
Ocean waves represent a significant source of renewable 
energy. Unlike the others, such as wind and solar energy, 
Wave energy has the advantages of consistency and 
predictability.

Wave Energy Converters harvest the kinetic energy in Ocean 
waves in various mechanisms such as point absorption, 
Oscillating Surge, and turbine-wise. One of the representative 
models is Reference Model 3, developed by the National 
Renewable Energy Laboratory(NREL) [1]. RM3 is the heave-
only point absorber that converts the vertical relative kinetic 
energy between two bodies into electrical energy by the 
permanent magnet linear generator. 

To analyze the power performance and efficiency of 
WECs, it is necessary to calculate the movements of 
the bodies that make them up. The motion of bodies in 
WECs is determined by various physics: hydrodynamics, 
mechanics, electronics, and control. The boundary of 
physics can be expressed as a second-order differential 
equation. This project converts the equation into an 
equivalent electric circuit model to utilize wave energy’s 
frequency response characteristics and optimize energy 
absorption in WEC. 

• Identify the physics that determines the motion of Bodies 
• Fetch the hydrodynamic coefficients from WEC-Sim [1]
• Build the equivalent circuit model via Matlab Simulink 
• Compare the responses with WEC-Sim’s
• Evaluate errors

1. Errors occurred due to the simplification from 7DOF to 
2DOF

2. A non-linear component will be added for practical 
results

3. PTO Control optimization by analyzing the circuit 
representation.

[1] Kelley Ruehl, David Ogden, Yi-Hsiang Yu, Adam Keester, Nathan Tom, Dominic Forbush, Jorge Leon, Jeff Grasberger, and Sal 
Husain. (2022, May), WEC-Sim (Version v5.0), DOI 10.5281/zenodo.6555137.
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Regular wave, T = 3 s, H = 2.5 m, Computation time: 10.4s in WEC-Sim, 1.9s in Equivalent circuit model 

Regular wave, T = 8 s, H = 2.5 m, Computation time: 11.8s in WEC-Sim, 1.6s in Equivalent circuit model 

Regular wave, T = 12 s, H = 2.5 m, Computation time: 13.7s in WEC-Sim, 3.8s in Equivalent circuit model 

Irregular wave(PM spectrum) Tp = 8 s, Hmo= 2 m, Computation time: 21.2s in WEC-Sim, 2.1s in Equivalent circuit model 

Fig.1 Mechanics for Heave only point absorber RM3 [1]

Fig.1 Heave only point-absorber RM3 with Direct Drive Linear generator [1]
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