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Design and analysis of bidirectional driven float-type wave

power generation system

Hongwei FANG', Yue TAO', Shuai ZHANG', Zhaoxia XIAO?

Abstract The dynamic model for a bidirectional driven
float-type wave power generation system design is pre-
sented in this paper. The gravity, buoyancy and drag force
acting on the wave energy converter (WEC) are all ana-
lyzed. The analytical expression of the torque applied on
the rotor is given based on a linear model of the switched
reluctance generator (SRG). The SRG usually rotates with
low velocity in the WEC system. In this situation, current
chopping control (CCC) is adopted with fixed turn-on angle
and turn-off angle control mode to have a quick response
for SRG. Further, in order to make the float keep in phase
with the wave so as to improve the power generation
efficiency, the reference current is dynamically adjusted
according to the wave motion at all working stages. Then
maximum power point tracking (MPPT) of system is
achieved. A simulation model is developed in MATLAB
for the bidirectional driven float-type wave power genera-
tion system with real wave statistical characteristics taken
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into account. Simulation results show that the WEC can
output desired torque periodically with high efficiency and
good adaptability. Therefore, the feasibility of applying a
SRG in a WEC is also verified.

Keywords Wave energy converter, Force analysis,
Current chopping control, Dynamical reference current
setting, Maximum power point tracking

1 Introduction

As energy shortage and environment pollution are
growing more serious, most governments in the world are
aware of the strategic significance of renewable energy
exploitation and utilization [1-3]. It has been proved that
wave energy is a promising renewable energy resource [4].
Thus, more and more attention has been paid to wave
energy generation with considerable progress achieved.

Ocean wave energy has huge potential, and it is more
stable and predictable than wind and solar power [5].
Ocean energy is stored in the ocean in various forms, such
as tides, temperature gradient, waves and ocean currents,
etc. From the 1970s, many wave energy converters (WECs)
have been invented [6]. With wave energy converters, the
wave energy can be extracted into different forms of
energy to be stored or used [7]. However, only a small
amount of WEC equipment went through rigorous testing
on the open sea [8]. Among these converters, Duck, French
Flexible Bag, Clam, Archimedes Wave Swing (AWS), and
Oscillating Water Column (OWC) technologies are more
popular than other wave energy conversion technologies.
At the same time, different control strategies have been
implemented for the corresponding WECs [5, 8-14]. At
present, the OWC system is possibly considered to be the
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Fig. 1 Bidirectional driven float-type wave power generation system

most reliable type of WEC because of its good structural
strength [15]. However, it still has not been widely utilized
for wave energy conversion due to its low efficiency and
other economic reasons. In 2003, Hadano proposed a float-
type wave power generation system for off-shore use with
many advantages, such as high efficiency, easy mainte-
nance, and good mobility and adaptability [4]. The struc-
ture of this WEC is smart, in which the float moving in the
vertical direction is used to capture the wave energy. The
captured energy is then transmitted to the generator with
rotational motion. It is noted that the proposed float-type
wave power generation system can extract energy only
when the sea wave is rising, or when it is falling, which
gives low efficiency. Therefore, it deserves more attention
and further development [16].

Generator selection is crucial to the overall operation of
the WEC system. The permanent magnet synchronous
motor (PMSM) has been applied in wave power generation
with satisfactory performance [17-19]. Nevertheless, the
PMSM rotor is made of permanent magnetic material,
which is relatively expensive and easily damaged. Since
the speed of the wave energy converter is variable, a back-
to-back full converter is essential in such systems, so that
the control system structure becomes complicated. In
contrast with PMSM, the structure of the switched reluc-
tance generator (SRG) is rather simple, with no windings
and permanent magnets on the rotor. Further, the SRG can
generate DC power directly with strong fault tolerance
[20]. Therefore, the SRG is suitable to work in the harsh
sea environment.

The SRG can be controlled through various parameters,
such as the turn-on angle, the turn-off angle, the maximum
allowable current, as well as the supply voltage. Conse-
quently, several methods including angle position control
(APC), current chopping control (CCC), chopped voltage
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Electrical part

control, as well as intelligent algorithms can be used to
control the SRG [21-23]. Nowadays, the SRG has been
applied to wind power generation to reduce the system cost
[24]. Different control methods of SRGs for variable-speed
wind energy applications have been investigated in
[25-27]. These application examples have suggested the
possibility of using SRG in wave power generation sys-
tems. Of course, specific features of a wave energy con-
verter should be fully considered in attempting this
integration.

