
 

IEC 61 400-23 

Edition  1 .0 201 4-04 

INTERNATIONAL 
STANDARD 

 

Wind turbines –  

Part 23:  Full-scale structural  testing of rotor blades 

 

IE
C
 6
1
4
0
0
-2

3
:2
0
1
4
-0

4
(e

n
) 

  

  

® 

 

colour
inside

Copyright International  Electrotechnical  Commission  



 

 

  

 TH IS PUBLICATION  IS  COPYRIGHT PROTECTED 

 Copyright © 201 4 IEC,  Geneva,  Switzerland   
 
Al l  rights  reserved.  Un less  otherwise specified ,  no part of th is  publ ication  may be  reproduced  or u ti l ized  in  any form  
or by any means,  electronic or mechanical ,  includ ing  photocopying  and  microfi lm,  wi thout permission  i n  wri ting  from  
ei ther IEC or IEC's member National  Committee i n  the country of the requester.  I f you  have any questions about I EC 
copyright or have an  enqui ry about obtaining  addi tional  rights  to this  publ ication,  please contact the  address below or 
your l ocal  I EC member National  Committee for further information.  

 

IEC Central  Office Tel . :  +41  22  91 9  02  1 1  
3,  rue  de Varembé Fax:  +41  22  91 9 03  00 
CH-1 21 1  Geneva 20 i nfo@iec.ch  
Swi tzerland  www. iec.ch  

 

About the IEC 
The I nternational  E lectrotechnical  Commission  (I EC) is  the  lead ing  g lobal  organization  that prepares  and  publ ishes 
I nternational  Standards for al l  electrical ,  electron ic and  related  technolog ies.  
 

About IEC publ ications   
The technical  content of IEC publ ications is  kept under constant review by the IEC.  Please make sure that you  have the 
latest ed ition,  a corrigenda or an  amendment m ight have been  publ ished.  
 

IEC Catalogue - webstore.iec.ch/catalogue 
The stand-alone appl ication  for consulting the entire 
bibl iographical  information on IEC International  Standards,  
Technical  Specifications,  Technical  Reports and  other 
documents.  Avai lable for PC,  Mac OS,  Android  Tablets and 
iPad.  
 

IEC publications search - www.iec.ch/searchpub 
The advanced search enables to find  IEC publ ications by a 
variety of criteria (reference number,  text,  technical  
committee,…).  I t also gives information on projects,  replaced 
and  withdrawn publ ications.  
 

IEC Just Published - webstore.iec.ch/justpublished 
Stay up to date on al l  new IEC publ ications.  Just Publ ished 
detai ls al l  new publ ications released.  Avai lable onl ine and 
also once a month by email.  

Electropedia - www.electropedia.org 
The world's leading onl ine dictionary of electronic and 
electrical  terms containing more than 30 000 terms and 
definitions in Engl ish and French,  with  equivalent terms in 1 4 
additional  languages.  Also known as the International  
Electrotechnical  Vocabulary (IEV) onl ine.  
 

IEC Glossary - std.iec.ch/glossary 
More than 55 000 electrotechnical  terminology entries in 
English and French extracted from the Terms and  Definitions 
clause of IEC publ ications issued since 2002.  Some entries 
have been col lected from earl ier publ ications of IEC TC 37,  
77,  86 and CISPR.  
 

IEC Customer Service Centre - webstore.iec.ch/csc 
I f you wish to give us your feedback on this publ ication or 
need  further assistance,  please contact the Customer Service 
Centre:  csc@iec.ch.  
 

 

Copyright International  Electrotechnical  Commission  

mailto:info@iec.ch
http://www.iec.ch/
http://webstore.iec.ch/catalogue
http://www.iec.ch/searchpub
http://webstore.iec.ch/justpublished
http://www.electropedia.org/
http://std.iec.ch/glossary
http://webstore.iec.ch/csc
mailto:csc@iec.ch


 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

IEC 61 400-23 

Edition  1 .0 201 4-04 

INTERNATIONAL 
STANDARD 

 

Wind turbines –  

Part 23:  Full-scale structural  testing of rotor blades 

 

 

 

 

INTERNATIONAL 

ELECTROTECHNICAL 

COMMISSION  X 
ICS 27.1 80 

PRICE CODE 

ISBN 978-2-8322-1 506-7 

  

  

® Registered  trademark of the International  Electrotechnical  Commission 

® 

   Warning!  Make sure that you obtained this publication from an authorized distributor.  

 

colour
inside

Copyright International  Electrotechnical  Commission  



 – 2  – I EC 61 400-23:201 4  © I EC 201 4  

CONTENTS  

FOREWORD . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  5  

INTRODUCTION  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  7  

1  Scope  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  8  

2  Normative  references  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  8  

3  Terms and  defin i ti ons  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  9  

4  Notation  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 2  

4. 1  Symbols  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 2  

4. 2  Greek symbols  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 2  

4. 3  Subscripts  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 2  

4. 4  Coord inate  systems . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 2  

5  General  pri ncip les  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 3  

5. 1  Purpose of tests  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 3  

5. 2  Lim i t s tates  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 4  

5. 3  Practical  constrain ts  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 4  

5. 4  Resu l ts  of test  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 4  

6  Documentation  and  procedures  for test b lade  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 5  

7  Blade  test program  and  test p l ans  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 6  

7. 1  Areas  to  be  tested  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 6  

7. 2  Test program  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 6  

7. 3  Test p lans  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 6  

7. 3. 1  General  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 6  

7. 3. 2  Blade  description  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 6  

7. 3. 3  Loads  and  cond i ti ons  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 7  

7. 3. 4  I nstrumentation  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 7  

7. 3. 5  Expected  test  resu l ts  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 7  

8  Load  factors  for testi ng  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 7  

8. 1  General  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 7  

8. 2  Partia l  safety factors  used  i n  the  des ign  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 7  

8. 2. 1  General  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 7  

8. 2. 2  Partia l  factors  on  materia ls  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 7  

8. 2. 3  Partia l  factors  for consequences  of fa i lu re  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 8  

8. 2. 4  Partia l  factors  on  loads  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 8  

8. 3  Test load  factors  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 8  

8. 3. 1  Blade  to  blade  variation  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 8  

8. 3. 2  Possible  errors  i n  the  fati gue  formu lation  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 8  

8. 3. 3  Envi ronmenta l  cond i tions  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 9  

8. 4  Appl ication  of l oad  factors  to  obtain  the  target  l oad  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 9  

9  Test load ing  and  test l oad  evaluation  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  20  

9. 1  General  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  20  

9. 2  I n fluence  of l oad  in troduction  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  20  

9. 3  Static  l oad  testing  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  20  

9. 4  Fatigue  load  testing  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  21  

1 0  Test requ i rements . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  22  

1 0 . 1  General  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  22  

1 0. 1 . 1  Test records  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  22  

1 0. 1 . 2  I nstrumentation  cal i bration . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  22  

Copyright International  Electrotechnical  Commission  



I EC 61 400-23: 201 4  © I EC 201 4  – 3  –

1 0. 1 . 3  Measurement uncerta in ties  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  22  

1 0. 1 . 4  Root fixture  and  test s tand  requ i rements  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  22  

1 0. 1 . 5  Envi ronmenta l  cond i tions  mon i toring  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  22  

1 0. 1 . 6  Determ in istic corrections  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  23  

1 0 . 2  Static  test  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  23  

1 0. 2 . 1  General  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  23  

1 0. 2 . 2  Static  load  test. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  23  

1 0. 2 . 3  Strain  measurement  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  24  

1 0. 2 . 4  Deflection  measurement  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  24  

1 0 . 3  Fatigue  test  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  24  

1 0 . 4  Other b lade  property tests  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  24  

1 0. 4. 1  Blade  mass  and  cen ter of g ravi ty . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  24  

1 0. 4. 2  Natural  frequencies  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  25  

1 0. 4. 3  Optional  b l ade  property tests  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  25  

1 1  Test resu l ts  evaluation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  25  

1 1 . 1  General  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  25  

1 1 . 2  Catastroph ic fai l u re  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  25  

1 1 . 3  Permanent deformation ,  l oss  of sti ffness  or change i n  other b lade  properties  . . . . . . .  26  

1 1 . 4  Superficia l  damage  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  26  

1 1 . 5  Fai lure  evaluation  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  26  

1 2  Reporting  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  26  

1 2 . 1  General  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  26  

1 2 . 2  Test report con ten t. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  27  

1 2 . 3  Evaluation  of test  i n  relation  to  design  requ i rements  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  27  

Annex A ( in formative)   Gu idel ines  for the  necessi ty of  renewed  static and  fatigue  
testing  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  28  

Annex B  ( in formative)   Areas  to  be  tested  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  29  

Annex C  ( i n formative)   Effects  of large  deflections  and  l oad  d i rection  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  30  

Annex D  ( i n formative)   Formu lation  of test  l oad  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  31  

D. 1  Static  target l oad . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  31  

D.2  Fatigue  target l oad  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  31  

D.3  Sequentia l  s ing le-axia l ,  s i ng le  l ocation  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  34  

D.4  Mu l ti  axia l  s ing le  location  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  34  

Annex E  ( in formative)   D i fferences  between  design  and  test load  cond i ti ons  . . . . . . . . . . . . . . . . . . . . . . . . .  36  

E. 1  General  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  36  

E.2  Load  i n troduction  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  36  

E.3  Bend ing  moments  and  shear . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  36  

E.4  Flapwise  and  l ead -lag  combinations  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  36  

E.5  Rad ia l  loads  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  37  

E.6  Torsion  loads  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  37  

E.7  Envi ronmental  cond i tions  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  37  

E.8  Fatigue  load  spectrum  and  sequence  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  37  

Annex F  ( i n formative)   Determ ination  of number of l oad  cycles  for fatigue  tests  . . . . . . . . . . . . . . . . . . . .  38  

F. 1  General  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  38  

F.2  Background  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  38  

F.3  The approach  used  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  38  

Bib l i ography . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  43  

 

Copyright International  Electrotechnical  Commission  



 – 4  – I EC 61 400-23:201 4  © I EC 201 4  

F igure  1  – Chordwise  (flatwise,  edgewise)  coord inate  system  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 3  

Figure  2  – Rotor (fl apwise,  l ead-lag)  coord inate  system  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 3  

Figure  C. 1  – Appl ied  loads  effects  d ue   to  b lade  deformation  and  angu lation  . . . . . . . . . . . . . . . . . . . . . . . .  30  

Figure  D . 1  – Polar p lot  of the  load  envelope  from  a  typica l  b lade  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  31  

Figure  D .2  – Des ign  FSF . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  33  

Figure  D .3  – Area  where  des ign  FSF i s  smal ler than  1 , 4  (cri tical  area)  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  33  

Figure  D .4  – rFSF and  cri tica l  areas,  sequentia l  s ing le-axia l  test  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  34  

Figure  D .5  – rFSF and  cri tical  area,  mu l ti  axia l  test  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  35  

Figure  E. 1  – D i fference  of moment d is tributi on  for target  and  actual  test l oad  . . . . . . . . . . . . . . . . . . . . . . .  36  

Figure  F. 1  – S impl i fied  Goodman  d iagram  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  39  

Figure  F. 2  – Test load  factor γef for d i fferen t number of l oad  cycles  i n  the  test  . . . . . . . . . . . . . . . . . . . . .  42  

 

Table  1  – Recommended  values  for γef for d i fferent number of l oad  cycles  . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 8  

Table  A. 1  – Examples  of s i tuations  typical l y  requ i ring  or not requ iring  renewed  testi ng  . . . . . . . .  28  

Table  F. 1  – Recommended  values  for γef for d i fferen t number of l oad  cycles  . . . . . . . . . . . . . . . . . . . . . . . .  38  

Table  F. 2  – Expanded  recommended  values  for γef  for d i fferent number of l oad  cycles  . . . . . . .  41  

 

Copyright International  Electrotechnical  Commission  



I EC 61 400-23: 201 4  © I EC 201 4  – 5  –
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____________ 

 
WIND TU RBINES –  

 
Part 23:  Fu l l -scale  structural  testing  of rotor blades  

 
FOREWORD 

1 )  The  I n ternati onal  E lectrotechn i cal  Commission  ( I EC)  i s  a  worl dwide  organ ization  for s tandard ization  compris i n g  
a l l  nati onal  e l ectrotechn ical  commi ttees  ( I EC National  Comm i ttees).  The  object  of I EC i s  to  promote  
i n ternati ona l  co-operation  on  a l l  q uestions  concern i ng  standard i zati on  i n  the  e l ectri cal  and  e l ectron ic fi e l ds.  To  
th i s  end  and  i n  add i ti on  to  other acti vi ti es,  I EC  publ i shes  I n ternational  Standards,  Techn ical  Speci fi cati ons,  
Techn ical  Reports,  Publ i cl y Avai l abl e  Speci fi cati ons  (PAS)  and  Gu ides  (hereafter referred  to  as  “ I EC  
Publ i cation(s )” ) .  Thei r preparation  i s  en trusted  to  techn ical  commi ttees;  any I EC  National  Commi ttee  i n terested  
i n  the  subj ect  deal t  wi th  may parti cipate  i n  th i s  preparatory work.  I n ternational ,  governmental  and  non -
governmental  organ i zations  l i a i s i ng  wi th  the  I EC al so  parti ci pate  i n  th i s  preparati on .  I EC  col l aborates  cl osel y 
wi th  the  I n ternational  Organ i zation  for S tandard izati on  ( I SO)  i n  accordance  wi th  cond i t i ons  determ ined  by 
agreement  between  the  two organ i zati ons.  

