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Abstract 
The ocean is rich in wave energy resources, but most of the wave energy power 
generation equipment is complex and inefficient. This paper designs an energy supply 
device for fishing vessels that can absorb multidimensional wave energy and generate 
electricity by liquid metal magnetohydrodynamic. The internal structure of the device is 
simple, and the internal and external structures are fully utilized. The point absorption 
and raft wave energy generation devices are effectively coupled to absorb the transverse 
and longitudinal wave energy. At the same time, the liquid metal magnetohydrodynamic 
power generation technology is used to replace the traditional power generation 
technology, which simplifies the power generation link. The device is small and portable 
and has the advantages of high power generation efficiency, stable output power. The 
average power of the device can reach 291 W, which can meet the needs of fishing boat 
lighting and domestic electricity, and has certain development and application potential. 
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1. Introduction 

Fishery is an important part of agriculture in China. According to statistics, in 2019, the number of 
fishing vessels in China exceeded 730,000, and the energy demand is huge. At present, most fishing 
vessels in China use the form of ' diesel engine + generator ' for power generation, which is not 
efficient and easy to cause pollution to the marine environment[1]. 

Wave energy in the ocean is regarded as a high quality marine resource due to its large energy storage, 
wide distribution and small energy loss during transmission. At the same time, its energy conversion 
device is also relatively simple, and the power generation process is green and pollution-free, which 
is a new energy with great potential. Therefore, research and development of marine resources is the 
future trend[2]. 

Current wave energy utilization technologies are mostly based on the following basic principles : 
converting wave energy into mechanical energy by the heave and swing motion of the object under 
wave action, converting wave energy into potential energy of water by wave climbing, converting 
wave pressure change into electrical energy, etc. However, most of these wave energy conversion 
devices are three-stage energy conversion systems, which not only have complex internal structure 
and difficult maintenance, but also have low energy conversion efficiency. 

In order to reduce the energy conversion process and wave energy utilization rate, a new type of wave 
energy power generation device is designed by using liquid metal magnetohydrodynamic power 
generation technology. Combined with the structural characteristics of the device, the point 
absorption and raft wave energy generation devices are effectively coupled, which makes the device 
have high power generation efficiency and strong output power stability. The small and portable 
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device has the characteristics of simple structure and high stability of power generation, which can 
well meet the daily power supply needs of fishing vessels. The device absorbs the transverse and 
longitudinal energy of wave energy through two-stage conversion, which can supply power for the 
lighting system of fishing vessels. It not only realizes the utilization of renewable energy, reduces 
energy consumption, reduces power generation links and improves power generation efficiency, but 
also has little threat to the marine ecological environment, which is helpful to realize the dual carbon 
goal and marine ecological protection. 

2. Principle and Structure of the Device 

2.1 LMMHD Power Generation Principle 

The liquid metal magnetohydrodynamic ( LMMHD ) wave energy direct power generation system 
uses an efficient LMMHD power generation technology to convert the undulating motion of the wave 
into the reciprocating motion of the liquid metal. Using the principle of LMMHD, the wave energy 
is directly converted into electrical energy through the power conversion system.The basic principle 
is shown in Figure 1[3]. 
 

 
Figure 1. Principle of LMMHD power generation 

 

The system makes full use of the characteristics of the LMMHD generator to make the generator well 
match the wave motion characteristics. The power generation process is shown in Figure 2. 
 

 
Figure 2. LMMHD power generation process 

2.2 Device Structure 

This device is a multidimensional wave energy generation device based on the innovative 
combination of the existing point absorption wave energy generation device and raft wave energy 
generation device to collect wave energy, and the LMMHD power generation technology is used to 
improve the traditional wave energy generation mode. The main structure of the device is: 
 

 
Figure 3. Three-dimensional diagram of the device 



International Core Journal of Engineering Volume 8 Issue 3, 2022
ISSN: 2414-1895 DOI: 10.6919/ICJE.202203_8(3).0025

 

170 

 

The LMMHD of the device adopts gallium indium tin alloy and is mixed according to Ga : In : Sn = 
68.5 : 21.5 : 10. 

(1) Longitudinal wave energy generation device 

Longitudinal wave energy generation device adopts point-absorption wave energy generation device 
to absorb longitudinal wave energy, and uses LMMHD power generation technology to convert wave 
energy into electric energy.  

The main structure of point absorption power generation device includes floating body, mass body 
and generator. Its working principle is mainly through the movement of wave energy to drive the 
float to continue to heave, and generate relative motion with the mass, and then store the collected 
kinetic energy and potential energy for power generation through hydraulic devices[4]. 

