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Application scenarios for sub-component testing
Scenario A
• Blade type has been certified and is operating in a wind farm
• A critical sub-component was identified during operation and 

requires a retro-fit
• Sub-component testing can help to validate design variants of 

such a retro-fit

Scenario B
• A sub-component of a new blade design model shows critical 

deformation effects in fatigue under combined loading
• A resonant fatigue full-scale test may not be able to replicate this 

combined loading [4].
• Sub-component testing can help to validate design models under 

such combined load cases

© Fraunhofer

[4] Rosemeier, M., Basters, G., and Antoniou, A.: Benefits of sub-component 
over full-scale blade testing elaborated on trailing edge bond line design 
validation, Wind Energy Science Discussions, DOI: 10.5194/wes-2017-35, 2017.
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Test setup

From Full-Scale Rotor Blade to Blade Sub-Component 
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• Rigid body motion constrained by gravity
• What are the scaling design drivers of the setup?
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Test setup
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Ball joint as design critical component

INOVA Prüfsysteme

QR

• Shear force is defined by

,

where L denotes the specimen length.
• QR introduces critical bending 

moment.
F
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Inboard vs. outboard SCT
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Structural and geometric properties

• Larger flat-wise stiffness contribution inboards due to larger θ

[1] Rosemeier, M., Massart, P., and Antoniou, A.: Tailoring the 
design of a trailing edge sub- component test, 
https://doi.org/10.5281/zenodo.153837, presented at 3rd annual 
IRPWind conference in Amsterdam, the Netherlands, 19-20th 
September 2016.



7

Inboard vs. outboard SCT
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Stiffness ratios and distance of centroids

• The magnitude of the axial force F is influenced by radius of 
gyration r and distance d between centroids between full and 
cut cross-section.
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Inboard vs. outboard SCT
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Actuator work and axial ball joint load

• Actuator work W is larger by a factor of 5.8.
• Contribution of F to W is more prominent than displacement;

F is larger by a factor of 3.6, 62% compared toδ.
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Inboard vs. outboard SCT
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Longitudinal strain response

• Target strain is irregular along specimen for inboard due to more 
prominent geometric and structural changes

• Outboard component is rather a prismatic extrusion
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Inboard vs. outboard SCT
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Longitudinal strain along trailing edge

• Target strain is irregular along specimen for inboard due to more 
prominent geometric and structural changes

• Outboard component is rather a prismatic extrusion
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Inboard vs. outboard SCT
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Longitudinal strain along blade surface of target cross-section

• Analytical model fits better for outboard 
component.
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Summary
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• Scalibility of novel sub-component test setup addressed
• Ball joint identified as design driving component
• Force F is disproportionally larger contributing to inboard's 

actuator work than displacement; however, displacement 
dominated work would be more favorable

• F depends on:
• inclination angleθ between load axis and elastic axis
• ratio between bending and axial stiffness expressed by radius of 

gyration
• distance between centroids
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Conclusions
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• Shear force QR can be eliminated by specimen tilt
• Rigid body motion can be constrained by horizontal orientation
• Axial load F can be minimized by

• reducing the distance between the full and cut cross-section 
centroids

• while keeping the radii of gyration low

• Can be realized by
• reasonable 

span-wise cut
• or addition of

 material or springs
 in parallel to specimen
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Thank You For Your Attention
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Any questions?

malo.rosemeier@iwes.fraunhofer.de
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