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Abstract — In this study a power take-off (PTO) system with dynamo characteristics that can measure effectively
the electric power generated from wave energy converters in real time is suggested. The newly proposed PTO sys-
tem consists of servo motor to control torque loads and a torque sensor to measure mechanical energy with an
encoder. For verification purpose, physical experimental tests are performed in a two-dimensional wave basin.
While modulating torque loads under various regular wave conditions, the electric amount and the efficiency of the
wave energy converter are estimated. It is well verified that the behavior characteristics of wave energy converters
can be analyzed by using the continuous data of mechanical energy obtained from the torque and the rotational
speed. Consequently, the proposed PTO system can positively employed to provide data to analyze both the effi-
ciency evaluation and the control system of wave energy converter.
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Tl A A 9] P A o] G642 MY PARS 2JsixE
FapaEo] & slokute] BAS wEd tEe] A9 Hd o

g U] F=25 2st H 4 2] PTO(Power Take-Off)r|~Fl Ao
7} B a3t wEba] @) ohekst Al o] PTOA| A Elo] sheibd
Al2Ele] HASEE flsl A7E AL ik PTORA S 2= 79 A
A o] I AR Afo] 9 Holo] gl R FEEHE
= &3 Aol 5 PTOA, Folg] 74 o225 e A
&UA 7] (Linear Electric Generator)S F-2510] A& F&3=
P2 PTO, A @55 o] gato] A& donks 3
o) WA= wkS ERlsh= 730 A @52 PTOW2] 18]l
2] BEA7](Rotary Generator) 2 F-2310] 71414 314 oUx]|2
WHEE T34 o] 2] & Alojeh= AW PTOHA 5o
\CHDrew ef al[2016]).

2] PTOANAE 271 FHE 23], o] 23l E |83t 1t
AR AR L] Ak 52 A5 Ho 91y o] FZo]

=

o e e ot

;O
i o

o

pil)

T2 PTOAZHle|| REodato] A3A o= EAskal, el
Ll

= A AT Bl wakd 0™ (Kim et al.[2016]), 2] PTOA|
o AFEE ARkl 2 AT &8 3 A~
98] 7318 58 5495 ARSITHChoi et al[2011]). A

2
A8 A FEe] SR 2 A71AEY Al g
a1 R g Aol Y= S O H(Grilli et al[2007]), A 717
7} AdE Folo] FAeES o83t oL MEAAELS AdAISH

sl on, A ATE X5 At Avte}
FAF A= v WA THKim er al[2014]). 958 27] @
P BA7)7 289 stolHE| = ERQle] TEtdAl A A

WAVE GEN ‘B’
Swing Plate

[> o o
@ o 2
e
o
x
1
a~]

3
0%
1>
o
offt
__c‘>I:A‘

3@ o

| &85 vkt gak 21
ChPark et al[2018]).

FolME Atz dis) shedda Age] AHgat
HAGES ddabA F4s] A8l 71AIF o & wigke T}
bx)9] 3|8 tolu. 545 2EE PTOA S 53l
SRl 7hsete S Albstglnt. g dA| A8 sl
| 23} Z3=Z oA A E EE|(Servo Motor)E ©]-&3F
= Aol o, vpekst a2} 2ol Fah WA el w
& g R e Ha Ats A8 9 AIAE 58S ARESH
St} AIQFE PTOAAELE B3l A& AAIRE 7AIA ®igk oA
dlo]el= theket ARl digh sibdgx|e) As 54 2 3
Ha&S glskar AloJA| A8l (Control System) Aol wll-$- £-&

RS AT 5 ek,

3

Yo

m
i O_LL re
o

tlo wx 1 J
>
)
)

2.1 5l0|H2|= DU AK|

g 22k Zarzel a8 35 W 71AA AsgRle ¢
gk stolBE|E gl = 4 S moolule] AEel AXE
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Fig. 1. Hybrid Wave Power Converter with Horizontal Cylinder and Swing Plate.
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Table 1. Hybrid Wave Power Converter Detailed Specification
Generator type A Length (mm) Diameter (mm) Length of bucket (mm) Number of bucket ~ Weight (kgf) Draft (mm)
Circular cylinder 1000 600 90 16 47.628 135
Generator type B Length (mm) Height (mm) Thickness (mm) Weight (kgf)
Swing plate 1000 600 20 18.0
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Fig. 2. Experimental Schematic Diagram of Wave Power Generator.

Table 2. Regular Wave Conditions for Experimental Test

_1 L
% = 2(1 +sinh2kh)T o
DAQ k- AMP ' Generator—> Power
Propagating
0 wave

Name Wave period Wave height Wave length Wave steepness Group velocity Energy flux
(T, sec) (H, m) (L, m) (H/L) (cg, m/s) (Pw, W)
Case 1 2.742 0.330 9.105 1/27.591 2.542 338.7
Case 2 3.291 0.282 11.444 1/40.582 2.884 280.2
Case 3 3.846 0.278 13.743 1/49.435 3.116 295.2
Case 4 4.379 0.311 15.910 1/51.158 3.269 386.3
Case 5 4.930 0.264 18.123 1/68.638 3.382 289.6
Case 6 6.572 0.286 24.617 1/86.073 3.575 357.4




A71A ¢, = %5 (group Veloc1ty)
k = 3<=(wave number, —L—),
h =22 Zlo](water depth),
L = 9% (wave length),

T = 57|(wave period)
1 2
Pw - gng cg (2)

7|A P, = olF=] E2] 2 (energy flux),
p==9
g= W—J]—LJ_(gravnatlonal acceleration),

= JA}9}3l (incident wave height),

¢, = 755 (group velocity)

U (density of water),
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T gl SA5E R1E 5 %S Fig. 49 2ol 7AJs3irt. ©]
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Fig. 3. Experimental Schematic Diagram of Hybrid Wave Power Converter with Dynamo Type PTO System and Monitoring System.
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Fig. 4. Set Up of Dynamo Type PTO System and Monitoring System.
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Fig. 5. Effect on Wave Power by Experimental Conditions.
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Fig. 6. Mean Power According to Load Torque Variables.
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Table 3. Instantaneous Maximum Power and Mean Power F717}F 71 Aupol A= o)A F3} thh "Wolx= s Hol1
Mean lns.tantaneous Instantaneous Maximum ot} ol= A= AHUr] 9 AYTo] Ul =07 AAdEo] 9]
Name Po\;)vver Max1m1\1;1/1 Power Power/l\:l;an Power o] QKSR sHebe] Tk Wste] npE = TrErle) Abe Ao
Case 1 126.19 232.52 1.84 @ wloletal AeE ¢ glow 5 o] FAHE sidsh] 4
Case2 6327 148.14 2.34 gk BLgho] o] oo & 1o % ket
Case3 2433 74.56 3.06 Fig. 8& 5218 271 F 7P f80] £ 133 CASE 19
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Fig. 8. Real-Time Power, Torque and Rotation According to Load Torque Condition of CASE 1. [Load Torque (a) 0.0077 Nm, (b)
0.0231 Nm, (c) 0.0385 Nm, (d) 0.077 Nm, (e) 0.154 Nm, (f) 0.231 Nm].
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Fig. 9. Real-Time Power within a Cycle.
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