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NREL/DOE Open-Source Modeling Tool Overview
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Engineering models can help to quantify
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Wind Energy with Integrated Servo-Control (WEIS)

WNonlinear Time Domain Method

WEIS enables controls co-design (CCD) of wind turbine ‘
(including floating offshore turbines) physical design High  meh .

with the controller: “BTJZ?,‘:A“Q‘T‘“%
*  Combines WISDEM, RAFT, OpenFAST, and CCD A
m eth O d S iear Time Domain Methods

*  Models relevant physics/dynamics between
components at multiple fidelity levels

| Co-Design
Linearized Closed-loop Candidates

OpenFAST Co-Design % Gonvotor 8 pant

models Optimization
(more (Dymos) N\ | Foodback
DLCs)
Design Iteration

Mid )

Model Fidelity

. . . Linear Frequency Domain Methods ‘ © Promote or demote
*  Considers robust life cycle techno-economics WISDEM-dorived / aoamions o model ity
Low # engineering and Co-Design afg,},;‘;ﬁ" o

* Supports a range of turbine and floater archetypes, Costmodels | optimator Bn
sensors, and actuators v Topologies

Level 1 Analysis: . .
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Wind Energy with Integrated Servo-Control (WEIS)

WEIS enables controls co-design (CCD) of wind turbine

Structural postprocessing

Other preprocessing (many NREL utilities)

(including floating offshore turbines) physical design Loads postprocessing .
with the controller: A e OpenFAST* %
® Combines WlSDEM, RAFT, Open FAST, and CCD Hydrodynamic preprocessing pyHAMS* &

methods Controller tuning ROSCO* + ROSCO_Toolbox* C)

*  Models relevant physics/dynamics between
components at multiple fidelity levels
WindIo*

*  Considers robust life cycle techno-economics

e Supports a range of turbine and floater archetypes, Costmodels 4 ertmiter
sensors, and actuators \J

Geometry, mass, and cost WISDEM*

Co-Design Optimization*

Parameterized turbine + floater

Level 1

Level 1 Analysis: . .
g B Design Certainty

Design

el Variables Pre E Level 2 Analysis: Post
(Star‘tWEIS)—P Initialization —( Dri ir )—P rocessin -k Linearized ost- ]
|\{ p! ing | | : OpenFAST processing

Stop
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WEIS Demo
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DLC Simulations and Constraints



WEIS Phase 2 (2024-2026)

Ensure WEIS can support
industry for floating
offshore wind turbine
(FOWT) demonstration
project needs

Execute WEIS case studies
that apply to industry-
relevant CCD problems and

showcase improvements in
modeling capabilities

Improve and ease the software
experience

Address modeling gaps to support as
many FOWT types as possible

Interview external advisory board and
scope three industry design problems

Demonstrate track record for future
projects
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WEIS Advancements

RAFT:
o Core development
o Flexible multibody dynamics

OpenFAST:
o Large floater yaw
o Active ballast

Rectangular members:
o In WISDEM, RAFT, OpenFAST

CCD methods:

o Multi-input, multi-output (MIMO)
o Surrogate modeling

o Design coupling

Software integration:
o Modularity

o Visualization

o DLCdriver

Software quality and usability:
o Portability and installation

o Documentation

o Workshops

Sa(w)

Reference position
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Design Situation DLC Wind| Other] Type off
Condition|  Conditions| Analysis|

Power production 1.x

Power production plus |2.x

occurrence of fault

Start up 3.x

Normal shut down 4.x

Emergency shut down |5.x

Parked 6.x

Parked with fault 7x

Transport, assembly, |8.x

and maintenance
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WEIS External
Advisory Board

Interviews

Key Feedback

* WEIS needs improved documentation and
examples
Early-stage optimization important, but
don’t over-optimize too early
Goal of optimization should be to guide
design and assess trade-offs, rather than
arrive at a single optimized solution
Turbine/control optimization will be
limited until floating offshore wind
reaches commercial maturity

Modeling Challenges in Optimization
Need for global-to-local structural analysis
OEMs don’t share detailed enough
turbine model
Modularity is key to support internal
models and project-specific constraints

Developers

e Equinor ¢ \estas e Stiesdal e American
e Shell * GE e Glosten Bureau of
* SGRE * Principle Shipping
Power
e U. Maine
e Saitec

f2(A) < f2(B) f2

https://en.wikipedia.org/wiki/Multi-objective optimization

Platform Certification
) . Consultants
designers Bodies

e Olav Olsen
e Ramboll

e Gulf Wind
Technologies

Turbine / control
adaptations for FOWTs
currently limited

Non-OEMs hesitant to try
anything an OEM
wouldn’t do

Karch, 2024

OEMs hesitant to
overhaul turbine /
controller for few projects



https://en.wikipedia.org/wiki/Multi-objective_optimization

WEIS Phase 2 Planned Case Studies (2025-2026)

