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Abstract. A new type of wave energy converter device, gyroscopic wave energy converter (GWEC) based 
on gyroscopic precession principle, is proposed in this paper. The dynamic model of the device is established, 
and a variable load maximum power point tracking (MPPT) method is adopted to achieve the goal of keeping 
the system near the maximum power when the wave amplitude changes. The maximum power point of the 
circuit is found by perturbation and observation method and incremental conductance method to form a 
specified PWM wave, which can control the switching on and off, then change the load of the circuit, and 
realizes the maximum power tracking of the system. Compared with the simulation results, the two methods 
have their own characteristics, but they can basically adjust the equivalent load adaptively with the change of 
wave amplitude, and achieve the maximum power output of the circuit.                

1 Introduction  
With the development of society and economy, the 
exhaustion of traditional energy sources, such as fossil 
fuels, is becoming more and more serious. Renewable 
energy comes into being at the historic moment and is 
attracting more and more people’s attention and favor. 
Ocean energy is abundant in different renewable energy 
sources, and wave energy in ocean energy has the least 
damage to the environment in the process of development 
and utilization. Therefore, many countries in the world 
have carried out research on wave energy power 
generation technology. In recent decades, many types of 
wave power generation devices have been developed, but 
the technology of wave power generation is not yet fully 
mature, and many engineering problems need to be 
studied [1]. 

Wave Energy Converter (WEC) can be divided into 
air pressure type, hydraulic type, mechanical type and 
direct drive type according to the form of wave energy 
capture. The common air pressure WEC is the oscillating 
water column type. When the waves rise and fall, 
compressed air drives the steam turbine to generate 
electricity [2]. Hydraulic WEC can be divided into 
pendulum type and raft type. Wave energy is used to drive 
hydraulic device and hydraulic turbine is used to drive 
generator to generate electricity [3]. Mechanical WEC 
converts wave energy into rotating mechanical energy by 
driving shaft and gear box to generate electricity. Direct-
drive WEC usually uses linear motor to directly convert 
mechanical energy of wave into electric energy, 
eliminating intermediate conversion link, improving 
conversion efficiency and reducing maintenance cost [4]. 

For the power generation control of wave energy 
converter, Hugo Mendonca et al. simulated the change of 
load resistance value through three-phase boost rectifier 
circuit, and verified that there is an optimum load 

resistance value corresponding to a specific wave period 
and amplitude, so as to maximize the power generation of 
wave energy replacement device, which provides a good 
control idea for the control research of direct drive device 
[5].In addition, Amon et al. proposed the structure of 
uncontrollable rectifier bridge plus buck converter. By 
adjusting the duty cycle of Buck circuit, we can find the 
optimal value suitable for the current wave environment. 
But the uncontrollable rectifier bridge will make the 
current harmonic content larger [6]. 

In this paper, a kind of wave energy converter based 
on gyro precession effect is proposed, and two maximum 
power point tracking algorithms are used to keep the 
circuit running near the maximum power. 

2 Gyroscopic wave energy converter  

The gyroscopic wave energy converter studied in this 
paper is mainly composed of gyroscopic flywheel 
chamber, floating platform, gear transmission and a 
generator. Its structure is shown in Figure 1.  

When the wave acts on the floating platform, the 
platform will generate swing angular velocity. The 
gyroscope mechanism and the floating platform are fixed 
together to swing. The gyroscopic mechanism obtains the 
swing angular velocity while its flywheel rotates at high 
speed, which causes the gyroscopic mechanism to 
generate precession and torque on the moving shaft. The 
rotational speed is increased by gear transmission, and the 
torque is transmitted to the generator to generate 
electricity. 
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Fig. 1. Schematic of the structure of the GWEC 

When the rotor rotates at a high speed, if the applied 
external moment is along the axis other than the rotation 
axis, the gyroscope does not move in the direction of the 
external moment, and the direction of its angular velocity 
is perpendicular to the direction of the action of the 
external moment. This characteristic is called precession 
of a gyroscope [7]. As shown in Fig. 2, the rotor rotates 
around the X-axis at a high speed and exerts a force F 
opposite to the Z-axis perpendicular to the X-axis at one 
end of the rotor. the gyro will not rotate around the Y-axis 
under the action of the force F, but rotates around the Z 
axis. 