2)  The  formal  decis ions  or ag reements  of I EC on  techn ical  matters  express,  as  nearl y as  possible,  an  i n ternati ona l  
consensus  of opi n ion  on  the  re l evant sub jects  s i nce  each  techn ical  commi ttee  has  representati on  from  al l  
i n terested  I EC National  Committees.   

3)  I EC Publ i cati ons  have  the  form  of recommendations  for i n ternati onal  use  and  are  accepted  by  I EC Nationa l  
Commi ttees  i n  that  sense.  Whi l e  a l l  reasonable  efforts  are  made  to  ensure  that  the  techn ical  con ten t of I EC  
Publ i cations  i s  accurate,  I EC  cannot be  hel d  responsib le  for the  way i n  wh ich  they are  used  or for an y 
m is i n terpretation  by any end  u ser.  

4)  I n  order to  promote  i n ternati onal  u n i form i ty,  I EC National  Commi ttees  undertake  to  app ly I EC Publ i cations  
transparen tl y to  the  maximum  exten t poss ib le  i n  thei r national  and  reg i onal  publ i cati ons.  Any d i vergence  
between  any I EC Publ i cation  and  the  correspond i ng  national  or reg i onal  publ i cati on  sha l l  be  cl earl y i n d icated  i n  
the  l atter.  

5)  I EC i tsel f d oes  not  provi de  any attestati on  of conform i ty.  I n dependent certi fi cati on  bod ies  provi de  conform i ty  
assessment services  and ,  i n  some  areas,  access  to  I EC marks  of conform i ty.  I EC i s  not  respons i ble  for an y 
services  carri ed  ou t  by i ndependent  certi fi cation  bod i es.  

6)  Al l  users  shou ld  ensure  that  they have  the  l atest  ed i ti on  of th i s  publ i cati on .  

7)  No  l i abi l i ty shal l  attach  to  I EC  or i ts  d i rectors,  employees,  servan ts  or agen ts  i ncl ud ing  i n d ivi dual  experts  and  
members  of i ts  techn ical  commi ttees  and  I EC Nati onal  Commi ttees  for any personal  i n j u ry,  property damage  or 
other damage  of any natu re  whatsoever,  whether d i rect  or i nd i rect,  or for costs  ( i ncl ud i ng  l egal  fees)  and  
expenses  ari s i ng  ou t  of the  publ i cation ,  use  of,  or re l i ance  upon ,  th i s  I EC Publ i cati on  or any other I EC  
Publ i cations.   

8)  Attention  i s  d rawn  to  the  Normative  references  ci ted  i n  th i s  publ i cation .  Use  of the  referenced  publ i cations  i s  
i nd i spensable  for the  correct  appl i cati on  of th i s  publ i cation .  

9)  Attention  i s  d rawn  to  the  poss ib i l i ty that  some of the  e l ements  of th i s  I EC Publ i cation  may be  the  subject  of 
paten t ri gh ts.  I EC shal l  not  be  hel d  respons ibl e  for i denti fyi ng  any or a l l  such  paten t ri gh ts .  

I n ternational  Standard  I EC 61 400-23  has  been  prepared  by I EC techn ical  committee  88:  Wind  
tu rbines.  

Th is  fi rst ed i ti on  cancels  and  replaces  I EC TS  61 400-23,  publ ished  i n  2001 .  I t  consti tu tes  a  
techn ical  revis ion .   

Th is  ed i ti on  i ncludes  the  fol l owing  s ign i fi can t techn ical  changes  wi th  respect to   
I EC TS  61 400-23:  

a)  description  of load  based  testing  on l y;  

b)  condensation  to  describe  the  general  pri ncip les  and  demands .  
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The  text of th is  s tandard  is  based  on  the  fo l lowing  documents:  

CDV Report  on  voti ng  

88/420/CDV 88/448/RVC 

 
Fu l l  i n formation  on  the  voting  for the  approval  of th is  s tandard  can  be  found  i n  the  report on  
voti ng  ind icated  in  the  above  table.  

Th is  publ ication  has  been  drafted  i n  accordance wi th  the  I SO/IEC  D i recti ves,  Part 2 .  

A l i s t  of a l l  parts  i n  the  I EC  61 400  series,  publ ished  under the  general  t i t l e  Wind turbines ,  can  
be  found  on  the  I EC websi te.  

The  committee  has  decided  that the  con ten ts  of th is  publ ication  wi l l  remain  unchanged  un ti l  
the  stabi l i ty date  i nd icated  on  the  I EC web s i te  under "h ttp: //webstore. iec.ch"  in  the  data  
re lated  to  the  speci fic  publ ication .  At  th is  date,  the  publ ication  wi l l  be   

•  reconfi rmed ,  

•  wi thdrawn ,  

•  replaced  by a  revised  ed i ti on ,  or 

•  amended .  

A b i l ingual  vers ion  of th is  publ ication  may be  i ssued  at  a  l ater date.  

 

IMPORTANT – The 'colour inside'  logo  on  the  cover page  of th is  publ ication  ind icates  
that i t  contains  colours  which  are  considered  to  be  usefu l  for the  correct 
understand ing  of i ts  contents.  Users  shou ld  therefore  print  th is  document using  a  
colour printer.  
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I NTRODUCTION  

The  b lades  of a  wind  turbine  rotor are  general l y regarded  as  one  of the  most cri tical  
components  of the  wind  tu rbine  system .  I n  th is  s tandard ,  the  demands  for fu l l -scale  s tructura l  
testing  re lated  to  certi fication  are  defined  as  wel l  as  the  i n terpretation  and  evaluation  of test  
resu l ts.  

Speci fic testi ng  methods  or set-ups  for testing  are  not demanded  or i ncl uded  as  fu l l -scale  
b lade  testi ng  methods  h istorical l y have  developed  i ndependentl y i n  d i fferen t coun tries  and  
l aboratories.  

Furthermore,  demands  for tests  determ in ing  b lade  properties  are  i ncluded  in  th is  standard  in  
order to  val idate  some vi tal  des ign  assumptions  used  as  inputs  for the  des ign  l oad  
ca lcu lations.  

Any of the  requ i rements  of th is  s tandard  may be  a l tered  i f i t  can  be  su i tabl y demonstrated  that  
the  safety of the  system  i s  not  comprom ised .  

The  standard  is  based  on  I EC TS  61 400-23  publ ished  i n  2001 .  Compared  to  the  TS,  th is  
standard  on l y describes  load  based  testing  and  i s  condensed  to  describe  the  general  
princip les  and  demands.  
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WIND TU RBINES –  
 

Part 23:  Fu l l -scale  structural  testing  of rotor blades  
 
 
 

1  Scope  

This  part of I EC 61 400  defines  the  requ i rements  for fu l l -scale  structural  testi ng  of wind  tu rbine  
b lades  and  for the  i n terpretation  and  evaluation  of ach ieved  test resu l ts .  The  standard  
focuses  on  aspects  of testing  related  to  an  evaluation  of the  i n tegri ty of the  b lade,  for use  by 
manufacturers  and  th i rd  party i nvestigators.  

The  fol lowing  tests  are  cons idered  i n  th is  s tandard :  

•  s tatic l oad  tests ;  

•  fatigue  tests;  

•  s tatic l oad  tests  after fati gue  tests ;  

•  tests  determ in ing  other blade  properties .  

The  purpose  of the  tests  is  to  confi rm  to  an  acceptable  l evel  of probabi l i ty that the  whole  
popu lation  of a  b lade  type  fu l fi l s  the  design  assumptions.  

I t  i s  assumed  that the  data  requ i red  to  define  the  parameters  of the  tests  are  avai lable  and  
based  on  the  standard  for design  requ i rements  for wind  turb ines  such  as  I EC  61 400-1  or 
equ ivalent.  Design  l oads  and  b lade  material  data  are  cons idered  starting  poin ts  for 
establ ish ing  and  evaluating  the  test l oads.  The  evaluation  of the  design  l oads  wi th  respect to  
the  actual  l oads  on  the  wind  turbines  i s  ou tside  the  scope  of th is  standard .  

At the  time th is  s tandard  was  wri tten ,  fu l l -scale  tests  were  carried  ou t on  b lades  of hori zon tal  
axis  wind  turbines.  The  b lades  were  mostl y made of fibre  re inforced  p lastics  and  wood/epoxy.  
However,  most pri ncip les  wou ld  be  appl icable  to  any wind  turb ine  configuration ,  s i ze  and  
materia l .  

2  Normati ve references  

The  fol lowing  documents ,  i n  whole  or i n  part,  are  normative l y referenced  i n  th is  document and  
are  i nd ispensable  for i ts  appl ication .  For dated  references,  on l y the  ed i t ion  ci ted  appl ies.  For 
undated  references,  the  l atest ed i tion  of the  referenced  document ( i nclud ing  any 
amendments)  appl ies .  

I EC 60050-41 5: 1 999,   International Electrotechnical Vocabulary – Part 415: Wind turbine  
generator systems  

I EC  61 400-1 : 2005,  Wind turbines – Part 1 :  Design requirements  

I SO/IEC 1 7025: 2005,  General requirements for the competence of testing and calibration 
laboratories  

I SO  2394: 1 998,  General principles on  reliability for structures  
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3 Terms and  defin i tions  

For the  purposes  of th is  document,  the  terms  and  defin i ti ons  related  to  wind  turb ines  or wind  
energy g iven  in  I EC 60050-41 5  and  the  fo l l owing  appl y.   

3. 1   
actuator 
device  that can  be  con trol led  to  appl y a  constant or varying  force  and  d isp lacement  

3.2   
blade  root  

that  part of the  rotor b lade  that i s  connected  to  the  hub  of the  rotor 

3.3   
blade  subsystem  
i n tegrated  set of i tems  that accompl ishes  a  defi ned  objective  or function  wi th in  the  b lade  (e. g . ,  
l i gh tn ing  protection  subsystem ,  aerodynam ic braking  subsystem ,  mon i toring  subsystem ,  
aerodynam ic control  subsystem ,  etc. )  

3.4   
buckl ing  
i nstabi l i ty characterized  by a  non- l inear increase  i n  ou t of p lane  deflection  wi th  a  change i n  
l ocal  compress ive  l oad  

3.5   
chord  
l ength  of a  reference straight l i ne  that j o ins  the  l ead ing  and  trai l i ng  edges  of a  bl ade  aerofoi l  
cross-section  at a  g i ven  spanwise  l ocation  

3.6   
constant ampl i tude loading  

during  a  fati gue  test,  the  appl ication  of l oad  cycles  wi th  a  constant ampl i tude  and  mean  va lue  

3.7   
creep  

time-dependant i ncrease  i n  s tra in  under a  sustained  l oad  

3.8   
design  loads  

l oads  the  b lade  is  designed  to  wi thstand ,  i ncl ud ing  appropriate  partia l  safety factors  

3.9   
edgewise  

d i rection  that i s  para l l e l  to  the  l ocal  chord  

SEE:  4 . 4.  