In this paper, a bidirectional driven float-type wave
power generation system with a SRG is proposed. Two
ratchet wheels are equipped, and the driving pulley 6 can
rotate the SRG rotor in one direction. With this design, the
modified WEC can always convert wave energy to
mechanical energy, whether the float rises or falls. Then the
captured energy is transformed into electrical energy. From
the mechanical perspective this improves the generating
efficiency. Also, the float can be controlled to keep pace
with the wave when a suitable current reference value is set
according to the wave conditions. This achieves maximum
power point tracking and the generating efficiency is fur-
ther improved. A simulation model is developed to verify
the electrical energy generation ability of this WEC design
and to demonstrate the feasibility of applying SRG in a
wave power generation system.

2 Structure of bidirectional driven float-type wave
power generation system

The mechanical part and the electrical part, as shown in
Fig. 1, are two significant components of the bidirectional
driven float-type wave power generation system.
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In the mechanical part, the float moves up and down
driven by waves, pulling pulley 2 and pulley 3 to rotate in
opposite directions. During the wave falling period, only
pulley 2, ratchet wheel 1 and driving pulley 4 work to drive
the driving pulley 6. If the rotating speed of pulley 2 is
equal to that of driving pulley 4 and the wave keeps falling,
the connection between pulley 2 and driving pulley 4 is
maintained by ratchet wheel 1. Similarly, during the wave
rising period, only pulley 3, ratchet wheel 2 and driving
pulley 5 work to drive the driving pulley 6. When pulley 3
keeps pace with driving pulley 5 through ratchet wheel 2
and the driving force is continually on pulley 3, the SRG
rotating speed will increase. Through this process, the
wave energy is captured and converted into mechanical
energy. One thing to be noted is that two ratchet wheels
ensure the rotor of SRG rotates in single direction during
the whole process. The torque applied on the rotor is
always negative, whether wave rises or falls. The work
efficiency is greatly improved, compared with that of a
single-direction driven float-type wave power system,
which works only when the wave is rising, or only when it
is falling.

In this work, two power converters and one capacitance
are used for the connection between the SRG and the grid.
The constant capacitance voltage is important, as self-ex-
citation mode is used for the SRG. On the grid side, a
voltage and current double closed-loop pulse-width mod-
ulation (PWM) inverter is used to improve the power
factor. The float state and the rotor position determine the
working efficiency of the WEC, which is greatly affected
by the electromagnetic torque and the wave driving force.
The power converter on generator side controls the current
flowing in the SRG windings by the CCC method, which
determines the electromagnetic torque. At the same time,
the reference current is adjusted dynamically to achieve the
maximum power point tracking of system. It is noted that
the turn-on angle and the turn-off angle are fixed for the
control of SRG.

3 Analysis of switched reluctance generator

One 6/4 SRG is applied in the bidirectional driven float-
type wave power generation system and a linear model of
the SRG is used to analyze the SRG average output
torque.

The relative position between the stator and the rotor is a
key parameter for the control of the SRG. In order to utilize
the torque-producing negative inductance slope region
completely, it is necessary that the current is produced in
this region. If the current continues beyond the negative
slope region, then positive torque will be produced in the
SRG. Since the SRG has significant inductances, an ideal
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Fig. 2 Phase current /;, and output torque 7 with CCC

turn-off angle cannot be obtained easily, but this can be
ignored in the case that the rotor pole arc is greater than the
stator pole arc. In the wave power generation system,
where wave velocity is slow, the current chopping control
method is feasible for the SRG. The reference current is set
in order to get desired output torque. Under the SRG linear
model, the phase current /, and the electromagnetic torque
T. are shown in Fig. 2.

Figure 2 shows that the SRG would output negative
electromagnetic torque, only when the SRG rotor angle 0
satisfies 04<6<0s, where 0,, 05 indicate the beginning and
the end of negative inductance slope region respectively. In
other regions, electromagnetic torque is positive or zero.