 

 
Figure 4. Point Absorption Wave Energy Generator 

 

 
1.floating body ; 2. Piston rod ; 3. Inner barrel ; 4. Piston ; 5. Main hydraulic cylinder ; 

6. Connecting pipeline ; 7. Hydraulic chamber ; 8.Corrugated tube ; 9. Magnet ; 10. Magnetic fluid 
power generation channel ; 11. Reply spring ; 12. telescopic mooring ; 13. Heavy goods. 

Figure 5. Structure of longitudinal wave energy generation device 

 

 
Figure 6. Float shape 
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Floating body 1 adopts a truncated cone structure with a cone angle of 120 degrees. The flat bottom 
structure is helpful to maintain the motion stability, and the energy absorption frequency is wide. The 
additional damping and wave excitation force at the cone angle of 120 degrees are the largest, and 
the energy absorption frequency is the widest, and the motion is the most stable[5]. 

When the wave crest comes, the floating body 1 rises and produces upward displacement, which 
drives the piston rod 2 connecting the floating body and the power generation device to move upward. 
At this time, the LMMHD in the liquid cylinder flows from the upper part of the liquid cylinder to 
the lower part of the liquid cylinder at high speed through the power generation channel. When the 
LMMHD flows through the power generation channel, it cuts magnetic induction line and generates 
current. When the wave surges, the floating body moves down due to the action of anchor rope and 
gravity, and the piston rod pushes the piston down to compress. At this time, the liquid metal in the 
two cylinders moves in the opposite direction, and the liquid metal flows through the power 
generation channel to produce the opposite current. 

(2) Transverse wave energy generation device 

Transverse wave energy absorption device uses raft wave energy generation device to absorb wave 
energy, and uses liquid metal magnetic fluid power generation technology to convert wave energy 
into electrical energy. 

Raft wave energy power generation device mainly uses the hydraulic energy at its hinged position to 
convert into electrical energy. Such devices mainly include hydraulic system and hinged valve body. 
The hinged position is equipped with hydraulic conversion system, including piston rod, hydraulic 
cylinder and hydraulic control cabinet. When there is a wave, the wave will drive the raft rocking 
motion and make the hinges bend repeatedly. The mechanical energy generated by the reciprocating 
motion is collected by the hydraulic device and used for generator power generation to realize the 
conversion of wave energy. 

 

 
Figure 7. Raft wave energy power generation device[6] 

 

 
(a) 
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(b) 

 
(c) 

1.floating body ; 2. Raft wave energy generator ; 3. LMMHD power generation system ; 

3-1. Hydraulic chamber, 3-2. Magnet, 3-3. Piston, 3-4. Piston rod ; 4. Raft floating body ; 

5. Float pendulum. 

Figure 8. Top view and local parts of transverse wave energy generator 

 

As shown in Figure 8, when the wave crest comes, the raft floating body 4 rises and has an angular 
displacement with the middle floating body 1. The piston rod 3-4 connecting the raft floating body 
and the power generation device moves. One side of the piston rod pushes the piston inward, and the 
other side pulls the piston outward. At this time, the power generation medium – liquid metal in the 
cylinder flows from one side of the cylinder to the other side of the cylinder at high speed through 
the power generation channel. When LMMHD flows through the power generation channel, the 
cutting magnetic induction line generates current. When the wave crest flows through the raft floating 
body and flows through the middle floating body, the front part of the middle floating body rises. Due 
to the action of anchor rope and gravity, the raft floating body lowers its head. The two move in 
angular position. The piston rod drives one side of the piston to compress inward, and the other side 
of the piston to stretch outward. At this time, the liquid metal in the two cylinders moves oppositely 
to the above. The liquid metal flows through the power generation channel and generates the current 
in the opposite direction. 

(3) Power conversion system 

 

 
Figure 9. Power conversion system 

 

The power conversion system of this device is divided into six parallel channels, and each route 
consists of the former AC / DC converter, the battery and the latter DC / DC converter. The former 
AC / DC converter adopts full-bridge Boost PFC converter based on single cycle control, which can 
convert the electric energy emitted by the wave energy magnetohydrodynamic generator into DC, 
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charge the battery and provide energy for the latter DC / DC converter. Back-stage DC / DC converter 
uses push-pull forward converter to convert DC to load available power [7]. 

3. Numerical Calculation 

The device is divided into floating body absorbing wave energy part and electric energy extraction 
part. The two parts are coupled by the piston motion of the hydraulic cylinder, and the power 
generation process is shown in Figures 10 and 11. 