3. 1 0   
el astic axis  
the  l i ne,  l eng thwise  of the  b lade,  a l ong  wh ich  transverse  l oads  are  appl ied  i n  order to  produce  
bend ing  on l y,  wi th  no  torsion  at any section  

Note  1  to  en try:  Stri ctl y speaking ,  no  such  l i ne  exi sts  except for a  few cond i ti ons  of l oad ing .  Usual l y the  e l asti c  
axi s  i s  assumed  to  be  the  l i ne  that  passes  th rough  the  e l asti c  cen ter of every section .  Th i s  defi n i ti on  i s  not  
appl i cabl e  for b l ades  wi th  bend -twist  coupl i ng .  

3. 1 1   
fatigue formulation  

methodology by wh ich  the  fatigue  l i fe  i s  estimated  
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3. 1 2   
fatigue test  
test i n  wh ich  a  cycl ic  load  of constan t or varying  ampl i tude  is  appl i ed  to  the  test specimen  

3. 1 3   
fixture  

component or device  to  i n troduce l oads  or to  support the  test specimen  

3. 1 4   
flapwise  
d irection  that i s  perpend icu lar to  the  su rface  swept by the  undeformed  rotor b lade  axis   

SEE:  4 . 4.  

3. 1 5   
flatwise  

d i rection  that i s  perpend icu lar to  the  local  chord ,  and  spanwise  b lade  axis   

SEE:  4 . 4.  

3. 1 6   
fu l l -scale  test  

test carried  ou t on  the  actual  b lade  or part  thereof 

3. 1 7   
inboard  

towards  the  blade  root  

3. 1 8   
l ead-lag  
d irection  that i s  paral le l  to  the  p lane  of the  swept surface  and  perpend icu lar to  the  long i tud inal  
axis  of the  undeformed  rotor b lade   

SEE  4. 4 .  

3. 1 9   
load  envelope  

col lection  of maximum  design  loads  i n  a l l  d i rections  and  spanwise  pos i tions  

3.20   
natural  frequency 
eigen  frequency 
frequency at wh ich  a  structure  wi l l  vi brate  when  perturbed  and  a l lowed  to  vibrate  freel y  

3.21   
partial  safety factors  
factors  that are  appl ied  to  loads  and  materia l  strengths  to  accoun t for uncertain ties  i n  the  
representati ve  (characteristic)  va lues  

3.22   
prebend  

blade  curvature  in  the  flapwise  p lane  i n  the  un loaded  cond i tion  

3.23   
R-value  

ratio  between  m in imum  and  maximum  value  during  a  l oad  cycle  
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3.24  
S-N  formulation  
method  used  to  describe  the  stress  and /or stra in  (S)  vs.  cycle  (N )  characteristics  of a  
materia l ,  component or s tructu re  

3.25   
spanwise  

d irection  paral l e l  to  the  l ong i tud ina l  axis  of a  rotor b lade  

3.26   
static  test  

test wi th  an  appl ication  of a  s i ng le  l oad  cycle  wi thou t i n troducing  d ynam ic effects  

3.27   
sti ffness  

ratio  of change  of force  to  the  correspond ing  change  in  d isplacement of an  e lastic body 

3.28   
strain  
ratio  of the  elongation  (or shear d isplacement)  of a  material  subjected  to  stress  to  the  orig ina l  
l ength  of the  materia l  

3.29   
sweep  
blade  curvature  in  the  l ead- lag  p lane  i n  the  un loaded  cond i ti on  

3.30   
tare  loads  

gravi tational  or other l oads  that are  inheren t to  the  test set-up  

3.31   
target load  
l oad  that i s  developed  from  the  des ign  l oad  and  is  the  i deal  test  load  

3.32   
test load  

forces  appl ied  during  a  test 

3.33   
tested  area  
reg ion  of the  test object that experiences  the  i n tended  l oad ing  

3.34  
twist 

spanwise  variation  i n  ang le  of the  chord  l i nes  of blade  cross-sections  

3.35   
variable  ampl i tude load ing  

appl ication  of l oad  cycles  of non-constan t mean  and /or cycl ic range  

3.36   
wh iffle  tree  

device  for d istribu ting  a  s i ng le  l oad  source  over mu l ti ple  poin ts  on  a  test  specimen  
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4 Notation  

4. 1  Symbols  

C  conversion  factors  for materia l  s trength  

D  theoretical  damage  

F l oad  

Fa  fl atwise  shear force  (chordwise  co-ord inates)  

Fb  edgewise  shear force  (chordwise  co-ord inates)  

Fc  spanwise  (tensi l e)  force  (chordwise  co-ord inates)  

Fx  fl apwise  shear force  (rotor co-ord inate  system)  

Fy  l ead- lag  shear force  (rotor co-ord inate  system)  

Fz  spanwise  (tensi l e)  force  (rotor co-ord inate  system)   

Ma  edgewise  bend ing  moment (chordwise  co-ord inates)  

Mb  fl atwise  bend ing  moment (chordwise  co-ord inates)  

Mc  b lade  tors ion  moment (chordwise  co-ord inates)  

Mx  l ead- lag  bend ing  moment (rotor co-ord inate  system) 

My  flapwise  bend ing  moment (rotor co-ord inate  system) 

Mz  b lade  tors ion  moment (rotor co-ord inate  system)  

N cycle  

S strain  or stress  

4.2  Greek symbols  

γ  partia l  factor or test l oad  factor 

σ  appl ied  stress  or stra in  

4.3  Subscripts  

design  design  l oad ing  cond i ti ons  

d f design  l oad :  fatigue  

du  design  l oad :  static  

ef uncerta in ty i n  fati gue  formu lation  of test  load  

f l oad  

l f envi ronmenta l  effects :  fati gue  

l u  envi ronmenta l  effects :  s tatic  

m  materia l  

n  consequence  of fa i l u re  

n f consequence  of fa i l u re:  fati gue   

nu  consequence  of fa i l u re:  s tatic  

sf b lade  to  b lade  variation :  fati gue  test  l oad  

su  b lade  to  b lade  variation :  static test l oad  

target  target l oad ing  cond i tions  

test  test l oad ing  cond i tions  

4.4  Coordinate  systems  

Two d i fferent coord inate  systems may be  used  for reference during  structura l  testi ng .  The  
fi rst,  shown  in  F igure  1 ,  references  the  local  b l ade  chord  d i rections.   The  second ,  shown  in  
F igu re  2 ,  references  the  g lobal  rotor p lane  d i rections.  
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Figure 1  – Chordwise  (flatwise,  edgewise)  coordinate  system  

 

Figure  2  – Rotor (flapwise,  l ead-lag)  coord inate  system  

5 General  principles  

5. 1  Purpose of tests  

The fundamenta l  purpose  of a  wind  turb ine  b lade  test i s  to  demonstrate  to  a  reasonable  level  
of certa in ty that a  b l ade  type,  when  manufactured  accord ing  to  a  certa in  set of speci fications,  
has  the  prescribed  re l i ab i l i ty wi th  reference to  speci fic l im i t states,  or,  more  precisel y,  to  veri fy 
that the  speci fi ed  l im i t states  are  not reached  and  the  b lades  therefore  possess  the  l oad  
carrying  capabi l i ty and  service  l i fe  provided  for in  the  des ign .  

Loads  are  a l ong  the  rotor p l ane  
reference  d i rections  
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Loads  are  a l ong  and  perpend icu lar  
to  the  l ocal  b l ade  chord  d i rections  

 

M
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 Edgewise  bend i ng  moment  

M
b
 Flatwise  bend ing  moment  

M
c
 Tors ion  moment  

F
a
 Flatwise  shear force  

F
b
 Edgewise  shear force  

F
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 Axial  force  

1  Tors ion  ang l e  

2  Flapwise  trans lation  

3  Lead-l ag  translati on  

IEC   1 040/14  
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Add i ti onal l y,  tests  determ in ing  b lade  properties  have  to  be  performed  i n  order to  val idate  
some vi ta l  des ign  assumptions  used  as  i npu ts  for the  des ign  l oad  calcu lations.  I t  has  to  be  
poin ted  out  that the  requ i red  blade  property tests  do  not cover a l l  des ign  assumptions.  

Normal l y,  the  fu l l -scale  tests  deal t  wi th in  th is  s tandard  are  tests  on  a  l im i ted  number of 
samples;  on l y one  or two blades  of a  g i ven  des ign  are  tested ,  so  no  statistica l  d istribu tion  of 
production  b lade  load  carrying  capabi l i ty can  be  obtained .  Al though  the  tests  do  g i ve  
i n formation  va l i d  for the  b lade  type,  they cannot replace  e i ther a  ri gorous  design  process  or 
the  qual i ty system  for series  b lade  production .  Furthermore,  the  tests  described  i n  th is  
standard  are  not i n tended  to  be  used  for the  testing  of mechan ism  function  nor to  establ ish  
bas ic  materia l  s trength  or fati gue  des ign  data  for b lades  and /or components.  

5.2  Limi t states  

To establ ish  and  evaluate  the  test l oad ,  a  certa in  amount of i n formation  abou t the  des ign  shal l  
be  known .  Usual l y the  b lades  are  des igned  accord ing  to  some standard  or code  of practice  
such  as  I EC 61 400-1  that uses  the  pri ncip les  of I SO  2394  defin ing  the  l im i t  s tates  and  partia l  
coefficien ts,  wh ich  have  to  be  appl ied  to  obta in  the  correspond ing  des ign  values.  A l im i t  s tate  
is  a  s tate  of the  structure  and  the  l oads  acting  upon  i t,  beyond  wh ich  the  structure  no  l onger 
satisfies  the  design  requ i rements .  The  partia l  coefficients  reflect uncertain ties  and  are  chosen  
– at l east i n  principle  – i n  order to  keep the  probabi l i ty of a  l im i t state  being  reached  be low a  
certa in  value  prescribed  for the  s tructu re.  Accord ing  to  th is ,  a  b l ade  shou ld  pass  the  test i f the  
l im i t s tate  i s  not reached  when  the  blade  is  exposed  to  the  test l oad ,  representati ve  of the  
des ign  l oad .  

The  bas is  for establ ish ing  the  test l oads  i s  the  en ti re  envelope  of b l ade  design  l oads,  derived  
accord ing  to  I EC 61 400-1  or equ iva len t.  The  representati ve  test l oad  can  be  h igher than  the  
des ign  l oad  to  accoun t for other i n fl uences,  for example,  envi ronmental  effects,  test  
uncertain ties,  and  variations  in  production  (see  Clause  8) .  

The  determ ination  of the  actual  marg ins  to  the  l im i t states  m igh t be  des irable  because  such  
marg ins  can  provide  a  measure  of the  actual  safety obtained  for the  resistance  of the  test 
b lade.  However,  i n terpretation  of such  va lues  i s  not stra igh tforward  and  probabi l is tic methods  
have  to  be  appl ied .  I n  th i s  standard ,  on l y the  u l timate  l im i t  state  and  fatigue  are  deal t wi th .  

5.3  Practical  constraints  

The practical  execu tion  of the  tests  is  subject to  many constrain ts  of a  techn ica l  and  econom ic 
character.  Some of the  most  important are  l i s ted  below:  

•  the  d istributed  l oad  on  the  b lade  can  be  s imu lated  on l y approximatel y;  

•  the  time avai lable  for testi ng  i s  general l y one  year or l ess ;  

•  on l y one  or a  few blades  can  be  tested ;  

•  certa in  fa i l u res  are  d i fficu l t  to  detect.  

The  test wi l l  be  a  comprom ise  because  these  constrain ts  have  to  be  deal t  wi th  in  such  a  way 
that  the  final  test resu l ts  can  be  used  for evaluation  of the  defined  l im i t  states.  

