established. The input 
displacement signal of the hydraulic cylinder as shown in Figure 6, which represents the wave 
motion of the floating body. The initial position of the hydraulic cylinder piston was 1m, which 
means the distance from the piston to the bottom of the hydraulic cylinder. Then the piston moved 
upwards, and set the simulation stroke is 1.2m (the total stroke of the hydraulic cylinder 4m), 
reciprocating motion twice, and then stop. The generator connected to the motor which was 
collected pressure at the inlet of the hydraulic motor, speed, torque, flow rate at the entrance, the 
motor output power, as shown in Figure 7, Figure 8, Figure 9, Figure 10, Figure 11. 

From the simulation results shown in above, the output pressure was to maintain basic stability. 
The tendency of pressure, flow, speed, torque were consistent. When the hydraulic cylinder motion 
stopped, the pressure reaches the maximum (85bar). And then the generation continued about 40s 
because of the role of the accumulator. 
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Figure 5 The time response of the accumulator under the pressure shock. 

  

Figure 6 The displacement signal of the hydraulic cylinder       Figure 7 The pressure of the hydraulic motor 

  

Figure 8 The revolving speed of the hydraulic motor                Figure 9The torque of the hydraulic motor 
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        Figure 10 The flow rate of the hydraulic motor        Figure 11The output power of the hydraulic motor 

Table1 Simulations parameters 

Name Parameter 
Stroke of Hydraulic Cylinder (m) 1 

Diameter of piston rod (mm) 130 

Diameter of cylinder (mm) 160 
Accumulator capacity (L) 40 

Accumulator pressure (Mpa) 6 

Gear motor displacement (ml/r) 100 

Nominal pressure/Max (Mpa) 12.5/20 

Motor rated speed/(range) (r/min)  2000/150~2500 

Three-phase alternator rated speed(r/min) 1500 

Nominal voltage (V) 380 
Rated power (kW) 35 

4. Conclusion 

This paper makes a brief introduction to the floating-point wave power generation device and 
establishes a mathematical model of single degree of freedom under the linear wave conditions. 
This paper also analyses the hydraulic system of the device and establishes a mathematical model 
for the accumulator. We also complete a series of numerical simulations, which indicates that the 
accumulator makes significant differences to the adjustment of the pressure of the system. The gas 
accumulator is very important for the whole wave energy conversion device. On one hand, it is 
limited to the maximum load, pressure, available space and equipment cost; On the other hand, the 
design of the accumulator will affect the both sides of the energy conversion chain: the dynamic 
performance of absorbing water and the performance of the electrical equipment， the relationship 
of the both side has been established, which provides design basis for the designers. 

It should be noted that linear wave theory is the basis of the hydrodynamic theory, with which 
we can extract energy from waves in this paper. But the linear wave theory does not include the 
practical situations of large vibration of floating body, wave of high size and the actual fluid viscous 
dissipation, which will be dealt with in effective ways in the future. 
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