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Development of a Moving Body Type Wave Power Generator using Wave
Horizontal Motions and Hydraulic Experiment for Electric Power Production
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Abstract : To reduce the mechanical energy loss and to get the high energy efficiency, an apparatus of wave power
generation inducing a consistent one way rotating motion from the wave reciprocation motions was developed and the
hydraulic experiments for the real electric power production were conducted and the results were discussed. In the
experiments for the shape of the buoyant tank, the efficiency of the fixed 9 cm diameter type enduring the wave plate
weight was 14.6% and this was the best result for all shapes. But although the free sliding type was expected to represent
a high efficiency, the experiments did not show a good result as 8.5% efficiency. Therefore, the shape of buoyant tank was
decided as the fixed 9 cm diameter type in the next all tests. In the experiments for the various incident waves, when the
water depth was 90 cm, the average efficiencies were measured as 3.9% in the 2nd gear, 4.9% in the 3rd gear, 4.9% in the
4th gear, 12.0% in the 5th gear, 10.0% in the 6th gear, 3.1% in the 7th gear, and 3.0% in the 8th gear. Also, when the water
depth was 80 cm, the average efficiency was shown as 15.0% with 5th gear condition. Therefore the high average
efficiency as 13.5% was given with 80~90 cm water depth and the 5th gear in the model.

Keywords : wave power generator, moving body type, hydraulic experiment, wave horizontal motion, one way
rotating motion
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Fig. 1. Description of the wave power generation device (after
SEA TECH R&D Co. Ltd., 2013).
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(a) Left direction of pinion gear rotation
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(c) Generator shaft

Fig. 2. One way rotation of gear and shaft sets (after SEA TECH
R&D Co. Ltd., 2013).

Table 1. Gear ratio configuration in the model
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Gear Ist Ratio 2nd Ratio 3rd Ratio Accelerating Rate
(Rack Gear) (Pinion Gear) (Bevel Gear)

Ist 501/60 30/75 30/60 1.67
2nd 501/60 45/60 30/60 3.13
3rd 501/60 30/75 45/45 3.34
4th 501/60 52.5/52.5 30/60 4.18
5th 501/60 45/60 45/45 6.26
6th 501/60 30/75 60/30 6.69
7th 501/60 52.5/52.5 45/45 8.35
8th 501/60 45/60 60/30 12.53
9th 501/60 52.5/52.5 60/30 16.70
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Fig. 3. The schematic view for the model of the wave power gen-
erator.
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Fig. 4. The schematic view of the hydraulic model and the wave tank.
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Table 2. Experimental conditions for the buoy tank types

Water Depth ~ Gear Ratio Buoy Tank Types Wave Heights & Wave Periods  Total Cases ~ Wave Plates
@F%xed Buoy Tank (d=9 cm) @ H=20em & T=205 12 Cases ,=80 cm
h=90cm Sth % f{‘;‘;‘iv‘?;goguﬁ;“‘};f 4.5 em) © H=25cm & T=25s (3 Waves &
@ Movable Buoy Tank (d=9 cm) O H=30em & T=255 [Type) Hy=40 cm
20

O FIXED BUOY &d = 9.0cm (14.6%)

@ FIXED BUOY &d = 4.5cm (6.1%)

A REMOVED BUOY (5.5%)

A MOVABLE BUOY &d = 9.0cm (8.5%)
—— EFFICIENCY 13%

-
o

OUTPUT (DC-WATT)
>e

a
L

2 5th GEAR & h =0.90m

0 20 40 60 8 100 120 140
INPUT (WAVE POWER-WATT)

Fig. 5. Average efficiencies of the wave power generator by the
buoyant tank types.
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Table 3. Experimental conditions for the dfiiciency of the wave power gnerator

Water Depths Gear Ratios Wave Heights Wave Periods Total Cases Wave Plates
Wp,=80 cm
= m 5th H=20~35cm T=15~3.0s 12 r
h=80c¢ & Hy,=30cm
2nd H=10~35cm T=1.0~4.0s 12
Wp,=80 cm
5th H=10~35cm T=1.5~3.0s 15 r
h=90cm &
3rd ~ 4th 45 H,=40cm
H=15~35cm T=1.5~3.5s P
& 6th~ 8th (9 Cases/Gear)
20 20 20
O 2nd GEAR (3.9%) h=0.90m O 3rd GEAR (4.9%) h =0.90m O  4th GEAR (4.9%) h =0.90m
—— 13% EFFICIENCY —— 13% EFFICIENCY —— 13% EFFICIENCY
E 15 E 15 E 15
2 2 2
[&] [&] O
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o o o o
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o o ° O o o (e] o o
@ ©° o
0 0 ° 0 o 8
0 20 40 60 80 100 120 140 0 20 40 60 80 100 120 140 0 20 40 60 80 100 120 140
INPUT (WAVE POWER-WATT) INPUT (WAVE POWER-WATT) INPUT (WAVE POWER-WATT)
(a) 2nd Gear Ratio (A = 90cm) (b) 3rd Gear Ratio (A = 90cm) (c) 4th Gear Ratio (A = 90cm)
20 20 20
O  5th GEAR (12.0%) h=0.90m O 6th GEAR (10.0%) h=0.90m O 7th GEAR (3.1%) h =0.90m
—— 13% EFFICIENCY —— 13% EFFICIENCY —— 13% EFFICIENCY
E 15 £ s =15
& £ &
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Q (8] Q
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o 0 0 0,0
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(d) 5th Gear Ratio (h = 90cm) (e) 6th Gear Ratio (h = 90cm) (f) 7th gear Ratio (h = 90cm)
20 20
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(g) 8th Gear Ratio (h = 90cm)

Fig. 6. Average efficiencies of the wave power generator by various waves.
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