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Problem statement

Problem: there are many decisions required to design a WEC , and limited 
understanding of  how these interact and play a role in performance

2

Objective: minimize LCOE
Design variables: r1, r2, d1

Optimization tool

Current process

Improved process

r2 =?

r1 =?

d1 =?

WEC concept

BEM 
(WAMIT, Nemoh)

Optimized design

r2 =?

r1 =?

d1 =?

WEC concept

r2 = 20m

r1 = 15m

d1 = 30m

Suboptimal design

BEM 
(WAMIT, Nemoh) WEC-Sim Control design

Manual loop

Obj.: maximize power
Design var: fPTO

Optimal control design

Pseudo-
spectral 
model

Model for 
LCOE



Problem statement3

Solution: enable systematic design optimization studies using efficient models and 
arbitrary objective functions to suit specific users’ needs

Objective: minimize LCOE
Design variables: r1, r2, d1

Optimization tool

Current process

Improved process

r2 =?

r1 =?

d1 =?

WEC concept

BEM 
(WAMIT, Nemoh)

r2 = 23.4m

r1 = 16.2m

d1 = 32.6m

Optimized design

r2 =?

r1 =?

d1 =?

WEC concept Suboptimal design

BEM 
(WAMIT, Nemoh) WEC-Sim Control design

Manual loop

Obj.: maximize power
Design var: fPTO

Optimal control design

Pseudo-
spectral 
model

Model for 
LCOE



Technical Approach

• Pseudo spectral method1 allows 
for efficient optimal control 
solution with constraints

• Allows for co-design, with 
arbitrary structure “stand-in” 
controller 

1Recently leveraged for 
International Space Station 
maneuver using gyroscopes 
(no fuel)



Algorithmic structure5
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Live demo6

Documentation
https://snl-waterpower.github.io/WecOptToolhttps://github.com/SNL-WaterPower/WecOptTool

Github repository

https://snl-waterpower.github.io/WecOptTool
https://github.com/SNL-WaterPower/WecOptTool


Examples7

Maximum PTO force: Fmax
u

<latexit sha1_base64="ft9Sjdt5xChinvQR7aJPLCl60Vo=">AAACF3icbVDLSgMxFM3UV62vUZdugkVwVWaqoLgqCuJGrNAXtLVk0rQNTWaG5I60DPMXbvwVNy4Ucas7/8b0IWjrgcDhnHtv7j1eKLgGx/myUguLS8sr6dXM2vrG5pa9vVPRQaQoK9NABKrmEc0E91kZOAhWCxUj0hOs6vUvRn71ninNA78Ew5A1Jen6vMMpASO17FwD2ACUjK/JgMtI4mLpBncCM/wMJ5d38Y8tySBJWlHLzjo5Zww8T9wpyaIpii37s9EOaCSZD1QQreuuE0IzJgo4FSzJNCLNQkL7pMvqhvpEMt2Mx3cl+MAo7dE25vmAx+rvjphIrYfSM5WSQE/PeiPxP68eQee0GXM/jID5dPJRJxIYAjwKCbe5YhTE0BBCFTe7YtojilAwUWZMCO7syfOkks+5R7n87XG2cD6NI4320D46RC46QQV0hYqojCh6QE/oBb1aj9az9Wa9T0pT1rRnF/2B9fENPDegmw==</latexit>

Outer radius: r
<latexit sha1_base64="nKyzOtrS/4+67Ld9pFM4u/HYyHc=">AAACAXicbVDLSsNAFL3xWesr6kZwM1gEVyWpguKq6MadFewD2lAmk0k7dCYJMxOxhLrxV9y4UMStf+HOv3HaZqGtBwYO59zLnXP8hDOlHefbWlhcWl5ZLawV1zc2t7btnd2GilNJaJ3EPJYtHyvKWUTrmmlOW4mkWPicNv3B1dhv3lOpWBzd6WFCPYF7EQsZwdpIXXu/o+mDliK7STWVSOKApeoCjWTXLjllZwI0T9yclCBHrWt/dYKYpIJGmnCsVNt1Eu1lWGpGOB0VO6miCSYD3KNtQyMsqPKySYIROjJKgMJYmhdpNFF/b2RYKDUUvpkUWPfVrDcW//PaqQ7PvYxFiYkXkemhMOVIx2hcBwqYpETzoSGYSGb+ikgfS0xMG6poSnBnI8+TRqXsnpQrt6el6mVeRwEO4BCOwYUzqMI11KAOBB7hGV7hzXqyXqx362M6umDlO3vwB9bnD81elxo=</latexit>