In the SRG linear model, the inductance model L*(0)
can usually be represented as

Linin 0, <0<0,

* o Lmin+K(0_62) 02§9<93
L (9) B Linax 03 < 9<94 (1)

Lmax_K(0_04) 04§9<05

where the change rate K of inductance can be given as

- Lmin)/ﬁs (2)

where f is the stator pole arc.
Suppose the inductance of phase A is expressed as

K= (Lmax

STATE GRID ELECTRIC POWER RESEARCH INSTITUTE



Design and analysis of bidirectional driven float-type wave power generation system 53

Ly(0) = L*(0) (3)

According to the relative spatial position of the 6/4 SRG
windings, the phase B inductance and the phase C
inductance are respectively derived as

Ly(0) = L* (9 - g) (4)
and
L(0) =L (0 - g) (5)

Thus, the electromagnetic torque generated by phase A
can be given as

0 0, <0<0,

T (0) W' (i,0) _} 0.5ki? 0, <0<y
¢ 69 i=const 0 93 S 0 < 64
—O.SKi2 94 < 0<05

(6)

In the case that the rotor pole arc is greater than the
stator pole arc and the proper turn-on and turn-off angles
are set, the electromagnetic torque generated by phase A
can also be written as

T3(0) = —0.5KE, [o(0 — 04) — (6 — 0s)] (7)

where I, 1s the maximum current allowed to flow in one
phase of the SRG; ¢ is the step function. The total
electromagnetic torque 7, and the average value T,, can be
derived as

T(0) = TL(O)+T (0 - 2) + T (0~ 3) (®)
and
Ty = _w 9)

I

4 Analysis of bidirectional driven float-type wave
power generation system

The float moves with vertical motion under the excita-
tion force from waves and the force F transmitted through
the supporting cable. Then the oscillatory rotation of the
input shafts occurs. Two ratchet wheels and driving pulleys
are used to convert these oscillatory rotations to the uni-
directional rotation output shaft, which is then geared up to
drive the SRG.

It is evident that the state of wave motion as well as the
WEC physical structure have great impact on the output
torque of the WEC. In the following, the float motion and
the SRG running state are analyzed to get an analytical
expression for the output torque.

STATE GRID

4.1 Force analysis of the WEC

The float’s motion is affected mainly by the buoyancy
force Fyuoy, the viscous drag force Fp and gravity Gy.

The buoyancy force is usually upward, depending on
two factors: the volume V of the immersed part of float and
the density p of sea water. It can be written as

Fbuoy = pgV (10)

where g is the acceleration of gravity.

The viscous drag force is generated when the water is in
relative motion with floating body. It is associated with the
density and the viscosity of sea water, as well as the shape
and the surface roughness of the float. It can be expressed as

1
FD = —ECdpAv|v| (]1)

where Cy is the viscosity drag coefficient; v is the relative
velocity between the vertical velocity of sea water and that
of the float; and A is the float’s cross-sectional area per-
pendicular to the water plane.

The viscosity coefficient Cy is generally determined by
experimental data, and a simple method is to put the float
into the sea water and allow it to move freely while mea-
suring its amplitude attenuation. Experimental results show
that the Cy4 value of typical floats is 0.015 ~0.020.

When the sea level rises or falls, the volume of the
submerged float changes, causing Fyuoy and Fp to change
too. Then the forces are not in balance and the float will be
pulled to move on the vertical dimension.

The left-hand part of Fig. 3 shows the stationary state of
the float and the water surface. The state at an arbitrary
time is shown in the right-hand part of Fig. 3.

When the float is completely submerged in the sea
water, the buoyancy force will reach its maximum. When
the whole float is hanging in the air, the buoyancy force
disappears. With these two boundary cases taken into
account, the height of the submerged float AH can be
expressed as

F buoy
A xi(xy) 4 xe(xy)

Fr

A

. i 1 Wttt AH,
v I Xp 1 hinitial
4

A
“““ F
AH, Binitial i ’
Gf

Fig. 3 Sketch of submerged float
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0 —inf <hjpigial + Xw — x¢ <0
Rinitial + Xw — X 0 < hinitial + Xw — Xf < Hijoat
Hﬂout Hﬂoal S hinilial + Xy — Xf < inf

(12)

where Hyoq 1s the height of the float; /. i that of the
submerged part; and x¢ and x,, are the displacements of the
float and the water level respectively, which are measured
upward from the stationary state as shown in Fig. 3.

According to Newton’s second law, the equation of float
motion can be written as

AH =

mﬂoatjc.f = PgAHnr2 + Ff — Mfloat8

1 . (13)
- zcdmxw _xf|(xw _xf)

where F is the tensile force in the cable supporting the
float; myg,,, is the mass of float.

At the other end of the cable, the counterweight is
always hanging in the air, and driven by gravity and the
tensile force Fy in the cable supporting the counterweight.
The forces on the counterweight are shown in Fig. 4.

