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Abstract

In the past, wave energy power generation devices can be divided into three types according to
different energy conversion modes: oscillating water column type, oscillating body type and over-
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topping type. At present, the existing wave energy buoys in various countries generally have the
disadvantages of small size, simple structure and low power supply, resulting in poor viability and
bearing capacity, which greatly limits the reliability and application range of buoys. Compared
with large wave energy installations or other offshore facilities, the oscillating body type has small
volume and low power consumption. There is enough wave energy in the ocean to extract it.
Wave-dynamic buoys can be deployed in almost all sea areas. Therefore, the development of os-
cillatory wave energy power generation device is an effective way to solve the power supply prob-
lem of marine buoys. This paper studies the Kinetic energy response and energy conversion of an
oscillating float-type wave energy device with PTO energy output system under different excita-
tion conditions, and establishes a universal system model, and obtains the damping C = 10,000 at
the maximum power of the system through local ergodic optimization algorithm.
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Figure 1. Heave and pitch float-type wave energy device
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Figure 2. Schematic diagram of PTO device
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Figure 3. Force analysis of vibrator and float
3. &F FTFRANDWN
I&T-32 173 Hr:
RrEN G=mg
PTOLREENEM ST Fopo = kproz; + Cpro2s ™
RSP FEE TR RIEEER S F

s B T RIS E T RE N

m, ['z'l cos(6,+6,)+2,—z,(6,)+(6, )1 = Kpro (2, = 1)+ Cppo 2, + myg cos (6, +6,) (8)
e B iz sh 7 ) TR
m, [—zl sin(6,+6,)+22,(6,+6,)+z, (6 +é2)] = F, —m,gcos(6,+6,) 9)

5210t TR, REBERRETTRNEGZS) . RATHIRTEBIEN PTO R E #EIKE
71, FTENBOENEKIKE I, 45 B E T 18
BRI 1 F, = F; cos ot
PTO % BAVEH 1190 1 Foro = kpro (2, — 1+ m,g [k ) cos (6, + 6, )+ cppoz, cos(6, +6,)
HKIKE 1 F,, = pgnR’z,
JRF1E J153 71 F sin (6, + 6, )
MR F, = yg,
BEIBE S F, = 42,

(10)

DOI: 10.12677/0jav.2023.111001 4 R 5RE)


https://doi.org/10.12677/ojav.2023.111001

JEmEE 2%

BORRER B H B IR T 5

IR X e il e B AR o
5=@i+%w+%i (11)
4
F AR R e S R AR B AR
2nRH, (R2 Eﬁj RL (}ﬁ RZ)
m——— | —+ T | X — (12)
nRL+2nRH, 2 3 nRL+2nRH, 6 4
PRTHHEZ S350 M
PTO BB HIHIAE M, = k,0, +c, 6, )
RTFE SR M, = mgz,sin(6, +06,)
V52 15 H
PTO R ENIHIIE M prp = _(km02 +Cméz)
WK 1M M, = pgnR*6,
SLP PR MM, =6, (14)
B hrigere 1 M, = 1,6,
PR I M, = Leos(ar)
P BEVIRIRE T2
m
Z, (0) = 1—7
z,(0)=2,(0)=2,(0)=0 (15)
6,(0)=0,(0) =6, (0) =6, (0) 0
3. BEHE

3.1. BRERERRIERIFRY
Y b ST AR B AR T SR R VR R 2 AR L T T A LIRS AR, R
1. WP IE NS R
2. WHEEHTEPFHEER FNREIEN;
3. F TR R 5 IR MRS R E, T e IR,

3.2. BHYPEBFTFRESHREHE

W 315G s B AR R ARAS B B e o AR A, J8 BB TSR S R B, iR R T ARR T
TEPIRIEIIN 71 f cos oot (f IR IIRNE, @ FBHRIER)E R T AT 40 AN IR BP9 i (] IRTBS 0.2 s
{10 T 57 5 B8 R B DA R NRR F L R AR T3, FRKF =105y 205y 405y 60s. 100 s i AT, 52T
IR, Wk 1. £ 2w

FIFH R R 45 R S RO TG R, AR T B R R o R, wmE 4. B 5 Bt
7N o

DOI: 10.12677/0jav.2023.111001 5 R 5RE)


https://doi.org/10.12677/ojav.2023.111001

JEmER 2%

Table 1. Table of heave displacement and velocity of float and vibrator

=1L FTFRRTFOESUBMERR

X 7T T
I TE(s) e . e .
I 5 AL (m) e 5 18 S (m/s) T % L% (m) e 35 14 (m/s)
10 —0.493663474 1.287482414 —0.56867149 1.390266949
20 —0.741058997 0.443544094 —0.824680493 0.469691544
40 0.57501292 1.096944944 0.615746891 1.241317075
60 —0.067255413 —0.495660612 —0.059682834 —0.53399879
100 —0.178808283 —1.259591016 —0.178881964 —1.395536599
Table 2. Pitch angular displacement and angular velocity of float and vibrator
2. O FFHIRFIOMNERUBFMARESR
) EaNE LR
1] (s) — —
YREALF (m) i BE (m/s) YIEALF (m) FHIEE (m/s)
10 —1.52086919 0.473844798 —1.552548888 0.477059076
20 —1.286933184 —4.657602125 —1.310084632 —4.754662146
40 3.505534215 4.805160741 3.575916142 4.904431817
60 —3.741460321 —1.312770834 —3.817696099 —1.337001327
100 1.320376149 —1.877449606 1.34953959 —1.910559209
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Figure 4. Time chart of vibrator and float movement
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Figure 5. Rotation time diagram of vibrator and float
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Figure 6. Time relationship diagram of output power-PTO device damping coefficient
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Figure 7. Stable motion state of vibrator and float under maximum output power
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