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An Experimental Study on Performance of

Wave Energy Converter System with Counter-Weight

Han, Sung Hoon

Department of Naval Architecture and Ocean Systems Engineering

Graduate School of Korea Maritime and Ocean University

Abstract

Movable body type wave energy converter system with counter-weight
converts energy from heave motion of buoy to rotatory power. Measuring
rotatory power is conducted to evaluate the energy conversion efficiency
of wave energy converter, which is installed on 2-dimensional ocean
generating basin with power take-off system composed torque sensor and
brake.

At the same time, this study analyzes performance of energy
conversion according to wave height and weight condition of both flywheel
and counter-weight by changing load torque and wave period.

Therefore, this research is able to be useful basic material such as
optimal design of movable body type wave energy converter and improving
its energy conversion efficiency as well.

KEY WORDS: Wave energy converter(WEC) system 3} olux] WH3-AEx]; Power
take-of f(PTO) system &% <1&%%]; Counter-weight #3&3= Movable body 7}5& &
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Fig. 1.3 Appropriate regional distribution of ocean energy development in

Korea
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Fig. 1.4 Pelamis WEC of Pelamis Wave Power(PWP) company

Fig. 1.5 Oyster WEC of Aquamarine Power company
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Fig. 1.6 Archimedes Wave Swing WEC of AWS Ocean Energy company
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Overview Components

1. Buoy

2. Conuter-weight

3. A pair of Pulleys

(with One-way bearings)

4. Multiplying gears

5. Fly wheel

Fig. 2.1 Overview of WEC system of using counter-weight and pulley




Name Components

. Buoy

. Counter-weight

. Pulley with
One-way bearing

. Multiplying gear

. Fly wheel

Fig. 2.2 Core components of WEC system
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Overview Inside of bearing

Buoy is
rising

Fig. 2.3 Principle of one way bearing according to up movement of buoy

Overview Inside of bearing

Buoy is
falling

Fig. 2.4 Principle of one way bearing according to down movement of buoy

Overview

Buoy is
rising
and
falling

Fig. 2.5 Rotating direction of gears and flywheel according to up and down movement
of buoy
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Table. 3.1 Incident regular wave conditions for model test

Prototype Condition Model Test Condition
Period [sec] 4.02 ~ 8.94 0.9, 1.0, 1.2, 15, 1.7, 2.0
Height [m] 1.0 ~ 2.0 0.05, 0.10

Table. 3.2 Characteristics of WEC condition for model test

Buoy Counter  Counter

Exp. _ . , Draft  Flywheel Height
Weight  Weight  Tension
Case [mm] [kgf] [cm]
[kgf] [kgf] [kgf]
1 9.3 12.1 6.05 50 11.8 10
2 9.3 12.1 6.05 50 7.35 10
3 9.3 4.1 2.05 75 7.35 10
4 9.3 12.1 6.05 50 0 10
5 9.3 12.1 6.05 50 0 5

Table. 3.3 Input voltages of brake controller for model test

Case 1 2 3 4 5 6 7

Voltage [v] 0.5 1.0 15 2.0 2.5 3.0 3.5
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Fig. 3.3 Overview of 1:20 scale WEC model on the basin



Fig. 3.4 Scale model set up to evaluate WEC performance about conversion of

primary energy

Fig. 3.5 Connected 1:20 scale buoy and counter-weight to the pulley



Fig. 3.7 WEC model under test in regular wave
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Fig. 3.9 Power Take Off (PTO) system set up to measure kinematic power of

rotary axis under test

Fig. 3.10 Brake controller to increase load to rotary axis(left). Torque
indicator(center) and RPM indicator(right) to monitor measuring torque and RPM

real time under test



Fig. 3.11 Torque sensor set up to measure torsion force with oldham

couplings between rotary axis and brake under test

Fig. 3.12 RPM sensor set up to measure speed of rotary axis under test
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Fig. 3.15 Time history of measured kinematic power



Fig. 3.16 Synchronization system set up to measure wave elevation and torsion
force at same time : Analysis software(left), wave generating system(center)

and A/D converter(right)