Thus, the counterweight motion equation can be
expressed as

Fy — myg = myidim (14)

where my is the mass of the counterweight; and x); is the
displacement of the counterweight.

The driving force and the torque applied on the driving
pulley 6 are displayed in Fig. 5 where their positive
directions have been labeled.

The ratchet wheels make the connection between driven
pulleys 2, 3 and driving pulleys 4, 5 only when this rela-
tionship is satisfied:

. R
{ |Xf| Z Ewpulley (15)
(Fouoy — Mfloarg + mmg)Xs >0

The second equation in (15) indicates that the resultant
force exerted on the float must be in the same positive
direction as the float motion.

Fum

l mmg

Fig. 4 Forces exerted on counterweight
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Fig. 5 Force and torque exerted on driving pulley 6

The motion equation for the generator can be given as

gF + Tav = Jd)pulley (16)
where R is the radius of the driving pulley 6; k is the ratio
of the gear box; J is the moment of inertia; wpyyey is the
angular velocity of the driving pulley 6; and F is the force
produced by driving pulley 4 or driving pulley 5.

When the inequalities described by (15) cannot be sat-
isfied, the connection will disappear. Further, the friction of
the pulleys and ratchets is assumed to be insignificant
compared to other forces, and the cable is assumed to have
a non-slip connection to the driving pulleys.

In this condition, (16) could also be written as

Tav = Jd)pulley (17)

4.2 Solutions for WEC dynamics

In the proposed WEC, the displacement of the coun-
terweight and that of the float, as well as the rotating speed
of driving pulleys satisfy the following relationship:

R . . . ..
Ewpulley -sgn(Xp) = Xy = —Xit (18)

Supposing that the mass of cable is sufficiently small to
be ignored, we can obtain
Fi=F - Sgn(Xf)+FM (19)
By combining (13), (14), (16), (18) and (19) to eliminate
Fy, F and F), the equation of motion of the float can be

derived as
2

(mm + mpoa +J %)xf = pg(Rinitial + X — X¢)T1?
— (Mo — Mm)g — %Tav - sgn (i) — %Cdppéw — x¢| (w — %f)
(20)
An ideal wave can be simulated with a regular cosine
function of time, represented by
Xy = H cos(wt) (21)

STATE GRID ELECTRIC POWER RESEARCH INSTITUTE



Design and analysis of bidirectional driven float-type wave power generation system 55

In practice, the viscous drag force can be ignored, as the
buoyancy is much larger than the viscous drag force. Thus,
taking the initial conditions into account, (20) could be
further simplified as

2

(mm + maoa +J ﬁ)xf + pgﬂ:rzxf

k
= pgnrixy — R Ty - sgn(Xy) (22)
Since the float motion shows a high degree symmetry
when the wave rises and falls, the system is discussed here
only under the condition of sgn(%¢)=1.
Assume the SRG is driven when r=t,,, and the system

satisfies

{xf(t = ton) = Hoyp

xf(t = ton) = Von (23)

Let

*

fh =t — lon (24)

The initial conditions can be expressed as

{ xf(t;n) = Hon

() = Va )

If Laplace transform is applied to (22) the following
equation is obtained.

Aon[s?x¢(s) — sHon — Vion] + x¢(s)
_ H(s cos(ton) — sin(wton)a)) 3kKI§m(95 04) 1
52 + w? Rpgm?r? s
(26)

where A,, is a constant depending on intrinsic properties of
the WEC, determined by its structure and its working
environment. It can be expressed as

mMR2 + mﬂoale + Jk?

A=
o pgnr?R?

(27)

The solution of the float displacement in the complex
frequency domain can then be derived as

) Hyns N Von H cos(wio)
Xf£(S) =
f S+ 1A 2+ 1/Ag | Agne? — 1
( s s
2+ 1/Ag 82+ a?
) / on (28)
H sin(wtoy) ® )
An@? — 1 \s2+ w?  s2+1/An
3kK1r2nax( 5 04) N
Rpgmn?r? s 24+ 1/Aon
From (18), the solution of wpyey can be derived as
STATE GRID

kHwwg,

kZon®@on
R(w? — ®on)

Opulley = sin(@on(f — fon) — Pon) + sin(wr)

. 3KR2LZ, (05 — 0)
VR pgm2r2 (mmR2 + mpouR2 + JK2)

sin(@on (f — fon))

(29)

Then the torque T applied to the rotor is given as

—AonJ®
= —2—2c08(Won (1 = fon) — Pop)

3kKJIZ,, (05 — 04)
 (muR® + muouR? + JK2) /7R
3(0s — 04)KI2,,
nk

_ ton)) _
(30)

o — pgmriR?
N mmR? + mpouR? + JK2

s = \/(Hon B H cos(wto) ) (Von\/; H sin(wt,, ) /A 0“)

(31)

A 1 — Agn?