As  regards  the  in terpretation  of the  resu l ts,  i t  shou ld  be  borne  i n  m ind  that the  b lade  used  for 
testing  wi l l  normal l y be  one  of the  fi rst b lades  from  series  production  wh ich  wi l l  be  subject to  
evolu tionary mod i fications.  Even  m inor mod i fications  cou ld  comprom ise  the  val id i ty of the  
tests  (see  Annex A).  

5.4 Resu lts  of test  

The design  loads  form  the  basis  of the  test l oad i ng .   Accord ing  to  the  design  ca lcu lation ,  the  
b lade  shal l  be  able  to  survive  the  design  load ing .  I n  these  des ign  calcu lations ,  a  number of 
assumptions  are  impl ici tl y be ing  made:  
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•  the  s tresses  or stra ins  are  calcu lated  accuratel y or conservativel y estimated ;  

•  the  cl assi fications  of strength  and  fatigue  res istance  of a l l  re levant materia ls  and  detai ls  
are  estimated  accuratel y or conservative l y;  

•  the  s trength  and  fatigue  formu lations  used  to  calcu late  the  s trength  are  accurate  or 
conservative;  

•  the  production  i s  accord ing  to  the  des ign .  

I n  a  fu l l -scale  test used  as  fi nal  des ign  veri fication ,  the  val id i ty of the  assumptions  mentioned  
above are  checked  s imu l taneousl y.  When  a  b lade  fa i ls  during  testi ng ,  at l east one  of these  
assumptions  has  been  violated ,  a l though  wi thou t further anal ys is  i t  m ight  not be  clear what  
caused  th is  unexpected  fa i l u re.  

I f no  damage  to  the  b lade  has  occurred  during  the  test and  the  b lade  structure  and  the  test  
l oad ing  has  been  evaluated  correctl y,  th is  g i ves  a  strong  i nd ication  that the  b lade  design  wi l l  
fu l fi l  i ts  requ irements .  I t  shou ld  be  noted  that the  b lade  property tests  make i t  poss ible  to  
check some of the  main  des ign  assumptions  used  for the  des ign  calcu lations.  

6 Documentation  and  procedures  for test blade  

The  blade  manufacturer shal l  record  traceable  documentary evidence for the  design  and  
construction  of the  test bl ade.  The  records  shou ld  cover:  

•  un i que  identi fication ;  

•  re levant  d rawings  and  speci fications ;  

•  l am ination  p lans  and  work instructions;  

•  l i sti ng  of manufacturer,  type  and  i den ti fication  number for a l l  importan t materials  used ;  

•  suppl ier’s  certi ficate  and  b lade  manufactures  l aboratory acceptance report for a l l  importan t  
materia ls  used ;  

•  cu ring  h istory thermographs  for thermosetti ng  res ins  and  adhesives  at  cri ti ca l  l ocations ;  

•  d i fferentia l  scann ing  calorimetry or other con trol  of curing ;  

•  manufacturing  qual i ty record  sheets  s igned  by responsible  person ;  

•  we igh t and  ba lance  report detai l i ng  tota l  mass  and  centre  of gravi ty.  Th is  report shal l  
i ncl ude  i n formation  abou t any l oose  i tems  fi tted  during  weigh ing  e . g . ,  root j o i n t e l ements  
and  damper fl u ids ;  

•  re levant  reports  on  manufacturing  deviations.  

Repairs  shal l  a lso  be  documented .  The  records  shou ld  cover the  above  l i st.  Repairs  may be:  

•  representati ve  examples  for repai r procedures  for manufacturing  defects  and  i n -service  
damage  that are  qual i fi ed  wi th  the  test b l ade ;  

•  repairs  performed  due  to  damage  caused  by test l oads  h igher than  the  target l oads  (see  
9. 3  and  9. 4).  

Specia l  b lade  mod i fications  can  be  present for test purposes.  During  the  fatigue  tests  the  
l oads  may have  to  be  magn i fied  to  complete  the  test wi th in  an  acceptable  time-frame.  I n  some 
cases,  the  requ i red  magn i fication  of the  fatigue  loads  may l ead  to  fa i lu re  of areas  not  
considered  to  be  tested .  I n  these  cases,  specia l  b l ade  mod i fications  can  be  cons idered .  
Mod i fication  m igh t a lso  be  due  to  l oad  i n troduction  reinforcements.  Al l  specia l  b l ade  
mod i fications  shal l  be  documented .  
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7 Blade test program  and  test plans  

7. 1  Areas  to  be  tested  

No s ing le  test can  l oad  the  whole  b lade  optimal l y.  Al l  cri tical  areas  shou ld  be  loaded  at a  
m in imum  to  the  target l oads.  These  areas  are  d iscussed  in  Annex B.  Lead -lag  and  fl ap  tests  
may be  sufficient – bu t that sha l l  be  evaluated  (see  Annex D) .  

7.2  Test program  

The test  program  for a  b lade  type  shal l  be  composed  of at  l east the  fol l owing  tests  i n  th is  
order:  

•  mass,  centre  of gravi ty and  natura l  frequencies  (see  1 0 . 4 . 1  and  1 0. 4 . 2) ;  

•  s tatic tests  (see  9. 3  and  1 0 . 2) ;  

•  fatigue  l oad  tests  (see  9 . 4  and  1 0 .3) ;  

•  post fati gue  static tests .  

Testi ng  of other blade  properties  cou ld  be  of i n terest (see  1 0. 4 .3) .  

Al l  tests  i n  a  g i ven  d i rection  and  i n  a  g iven  area  of a  b l ade  shal l  be  performed  on  the  same 
blade  part.   The  flap  and  lead- lag  sequence  of testing  may be  performed  on  two separate  
b lades.   However,  i f an  area  of the  b lade  is  cri tical  due  to  the  combination  of flap  and  l ead -lag  
load ing ,  then  the  enti re  test  sequence shal l  be  performed  on  one  b lade.  

The  test program  shal l  i ncl ude  b lade  i nspection  (see  Clause  1 1 ) .  

7.3  Test plans  

7.3. 1  General  

Test p lans  shal l  be  establ ished  for a l l  the  i nd ividual  tests  i n  the  b lade  test program .  The  test 
p lans  shal l  i nclude  a  b lade  description ,  speci fication  of l oads,  cond i ti ons  and  the  
i nstrumentation  to  be  appl ied  i n  the  test.  

7.3.2  Blade description  

The b lade  description  i n  the  test p lan  shal l  be  sufficien t to  ensure  that the  b lade  wi l l  fi t  the  
test s tand  and  avoid  un in tended  overload ing  during  storage,  hand l i ng ,  l i fti ng ,  mounting  and  
testing  i n  the  laboratory.  

The  fo l l owing  in formation  shal l  be  suppl ied :  

•  b lade  geometry (preferabl y i n  form  of a  d rawing):  

– b lade  l ength ;  

– chord  and  twist d istribu tion ;  

– pre-bend  or sweep;  

•  mass  and  center of gravi ty;  

•  b lade  surface  cond i tion ;  

•  b lade  mounting  detai l s :  

– bol t pattern  ( i nclud ing  to lerances)  and  in terface  d imension ;  

– bol t  s i ze,  type  and  grade;  

– bol t  clamping  length ;   

–  bol t pretens ion  or torque  procedure ;  
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•  l i fting  and  hand l ing  procedures ;  

•  maximum  expected  deflections  under l oad ;   

•  profi le  geometry at l oad  i n troduction  poin ts .  

Add i ti onal  i n formation  (such  as  moun ting  structu re  sti ffness)  may be  requ ired  depend ing  on  
the  test speci fics .  

7.3.3  Loads  and  conditions  

The test p l an  shal l  i ncl ude  the  target l oads,  test l oads,  appl ication  methods  and  sequence of 
the  tests  to  be  conducted .  Envi ronmental  cond i ti ons  that may affect the  execu tion  of the  tests  
shal l  a lso  be  g i ven  i n  the  test  p lan  (see  8. 3. 3) .  

7.3.4  Instrumentation  

The pos i ti on  and  orien tation  of l oad  cel ls ,  s train  gauges,  deflection  transducers  and  other 
sensors  shal l  be  speci fied  i n  the  test  p l an .  

7.3.5  Expected  test  resu l ts  

I t  i s  recommended  that pred ictions  (deflections,  stra ins,  etc. )  are  provided  correspond ing  to  
a l l  sensor measurements  to  enable  and  assist  p lann ing ,  evaluation  and  qual i ty control .  

8 Load  factors  for testing  

8. 1  General  

I n  testing ,  various  l oad  factors  have  to  be  taken  i n to  account.  Those  aris i ng  from  the  des ign  
are  d iscussed  i n  8. 2.  Apart from  these,  add i tional  test l oad  factors  have  to  be  appl i ed  to  
account for effects  i n troduced  by the  test methodology.  These  test l oad  factors  are  d iscussed  
i n  8. 3.  

8.2  Partial  safety factors  used  in  the  design   

8.2. 1  General  

I n  the  des ign  ca lcu lations,  partial  safety factors  (or coefficien ts)  have  to  be  i ncluded .  
Accord ing  to  I EC 61 400-1 ,  these  include:  

γm :  partia l  materia l  factors;  

γn :  partia l  factors  for consequences  of fa i lu re ;  

γf:  partia l  load  factors.  

I n  the  des ign  ca lcu lation ,  a l l  three  partia l  safety factors  (γm ,  γn  and  γf)  have  to  be  appl i ed .  The  
product of these  partia l  factors  is  an  importan t figure  for the  overal l  safety l evel  of the  design .  

For the  test l oad ,  on l y γf  and  γn  wi l l  affect the  test load  for reasons  g i ven  in  the  fol l owing  
subclauses.  

8.2.2  Partial  factors  on  materials  

Materia l  data  are  normal l y based  on  tests  of coupons  produced  and  tested  under l aboratory 
cond i ti ons.  

Materia l  convers ion  factors  take  i n to  account speci fic d i fferences  between  the  cond i tions  of 
the  materia l  i n  the  structure  and  the  cond i tions  for wh ich  the  streng th  and  fatigue  formu lation  
were  derived .  Examples  of these  convers ion  factors  are  factors  for s i ze  effects,  hum id i ty,  
ag ing  and  temperature.  These  wi l l  be  appl i ed  impl ici tl y us ing  the  appropriate  s trength  and  
fatigue  formu lation  during  the  evaluation .  
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The  partia l  factor for materia ls ,  γm ,  i s  appl i ed  in  the  des ign  to  account for uncertain ties  i n  the  
convers ion  factors  and  the  poss ib i l i ty of unfavorable  deviations  of the  material  properties  from  

the  characteristic values.  The  test l oads  shou ld  not be  i ncreased  by th is  partia l  factor (γm )  
because  the  materia l  i n  the  blade  be ing  tested  i s  the  actual  materia l .  

8.2.3  Partial  factors  for consequences  of fai lu re  

The  partia l  factors  for consequences  of fai l u re,  γn ,  accord ing  to  I EC 61 400-1 ,  are  factors  by 
wh ich  the  importance  of the  structure  and  the  consequences  of fai lu re,  i nclud ing  the  
s ign i ficance  of the  type  of fai l u re,  are  taken  i n to  account. 1  The  reason  i s  that for a  non-fai l -
safe  componen t (such  as  a  bl ade)  a  h igher l evel  of safety against fa i l u re  i s  requ i red  than  for a  
fa i l -safe  component.  I n  th is  case,  the  fu l l -scale  test sha l l  reflect th i s  add i tional  safety 
requ irement.  As  a  consequence,  these  factors  shal l  be  included  i n  the  test l oad .  

8.2.4  Partial  factors  on  loads  

During  the  design ,  the  partia l  factors  on  l oads  γf  take  in to  account the  uncertain ties  i n  the  
l oads.  Therefore,  the  test bl ade  shal l  be  able  to  res ist  the  des ign  l oad  (wh ich  i ncludes  the  
appropriate  partia l  factors  for l oads) .  

8.3  Test load  factors   

8. 3. 1  Blade  to  blade  variation  

I f there  is  no  fa i lu re  probabi l i ty d is tribu tion  data  avai l able  for the  particu lar b lade  des ign  and  
particu lar manufacturing  procedure,  the  fo l l owing  test  l oad  factors  shal l  be  used :  

for static  tests :  γsu  =  1 , 1  

for fatigue  tests :  γsf  =  1 , 1  

The  static load  factor above  shal l  be  used  for at l east one  of the  two requ i red  s tatic tests  (pre  

or post  fati gue) .   For the  other static test,  γsu  can  be  set to  1 , 0 .  

