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In t rod u ct ion : Coa st a l Pion e e r  Ar ra y

2“Coastal Pioneer New England Shelf Array.” Ocean Observatories Initiative, oceanobservatories.org/array/coastal-pioneer-array/. Accessed 16 July 2025. 

Pioneer oceanographic buoy
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Current power supply can only generate 

70% of power dem and [1] 

Need  susta inable  ene rgy re source  for 

continuous ope ra tion

Solu tion : Incorpora te  wave  ene rgy 

converte r   

Mot iva t ion : Re lia b le  Pow e r  fo r  Bu oys

3
Coe, Ryan G., Lee , Jantzen e t al. Pioneer WEC concept design report. 
United States: N. p ., 2023. Web. doi:10.2172/2280833.

Pioneer Buoy deployed in the  ocean
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In ve r t e d  Pe n d u lu m  WEC De sign
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Sandia National Labs Pioneer Array [4]

               Objective

Develop nonlinear and linear models to 
predict system dynamics

Assess range of applicability for linear model

Inverted
Pendulum
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Nu m e r ica l Mod e l De r iva t ion
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Nu m e r ica l Mod e l De r iva t ion
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Exp e r im e n t a l Te s t  Se t u p
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Inverted pendulum Swing/BuoyGenerator

Spring
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Exp e r im e n t  Mot ion  De m on st r a t ion  
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1DOF Sw in g Jo in t  Exp e r im e n t a l Da t a
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Swing 𝜽𝜽𝟏𝟏𝝉𝝉𝒔𝒔𝒔𝒔𝒔𝒔𝒔𝒔𝒔𝒔
Rotation at Swing Joint under Applied 𝜏𝜏𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠

---- Numerical estimates

Experimental Data
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1DOF Sw in g Jo in t  Mod e l An a lys is
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Swing 𝜽𝜽𝟏𝟏𝝉𝝉𝒔𝒔𝒔𝒔𝒔𝒔𝒔𝒔𝒔𝒔

RMS of Linear against Nonlinear Swing model Total Harmonic Distortion of Nonlinear Swing model

𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 ≈ 𝜃𝜃
𝑐𝑐𝑐𝑐𝑐𝑐𝜃𝜃 ≈ 1

Linear model obtained via small angle  approx.

Resonant 
Frequency ≈ 0.77Hz

Lower amp./freq.



2024 Sa n d ia  FORCEE Su m m e r  Re se a rch  Sym p osiu m

1DOF Pe n d u lu m  Exp e r im e n t a l Da t a
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Pend. 𝜽𝜽𝟐𝟐𝝉𝝉𝒑𝒑𝒑𝒑𝒑𝒑𝒑𝒑

Rotation at Pend. Joint under Applied 𝜏𝜏𝑔𝑔𝑔𝑔𝑔𝑔

---- Numerical estimates

Experimental Data

Pendulum
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1DOF Pe n d u lu m  Jo in t  Mod e l An a lys is
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RMS of Linear against Nonlinear Pend. model Total Harmonic Distortion of Nonlinear model

𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 ≈ 𝜃𝜃
𝑐𝑐𝑐𝑐𝑐𝑐𝜃𝜃 ≈ 1

Linear model obtained via small angle  approx.

Resonant 
Frequency ≈ 0.35Hz

Lower amp./freq.

Pend. 𝜽𝜽𝟐𝟐𝝉𝝉𝒑𝒑𝒑𝒑𝒑𝒑𝒑𝒑
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2DOF Syst e m  Exp e r im e n t a l Da t a
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---- Numerical estimates
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Com p a r ison  o f Non lin e a r  a n d  Lin e a r  Mod e ls
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Nonlinear Swing model

Linear Swing model
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Com p a r ison  o f Non lin e a r  a n d  Lin e a r  Mod e ls
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Nonlinear Swing model

Linear Swing model
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Com p a r ison  o f Non lin e a r  a n d  Lin e a r  Mod e ls
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Nonlinear Swing model

Linear Swing model
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Com p a r ison  o f Non lin e a r  a n d  Lin e a r  Mod e ls
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Nonlinear spring stiffness
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Con clu s ion s
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Deve lop  linear and  nonlinear m ode ls of Inve rted  Pend . WEC

Coulom b friction  dom ina tes in  near-ze ro  frequencies and  am plitudes

Linear m ode l shows m ore  d isagreem ent with  nonlinear m ode l for 
h igh  am plitudes/re sonant frequencies

THD of Nonlinear Swing model

Lower amp./freq.

RMS of Linear against Nonlinear Swing model

Res freq.
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Th a n k  you  fo r  you r  a t t e n t ion !

Qu e st ion s? Email me at e jl2401@stanford.edu
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6DOF LAMP Te st in g o f t h e  WEC
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