Fig. 3.17 Video camera set up to record motion of buoy under test
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Fig. 3.18 RPM indicator set up to monitor measuring real time speed of rotary

axis under test

Fig. 3.19 Torque indicator set up to monitor measuring real time torsion

force of rotary axis under test
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Fig. 4.1 RPM according to load torque[Nm] by changing incident wave
periodlsec] (Buoy weight 9.3kgf, Counter tension 2.05kgf, Dratf 75mm,
Flywheel 7.35kgf, Wave height 10cm)
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Fig. 4.2 RPM according to load torque[Nm] by changing incident wave
periodlsec] (Buoy weight 9.3kgf, Counter tension 6.05kgf, Dratf 50mm,
Flywheel 7.35kgf, Wave height 10cm)
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Fig. 4.3 Absorbed rotational kinematic power[W] according to load torque[Nm]
by changing incident wave period[sec] (Buoy weight 9.3kgf, Counter tension
2.0bkgf, Dratf 75mm, Flywheel 7.35kgf, Wave height 10cm)
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Fig. 4.4 Absorbed rotational kinematic power[W] according to load torque[Nm]
by changing incident wave periodlsec] (Buoy weight 9.3kgf, Counter tension
6.05kgf, Dratf 50mm, Flywheel 7.35kgf, Wave height 10cm)
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Fig. 4.5 RPM according to load torque[Nm] by changing incident wave
periodlsec] (Buoy weight 9.3kgf, Counter tension 6.05kgf, Dratf 50mm,
Flywheel 7.35kgf, Wave height 10cm)
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Fig. 4.6 RPM according to load torque[Nm] by changing incident wave
periodlsec] (Buoy weight 9.3kgf, Counter tension 6.05kgf, Dratf 50mm,
Flywheel 11.8kgf, Wave height 10cm)
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Fig. 4.7 Absorbed rotational kinematic power[W] according to load torque[Nm]
by changing incident wave period[sec] (Buoy weight 9.3kgf, Counter tension
6.05kgf, Dratf 50mm, Flywheel 7.35kgf, Wave height 10cm)
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Fig. 4.8 Absorbed rotational kinematic power[W] according to load torque[Nm]
by changing incident wave periodlsec] (Buoy weight 9.3kgf, Counter tension
6.05kgf, Dratf 50mm, Flywheel 11.8kgf, Wave height 10cm)
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Fig. 4.9 RPM according to load torque[Nm] by changing incident wave
periodlsec] (Buoy weight 9.3kgf, Counter tension 6.05kgf, Dratf 50mm,
Flywheel Okgf, Wave height 5cm)
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Fig. 4.11 Absorbed rotational kinematic power[W] according to load torque[Nm]
by changing incident wave periodlsec] (Buoy weight 9.3kgf, Counter tension
6.0bkgf, Dratf 50mm, Flywheel Okgf, Wave height 5cm)



M T Power [W]

Y %
| |

0.02
T T et N 09y |

09 1 11 12 13 14 15 16 17 18 19 2
Period [sec]

0.22

0.2

0.18

0.16

0.14

Torque [Nm]
o
o

e
-

0.08

0.06

0.04

Fig. 4.12 Absorbed rotational kinematic power[W] according to load torque[Nm]
by changing incident wave period[sec] (Buoy weight 9.3kgf, Counter tension
6.05kgf, Dratf 50mm, Flywheel Okgf, Wave height 10cm)
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Variable Unit Scale factor
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Fig. 4.13 RPM scaled-up according to load torque[kNm] by changing incident
wave periodlsec] (Buoy weight 9.3kgf, Counter tension 6.05kgf, Draft 50mm,
Flywheel 7.35kgf, Wave height 10cm)
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Fig. 4.14 Absorbed rotational kinematic power[kW] scaled-up according to load
torque[kNm] by changing incident wave periodlsec] (Buoy weight 9.3kgf,
Counter tension 6.05kgf, Draft 50mm, Flywheel 7.35kgf, Wave height 10cm)
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incident wave period[sec] (Buoy weight 9.3kgf, Counter tension 6.05kgf, Draft
50mm, Flywheel 7.35kgf, Wave height 10cm)
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