8.3.2  Possible  errors  in  the  fatigue  formulation  

Due to  the  conversion  of the  orig ina l  fati gue  des ign  loads  to  fati gue  test l oads ,  an  uncertain ty 
i s  i n troduced  due  to  possible  errors  in  the  fa tigue  formu lation .  

The  more  the  fatigue  test i s  accelerated ,  i . e.  the  l ower the  number of cycles  i n  the  fati gue  
test,  the  l arger the  uncerta in ty connected  to  the  conversion  from  the  fati gue  des ign  l oads  to  
the  fati gue  test  l oads.  

For fatigue  tests ,  th is  sha l l  be  accounted  for by appl ying  the  factor γef  to  the  fatigue  test l oads .  

The  value  of γef  i s  g i ven  for d i fferent  numbers  of test l oad  cycles  in  the  Table  1  be low (see  
Annex F).  

Table  1  – Recommended  values  for γef  for d i fferent number of load  cycles  

Number of load  cycles  γ
ef
 

5  ×  1 05  1 , 065  

1  ×  1 06  1 , 050  

2 , 5  ×  1 06  1 , 035  

5  ×  1 06  1 , 025  

1  ×  1 07  1 , 01 5  

___________ 

1   I n  some  codes,  th i s  i s  taken  i n to  account by appl yi ng  d i fferen t  parti a l  factors  on  l oads.  
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For fatigue  tests  using  a  number of l oad  cycles  d i fferen t from  those  g i ven  i n  the  table  above,  

γef  i s  e i ther conservatively selected  or found  by i n terpolation  or extrapolation .  

8.3.3  Environmental  cond itions  

I n  general ,  the  cond i tions  at the  test faci l i ty are  more  ben ign  than  the  actual  operational  and  
consequentl y design  cond i ti ons.  I n  many s treng th  and  fatigue  formu lations,  the  effect  of these  
cond i ti ons  is  expressed  by factors .  However,  i t  can  a lso  resu l t i n  d i fferent  strength  or fati gue  
formu lation  for the  d i fferent cond i ti ons.  

When  the  test cond i tions  are  more  ben ign ,  th is  leads  to  a  magn i fication  of the  requ ired  tes t 
l oad .  The  appropriate  factor has  to  be  checked  by the  evaluation  of the  test l oad  d istribu tion ,  
bu t for both  cond i ti ons  the  appropriate  strength  or fatigue  formu lation  has  to  be  appl ied  (see  
Annex E) .  Whenever the  effect i s  g i ven  by factors,  these  can  be  used  as  an  i n i ti al  estimate  for 
the  factor necessary to  magn i fy the  l oad  to  arri ve  at  an  equ iva len t test l oad .  

8.4 Appl ication  of load  factors  to  obtain  the  target  load   

For the  tests ,  the  design  l oad  i s  compi led  in to  a  target  l oad .  The  test  l oad  shou ld  i deal l y be  
equ ivalent to  the  target  load .  The  determ ination  of the  target l oads  shal l  be  based  on  
appropriate  s trength  and /or fatigue  formu lations  and  e lastic properties  for the  materia ls  used  
i n  the  areas  to  be  tested .   

The  target load  for the  s tatic  test  i s  defined  as:  

 γγγ lusunuduu-target ...F = F  ( 1 )  

where  

Ftarget-u  i s  the  target l oad ing ;  

Fdu  i s  the  des ign  load ing  ( i nclud ing  partia l  factor for l oads  γf)  (see  8. 2. 1 );  

γnu  i s  the  partia l  factor for consequence of fa i lu re  (see  8 . 2 . 3);  

γsu  i s  the  test  l oad  factor for b lade  to  b lade  variation  (see  8. 3. 1 );  

γl u  i s  the  test  l oad  factor for envi ronmental  effects ,  i f appl icable  (see  8. 3. 3) .  

The  target load  for the  fati gue  test i s  defi ned  as :  

 γγγγ l fefsfnfdff-target ....F = F  (2)  

where  

Ftarget-f  i s  the  target l oad ing ;  

Fdf  i s  the  damage equ iva len t design  l oad ing  ( includ ing  partia l  factor for l oads  γf)  (see  
8. 2. 1 ) ;  

γnf  i s  the  partia l  factor for consequence of fa i lu re  (see  8 . 2 . 3);  

γsf  i s  the  test  l oad  factor for b lade  to  b lade  variation  (see  8. 3. 1 );  

γef  i s  the  test  l oad  factor for errors  i n  the  fati gue  formu lation  (see  8 . 3 . 2) ;  

γ l f  
i s  the  test l oad  factor for envi ronmental  effects,  i f appl icable.  Al ternativel y the  
envi ronmental  effects  can  be  accoun ted  for i n  the  conversion  from  design  l oads  to  
damage  equ ivalen t des ign  l oads,  i f appl icable  (see  8. 3 . 3) .  

The  determ ination  of the  damage equ iva lent design  l oads  for fatigue  i ncludes  appropriate  S-N  
formu lation(s) ,  cycle  counting  procedures,  an  appropriate  damage summation  model ,  R-value  
effects,  and  a l l  other re levan t i n formation .  

Copyright International  Electrotechnical  Commission  



 – 20  – I EC 61 400-23: 201 4  © I EC 201 4  

9  Test loading  and  test load  evaluation  

9. 1  General  

For each  test,  the  target l oads  shal l  be  defined  in  the  test p l an .  Sufficien t i n formation  shal l  be  
provided  to  a l low the  test  load  to  be  accuratel y assessed  against the  target l oad .  I n  pri ncip le,  
the  s ix l oad  components  shou ld  be  g i ven ,  i nclud ing  phase  and  frequency i n formation  requ ired  
to  generate  combined  l oad  cases.  I n  real i ty,  the  l oad  componen ts  l ead- lag  and  fl apwise  
moments  are  the  far most importan t componen ts.  Lead- lag  and  fl apwise  shear l oads  wi l l  
normal l y impl ici tl y be  taken  care  of because  of the  moments.  On l y for more  specia l i zed  b lades  
wi l l  the  tors ion  and  l engthwise  forces  have  to  be  taken  i n to  account.  The  coord inate  system  
relevant for the  l oad  components  shal l  be  cl earl y speci fied  (see  4 . 4).  The  l arge  deflections  of 
the  b lade  during  testing  typ ical l y l ead  to  changes  i n  l oad  d i rection  wi th  magn i tude  (see  
Annex C) .  Effects  of changes  i n  l oad  d i rection  shal l  be  carefu l l y cons idered  when  preparing  
the  test p lans  and  reports  and  when  estimating  uncertain ties  accord ing  to  1 0 . 1 . 3.  

S ince  the  test shou ld  prove  that the  b lade  can  survive  the  target l oad ing ,  the  test l oad ing  shal l  
be  evaluated .  I t  shou ld  be  checked  i n  wh ich  areas  of the  b lade  the  severi ty of the  test  l oad ing  
is  i ndeed  equal  to  or more  severe  than  the  target l oad ing .  Because  the  severi ty of the  test  
l oad ing  compared  to  the  target l oad ing  wi l l  vary over the  b l ade  area,  i n  pri ncip le  the  
evaluation  has  to  be  done  at a l l  l ocations  of the  b lade  area  that are  to  be  tested .  Some  
examples  of test  evaluation  are  presented  in  Annex D.  

Loads  on  cri tical  mechan ical  and  e lectrical  b lade  subsystems,  such  as  tip  brakes  and  l i ghtn ing  
protection  componen ts,  are  often  d i fferent i n  character from  the  general  l oads  on  the  blades  
and  may need  extra  speci fication  and  speci fic tests.  I n  the  case  of mechan isms,  i t  i s  u n l ikel y 
that sufficien t l oad ing  cond i tions  wi l l  be  present i n  the  standard  tests  to  qual i fy the  subsystem  
in tegri ty.  Add i ti onal  testi ng  may be  necessary to  s imu late  specia l  case  load ing ,  incl ud ing  
tors ion  and  rad ia l  l oad ing .  For systems whose  fa i l u re  may resu l t  i n  unsafe  operation  of the  
turbine,  specia l  consideration  shal l  be  g i ven  to  veri fy the  appropriate  l evel  of structural  
i n tegri ty.  The  accumu lated  damage shou ld  not cause  functional  fai l u re  of these  subsystems.  
Loads  for testi ng  of b lade  subsystems are  not covered  further i n  th is  standard .  

9.2  Influence of load  in troduction  

I n  the  case  where  the  test load  i s  i n troduced  as  concentrated  forces  at  a  restricted  number of 
l ocations  (e. g .  at  actuator posi tions) ,  the  sections  where  the  load  i s  appl ied  are  d isturbed  and  
may be  s trengthened  over a  certa in  area  by the  l oad  i n troduction  fixtures.  Therefore,  at  these  
areas  the  b lade  may not  be  properl y tested  and  shou ld  not be  considered  i n  the  anal ys is  or  
evaluation .  The  length  ( i n  the  long i tud ina l  d i rection)  of the  d isturbed  area  can  be  estimated  
from  calcu lations  or measurements.  

Withou t further anal ys is,  i t  cou ld  be  assumed  that th is  affected  area  m igh t extend  as  much  as  
three  quarters  of the  chord  l eng th  on  e i ther s ide  of the  fixture.  I n  sadd le  des ign ,  specia l  
atten tion  shou ld  be  g iven  to  buckl i ng  sens i ti ve  areas  (e. g .  tra i l i ng  edge  in  compression) .  

Also,  i f specia l  mod i fications  are  made  for test purposes  (see  Clause  6) ,  the  above-mentioned  
cons iderations  are  re levant.  

9.3  Static load  testing  

I n  static load  testing ,  the  area  to  be  tested  shal l  be  loaded  to  each  of i ts  most severe  des ign  
l oad  cond i tions  wh i le  taking  i n to  account the  variations  i n  a  popu lation  of manufactured  
b lades  and  d i fferences  between  the  l aboratory and  the  design  envi ronmental  cond i ti ons  (see  
8. 3. 1  and  8. 3. 3) .  

I f d i fferen t l oad  d istribu tions  or orien tations  are  needed  to  represent the  d i fferen t extreme l oad  
cases  in  the  areas  to  be  tested ,  each  of these  shal l  be  appl ied .  For d iscussion  of l oad  
d i rections,  see  Clause  D . 1 .  
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I t shou ld  be  noted  that the  b lade  may be  most vu lnerable  to  certa in  fa i lu re  modes  when  a  
resu l tan t l oad ,  wh ich  is  not necessari l y the  h i ghest i n  magn i tude,  i s  appropriatel y appl ied  i n  a  
particu lar d i rection .  For each  load  the  b lade  shal l  wi thstand  the  maximum  load  for the  
speci fied  l oad  du ration .  S ince  most common  b lade  materia ls  exh ibi t a  reduction  of strength  
wi th  duration  of load ,  the  duration  of the  test  load  shal l  be  at l east as  l ong  as  the  peak des ign  
l oad .  I f the  des ign  load  i n formation  provides  a  wel l -defined  duration  for the  peak load  on  the  
b lade,  the  test load  and  duration  shal l  be  based  d i rectl y on  that.  I f no  duration  of constan t test  
l oad  i s  stated ,  then  1 0  s  sha l l  be  the  m in imum  value.  

I n  general  a l l  l ocations  wi l l  be  regarded  as  suffi cien tl y tested  i f the  load ing  during  the  s tatic  
l oad  test i s  equal  to  or h i gher than  the  target l oad .  I n  case  of fai l u res  caused  by l oads  h i gher 
than  target  l oads,  repai r i s  a l l owed  before  a  fati gue  test.  

I f the  b lade  i s  tested  wi th  combined  load ing ,  i t  i s  not i n tended  to  combine  maximum  load  in  
one  d i rection  wi th  maximum  load  i n  the  other d i rection .  I nstead ,  the  maximum  load  i n  one  
d i rection  shou ld  be  combined  wi th  an  appropriate  l oad  i n  the  other d i rection .  