zmax
<latexit sha1_base64="mcSvyIYe75B2nuWouTgmTNVLCBo=">AAAB9XicbVBNTwIxEO36ifiFevTSSEw8kV000SPRi0dM5COBhXRLFxra7qadVXDD//DiQWO8+l+8+W8ssAcFXzLJy3szmZkXxIIbcN1vZ2V1bX1jM7eV397Z3dsvHBzWTZRoymo0EpFuBsQwwRWrAQfBmrFmRAaCNYLhzdRvPDBteKTuYRwzX5K+4iGnBKzUeeq0gY1Ay1SS0aRbKLoldwa8TLyMFFGGarfw1e5FNJFMARXEmJbnxuCnRAOngk3y7cSwmNAh6bOWpYpIZvx0dvUEn1qlh8NI21KAZ+rviZRIY8YysJ2SwMAselPxP6+VQHjlp1zFCTBF54vCRGCI8DQC3OOaURBjSwjV3N6K6YBoQsEGlbcheIsvL5N6ueSdl8p3F8XKdRZHDh2jE3SGPHSJKugWVVENUaTRM3pFb86j8+K8Ox/z1hUnmzlCf+B8/gBynZMg</latexit>

Use WaveBot geometry

• Case A: Performance with CC, P, and PS 
controllers

• Case B: Optimal design for CC, P, and PS 
controllers

• Case C: Multi-objective design study

Design variable Case A Case B Case C

Outer radius, r [m] r = 0.88 r 2 [0.25, 2] r 2 [0.25, 2]
Maximum PTO force, Fmax

u [kN] Fmax
u = 2 Fmax

u = 1 Fmax
u 2 [0.1, 1]

Maximum stroke, zmax
[m] zmax

= 1 zmax
= 0.6 zmax

= 1
<latexit sha1_base64="xzsnNnOwoHbbL2otX5bK7XYJPU8="></latexit>

https://doi.org/10.36227/techrxiv.12928898

Regular wave: A = 0.0625m, T = 3.33 s
<latexit sha1_base64="/RnmPhLdgzpnUtyyChzRF7f7cms="></latexit>

Tn = 1.6 s
<latexit sha1_base64="eM1r2n1C1BVj/gN497pgoduHbhc="></latexit>

https://doi.org/10.36227/techrxiv.12928898


Case A8

Design variable Case A Case B Case C

Outer radius, r [m] r = 0.88 r 2 [0.25, 2] r 2 [0.25, 2]
Maximum PTO force, Fmax

u [kN] Fmax
u = 2 Fmax

u = 1 Fmax
u 2 [0.1, 1]

Maximum stroke, zmax
[m] zmax

= 1 zmax
= 0.6 zmax

= 1
<latexit sha1_base64="xzsnNnOwoHbbL2otX5bK7XYJPU8="></latexit>

Performance with CC, P, and PS controllers

https://github.com/SNL-WaterPower/WecOptTool/blob/master/examples/WaveBot/WaveBot_caseA.m

Not a design optimization study

With fixed design, simulate device response using three different controllers

Fu(!) = �Z⇤
i (!)u(!)

<latexit sha1_base64="NP4mnaE6OLRgHqcuZQrjYwlKDbc="></latexit>

CC: Complex-conjugate

Fu = �Bpto V
<latexit sha1_base64="vITAgHUBCaF5t3XGIXOkY1rhcVo="></latexit>

P: Proportional damping

PS: pseudo-spectral

argmin
⌫,�,✏

P (X,�, G,E)
<latexit sha1_base64="UuQ3+3XfTb/5wY+kLJ+oeM15KNw="></latexit>

power

velocity

PTO
force

hydro & 
constraints

excitation

basis function
coefficients

http://mural.maynoothuniversity.ie/6753/

For more on the 
pseudo-spectral 

method

https://github.com/SNL-WaterPower/WecOptTool/blob/master/examples/WaveBot/WaveBot_caseA.m
http://mural.maynoothuniversity.ie/6753/