(32)

Pog = arctan( B %wt:") ) =
on 1—Agn?

Note that when there is no interaction between driven
pulleys and driving pulleys, the torque T applied on rotor
doesn’t exist. The equations of motion of the float and the
SRG are derived respectively as

2

(mM + Mpoa + Jﬁ)xf + pgTCrzxf = pgTU‘z)CW (34)
and
— (35)

Suppose the float velocity is V¢ and the displacement is
H,r, when WEC has just finished driving the SRG. In the
complex frequency domain, (34) can be expressed as

Aor (s%x¢(s) — sHotr — Votr) + x¢(s)
_y (s cos(Wiypr) — sin(wtoff)co)

S2+CO2

(36)

where A is another constant determined by the structure
of the WEC and its working environment. It can be written
as

my + Mfloat

Aot = 5
pgmr

(37)
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Fig. 6 Control method for SRG

From (35), the rotating speed of the SRG can be
deduced as

Tav 3(04 — 03)1(12,

H= | —dt= —————+ 0%y ! 38
o(t) / Vi m + Wlofr (38)
where

Tr2R2
Wioff = P8 (39)

”ZMR2 + mﬂoatR2

Usually, the float experiences vertical motion driven by
the sea water, but its trajectory is not in exact conformity
with that of the wave. The float trajectory contains two
sinusoidal components which are caused by its self-
oscillation and the wave excitation respectively. In detail,
the period of self-oscillation is determined by the
mechanical part of the WEC structure, shown in Fig. 1,
and the seawater density. If the WEC is designed rationally,
this period will be relatively small, so that the float can track
the sea water well. Otherwise, the self-oscillation would be
the dominant factor of float motion, and the float would lose
the ability to keep pace with the wave. This would decrease
the efficiency of the WEC. It is obvious that when the float is
completely submerged in the seawater or hanging in the air,
the WEC would also be inefficient.

Note that the torque 7 will act on the driving pulley 6,
only when the absolute value of the belt pulleys’ line speed
is equal to that of the tooth driving pulleys, and the belt
pulleys’ line speed is rising. However, the SRG can
directly output electrical energy, whether the wave rises or
falls. It is essential for the mechanical energy to be con-
verted into electrical energy in time so as to capture the
wave energy as soon as possible. If the time point is
delayed, the captured energy will be wasted. Thus, a proper
control strategy is needed.

5 Control strategy for bidirectional driven float-
type wave power generation

Exciting of the phase current is a necessary starting step
for the SRG. The excitation process produces an output
current in proportion to the voltage of an auxiliary

JCLLR

®

@ Springer

STATE GRID

excitation battery. The output current is restrained by the
maximum allowed current value. In order to fully utilize
the SRG windings, it is important to maintain the winding
current in the negative inductance slope region at all times.
Further, in the proposed system, the SRG rotates with low
velocity, so the electromotive force will be relatively small.
In addition, the windings are used as part of the rapid
charging circuit. In this situation, CCC is the best control
method for the SRG. Current flowing in the conducting
phase is restrained by the reference current, which deter-
mines the generator torque. Since the ability to capture
wave energy is closely related to the electromagnetic tor-
que, it is important to set an appropriate reference current
to realize the system’s maximum power point tracking
ability.

As mentioned above, the float trajectory differs from
that of the wave, owing to its self-oscillation. When driving
pulleys rotate the SRG, the WEC completes the energy
absorption process, and transfers the captured mechanical
energy into SRG. In the next phase, the absolute value of

(a) Simulation model

500
<
5 400
Q
=]
2 300
8
2200
5
£ 100
@)
0 05 1.0 1.5 20 25 30 35 40 45 5.0
Time (s)

(b) Dynamic reference current

Fig. 7 Dynamical reference current setting process
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Fig. 8 Grid side controller
Table 1 Model parameters
Parameters Value
Wave Period T}, 25s
Amplitude H 0.35 m
Float Radius Rgga I m
Mass Mo 1680 kg
Height Hyoq 0.7 m
Counterweight Mass my; 150 kg
Driving pulley Radius R 0.18 m
Gearbox Gear ratio k 10.15
Seawater Density p 1028 kg/m’

the float velocity decreases and the transferred energy
should be released. So, on the one hand, electrical energy
would be generated. On the other hand, the WEC can
recapture the wave energy, once the SRG rotor is pulled to
rotate with increasing velocity. If the float velocity is equal
to zero at this time point, the largest amount of electrical
energy can be converted and transmitted to the power grid
or loads.