9.4 Fatigue  load  testing  

On  the  areas  to  be  tested ,  a  test l oad ing  has  to  be  generated  g iving  a  fatigue  damage  
equ ivalent to  the  fatigue  damage caused  by the  target l oads.  The  fatigue  test loads  wi l l  
general l y be  chosen  in  such  a  way that,  for practica l  reasons,  the  test t ime is  reduced .  To  test  
areas  around  the  whole  b lade  cross-section ,  various  combinations  of flatwise  and  edgewise  
l oad ing  may be  employed .   

To  reduce the  number of cycles  during  the  test,  the  load  normal l y has  to  be  i ncreased  to  
obtain  a  reasonable  comprom ise  between  testi ng  as  real is tical l y as  poss ib le  and  obtain ing  a  
more  reasonable  testi ng  time.  

The  magn i fication  shal l  l ead  to  the  appropriate  theoretica l  equ ivalen t fati gue  damage  
accumu lation ,  having  the  fol lowing  l im i tations  in  m ind :  

•  the  maximum  va lues  of the  stresses  or strains  m ight surpass  the  s tatic  strength  of the  
materia l  and  consequently l ead  to  static  damage  or fa i l u re;  

•  the  stresses  or s tra ins  may be  so  h igh  that the  usual  assumption  of the  l i neari ty between  
forces  and  stresses  no  l onger appl ies,  such  as  i n  the  case  of buckl i ng ;  

•  i n ternal  heati ng  of the  h i gh l y stressed  areas.  

Especia l l y i n  the  case  of variable  ampl i tude  load ing ,  these  l im i ts  can  be  reached  at a  
re lati vel y l ow l oad  magn i fication  factor.  I n  that case,  on l y the  i n termed iate  l oad  cycles  can  be  
i ncreased  further,  and  the  test l oad ing  becomes more  and  more  a  constant-ampl i tude  l oad ing  
as  a  consequence.  

The  mean  l oads  appl ied  during  fati gue  testi ng  shal l  normal l y be  as  close  as  possib le  to  the  
mean  l oad  at the  operati ng  cond i ti ons  that are  most severe  to  the  fati gue  strength .  

Locations  wi l l  be  regarded  as  su fficientl y tested  i f the  theoretical  damage  (e. g .  M iner 
summation)  during  the  fati gue  test i s  equal  to  or h igher than  the  theoretical  damage based  on  
the  target load .  

The  theoretical  test damage  can  be  evaluated  by accumu lation  of the  damage from  al l  partia l  
tests.  

When  a  certa in  area  of the  b lade  fa i l s  after i t  has  been  subj ected  to  theoretical  damage due  to  
the  test l oad  that i s  equ iva lent to  or h i gher than  the  damage due  to  the  target l oad ,  that area  
has  passed  the  test.  I n  pri ncip le,  testing  of the  blade  can  con tinue  to  reach  equal  severi ty for 
the  other areas.  Th is  i s  on l y val i d  for the  areas  that are  not affected  by s tress  red istribution  
due  to  the  damage.  
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I n  case  of fa i lu res  caused  by loads  h i gher than  target l oads,  repai r i s  a l l owed .  The  
consequences  of any repairs  shal l  be  evaluated .  

1 0  Test requirements  

1 0. 1  General  

1 0 . 1 . 1  Test records  

Al l  test activi ti es  shal l  be  noted  in  a  l og  book.  

1 0. 1 .2  Instrumentation  cal ibration  

Al l  i nstrumentation  used  to  col lect data  for evaluation  of test resu l ts  sha l l  be  cal i brated .   I n  the  
case  of appl ied  sensors  and  gauges  that cannot be  independentl y cal ibrated ,  speci fications  
shal l  be  traceable  and  the  remain ing  chain  shal l  be  cal i brated .  Procedures  for con trol l i ng ,  
ca l i brati ng ,  main ta in ing  and  i nspecting  measuring  and  test equ ipment shal l  be  developed  and  
implemented  i n  accordance wi th  I SO/IEC 1 7025  or equ ivalen t.  When  possib le ,  an  end-to-end  
cal ibration  of the  system  shou ld  be  made,  veri fying  performance  of a l l  sys tem  components.   I n  
the  procedures,  i t  shal l  be  addressed  that recal ibration  has  to  be  done  for sensors  that m ight  

be  damaged  as  a  consequence of a  catastroph ic  b lade  or equ ipment fa i l u re  during  testi ng . 2  

1 0. 1 .3  Measurement uncertain ties  

Al l  device  uncertain ties  shal l  be  l i s ted  i n  the  test report.  

I n  add i ti on ,  the  fol l owing  uncerta in ties  shal l  be  estimated  and  reported :  

•  uncertain ties  i n  magn i tude,  d i rection  and  location  of any appl ied  l oad ;  

•  uncertain ties  i n  magn i tude,  d i rection  and  location  of d isp lacement;  

•  uncertain ties  i n  magn i tude,  d i rection  and  location  of the  measured  stra in . 3  

1 0. 1 .4  Root fixture and  test  stand  requ irements  

I n  case  the  root area  and  fixture  i s  cons idered  for testing ,  deviations  between  the  test s tand  
and  the  wind  tu rbine  b lade  assembly shal l  be  evaluated .  

The  measured  deflection  of the  b lade  shou ld  be  corrected  for deformation  of the  b lade  root 
fixture  and  the  test s tand .  For the  measured  natural  frequencies,  damping  and  mode shapes,  
the  effect of the  test stand  shal l  be  cons idered .  For re lati vel y ri g id  test  stands  (con tribu tion  to  
ti p  deflection  l ess  than  1  %),  the  effect of the  test stand  can  be  ignored .  

1 0. 1 .5  Envi ronmental  cond i tions  mon itoring  

Envi ronmenta l  records  may be  necessary to  quan ti fy effects  on  the  test b lade  such  as  
sti ffness  variations,  stra i n  gauge  d ri ft (particu larl y on  s i ng le  e lement bridges)  or d ri ft  i n  other 
sensors.   

___________ 

2  Fai l u re  of the  b l ade  or equ ipment can  resu l t  i n  overl oad i ng  a  sensor such  as  a  l oad  cel l .  Due  to  the  possib l e  
strong  d ynam ic effects,  th i s  overl oad i ng  may be  present du ri ng  such  a  short  peri od  that  i t  m igh t  not  be  (fu l l y)  
detected  by the  measurement system .  

3  The  to lerance  of a  s tra in  gauge  i s  typical l y smal l er than  1  % .  However,  s tra i n  gauges  are  often  made  of 
material s  that  are  much  sti ffer than  the  coati ngs  and  adhesives  used  i n  wi nd  tu rb ine  b l ade  design .  Th i s  impl i es  
that  s tra in  gauge  design  may have  an  impact on  read i ngs  where  stra in  gauges  are  appl i ed  on  the  su rface  of 
th i ck coati ngs  and  adhesives.  Such  read i ngs  on  the  su rface  of th i ck coati ngs  and  adhesives  may not  be  
representati ve  for the  stra i n  i n  l am inates  below the  coati ng  or adhesive.  Appl i cati on  of l arge  strain  gauges  or 
removal  of coati ng  by g ri nd ing  may reduce  the  d i fference  between  the  stra i n  gauge  read ing  and  the  true  stra i n  
i n  the  l am inates.  
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As  a  m in imum ,  the  temperature  shal l  be  recorded  outs ide  and  i ns ide  the  blade  and  on  the  
b lade  surface  to  evaluate  the  d i fference between  ambient temperature  and  b lade  temperature.   
These  records  shal l  be  kept at time  i n tervals  suffi cien t to  mon i tor fl uctuations  during  a l l  tests.  

For materia ls  i n fl uenced  by moistu re,  the  ambient hum id i ty shal l  be  recorded  at i n tervals  
sufficient to  mon i tor fl uctuations  during  the  test.  

1 0. 1 .6  Determin istic  corrections  

1 0. 1 .6. 1  Tare  loads  

The test may be  i n fl uenced  by gravi tational  l oads  that are  not part of the  test l oad  or 
measured  by the  i nstrumentation .  These  loads  shal l  be  properl y accounted  for during  the  test  
and  process ing  of the  test data.  

Tare  l oads  can  resu l t  from  the  masses  of 

•  the  b lade  i tse l f;  

•  l oad  i n troduction  fixtures  (actuators,  wh i ffle  tree  apparatus,  clamping  structures,  etc. ) ;  

•  cab les,  s l ings,  and  transducers .  

Tare  loads  and  thei r l ocation  wi th  respect to  the  blade  co-ord inate  system  shal l  be  
documented .  

1 0. 1 .6.2  Load  ang le  changes  

As the  blade  deflects ,  the  load  d i rection  relati ve  to  the  b lade  orientation  can  change.  These  
l oad  d i rection  changes  shal l  be  taken  i n to  accoun t.  Th is  i s  expla ined  further i n  Annex C.  

1 0. 1 .6.3  Induced  torsion  load ing  

Loads  not acting  through  the  e lastic axis  e i ther due  to  deflection ,  pre-bend ing  or test set-up  
wi l l  cause  tors ion  moments  i n  the  b lade.  These  moments  can  be  s ign i fican t and  shou ld  be  
cons idered  when  speci fying  the  test l oad .  The  appl ied  l oads  may be  i n ten tional l y offset from  
the  e lastic axis  to  g i ve  a  prescribed  tors ion  moment.  

1 0.2  Static  test  

1 0 .2. 1  General  

Testing  us ing  static l oads  i s  undertaken  to  obtain  two separate  types  of i n formation .  One  set  
of in formation  re lates  to  the  b lade’s  abi l i ty to  resist the  l oads  that the  b lade  has  been  
des igned  for.  The  second  set of i n formation  relates  to  b lade  properties,  stra ins  and  
deflections  aris ing  from  the  appl ied  loads.  For conven ience,  the  two  sets  of i n formation  are  
usual l y obta ined  during  the  same static test,  a l though  th is  i s  not a  normative  requ i rement.  

1 0.2.2  Static  load  test  

During  the  s tatic l oad  tests  the  fol lowing  shal l  be  measured  (or derived  from  measurement)  
and  recorded :  

•  magn i tude  and  d i rection  of the  appl ied  l oad(s)  at the  fi ve  l oad  l evels  where  stra ins  are  
measured  (see  1 0 .2 . 3) ;  

•  a  time  s ignal  – to  assure  m in imal  t ime at a  l oad  l evel  (see  9 . 3).  Th is  can  be  i n  the  form  of 
an  actual  time s ignal  or can  be  derived  from  the  sample  rate .  
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1 0.2.3  Strain  measurement  

The strains  in  the  rotor b lade  shal l  be  measured  i n  areas  of in terest.  Strain  gauges  are  the  
preferred  device  used  for these  measurements.  Depend ing  on  the  areas  of i n terest,  stra ins  i n  
one  or more  d i rections  shal l  be  measured .  As  a  m in imum  the  stra ins  at  the  fo l l owing  areas  of 
i n terest shal l  be  measured :  

•  the  main  load  carrying  structure  (spar cap,  beam  flange)  i n  the  upper and  l ower shel l ,  a t  
four cross  sections  d istributed  over the  area  to  be  tested .  The  d i rection  of stra in  
measurement i s  typical l y l ong i tud inal  to  the  b lade  spanwise  axis ,  bu t can  be  in  other 
d i rections  as  requ ired  by model  veri fication ;  

•  the  tra i l ing  and  l ead ing  edges  at the  pos i tion  of the  maximum  chord  l ength  and  at  ha l f the  
b lade  l ength .  The  d i rection  of stra in  measurement i s  typica l l y para l le l  to  the  edges  of the  
b lade,  bu t  can  be  i n  other d i rections  as  requ i red  by model  veri fication ;  

•  the  webs  at the  b lade  root area  and  on  a  web  section  wi th  h i gh  calcu lated  stra in .  Shear 
stra in  i s  the  important s tra in  measurement requ i red  and  typical l y strain  gauge  rosettes  are  
used ;  

•  the  two h ighest l oaded  connecting  bol ts ,  i f the  bol ts  are  an  i n tegra l  part of the  area  to  be  
tested .  Both  bol t  tens ion  and  bend ing  shal l  be  measured .  