Case A, results9

Performance with CC, P, and PS controllers

Design variable Case A Case B Case C

Outer radius, r [m] r = 0.88 r 2 [0.25, 2] r 2 [0.25, 2]
Maximum PTO force, Fmax

u [kN] Fmax
u = 2 Fmax

u = 1 Fmax
u 2 [0.1, 1]

Maximum stroke, zmax
[m] zmax

= 1 zmax
= 0.6 zmax

= 1
<latexit sha1_base64="xzsnNnOwoHbbL2otX5bK7XYJPU8="></latexit>

https://github.com/SNL-WaterPower/WecOptTool/blob/master/examples/WaveBot/WaveBot_caseA.m
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<latexit sha1_base64="ft9Sjdt5xChinvQR7aJPLCl60Vo=">AAACF3icbVDLSgMxFM3UV62vUZdugkVwVWaqoLgqCuJGrNAXtLVk0rQNTWaG5I60DPMXbvwVNy4Ucas7/8b0IWjrgcDhnHtv7j1eKLgGx/myUguLS8sr6dXM2vrG5pa9vVPRQaQoK9NABKrmEc0E91kZOAhWCxUj0hOs6vUvRn71ninNA78Ew5A1Jen6vMMpASO17FwD2ACUjK/JgMtI4mLpBncCM/wMJ5d38Y8tySBJWlHLzjo5Zww8T9wpyaIpii37s9EOaCSZD1QQreuuE0IzJgo4FSzJNCLNQkL7pMvqhvpEMt2Mx3cl+MAo7dE25vmAx+rvjphIrYfSM5WSQE/PeiPxP68eQee0GXM/jID5dPJRJxIYAjwKCbe5YhTE0BBCFTe7YtojilAwUWZMCO7syfOkks+5R7n87XG2cD6NI4320D46RC46QQV0hYqojCh6QE/oBb1aj9az9Wa9T0pT1rRnF/2B9fENPDegmw==</latexit>

Outer radius: r
<latexit sha1_base64="nKyzOtrS/4+67Ld9pFM4u/HYyHc=">AAACAXicbVDLSsNAFL3xWesr6kZwM1gEVyWpguKq6MadFewD2lAmk0k7dCYJMxOxhLrxV9y4UMStf+HOv3HaZqGtBwYO59zLnXP8hDOlHefbWlhcWl5ZLawV1zc2t7btnd2GilNJaJ3EPJYtHyvKWUTrmmlOW4mkWPicNv3B1dhv3lOpWBzd6WFCPYF7EQsZwdpIXXu/o+mDliK7STWVSOKApeoCjWTXLjllZwI0T9yclCBHrWt/dYKYpIJGmnCsVNt1Eu1lWGpGOB0VO6miCSYD3KNtQyMsqPKySYIROjJKgMJYmhdpNFF/b2RYKDUUvpkUWPfVrDcW//PaqQ7PvYxFiYkXkemhMOVIx2hcBwqYpETzoSGYSGb+ikgfS0xMG6poSnBnI8+TRqXsnpQrt6el6mVeRwEO4BCOwYUzqMI11KAOBB7hGV7hzXqyXqx362M6umDlO3vwB9bnD81elxo=</latexit>

zmax
<latexit sha1_base64="mcSvyIYe75B2nuWouTgmTNVLCBo=">AAAB9XicbVBNTwIxEO36ifiFevTSSEw8kV000SPRi0dM5COBhXRLFxra7qadVXDD//DiQWO8+l+8+W8ssAcFXzLJy3szmZkXxIIbcN1vZ2V1bX1jM7eV397Z3dsvHBzWTZRoymo0EpFuBsQwwRWrAQfBmrFmRAaCNYLhzdRvPDBteKTuYRwzX5K+4iGnBKzUeeq0gY1Ay1SS0aRbKLoldwa8TLyMFFGGarfw1e5FNJFMARXEmJbnxuCnRAOngk3y7cSwmNAh6bOWpYpIZvx0dvUEn1qlh8NI21KAZ+rviZRIY8YysJ2SwMAselPxP6+VQHjlp1zFCTBF54vCRGCI8DQC3OOaURBjSwjV3N6K6YBoQsEGlbcheIsvL5N6ueSdl8p3F8XKdRZHDh2jE3SGPHSJKugWVVENUaTRM3pFb86j8+K8Ox/z1hUnmzlCf+B8/gBynZMg</latexit>
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https://github.com/SNL-WaterPower/WecOptTool/blob/master/examples/WaveBot/WaveBot_caseA.m