The control method is displayed in Fig. 6. The turn-on
and turn-off angle are fixed. With CCC method, when the
current is greater than the reference current, the control
pulse will be small. Otherwise, the output of controller will
become bigger. Hysteresis is used to reduce the burden on
the power switches.

It is desirable to make the float keep in phase with the
wave. So, the reference current is set as

L= \/é sin(@on (f — fon) — @on) (40)

sin(Won (f — fon))

where

—on®on \/ Rpgmi?r? (mmR? + mgoaR? + JK?)

= 3kK (04 — 05)

(41)
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Fig. 9 Float and wave velocity

Note that when there is an irregular wave, the reference
current can be obtained by multiplying ¢ by a correction
coefficient according to the predicted wave characteristics
so as to achieve more energy transfer.

When there is no interaction between the driving pulleys
and the float, the SRG speed decreases due to various
losses, and the SRG is independent from the wave energy
converter. This is the best time to release the stored
mechanical energy. In this control process, a PI regulator is
used. The difference value between the float speed and the
driving pulleys’ line speed is used as the PI regulator’s
input. Figure 7 shows the procedure for setting the
dynamic reference current.

Meanwhile, a voltage and current double closed-loop
PWM inverter is used to transfer the generated electrical
energy to the power grid as shown in Fig. 8. The DC
voltage outer loop can keep the capacitor voltage stable at
one constant value with the PI regulator and the DC voltage
feedback. The output of the PI regulator is used as the
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Fig. 10 Float velocity and driving pulley line speed

reference value for the active current inner loop. Further-
more, the output active power is adjusted by comparing the
current reference with the active current. In the analysis,
only active power is expected to be transferred to the power
grid, thus the reactive power reference is set to be zero,
although reactive power capability could be provided if
required.

6 Model and control strategy verification

The model shown in Fig. 1 has been developed for the
bidirectional driven float-type wave power generation
system taking into account statistical characteristics of real
waves. Statistics of wave characteristics in the coastal areas
of Tianjin show that the wave height ranges from 0.3 m to
2.0 m, the annual average wave height is up to 0.6 m, and
the average period is 2.7 s. This wave characteristic has
been simulated by the wave generation system in the State
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Key Laboratory of Hydraulic Engineering Simulation and
Safety of Tianjin University. The mechanical part in Fig. 1
was constructed in the wave generation system too. Then
the experimental results from the mechanical system were
input into the electrical part for electrical simulation.
Parameters of the model are shown in Table 1.

The states of motion of the wave and the float are shown
in Fig. 9. It indicates the float can track the wave well
under different conditions with the proposed control
strategy.

Figure 10 depicts the absolute value of the float velocity
and the line speed measured at driving pulley 6. Under the
action of the ratchet wheel, the SRG will be separated from
the WEC when the float slows down. Meanwhile, during
the electrical energy generation period, the SRG velocity
decreases due to the influence of the electromagnetic
torque.

The torque T applied on the rotor is shown in Figs. 11
and 12 shows the corresponding power curve. It can be
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seen from Fig. 11 that negative torque can always be
generated and various reference current settings can be
used to generate different torques. It is noted that, in this
process, electrical energy would be generated whether the
sea wave rises or falls.

Moreover, we have also found that the wave energy
converter can output the desired torque periodically with
the efficiency of conversion from mechanical to electrical
energy up to 55% and good adaptability to wave condi-
tions. Thus the feasibility of applying a SRG to WEC is
verified.

7 Conclusion

A novel bidirectional driven-float WEC is proposed
including a SRG. Ratchet wheels are used to make the SRG
run whether the float rises or falls. Dynamic reference
current setting is used to achieve the control target of
maximum power point tracking come true. The dynamic

STATE GRID

model for the bidirectional driven float-type wave power
generation system has been demonstrated in a wave-gen-
eration system for the mechanical part and MATLAB for
the electrical energy conversion. This has proved that the
proposed system has high efficiency and good prospect of
application in real wave conditions.
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