Other areas  of in terest for stra in  measurements  are  typica l l y at b lade  l ocations  i n  wh ich  
geometry trans i ti ons  and  cri tica l  design  deta i l s  are  present,  or the  strain  l evel  i s  expected  to  
be  h i gh .  

The  l ocation  and  the  orien tation  of the  i nd ividual  stra in  measurements  shal l  be  accurate l y 
documented .  Stra in  measurements  shal l  be  taken  for at l east  fi ve  l oad  l evels,  d istribu ted  over 
the  l oad  range  used  i n  the  test.   

1 0.2.4  Deflection  measurement 

Deflection  shal l  be  measured  at a  number of poin ts  adequate  to  determ ine  the  deflection  
throughou t the  b lade,  bu t at  not l ess  than  three  locations.  F lapwise  deflections  shal l  be  
measured  i n  enough  l ocations  and  at h igh  enough  l oads  to  val i date  design  tip  deflection  
ca lcu lations.  

1 0.3  Fatigue test  

During  the  fati gue  tests  the  fol lowing  shal l  be  measured  and  recorded :  

•  cycle  coun t;  

•  s i gnals  that are  used  to  control  the  blade  test  ( for example:  appl i ed  loads,  deflections,  
acceleration ,  s trains) .  

The  functional i ty of the  sensors  shal l  be  veri fied  throughout  the  test.   I f a  sensor or i nstrument  
fai ls  during  the  fatigue  test,  i ts  cri tical i ty for the  test sha l l  be  assessed .  Those  that are  cri tical  
to  the  fati gue  test shal l  be  fixed  or replaced .  To  prove  that the  assumptions  for the  fati gue  test 
are  sti l l  va l id ,  the  sti ffness  of the  b lade  shou ld  be  checked  and  documented  several  t imes  
(e. g .  5)  throughout the  test.  

1 0.4  Other blade property tests  

1 0 .4. 1  Blade  mass  and  center of gravi ty 

The b lade  mass  and  the  spanwise  l ocation  of the  center of gravi ty shal l  be  determ ined .   
Subcomponents  i ncluded  (e . g .  root  bol ts)  shal l  be  stated .  
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1 0.4.2  Natural  frequencies  

As a  m in imum ,  the  fi rst and  second  fl atwise  and  fi rst edgewise  frequencies  shal l  be  
measured .   The  mass  of the  test i nstrumentation  can  i n fl uence the  resu l ts  of the  natural  
frequency tests .   

1 0.4.3  Optional  b lade  property tests  

Testing  of other b lade  properties  may be  of i n terest.   These  may include  (bu t are  not l im i ted  
to) :  

•  damping ;  

•  mode  shapes;  

•  creep;  

•  mass  d istribu tion ;  

•  s ti ffness  d istribu tion .  

1 1  Test resul ts  evaluation  

1 1 . 1  General  

Before  starti ng  the  test program ,  after each  test and  at frequent i n tervals  during  the  fatigue  
test,  the  b lade  shal l  be  visual l y i nspected  on  both  the  i ns ide  and  ou ts ide.  

I n frared  or u l trason ic i nspection  and  record ing  of sound  em ission  may be  used  to  supplement 
the  visual  i nspection .  

I nspection  resu l ts  shal l  be  documented  i n  the  l ogbook.  Observations  shal l  be  accompan ied  b y 
appropriate  documentation .  

Cri tical  e l ectrica l  mounted  or imbedded  systems  such  as  l igh tn ing  down  conductors  or con trol  
re lated  sensors  shal l  be  i nspected  and  checked  for proper function  period ical l y throughou t the  
test program .  

I n  C lause  1 1 ,  i rreversible  property changes  of the  b lade  are  considered  as  damage.  The  
fol lowing  types  of damage are  defined :  

•  damage  in  form  of catastroph ic fai l u re  of test b lade;  

•  damage i n  form  of permanent deformation ,  l oss  of sti ffness  or change  i n  other b lade  
properties;  

•  superficia l  damage.  

Observed  damage shal l  be  cons idered  by the  des igner i n  a  fa i lu re  evaluation  (see  1 1 . 5) .  

For detai led  i nvestigations  after the  test,  the  b lade  may be  sectioned .  

1 1 .2  Catastroph ic  fai lu re  

Catastroph ic fa i l u re  i s  d i s i n tegration  or col lapse  of a  component or the  complete  test b lade.  
Catastroph ic fa i l u re  resu l ts  i n  l oss  of vi ta l  function  wh ich  impairs  safety.  The  fol lowing  
observations  can  be  considered  as  catastroph ic fa i l u re:  

•  breaking  or col lapse  of the  primary b lade  structure ;  

•  complete  fa i l u re  of structural  e l emen ts  such  as  in ternal  or external  bond  l i nes,  skins,  shear 
webs,  root fasteners  etc. ;  

•  major parts  become separated  from  the  main  structure.  
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Catastroph ic fai l u re  is  normal l y read i l y observed .  

Observations  shal l  be  documented  by description  in  wri ti ng  and  record ing  i n  form  of 
photography or video.  

1 1 .3  Permanent deformation ,  loss  of sti ffness  or change in  other blade  properties  

The mass,  center of gravi ty and  natural  frequencies  measured  before  the  static test (see  7. 2,  
1 0 . 4. 1  and  1 0 .4 . 2)  shal l  be  evaluated  against the  des ign  assumptions.  Other measured  b lade  
properties  as  described  in  1 0. 2. 3  and  1 0 . 2 .4  (strain  d is tribution  and  deflection)  shal l  be  
evaluated  both  after the  static test and  after the  post  fati gue  static  test.  

The  measurement of l oads,  deflections,  stra ins  and /or natural  frequencies  accord ing  to  
1 0 . 2. 2,  1 0. 2. 3,  1 0. 2 . 4  and  1 0 .4 . 2  shal l  be  evaluated  to  detect possible  l oss  of sti ffness  and /or 
permanent deformation .  

1 1 .4  Superficial  damage  

Marking  of time and  extent of damage  on  the  b lade  surface  shal l  be  used  for reference when  
observing  progress  of damage  th roughout the  test  program.   

The  fol l owing  examples  of observations  can  be  cons idered  as  superficia l  damages:  

•  smal l  cracks  in  lam inate  or bond  l i nes;  

•  ge lcoat cracking ;  

•  pa in t  fl aking ;  

•  surface  bubbles ;  

•  m inor panel  buckl ing  wi thou t permanent deformation  or damage;  

•  smal l  de lam inations.  

I n  case  repai r of any of the  superficial  damages  i s  described  i n  the  Operation  and  
maintenance manual  for the  b lade  type,  these  damages  are  a l lowed  to  be  repai red  during  the  
testing .  For example,  that cou ld  be  the  case  for smal l  cracks  i n  l am inate  or bond  l i nes ,  
gelcoat cracks  or pa in t  flaking .  I f repai rs  are  carried  ou t,  they have  to  be  documented  
accord ing  to  C lause  6 .  

1 1 .5  Fai lu re  evaluation  

Damage in  the  form  of permanent deformation  or l oss  of sti ffness  can  be  catastroph ic or l ead  
to  functional  fa i l u re  for a  b lade  i n  service.  

Superficia l  damage  can  develop  in to  functional  or catastroph ic  fa i l u re  over time  i n  
envi ronmental  cond i tions  experienced  by b lades  i n  service.  

The  des igner shal l  evaluate  the  damages  observed  during  the  i n i tia l  s tatic tests  and  the  
fatigue  tests  and  determ ine  the  effect on  safety against catastroph ic or funct ional  fa i lu re.  The  
basis  for th is  evaluation  i s  not  covered  by the  present s tandard .  

1 2  Reporting  

1 2. 1  General   

The tests  shal l  be  documented  i n  a  report contain ing  enough  i n formation  to  make the  tests  
and  thei r resu l ts  comprehensible.   
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1 2.2  Test report content  

The test report(s)  shal l  i nclude  the  fol lowing  i tems,  depend ing  on  the  type  of test:  

•  tab le  of contents ;  

•  con tractor for the  test;  

•  dates  and  l ocations  for the  tests;  

•  b lade  i denti fication ;  

•  b lade  description ;  

•  test set-up  and  procedures;  

•  description  of test  l oad ;  

•  test equ ipment used  ( i nclud ing  make,  model ,  seria l  numbers,  etc. ) ;  

•  reference  to  ca l ibration  records  of measurement equ ipment;  

•  l ocations  of sensors  and  measurement poin ts ;  

•  b lade  speci fic cal ibration  detai l s  (tare  l oads,  s tra ins,  etc. ) ;  

•  estimated  uncerta in ties;  

•  description  of i nspections ,  repairs  and  observations;  

•  summary of tests  and  test resu l ts ;  

•  deviations  from  test p l ans,  l aboratory procedures  or normative  references;  

•  l i st  of references  (test p lans,  l aboratory procedures,  normative  references) .  

1 2 .3  Evaluation  of test in  relation  to  design  requ irements  

The evaluation  of the  test i n  re lation  to  the  des ign  requ i rements  shal l  at  l east i ncl ude:  

•  evaluation  of test  l oads  i nclud ing  test  l oad  d istribu tion ;  

•  evaluation  test resu l ts  wi th  respect to  bas is  for design ;  

•  evaluation  of b lade  s ti ffness.  
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Annex A  
( in formative)  

 
Gu idel ines  for the necessi ty of  

renewed  static and  fatigue testing  

Due to  ad justments  i n  the  production ,  improvements  i n  des igns  and  optim izations  i n  general ,  
the  production  rotor b lades  wi l l  often  deviate  from  the  b l ade  that was  ori g inal l y used  for fu l l -
scale  testi ng .  

S ince  i t  i s  impractical  to  repeat the  fu l l -scale  test  every time ad justments  and  improvements  
are  made,  i t  i s  necessary to  make  a  d isti nction  between  changes  requ i ring  or not requ iri ng  a  
renewed  fu l l -scale  test.  Wh i le  such  requ i rements  are  ou ts ide  the  scope of th is  s tandard ,  and  
are  l eft  to  the  j udgment of the  manufacturer and /or certi fication  body,  some considerations  are  
g i ven  below.  

Observations  made from  the  previous  fu l l -scale  test shou ld  be  cons idered ,  s ince  these  may 
i nd icate  the  correctness  of the  des ign  assumptions  and  be  valuable  i n  assess ing  the  need  for 
retesting .  G iven  the  l evel  of change,  needs  for renewed  fu l l -scale  testi ng  may on l y comprise  a  
l im i ted  fu l l -scale  test,  e . g .  static  test on l y,  fatigue  test  on l y,  test i n  one  d i rection  on l y,  etc.  

I n  general ,  ad j ustments  and  improvements  that obvious l y streng then  the  b lade  tend  to  reduce  
the  need  for renewed  fu l l -scale  testi ng .  Furthermore,  changes  on l y affecti ng  areas  wi th  l arge  
safety marg ins  shou ld  be  less  prone  to  trigger the  need  for renewed  fu l l -scale  testi ng .  
However,  changes  that i n fl uence the  l oad ing  of the  wind  turbine  and  thereby i n fl uence  the  
design  assumptions  for the  blade  shou ld  be  cons idered .  

Some examples  of ad j ustments  and  improvements  i n  production  and  des ign  typ ical l y 
requ i ri ng ,  or not requ iring ,  renewed  fu l l -scale  testing  are  g iven  i n  Table  A. 1 .  

Table  A. 1  – Examples  of s i tuations  typical ly  
requ i ring  or not requ iring  renewed  testing  

Ad justments  and  improvements  typical l y  
requ i ring  renewed  fu l l -scale  testing  

Ad justmen ts  and  improvements  typical l y  
not requ i ring  renewed  fu l l -scale  testing  

Mod i fi ed  profi l e  shape  around  s i gn i fi cant  tested  areas  
(for example,  l argest chord )  

Mod i fi ed  b l ade  ti p  shape  

Shorten ing  of some l ayers  of fi bers  Prolongation  on  some  l ayers  of fi bers  

Sh i ft  to  a  new type  of res in  or new type  of fi bers  (e. g .  
sh i ft  from  polyester to  epoxy or from  g lass  fi bers  to  
carbon  fi bers)  

M inor ad j ustments  i n  raw material s  as  a  part  of the  
con ti nuous  development by the  materia l  supp l i er or 
sh i ft  to  a  new suppl i er of i den ti cal  material s .  I n  the  
l atter case  testi ng  on  coupon  l eve l  may be  needed .  