 

 
Figure 10. Magnetic fluid motion of longitudinal wave energy generator 

 

 
Figure 11. Magnetic fluid motion of transverse wave energy generator 

 

Use MATLAB for numerical calculation and parameter optimization, and take the wave condition of 
a certain sea area in the South China Sea as an example : average wave height H = 1.4 m and 
average period T = 3.5 s, and assume the width of the raft pendulum is 1.6 m. 

When the liquid metal passes through the power generation channel, it generates electric energy under 
the action of the magnet to complete the extraction process of electric energy conversion. In Figure 
10, select 1-8 fluid process and analyze its fluid characteristics. according to the fluid control equation, 
combined with the movement of the floating body and the movement of the power generation part of 
the fluid through the movement of the piston in the hydraulic cylinder coupling, piston as the object 
of analysis, ignoring the friction of the hydraulic cylinder, the motion control equation is: 

 

𝑚 𝑠 = 𝑓 − 𝑝 𝐴 + 𝑝 𝐴                   (1) 
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where, m  - piston mass; f  - The force of floating body on piston is equal in size and opposite in 
direction with f ; p - Pressure at the bottom of the piston; p - Piston upper pressure; A  - Area 
of the piston.  

The liquid metal generates electricity by cutting the magnetic line through the power generation 
channel under the action of magnetic field. The equation of electrical parameters is as follows. 

Output voltage : 

 

𝑈 = 𝐵𝑢 𝑏𝑘                       (2) 

 

Output current : 

 

𝐼 = 𝜎𝐵𝑢 𝑎𝑙(1 − 𝑘)                    (3) 

 

Output power : 

 

𝑃 = 𝑈𝐼 = 𝜎𝐵 𝑢 𝑎𝑏𝑙𝑘(1 − 𝑘)                     (4) 

 

where, U  − the output voltage of generator; B  − Magnetic field intensity; u  − The flow 
velocity of liquid metal in the power generation channel, u  is taken as (1, 4) m due to different 
wave energy intensities; b  − Magnetic pole width; k− Load coefficient; I  - Generator output 
current; a − electrode width; l − Effective length of power generation channel; P − Power output 
by generator. 

For P = UI = σB u ablk(1 − k), a, b, l are taken as independent variables, u  = 2.5m / s, 
through genetic algorithm optimization calculation: 

 

Table 1. optimization results 

 𝑎/(m) 𝑏/(m) 𝑙/(m) 𝑃/(W) 

Longitudinal wave energy generation device 0.5 0.419 1.5 229.6840 

Transverse wave energy generation device 0.2 0.14 0.6 61.3935 

 

In summary, the final power of the wave energy generation system P=291.0775 W.When u  is 
taken as (1,4) m, the interval of P is (46.5718, 754.1586) W. When the wave reaches the ideal state, 
P = 754.1586 W. 

4.  Conclusions and Analysis 

Through theoretical analysis and numerical calculation, the following conclusions can be drawn: 

(1) A power supply device includes a point absorption power generation device and three independent 
raft magnetic fluid power generation devices. The three raft magnetic fluid power generation devices 
are hinged and combined with the floating body of the point absorption power generation device 
according to the 120 degree symmetric structure. The raft magnetic fluid power generation device 
can be disassembled, and the floating pendulum is installed under the raft floating body, which helps 
to improve the wave energy absorption rate. 

(2) The hydraulic mechanism and power generation mechanism of LMMHD power generation device 
are integrated into a system, which reduces the intermediate conversion link, simplifies the three-
stage energy conversion to two-stage energy conversion, improves the overall efficiency and stability 
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of the system, and reduces maintenance costs. The working fluid for power generation has high 
conductivity, so it has high power generation efficiency and power density.  

(3) Compared with the traditional wave energy power generation device, the power generation device 
can operate under low sea conditions with simple and fast layout, good reliability, low capital 
investment and maintenance cost, and good compatibility. Can adapt to different sea areas and sea 
conditions, application scenarios more widely, while low cost, has good development and application 
potential.  

(4) The average power of the device can reach 291 W, which can meet the needs of fishing boat 
lighting and domestic electricity, and has certain development and application potential; the 
combination of point-absorption wave energy generation device and raft wave energy generation 
device can absorb wave energy in both horizontal and vertical directions, realize the development of 
wave energy in multiple directions, and improve the generation capacity and generation efficiency. 
The independence of a single power plant makes the device highly modular, easy to maintain, low 
operating and maintenance costs. 
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