 

Fig. 2. Schematic diagram of gyro precession 

2.1 Mathematical model of GWEC 

Assuming that the gyro rotor rotates about the Z-axis, the 
floating platform and the flywheel house are both rotate 
around the X-axis at an angular velocity xbω , while the 
flywheel house rotates around Y-axis at an angular 
velocity β [8]. Assuming that the flywheel housing 
coordinate system is used as the moving coordinates 
system (the unit vector of the moving coordinate system 
is , ,i j k respectively), then: the angular velocity of 
rotation of the flywheel housing relative to the base of the 
float: 

rω β= ⋅ j                                      (1) 

The angular velocity of the floating body relative to 
the fixed space is xbω , which can be decomposed into: 

cos sinxb xb xbω ω β ω β= ⋅ + ⋅i k          (2) 

So the angular velocity of rotation of the flywheel 
housing relative to the inertial space: 

cos sin
r xb

xb xb

ω ω ω
ω β β ω β

= +

= ⋅ + ⋅ + ⋅i j k       (3) 

When the flywheel rotation angular velocity isγ , thus 
the angular velocity of the rotor relative to the inertial 
space: 

cos ( sin )xb xb

ω ω γ
ω β β ω β γ

′ = + ⋅

= ⋅ + ⋅ + + ⋅

k
i j k


 

 (4) 

Then the momentum moment of the rotor can be 
obtained (Where , ,x y zJ J J are the moments of inertia in 
x, y, z directions.): 

cos ( sin )x xb y z xbH J J Jω β β γ ω β= ⋅ + ⋅ + + ⋅i j k   (5) 

According to the theorem of kinetic energy and 
Coriolis Effect: 

dH dH H M
dt dt

ω= + × =
               (6) 

Available from Eq. (3) ~ (6), and the variation of the 
precession angle is the key to wave energy generation, so 
the component of the y-axis is: 

2+( ) sin cos cosy x z xb z xb yJ J J J Mβ ω β β ω γ β− − =   
(7) 

Assuming that the gyro precession axis directly 
interacts with the generator rotor, the generator is a DC 
generator and the load is a pure impedance load [9], 
there are: 

=u
i

L

KT K k
R

β β=                        (8) 

Among them, uK is the motor speed constant, iK is 
the motor torque constant, LR is the load resistance. So 
that load characteristics approximate to damping 
characteristics, then: 

= yT M kβ=                            (9) 

2[ ( ) sin cos cos ] /x z xb z xb yk J J J Jβ β ω β β γω β= − − +    (10) 

2=yP M M kω β β= =                      (11) 
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3 Maximum power control  
According to the power formula, the maximum power 
tracking of GWEC can be realized by changing the 
damping coefficient k. And the damping coefficient k is 
related to the external load. Combining with the previous 
analysis, we can see that there are load resistance values 
corresponding to the specific sea wave amplitude to 
maximize the power. The control block diagram of this 
paper is shown in Figure 3.  

 

Fig. 3. Principle diagram of control system 

In the figure, DC/DC circuit is regarded as equivalent 
load. To adjust it is equivalent to adjusting k. Firstly the 
output voltage and current of gyroscopic sea wave device 
are sampled and the power is calculated [10]. Then a 
PWM signal is obtained by the maximum power 
algorithm: perturbation and observation (P&O) method 
and incremental conductance method. The PWM signal is 
used to control the switching on and off of the switch in 
DC/DC converter circuit, thus changing the equivalent 
load of the circuit and realizing maximum power tracking. 