Case A, results10
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Performance with CC, P, and PS controllers

Design variable Case A Case B Case C

Outer radius, r [m] r = 0.88 r 2 [0.25, 2] r 2 [0.25, 2]
Maximum PTO force, Fmax

u [kN] Fmax
u = 2 Fmax

u = 1 Fmax
u 2 [0.1, 1]

Maximum stroke, zmax
[m] zmax

= 1 zmax
= 0.6 zmax

= 1
<latexit sha1_base64="xzsnNnOwoHbbL2otX5bK7XYJPU8="></latexit>

https://github.com/SNL-WaterPower/WecOptTool/blob/master/examples/WaveBot/WaveBot_caseA.m
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excited frequency
(T=3.33s)

resonance :) not resonance :( almost resonance ;)

harmonics

https://github.com/SNL-WaterPower/WecOptTool/blob/master/examples/WaveBot/WaveBot_caseA.m


Case B11

Design variable Case A Case B Case C

Outer radius, r [m] r = 0.88 r 2 [0.25, 2] r 2 [0.25, 2]
Maximum PTO force, Fmax

u [kN] Fmax
u = 2 Fmax

u = 1 Fmax
u 2 [0.1, 1]

Maximum stroke, zmax
[m] zmax

= 1 zmax
= 0.6 zmax

= 1
<latexit sha1_base64="xzsnNnOwoHbbL2otX5bK7XYJPU8="></latexit>

min
r

P̄ (r)

(r0 + r)3

s.t. r 2 [0.25, 2]
<latexit sha1_base64="lG+UbxkkxYeJuRk7EEt6Be+K57E="></latexit>

Optimal design for CC, P, and PS controllers

https://github.com/SNL-WaterPower/WecOptTool/blob/master/examples/WaveBot/WaveBot_caseB.m

Brute force (“Monte Carlo”) and fminbnd

Varying the outer radius, maximize the ratio of average power to volume*

Maximum PTO force: Fmax
u

<latexit sha1_base64="ft9Sjdt5xChinvQR7aJPLCl60Vo=">AAACF3icbVDLSgMxFM3UV62vUZdugkVwVWaqoLgqCuJGrNAXtLVk0rQNTWaG5I60DPMXbvwVNy4Ucas7/8b0IWjrgcDhnHtv7j1eKLgGx/myUguLS8sr6dXM2vrG5pa9vVPRQaQoK9NABKrmEc0E91kZOAhWCxUj0hOs6vUvRn71ninNA78Ew5A1Jen6vMMpASO17FwD2ACUjK/JgMtI4mLpBncCM/wMJ5d38Y8tySBJWlHLzjo5Zww8T9wpyaIpii37s9EOaCSZD1QQreuuE0IzJgo4FSzJNCLNQkL7pMvqhvpEMt2Mx3cl+MAo7dE25vmAx+rvjphIrYfSM5WSQE/PeiPxP68eQee0GXM/jID5dPJRJxIYAjwKCbe5YhTE0BBCFTe7YtojilAwUWZMCO7syfOkks+5R7n87XG2cD6NI4320D46RC46QQV0hYqojCh6QE/oBb1aj9az9Wa9T0pT1rRnF/2B9fENPDegmw==</latexit>

