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2 500 W

Fig. 2 The assembly drawings of 500 W prototype

1 500 W
Tab.1 The designed parameters of 500 W prototype

Parameters Values
Designed converting power/ W 500
Total mass/kg 19680
The area of waterplane /m? 11.8
Draft/m 1.93

The moment of inertia of pendulum/(kg « m*) 2378, 2
The moment of inertia of floater** /(kg » m*) 41723.7

Heave restoring stiffness /(N + m™ ') 118551. 1
Damping ratio of PTO* / % 11.4
Total moment of inertia /(kg *« m*) 44101.9
Volume of displacement /m? 19.2
Pendulum mass/kg 1313. 4
Floater mass/kg 18366. 6
Waterplaneradius of inertia /m 1.19
Pitch restoring stiffness/(N + m « rad ') 255119.5
: % PTO
55° s
. , 11.4%;
* %
3 b b
A ,
) D o
, 2.5
, 1 o
4. 0s ’
K., K, .
1.0 rad/s ,
4 o
o DFT ,
5 .

2 A ~A; B,~By
Tab.2 The Values of A, ~A,, and B, ~B,, in prototype

Parameters Values
A /(kg' em' ¢ s ) —1.204x10"
A, /(kg® e m' + s —6.241X 10"
As/(kg' e m' »s%) 2.124X10"
A,/ (kg*m?s %) 5.441X10%
As/(kg®m's™?) 1.751X 10"
As/(kg*m's %) 9.489x10"
A;/(kgm's ) 4.917X108
Ag/(kg? e m? ¢ s %) 2.820X10°
Ay/(kg” *m' +s?) —3.542 X107
A/ (kg « m*) —2.786X10'"
A /(kg® + m®) —8.800X10"
Ay, /(kg® + m") —1.196x 10"
A/ (kg® « m") —4., 046X 10"
Ay /(kg® » m?) —4.560X10°
Ay;/ (kg + m*) —4.590X10°
A/ (kg + m") 5. 729X 107
Ay /(kg* « m*) 5.651X 107
Ay /(kg” + m') —5.693X10°
Ay /(kg + m*) —2378.0
Ay /(kg » m") 292. 8
Ay /(kg + m") 298. 8

B /(kg’ +m® «s™")
B,/(kg* *m® « s ")
Bz/(kg?' em’ s %)

—5.064X10"
—2.624X10"
9.015X10"

B,/(kg* +s %) 2.288X10"
B;/(kg® +m® «s %) 7.404 X 10"
Bs/(kg? e m® + s %) 3.990 X 10"

B;/(kg+m® +s? 2.067X10°

Bs/(kg+s %) 1.186 X 10°

By /(kgm® « s %) —1.489X 10"

By, /(kg® « m*) —1.234X10%

By /kg? —3.724X10%
B,/ (kg + m*) —5.088X10"
Bis/(kg? « m*) —1.926 X 10°

Bi, /kg —1.930X10°

Bi; /kg —1.930X10°

Bis/(kg « m*) 2. 425X 10"

By, /(kg « m*) 2.376x10*

Bis/(kg *+ m*) —2.405X10°

BISJ 71. O
B, /m’ 0.1231
B;i /m’ 0.1256
,
,
b
3 o b
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Tab.3 Prototype’s power outputs in different states ° s
Wave Wave System's Vibration Output ’
height  period natural period status power ° K, ’
1.0 m 4.5 s 6.0 s N 66.460 W s
1.0m 6.0 s 4.5 s N 128.19 W o
1.0m 4.5s 4.5s R 543.19 W Sk
1.0m 6.0s 6.0 s R 520.76 W 21, , K,

* N Nonrresonance,R  Resonance
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Study on the method of resonance realization for the wave energy converters

CAI Yuan-qi'» SHEN Li-jiao"?, LI Ming-fang""’
(1. School of Civil Engineering, Wuhan University, Wuhan 430072, China;
2. National Key Laboratory on Ship Vibration&.Noise, China Ship Development and Design Center, Wuhan 430064, China;
3. College of Science, Wuhan University of Science and Technology, Wuhan 430065, China)

Abstract: It is confirmed by many experiments and theories that any wave energy system (WES) has high efficiency and strong
energy clustering ability in resonance. There is one feasible way to improve the efficiency of the wave energy converters
(WECs) through properly utilizing the resonance property of the WES. There are some problems in WES such as the fluid-sol-
id coupling. the geometric nonlinearity, the changeability of the wave, etc. Therefore, many theoretical and technical problems
must be solved to realize the resonance of WESs. The active resonance wave energy converting technology (ARWECT) is one
type of wave energy converting technology by making resonance occur between the converters and the wave. It is done by adjus-
ting internal stiffness in the WECs to realize the resonance of the the WES. For ARWECT, based on the potential flow theory
and the multi-rigid-body dynamics theory, the computational formula for tuning the stiffness values is derived. This is also the
dynamic characteristic adjustment model of ARWECT. The validity and accuracy of the model are proved by numerical simula-

tions. The proposed method and resonance control equation in this paper is also applicable to other wave energy technology.
Key words: wave energy utilization; hydrodynamics; resonance; active control; adjustable stiffness
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