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Segmented Ultralight Morphing Rotor (SUMR)

Design Process

Goal: Decrease cost of energy by reducing
extreme operational loads on the SUMR

Property ______[SUMR-13.v1_____

Load Estimation

Rated Power 13.2 MW

Rated Rotor Speed 9.54 rpm

Rotor Radius 106.8 m
Configuration 2-bladed, downwind
Precone Angle 12.5 deg.

Hub Height 142 m

Blade Mass 54.8 Mg
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Baseline Controller

* Primary goal: rotor
speed regulation to
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QrpQ-e Design Load Cases (DLCS)

* For certifying wind turbines in
simulation 100

— International Electrotechnical Commission 61400-1
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* Focus on power producing DLCs
(1.xx)

— 1.1: Normal Turbulence Model
— 1.3: Extreme Turbulence Model

— 1.4: Extreme Coherent Gust with
Direction Change

— 1.5: Extreme Wind Shear
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Peak Load Analysis

Maximum Load in DLC 1.3
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Reducing Load Amplitudes

* Teeter —_— 1
* Individual Pitch Wind Shear 1 A =501 2
Control (IPC)
— Linear Moment,
— DQ Linear IPC
— Harmonic COIFO'
* Effective for reducing 2 )
peak loads, but | A=>(1- 2
Pitch, -

Summed with
baseline pitch control

reduces power capture
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Strategic IPC

Extreme Turbulence Case

Enable with 1
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* Botasso et al., 2014
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Reducing Mean Load

* Cone Angle
 Fine Pitch Control

* Generator Setpoint Control

e Active Power Control

Gen. Torque
Control

/ /[
= generator speed set point Blade Pitch
= rated generator speed
= rated generator torque
= generator torque control
= fractional power rating (0-1)

Control
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Controller Performance: Loads vs Power
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Summary and Outlook

e Strategic IPC and de-rating shows promise, but the proper control signals
need to be identified and estimated effectively

e Cost of controls

— Baseline vs. Peak Load Controls
» Baseline control blade design vs. load controlled blade design

— Controlling large rotors to behave like small rotors
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Backup: Mean Load Estimation

 Load sensor measurements

— Linear transform MaXimum Load in DLC 13
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— Multiblade multi-lag transform (MBML) 60 Filtered Mean Signal 4
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