Outer radius: r
<latexit sha1_base64="nKyzOtrS/4+67Ld9pFM4u/HYyHc=">AAACAXicbVDLSsNAFL3xWesr6kZwM1gEVyWpguKq6MadFewD2lAmk0k7dCYJMxOxhLrxV9y4UMStf+HOv3HaZqGtBwYO59zLnXP8hDOlHefbWlhcWl5ZLawV1zc2t7btnd2GilNJaJ3EPJYtHyvKWUTrmmlOW4mkWPicNv3B1dhv3lOpWBzd6WFCPYF7EQsZwdpIXXu/o+mDliK7STWVSOKApeoCjWTXLjllZwI0T9yclCBHrWt/dYKYpIJGmnCsVNt1Eu1lWGpGOB0VO6miCSYD3KNtQyMsqPKySYIROjJKgMJYmhdpNFF/b2RYKDUUvpkUWPfVrDcW//PaqQ7PvYxFiYkXkemhMOVIx2hcBwqYpETzoSGYSGb+ikgfS0xMG6poSnBnI8+TRqXsnpQrt6el6mVeRwEO4BCOwYUzqMI11KAOBB7hGV7hzXqyXqx362M6umDlO3vwB9bnD81elxo=</latexit>

zmax
<latexit sha1_base64="mcSvyIYe75B2nuWouTgmTNVLCBo=">AAAB9XicbVBNTwIxEO36ifiFevTSSEw8kV000SPRi0dM5COBhXRLFxra7qadVXDD//DiQWO8+l+8+W8ssAcFXzLJy3szmZkXxIIbcN1vZ2V1bX1jM7eV397Z3dsvHBzWTZRoymo0EpFuBsQwwRWrAQfBmrFmRAaCNYLhzdRvPDBteKTuYRwzX5K+4iGnBKzUeeq0gY1Ay1SS0aRbKLoldwa8TLyMFFGGarfw1e5FNJFMARXEmJbnxuCnRAOngk3y7cSwmNAh6bOWpYpIZvx0dvUEn1qlh8NI21KAZ+rviZRIY8YysJ2SwMAselPxP6+VQHjlp1zFCTBF54vCRGCI8DQC3OOaURBjSwjV3N6K6YBoQsEGlbcheIsvL5N6ueSdl8p3F8XKdRZHDh2jE3SGPHSJKugWVVENUaTRM3pFb86j8+K8Ox/z1hUnmzlCf+B8/gBynZMg</latexit>

Does not go to 
zero quickly

https://github.com/SNL-WaterPower/WecOptTool/blob/master/examples/WaveBot/WaveBot_caseB.m


Case B, results pt. 112
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Design variable Case A Case B Case C

Outer radius, r [m] r = 0.88 r 2 [0.25, 2] r 2 [0.25, 2]
Maximum PTO force, Fmax

u [kN] Fmax
u = 2 Fmax

u = 1 Fmax
u 2 [0.1, 1]

Maximum stroke, zmax
[m] zmax

= 1 zmax
= 0.6 zmax

= 1
<latexit sha1_base64="xzsnNnOwoHbbL2otX5bK7XYJPU8="></latexit>

Optimal design for CC, P, and PS controllers

https://github.com/SNL-WaterPower/WecOptTool/blob/master/examples/WaveBot/WaveBot_caseB.m

min
r

P̄ (r)

(r0 + r)3

s.t. r 2 [0.25, 2]
<latexit sha1_base64="lG+UbxkkxYeJuRk7EEt6Be+K57E="></latexit>Controller Opt. radius, ropt Obj. fun. value

CC 0.25 -86.1

P 1.00 -5.0

PS 0.40 -47.7
<latexit sha1_base64="33csP2UspWh8EyrFG58w5KOLpMI="></latexit>
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https://github.com/SNL-WaterPower/WecOptTool/blob/master/examples/WaveBot/WaveBot_caseB.m


Case B, results pt. 213

Design variable Case A Case B Case C

Outer radius, r [m] r = 0.88 r 2 [0.25, 2] r 2 [0.25, 2]
Maximum PTO force, Fmax

u [kN] Fmax
u = 2 Fmax

u = 1 Fmax
u 2 [0.1, 1]

Maximum stroke, zmax
[m] zmax

= 1 zmax
= 0.6 zmax

= 1
<latexit sha1_base64="xzsnNnOwoHbbL2otX5bK7XYJPU8="></latexit>

Optimal design for CC, P, and PS controllers

https://github.com/SNL-WaterPower/WecOptTool/blob/master/examples/WaveBot/WaveBot_caseB.m

min
r

P̄ (r)