Stiesdal + Vestas

Challenge: Modeling and design
trade-offs across company and
component

Objective: Coupled floater and
tower optimization with project-
specific constraints

lllustration by Stiesdal

PPl + GE Vernova

Challenge: Mooring fatigue
driven by low frequencies,
impacted by controller
Objective: Coupled mooring and
control optimization with
project-specific constraints

Photo from EPL >

SGRE

Challenge: Controller tuning has
many coupled parameters and
must balance many objectives
Objective: Multi-objective
optimization of SGRE controller
with project-specific constraints

Photo from SGRE
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FAST.Farm Overview

FAST.Farm extends the capabilities of
OpenFAST to provide physics-based
engineering simulation of multi-turbine
land-based, fixed-bottom offshore, and
floating offshore wind farms with the
ability to:

Simulate each wind turbine in the farm
with an OpenFAST model

Capture relevant physics for prediction of
wind farm power performance and
structural loads, including farm-wide
ambient wind, super controller, and wake
advection, meandering, and merging

Maintain computational efficiency through
parallelization to enable loads analysis for
predicting the ultimate and fatigue loads
of each wind turbine in the farm

4 Calls individual modules,

Super Controller
Solves wind plant super
controller dynamics

OpenFAST
(One instance per turbine;
subcycled; many modul Ies)
TV

l H \
|
Calculates plant-wide mooring
L

dynamics of shared mooring

FAST.Farm Driver - L
Wake Dynamics
derives module inputs from ¢ (One instance per rot.or)
outputs, & drives time-domain | Calculates wake dynamics for
solution forward | an individual rotor

Ambient Wind &
Array Effects
Processes ambient wind &
wake interactions across the
wind plant

Wake Advection,
Deflection, &
Meandering

Solves dynamic wake

advection, deflection, &

meandering for an individual &

Near-Wake Correction
Calculates near-wake
(pressure-gradient-zone)
correction to wake deficit for
an individual rotor

quasi-steady
axisymmetric wake deficit
downwind for an individual |

nt wind f-
across the wind plant from a
high-fidelity precursor or an
interface to InflowWind

Wake Merglng
Identifies zones of overlap
between all wakes across the
wind plant & merges their
wake deficits




FAST.Farm Innovations

* Modular, following requirements of
OpenFAST modularization framework

L]

Use of large-eddy simulation generated
or synthetic precursor for ambient wind

Lo
A

Improvement of wake advection,
deflection, and merging compared to
past dynamic wake meandering
implementation

- Wake Planes and Low- and High-Resolution Domains

TIME DOMAIN FREQUERMCY DOMAIN

— Step change
777,,, in yaW FOURIER TRAMNSFORM
-t _|_ +t < > —F _I_ +F

SINCA K RECTAMGULAR BAND-PASS FILTER

Optional inclusion of wind-farm-wide
super controller

Optional inclusion of shared mooring

systems Spatial Averaging Through jinc Weighting

| ' A A
| r : F“_-J L-*P

Farm Super Control
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Ability to solve entire wind farm in
serial or parallel

Calibration of wake-related model
parameters against high-fidelity

simulations Wake Advection Wake Merging

«~— Time
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FAST.Farm
Application Vision

* Reduce uncertainty of wind
farm performance and loads,
including advanced site

S u Ita b I | Ity 3 lllustration by Josh. Bauer, NREL
* Assess impact of wind farm ' APPLICATION

controls on loads Wake Steering in FLORIS
* Develop loads surrogates for Ty Guillore et al., 2024

waked turbines (b EXU“L“-“R inputs (c) Load surrogate model

(a) Wind farm plant

* Optimize wind farms
considering loads

* Design wind turbines based on
more realistic wind-farm
environment

Actual DELs Predicted DELSs
a——— :
* Assess wake affects unique to . / Y
FOWTs
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FAST Farm-Derived Loads Surrogate



Recent FAST.Farm Developments

FAST.Farm t=1370s LES t=370s
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Karch, 2024

Key Future Modeling and
Verification & Validation
Focus Areas

* Global to local structural coupling

* Viscous hydrodynamics

e Steep and breaking waves

* Floater motion-induced aerodynamics

 Combined rotational augmentation — | — / e
and unsteady airfoil aerodynamics

lllustration by Ganesh Vijayakumar, NREL

* High Reynolds number

e Stall- and vortex-induced vibration
* Complex terrain

* Air-sea interaction

* Atmospheric stability

* Tropical cyclones

* Blockage/deep array effects

NREL | 19

e Cluster wakes
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