A Framework for Wave-to-Wire Simulation of
Wave Energy Converter for Autonomous
Underwater Vehicle Recharging

Ming Chen (Presenter)

Rakesh Vivekanandan, Curtis Rusch, Bryson Robertson,
and GoffreyHoIIir Y

n @*
PMEC

OregonState  UNIVERSITYof -

Pacific Marine Energy Center University WASHINGTON - -



Objective

Develop a coupled wave energy converter (WEC), dock and AUV hydrodynamics,
AUV navigation, and power tracking modeling framework to simulate and analyze
AUV recharging using marine energy. Specifically:

1) A coupled WEC-AUV dock hydrodynamic model will be solved for analyzing
the dynamic responses of the system and estimating the power output.

2)  Total AUV thrusters’ force can be obtained from an AUV navigation algorithm

using the resulting dock dynamic responses from the hydrodynamic model.

3) The WEC and AUV battery levels will be predicted using a power model based
on WEC power output estimation and AUV motion.




Modeling Framework

WEC-AUV-Dock Hydrodynamic Model AUV Navigation Model
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« Solve for AUV homing and docking

Build WEC, AUV, dock trajectory

Discretize geometries Resolve velocity
into a series of panels potential for bodies

geometric archetype
representation

* Determine the total thruster's forces
on AUV

Define other components Build PTO force Convert hydrodynamic

(e.g., mooring cables, coefficients for time-domain Application PI‘OgFamming Interface

functions
umbilical, drag coefficients) representation
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Predict and track the power flow for

AUV and WEC battery level
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Solve the system
* Dock dynamic responses (displacement, velocity)
* Power output
* WEC dynamic responses

Power Model




Hydrodynamic Modeling Methodology

Time-domain hydrodynamic formulation:
MX = Fouc(t) + Fraa(t) + Fp(t) + Fpro () + Fin(8) + Fy ()
m: mass matrix
X: acceleration vector of the device
F ., (t): wave excitation force
F,;4(t): wave radiation force
F(t): net buoyancy restoring force
Fpro(t): power-take-off (PTO) force
F,,,(t): mooring force

F,(t): linear and/or quadratic viscous force

Note: Foyc(t), Frqq(t), and Fg(t) are calculated using hydrodynamic coefficients obtained from the

trequency domain boundary-element solver.
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WEC, AUV, and Dock Hydrodynamic Modeling
“ Validation W Scale to Practical W
PDS Model
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WEC Hydrodynamic Analysis

Regular wave optimal damping values for H=1.75 m Power Matrix (kW)
Colorbar: Optimal PTO Damping Values [kN/(m/s)]
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AUV Dockmg Hydrodynamlc Model




Flow Field: Double-Gyre
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AUV Navigation Model

Travel Time
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Power Model
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Thank you for listening

Questions ...