(r0 + r)3

s.t. r 2 [0.25, 2]
<latexit sha1_base64="lG+UbxkkxYeJuRk7EEt6Be+K57E="></latexit>Controller Opt. radius, ropt Obj. fun. value

CC 0.25 -86.1

P 1.00 -5.0

PS 0.40 -47.7
<latexit sha1_base64="33csP2UspWh8EyrFG58w5KOLpMI="></latexit>
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https://github.com/SNL-WaterPower/WecOptTool/blob/master/examples/WaveBot/WaveBot_caseB.m


Case C14

Design variable Case A Case B Case C

Outer radius, r [m] r = 0.88 r 2 [0.25, 2] r 2 [0.25, 2]
Maximum PTO force, Fmax

u [kN] Fmax
u = 2 Fmax

u = 1 Fmax
u 2 [0.1, 1]

Maximum stroke, zmax
[m] zmax

= 1 zmax
= 0.6 zmax

= 1
<latexit sha1_base64="xzsnNnOwoHbbL2otX5bK7XYJPU8="></latexit>

min
r,Fmax

u

�
P̄ , (r0 + r)3, zmax

�

s.t. r 2 [0.25, 2]

Fmax
u 2 [0.1, 1]⇥ 103

<latexit sha1_base64="2Xv2lU49v2g7XeT0kzhbuky0Oa0="></latexit>

Multi-objective design study

https://github.com/SNL-WaterPower/WecOptTool/blob/master/examples/WaveBot/WaveBot_caseC.m

Varying the outer radius and maximum PTO force, find the Pareto front for 
power, volume*, and maximum PTO stroke

power

volume* max PTO stroke

Maximum PTO force: Fmax
u

<latexit sha1_base64="ft9Sjdt5xChinvQR7aJPLCl60Vo=">AAACF3icbVDLSgMxFM3UV62vUZdugkVwVWaqoLgqCuJGrNAXtLVk0rQNTWaG5I60DPMXbvwVNy4Ucas7/8b0IWjrgcDhnHtv7j1eKLgGx/myUguLS8sr6dXM2vrG5pa9vVPRQaQoK9NABKrmEc0E91kZOAhWCxUj0hOs6vUvRn71ninNA78Ew5A1Jen6vMMpASO17FwD2ACUjK/JgMtI4mLpBncCM/wMJ5d38Y8tySBJWlHLzjo5Zww8T9wpyaIpii37s9EOaCSZD1QQreuuE0IzJgo4FSzJNCLNQkL7pMvqhvpEMt2Mx3cl+MAo7dE25vmAx+rvjphIrYfSM5WSQE/PeiPxP68eQee0GXM/jID5dPJRJxIYAjwKCbe5YhTE0BBCFTe7YtojilAwUWZMCO7syfOkks+5R7n87XG2cD6NI4320D46RC46QQV0hYqojCh6QE/oBb1aj9az9Wa9T0pT1rRnF/2B9fENPDegmw==</latexit>

Outer radius: r
<latexit sha1_base64="nKyzOtrS/4+67Ld9pFM4u/HYyHc=">AAACAXicbVDLSsNAFL3xWesr6kZwM1gEVyWpguKq6MadFewD2lAmk0k7dCYJMxOxhLrxV9y4UMStf+HOv3HaZqGtBwYO59zLnXP8hDOlHefbWlhcWl5ZLawV1zc2t7btnd2GilNJaJ3EPJYtHyvKWUTrmmlOW4mkWPicNv3B1dhv3lOpWBzd6WFCPYF7EQsZwdpIXXu/o+mDliK7STWVSOKApeoCjWTXLjllZwI0T9yclCBHrWt/dYKYpIJGmnCsVNt1Eu1lWGpGOB0VO6miCSYD3KNtQyMsqPKySYIROjJKgMJYmhdpNFF/b2RYKDUUvpkUWPfVrDcW//PaqQ7PvYxFiYkXkemhMOVIx2hcBwqYpETzoSGYSGb+ikgfS0xMG6poSnBnI8+TRqXsnpQrt6el6mVeRwEO4BCOwYUzqMI11KAOBB7hGV7hzXqyXqx362M6umDlO3vwB9bnD81elxo=</latexit>

