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Simulation of hydraulic power conversion system for pendulum wave energy converter
in regular waves
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Abstract

Hydraulic systems have been applied as a power take-off device in wave energy converter because the systems have high
robustness and controllability under severe load conditions. To maximize power generation, optimization of the combination
of pendulum dimensions, hydraulic parts and generator is required under various sea states. Moreover, from the viewpoint of
grid connection, maximization of output power and smoothing have to be satisfied simultaneously. In this research, to
optimize the pendulum wave energy converter, the power conversion simulation which considered from the wave to the
generator rotation was created.
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Figure 1 Concept of bottom fixed pendulum wave energy converter (left) and dimension of pendulum (right)
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Figure 2 Hydraulic energy conversion system
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Figure 3 Absorbed efficiency in regular wave
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Figure 4 Absorbed efficiency in various wave conditions
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Figure 5 Absorbed power in various wave conditions
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Figure 6 Concept of hydraulic conversion system
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Table 1 Specification of hydraulic elements
Parts Type (manufacturer) Specification
Hydraulic pump MRF-03H (Mitsubishi Heavy Industries) 30. 9cc/rev, 14MPa
Hydraulic motor ME100 (Eaton) 99cc/rev

Generator

SKY-MG450 (Sky denshi)

3. 3kW/300rpm, 15 Ohm, 48pole

Accumulator NH-A2 IMP-LL5-AAC (Nippon Accumulator) 5.0L, 3.5MPa N2

Servo motor HG-JR15KIM (Mitsubishi electric) 7. 3kW/1000rpm
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Figure 7 Experiment facility Figure 8 Hydraulic circuit
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Figure 9 Simulink model of hydraulic power converter
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Figure 10 Comparison of pressure of working fluid in hydraulic circuit
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Figure 11 Model combining pendulum and power converter
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Figure 12 Wave height, output power of pendulum (purple) and output power of hydraulic motor (green)

without accumulator
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Figure 13 Output power of pendulum (purple) and output power of hydraulic motor (green)

with accumulator

Table 2 Output power of hydraulic motor

Output power Without Accumulator With Accumulator

Average (kW) 3.64 2.77

Standard deviation (kW) 2.77 1. 10
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