The basic principle of perturbation and observation 
method is to apply a perturbation (such as voltage or 
current) at regular intervals and then observe the direction 
of output power to determine the direction of the next 
moment of perturbation [11].  

Firstly, it detects the output voltage and current at the 
current moment, then calculates the output power at the 
current moment, and compares it with the output power at 
the previous moment. If the output power does not change, 
it shows that the current system has worked at the 
maximum power point. Otherwise, the direction of output 
power change is judged, and the direction of voltage 
disturbance at the next moment is judged according to the 
method described above, so that the circuit can work at 
the maximum power point.  

The relationship between voltage disturbance and 
power disturbance can be approximately expressed as 
"positive in the same sign, negative in the different sign". 
That is, when they all show the same direction, the   circuit    

Fig. 4. Simulation diagram of MPPT 

will continue to change in the disturbance direction of the 
previous moment; when they are different, the disturbance 
direction of the previous moment will change in the 
opposite direction. 

The basic principle of incremental conductance 
method is that when the circuit runs at the maximum 
power point, the derivative of power to voltage is zero, 
and the direction of the next cycle disturbance of the 
circuit can be determined by judging the magnitude of the 
derivative [12]. When the derivative is greater than zero, 
the circuit runs on the left side of the maximum power 
point, and the disturbance needs to be increased; 
otherwise, if on the right side, the disturbance needs to be 
reduced.  

4 Simulation result 
A simulation test platform of the two algorithms above is 
built by using MATLAB/Simulink. As shown in Figure 4, 
the input signal is a step signal with two changes. The 
change time points are 1 second and 2 seconds, 
respectively. The signal voltage increases at 1 second and 
decreases at 2 seconds, so as to observe whether the output 
power can track the change of the signal, so that the circuit 
can be quickly maintained near the maximum power. The 
simulation parameters are shown in Table 1.  

Table 1. Simulation parameter 

Parameters Value 

Rotational inertia of gyro 
rotor 0.372 kg·m2 

Rotational inertia in X/Y axis 0.211 kg·m2 

Angular velocity of gyro rotor 10000 r/min 

Amplitude of waves 8 ° 

Period of waves 7 s 

The simulation time is 1 second and the simulation 
sampling time is 0.01 seconds. The simulation results are 
shown in Fig. 5 and Fig. 6, respectively. When power is 
not optimized, the result is shown in Figure 7. 
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Fig. 5. Simulation result of P&O 

 

Fig. 6. Simulation result of incremental conductance method 

 

Fig. 7. Simulation result of no MPPT 

From the result, When the circuit does not carry out 
maximum power tracking, the power cannot be 
maintained at the maximum power point, even will 
decrease a lot when it reaches the maximum power. 
However, when maximum power tracking is performed, 
both of two algorithms can keep the circuit working near 
the maximum power point. In contrast, the power curve 
by incremental conductance method has a faster tracking 
speed, but the fluctuation of the curve is larger; while the 
power curve by perturbation and observation method is 
not so fast, but the curve is more stable and the fluctuation 
is small. 

5 Conclusion 
In this paper, a novel type of gyroscopic wave energy 
converter is proposed and two different methods were 
used for comparison and verification. The simulation 
results show that the maximum power tracking can be 
achieved by perturbation and observation method and 
incremental conductance method when the sea wave 

parameters change. Generally speaking, the perturbation 
and observation method is more effective. The fluctuation 
of output power curve is small and the tracking speed is 
fast. In addition, the method has high accuracy and good 
reliability. And the output power of incremental 
conductance method fluctuates greatly, the tracking speed 
has no obvious advantages, and the accuracy and 
reliability are poor. The incremental conductance method 
only applies to relatively simple systems.  Based on a new 
idea of using gyroscope effect to realize wave power 
generation, this paper carries out simulation research on it, 
which provides guidance and reference for the 
development of physical prototype. 
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