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pictures: NREL 

Rotor blade properties 
Å built by DLR 
Å geometric coupling induced by 

prebend and sweep 
Å demo length scale of 20m 
Å intended to reduce overall 

loading 
 

SmartBlades2 T1 rotor blades 

project partners 

Main project goals 

Å demonstration of technology in operational 
tests 

Å validation of numerical tools 
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NWTC 
 test site 

CART3 CART2 

met mast 

Operational tests on CART3, Boulder, 
Colorado (blade #2-blade #4) 
Å varying test conditions (cross wind, 

start-up, shutdown) 
Å multitude of measurements 

- met mast 
- aero probes 
- Lidar on nacelle  
- SSB BladeVision  
- strain gauges 
- DIC 

Rotor blade properties 
Å built by DLR 
Å geometric coupling induced by 

prebend and sweep 
Å demo length scale of 20m 
Å intended to reduce overall 

loading 
 

Main project goals 

Å demonstration of technology in operational 
tests 

Å validation of numerical tools 

Context of test campaign 

 SmartBlades2 T1 rotor blades 
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Related structural testing 

pictures: IWES Bremerhaven 

Certification of blade #1 according to 
IEC61400-23 
Å static extreme loads 
- flapwise bending, edgewise 

bending, torsion; before and 
after fatigue test  

Å dynamic high-cycle fatigue test 

modal tests 
Å free-free boundary condition (4 blades) 

- deviations from manufacturing 
Å at the test rig (blade #1) 

- very high sensor density 
- larger deformations  

ideal database for FE model update 

Bend-twist coupled blades 
Å coupled mode-shapes are predicted 

with uncertainty 
Å affects power production, loading, 

flutter stability 
ü structural dynamic validation of FE shell and beam models 
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Process of finishing 

picture: DLR 

  blade #1 blade #2 blade #3  blade #4 
free (DLR)  x x x   
free w/ finish (NREL)   x x x 

test rig (IWES) x       

unfinished blade 

Overview of test campaign 

Finish of rotor blades 
Å Removal of remains from previous 

manufacturing steps 
Å installing blade root connection 
Å additional layers of lay-up laminate 
Å colouring the blade  
Å approximated mass increase: 103kg 

Mass of individual rotor blades 

  mass in kg 

blade #1 
w/o finish 

1793 

blade #2 1971 

blade #3 1892 

blade #4 1917 
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Test setups and realisation 
 Comparison of test scenarios 

feasibility aspects of validation 

free-free Å instrumentation and 
excitation on ground 

Å suspension system 
replaces hub connection 

Å low test site 
requirements  

Å fewest mass 
loading 

Å άōƭŀŘŜ ƻƴƭȅέ 

 

test rig Å instrumentation and 
excitation in heights 

Å effort of blade 
attachment 

Å resemblance to hub 
connection 

Å compliance of test 
rig 

Å higher force input 
possible  

 

ü less than two days of testing 

ü testing of non-linear behaviour 
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Sensor distribution 

free-free 
Å equidistant spacing along length and chord axis 
Å edgewise motion captured by sensors on 

leading edge 
Å 3-4 instrumented cross-sections on suction side 

clamped to test rig 
Å equidistant spacing along length on girder, 

equidistantly to leading and trailing edge 
Å 15 instrumented cross-sections on suction side 
Å in total 288 acceleration signals 

ü high sensor density for validation purpose 
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AutoMAC from FE model 

Sensor distribution 

free-free 
Å equidistant spacing along length and chord axis 
Å edgewise motion captured by sensors on 

leading edge 
Å 3-4 instrumented cross-sections on suction side 

clamped to test rig 
Å equidistant spacing along length on girder, 

equidistantly to leading and trailing edge 
Å 15 instrumented cross-sections on suction side 
Å in total 288 acceleration signals 

ü high sensor density for validation purpose 