zmax
<latexit sha1_base64="mcSvyIYe75B2nuWouTgmTNVLCBo=">AAAB9XicbVBNTwIxEO36ifiFevTSSEw8kV000SPRi0dM5COBhXRLFxra7qadVXDD//DiQWO8+l+8+W8ssAcFXzLJy3szmZkXxIIbcN1vZ2V1bX1jM7eV397Z3dsvHBzWTZRoymo0EpFuBsQwwRWrAQfBmrFmRAaCNYLhzdRvPDBteKTuYRwzX5K+4iGnBKzUeeq0gY1Ay1SS0aRbKLoldwa8TLyMFFGGarfw1e5FNJFMARXEmJbnxuCnRAOngk3y7cSwmNAh6bOWpYpIZvx0dvUEn1qlh8NI21KAZ+rviZRIY8YysJ2SwMAselPxP6+VQHjlp1zFCTBF54vCRGCI8DQC3OOaURBjSwjV3N6K6YBoQsEGlbcheIsvL5N6ueSdl8p3F8XKdRZHDh2jE3SGPHSJKugWVVENUaTRM3pFb86j8+K8Ox/z1hUnmzlCf+B8/gBynZMg</latexit>

https://github.com/SNL-WaterPower/WecOptTool/blob/master/examples/WaveBot/WaveBot_caseC.m


Case C, results pt. 115

Design variable Case A Case B Case C

Outer radius, r [m] r = 0.88 r 2 [0.25, 2] r 2 [0.25, 2]
Maximum PTO force, Fmax

u [kN] Fmax
u = 2 Fmax

u = 1 Fmax
u 2 [0.1, 1]

Maximum stroke, zmax
[m] zmax

= 1 zmax
= 0.6 zmax

= 1
<latexit sha1_base64="xzsnNnOwoHbbL2otX5bK7XYJPU8="></latexit>

Multi-objective design study

https://github.com/SNL-WaterPower/WecOptTool/blob/master/examples/WaveBot/WaveBot_caseC.m
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<latexit sha1_base64="YIvsoMWwdwrCkNwJwCiuZyyG2Kk="></latexit>

Vol. fun, (r0 + r)3 [m3]
<latexit sha1_base64="NUw6lpDjIvlxDzZKFpRo3q/Hj7E="></latexit>

Neg. avg. power, �P̄ [W]
<latexit sha1_base64="wnCCNZfi5ylif7QI5D1AQAKpk2g="></latexit>

https://github.com/SNL-WaterPower/WecOptTool/blob/master/examples/WaveBot/WaveBot_caseC.m
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Case C, results pt. 216
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Design variable Case A Case B Case C

Outer radius, r [m] r = 0.88 r 2 [0.25, 2] r 2 [0.25, 2]
Maximum PTO force, Fmax

u [kN] Fmax
u = 2 Fmax

u = 1 Fmax
u 2 [0.1, 1]

Maximum stroke, zmax
[m] zmax

= 1 zmax
= 0.6 zmax

= 1
<latexit sha1_base64="xzsnNnOwoHbbL2otX5bK7XYJPU8="></latexit>

Multi-objective design study

https://github.com/SNL-WaterPower/WecOptTool/blob/master/examples/WaveBot/WaveBot_caseC.m
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RM3 WaveBot

Existing examples Upcoming examples

Flapper



WecOptTool v1.0 and beyond (cont.)18

• Additional examples

• Automated kinematics generation
(linearization of a Jacobian)

• PTO dynamics 
(https://github.com/SNL-WaterPower/fbWecCntrl/tree/codesign) 

• Fundamental concepts and objective 
functions

• Fixed-structure controllers

Sandia National Laboratories is a multi-mission laboratory managed 
and operated by National Technology and Engineering Solutions of 

Sandia, LLC., a wholly owned subsidiary of Honeywell International, 
Inc., for the U.S. Department of Energy's National Nuclear Security 

Administration under contract DE-NA0003525.

Thank you for your time

https://github.com/SNL-WaterPower/fbWecCntrl/tree/codesign

