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Wind Turbine Rotor Blades 
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LM 73,5m Siemens 75m 

Mitsubishi 81,5m 
Source. http://www.siemens.com 

Source. 
http://www.windrowerengineering.com 

Source. http://www.windpowermonthly.com 
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Wind Turbine Loads 
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Source. http://www.robinsonheli.com 

http://upload.wikimedia.org 
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Wind Turbine Rotor Blades 
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Highly loaded structures 

High performance materials are required 

Fatigue properties are design drivers 

 

Parameters affecting the material and structural fatigue performance are investigated 

experimentally 
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Coupon Machines 
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100kN Climate Chamber  40°+130° 

50kN 

250kN 

100kN/2000Nm 

25kN 1MN 2,5MN 
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The Fiber Volume distribution is varying from blade to blade structure 

The Fiber Volume Fraction effect was investigated 

Glass/Epoxy systems (UD) were tested in R=0.1 @ a 100kN machine 

Two coupon series with different Fiber Volume Fractions (55% and 58%) were 

manufactured 

The manufacturing sequence was the same for both laminates (VARTM, post treatment)   

Effect of FVF on the UD composite fatigue life 
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Failure modes 

Effect of FVF on the UD composite fatigue life 
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FVF 55% FVF 58% 
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The Fiber Volume Fraction effect 

Effect of FVF on the UD composite fatigue life 
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UD Glass (1200gr/m2)/Epoxy 

UD ply Original S/N estimat. 

FVF 55% σ=1427N-0,112 

FVF 58% σ=1527N-0,141 

HDT 23-24 June 2015  



The Fiber Volume Fraction effect 
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Effect of FVF on the UD composite fatigue life 
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58% FVF normalisation to 55% FVF 

UD ply Original S/N estimat. Normalised to 55% 

FVF 55% σ=1427N-0,112 - 

FVF 58% σ=1527N-0,141 σ=1610N-0,141 

 

FVF diff. is 3% (GL allows 

±2,5%) but the S/N curves have 

20% difference in slope 
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The Fiber Volume Fraction effect 

Effect of FVF on the UD composite fatigue life 
 

17 

Similar effect of the FVF on 

the S/N slope with the IWES test 
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The FVF has to be taken under consideration for the calculation of fiber 

dominated properties 

The FVF seems to affect the slope of the fatigue performance, 

deteriorating significantly the strength 

The same slope deterioration has been identified in the literature 

Summary UD fatigue life  
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Full Scale Rotor Blade Testing 
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Two of the world largest test rigs 

70m test rig 

90m test rig with tilt function 

Static and fatigue testing 

Servo-hydraulic actuators 

Excellent control of tests 

Non-destructive testing and proven shut down 

strategies in case of failure 

Experience in logistics for large blades (>80m) 
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Fatigue 

Full Scale Blade Test: Current Practices 
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Edge-wise Flap-wise Bi-axial 
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Full Scale Blade Testing 
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IEC 61400-23 

Summary of the bond line cracks 

Multiple cracks are excluded in the range of ±20cm 
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Bond Line Stress States and Strength 

„Classic“ box-beam design

 no structural bonds

Divided box-beam design

 Structural bonds in / near to

the nutral bending line for

the flap-wise bending

„I-beam“ design

Structural bond lines

between the spar cap and

the shear web as well as

the upper and lower
„aerodynamic shell“ 

Shear loaded structures

Axial loaded structures

Non structural bond lines

Structural bond lines

Leading edge cracks: occur in field, 

however usually not observed in full 

scale testing 

© Fraunhofer 23 HDT 23-24 June 2015  



Bond Line Stress States and Strength 
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Bond Line Stress States and Strength: All Blades 
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Bond Line Stress States and Strength: All Blades 
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Bond Line Stress States and Strength: All Blades 
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Bond Line Stress States and Strength: All Blades 
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Bond Line Stress States and Strength: Blades 1 & 2 
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Bond Line Stress States and Strength: Blades 1 & 2 
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Bond Line Stress States and Strength: Blades 1 & 2 

Strain (normalized) vs cycles 
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Bond Line Stress States and Strength: Blades 1 & 2 

Strain (normalized) vs cycles (LE & SW-SC)  
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Bond Line Stress States and Strength: Blades 1 & 2 
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Adhesive shows one (1) decade scatter in fatigue life in the same strain 

level both in flap and edge loads for one blade. 

The scatter increases when more blades are taken under consideration. 

The adhesive structural performance is dependent on the substrates and 

the local stress states.  

Adhesive material fatigue resistance to mode A cracks shows a higher 

average fatigue strength at trailing edge rather than at leading and shear 

web to spar cap  connection.    

Summary on fatigue of adhesive bond joints of WTRBs 
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