Sh i ft  to  a  new type  of core  materi a l  wi th  d i fferen t  
Young  or shear modu lus  i n  sandwich  constructions.  
(Often  combined  wi th  a  change  i n  core  materi al  
th i ckness).  

Mod i fi cati on  of the  chamfer ang le  i n  some  core  
materia l s  i n  sandwich  construction .  

Maj or changes  i n  s tacking  sequences  i n  sandwich  
constructions  

M inor changes  i n  s tacking  sequences  i n  massive  
l am inates  

Sh i ft  to  a  new production  method  (e. g .  hand  l ay-up  to  
i n j ection)  

M inor changes  i n  the  production  process  (e. g .  
ad j ustments  on  cu ri ng  cycl e)  

 

Besides  ad j ustments  and  changes  to  the  b lade  structure,  i t  may be  the  case  that the  design  
l oads  for a  certa in  b lade  change after the  fu l l -scale  test of the  b lade  has  been  completed .  I n  
th is  case,  renewed  fu l l -scale  testing  wi l l  on l y be  needed  i f the  des ign  l oads  i ncrease.  When  
the  des ign  loads  change,  a  new evaluation  of the  test l oads  against the  design  loads  shal l  be  
conducted .  
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Annex B  
(informative)  

 
Areas  to  be  tested   

The  fo l lowing  poten tia l  cri tica l  areas  shou ld  be  considered :  

•  the  i nboard  part of the  b lade  ou t to  the  span  from  where  the  section  properties  change 
on l y gradual l y;  

•  those  parts  of the  b lade  where  calcu lations  show the  smal l est reserve  factors  against 
buckl i ng ,  s trength  or fatigue  l i fe ;  

•  i f there  is  an  aerodynam ic braking  device  (or another b lade  system),  that part of the  b lade  
i ncorporating  th is  device,  particu larl y where  the  s tructure  is  affected  by th is  device.  

No  matter the  testi ng  methods  used ,  ach ieving  a  proper load  d istribu tion  i n  the  ou termost part  
of the  b lade  is  d i fficu l t.  I n  most cases,  th is  i s  not a  major problem  s ince  the  safety marg in  i n  a  
b lade  typical l y i ncreases  when  approach ing  the  tip .  

I n  the  l i gh t of the  d i fficu l ti es  i n  appl ying  a  proper l oad  d istribu tion  and  the  fact that testing  of 
the  ou termost part of the  b lade  may be  l ess  re levant due  to  l arge  safety marg ins,  i t  may be  
considered  to  cu t  the  tip  of the  b lade  before  testi ng .  

Basical l y,  cu tti ng  the  ti p  shou ld  leave  a  su fficientl y l arge  part  of the  b lade  to  enable  testing  of 
the  sections  where  the  l owest safety marg ins  are  present.  I f th is  i s  not  the  case,  i t  may be  
considered  to  e levate  the  test l oads  in  another b lade  section ,  principal l y a l i ke  the  one  wi th  the  
l owest  safety marg in ,  i n  accordance  wi th  the  method  outl i ned  i n  the  fol lowing :  

The  test l oads  shou ld  be  e levated  by the  factor f g i ven  by:  

min

ref

S

S
f=  

where  

f i s  the  load  e levation  factor;  

Sref  i s  the  safety marg in  i n  the  section  used  for veri fying  the  strength  of the  section  wi th  

the  l owest safety factor;  

Smin  i s  the  safety marg in  i n  the  section  wi th  the  l owest safety marg in .  

The  formu la  used  for calcu lati ng  the  factor f sha l l  be  used  for each  of the  fa i l u re  modes  
cons idered  and  the  maximum  value  of f sha l l  be  appl i ed  when  determ in ing  the  test l oads.  

I n  case the  bol ts  used  for connecting  the  blade  to  the  hub  or b l ade  bearing  forms  an  
i n tegrated  part of the  b lade  root (e. g .  i n  case  of T-bol t connections),  fu l l -scale  testing  of the  
b lade  shou ld  i nclude  the  proper b lade  bol ts  wi th  the  i n tended  pretens ion .  
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Annex C  
(informative)  

 
Effects  of large deflections  and  load  d irection   

Large  deflections  of a  b l ade  during  testing  typica l l y l ead  to  changes  i n  l oad  d i rection  wi th  
magn i tude.  

The  fi n i te  d is tance  between  attachment poin ts  for an  actuator system  i n  the  l aboratory and  on  
the  b lade  sadd le  impl ies  that l oad  d i rection  ang les  wi l l  change when  l oad ing  the  b lade.  A 
l onger d is tance  normal l y reduces  th is  change.  The  change  i n  ang le  wi l l  resu l t  i n  a  change  to  
the  load  d i rection  re lati ve  to  the  b lade  axis  and  the  moment arm  for calcu lation  of the  appl i ed  
root moment and  thereby also  the  moment at  any poin t between  the  root and  the  load  
appl ication  poin t.  Th is  effect  i s  sketched  in  F igure  C. 1 .  

 

Figure C. 1  – Appl ied  loads  effects  due  
to  blade  deformation  and  angu lation  

I n  the  case  where  the  load  appl ication  h inge  l i ne  i s  not cross ing  the  e last i c axis  of the  b lade ,  
an  add i tional  moment i s  appl ied  by the  poin t  l oad  (see  F igure  C. 1 ).  Th is  moment can  a lso  
cause  h i gh  local  bearing  pressure  on  the  b lade  su rface  from  the  l oad  i n troduction  fixture.  

I n  the  case  of a  s ing le  axial  l oad  wi th  the  deformation  perpend icu lar to  the  l oad ,  such  as  when  
the  l oad  i s  appl ied  i n  the  lead - lag  d i rection  and  the  b lade  a lso  deforms in  flap  d i rection ,  
changes  i n  the  l oad  d i rection  may a lso  occur.  Sadd les  not l oaded  perpend icu lar to  the  b lade  
axis  at h i gh  l oad  may s l ip  due  to  tangential  forces  (see  Ft  i n  F igure  C. 1 ).  Such  load ing  of 

sadd les  may a lso  resu l t  i n  l ocal  prying  forces  that un in tentional l y overload  the  b lade  structure.  

Mu l tip le  load  in troduction  poin ts  cou ld  be  used  to  m in im ize  adverse  l oad ing  cond i ti ons,  
especial l y at the  h i gher l oad  l evels .   Care  shal l  a lso  be  taken  to  space sadd les  away from  
cri tical  areas  to  be  tested  so  that they are  nei ther supported  nor adversely i n fluenced  by the  
l oad  i n troduction  fixtures.  

IEC   1 042/14  
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Annex D  
(informative)  

 
Formulation  of test load   

D.1  Static target load  

To generate  the  load  envelope  representing  the  worst case,  a l l  s imu lated  time poin ts  shal l  be  
post processed .  The  d i rections  and  magn i tudes  of the  des ign  l oads  shal l  be  chosen  such  that  
they cover th is  fu l l  l oad  envelope.  The  des ign  l oads  then  shal l  be  augmented  by factors  that 
represent the  uncertain ties  from  the  test l oad  formu lation ,  the  s impl i fi cation  of the  load  
appl ication ,  the  b lade  to  b lade  variation ,  and  the  envi ronmental  effects  during  testi ng .   

I n  the  fol l owing  example  the  l oad  i s  l im i ted  to  on l y flap  and  l ead- lag  l oads.  To  check the  b lade  
res istance  against the  combined  load ing  ( l ead -lag  wise,  fl ap  wise) ,  at any considered  station  
the  resu l tan t l oad  vector shou ld  be  calcu lated .  I n  many cases  the  resu l tan t l oad  vector i n  
between  the  pure  l ead- lag  and  fl ap  d i rection  shows a  h i gher value  compared  to  the  pu re  fl ap  
or pure  l ead- lag  l oad  d i rection .  As  an  example  i n  F igure  D. 1  a  polar p lot i s  g i ven  of the  
resu l ting  bend ing  moment for a  typ ical  b lade.  The  envelope  was  generated  us ing  l oad  data  
from  1 0  d i fferent cond i tions.  The  l i nes  represent i nd ividual  spanwise  l ocations.  The  resu l tant 
l oad  vector was  cons idered  360°  around  the  b lade  axis  in  1 5°  steps.  I t  shows  that testing  in  
flap  and  lead- lag  d i rection  on l y wi l l  not  cover a l l  des ign  l oads .  

 

Figure D. 1  – Polar plot  of the  load  envelope  from  a  typical  b lade  

D.2  Fatigue target load  

For each  part of the  b lade  that has  to  be  tested ,  i t  has  to  be  shown  that the  damage due  to  
the  test l oad  i s  equal  or h igher than  the  damage due  to  the  target l oad .  

IEC   1 043/14  
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I n  order to  determ ine  the  damage  due  to  a  l oad  system ,  the  load  has  to  be  translated  i n to  
stra in  or stress.  From  these  s tra in  or stress  cycles  the  damage can  be  calcu lated  us ing  an  
appropriate  method  of cycle  coun ting  and  an  appropriate  fatigue  formu lation .  

I n  order to  avoid  stacking  of i naccuracies,  the  damage due  to  the  test l oad  and  the  damage  
due  to  the  target l oad  shal l  be  evaluated  us ing  i den tical  methods.  

I n  practice,  a l l  parts  of a  b lade  cannot be  properl y tested .  A cri terion  to  determ ine  the  need  to  
test a  certa in  section  of a  b lade  can  be  the  reserve  against fati gue  fa i lu re  in  that area.  Th is  
determ ination  shou ld  be  made i n  accordance  wi th  the  certi fying  body.  

Th is  reserve  i s  general l y expressed  i n  the  fati gue  stra in  factor (FSF) .  Th is  is  the  factor by 

wh ich  the  load  has  to  be  mu l tip l ied  to  obtain  damage equal  to  un i ty.  S ince  the  determ ination  
of the  damage i s  a  non- l i near process,  FSF has  to  be  determ ined  i terati ve ly.  For areas  where  

th is  factor i s  h i gh ,  a  l arge  reserve  against fatigue  damage exists  and  hence the  need  for 
testing  th is  area  i s  l ess  u rgen t.  I f th is  factor i s  cl ose  to  un i ty,  the  area  is  cri tical  wi th  respect to  
fatigue  and  testi ng  is  requ i red .  

I n  order for a  g i ven  area  to  be  properl y tested ,  the  damage  due  to  the  test l oad  shal l  be  equal  
or h i gher than  the  damage due  to  the  target l oad .  Th is  means  that the  FSF for the  fati gue  test 
l oad  shal l  be  equal  to  or l ower than  the  FSF for the  fati gue  target l oad .   

The  ratio  between  the  FSF for the  target l oad  and  the  FSF for the  test l oad  can  be  defined  as  
the  re lati ve  FSF (rFSF) :  

test

target

FSF

FSF
rFSF =  

where  

rFSF i s  the  re lati ve  fati gue  stra in  factor;  

FSFta rg et  i s  the  fati gue  stra in  factor for the  target l oad ;  

FSFtest  i s  the  fati gue  stra in  factor for the  test load .  

At  a l l  l ocations  where  the  rFSF i s  b i gger than  un i ty the  blade  is  properl y tested .  

As  an  example,  the  test l oad  evaluation  for a  generic 62 , 5  m  b lade  i s  g iven  for two  test 
methods.  The  examples  g i ven  are  on l y deal i ng  wi th  the  s tresses  in  the  b lade  l ong i tud inal  
d i rection  and  no  atten tion  i s  g i ven  to  poss ible  cri tical  deta i l s  and  s tresses  i n  other d i rections.  
I n  the  fi rst part,  the  test l oad  evaluation  is  g i ven  for a  sequential  s i ng le  axial  test,  where  the  
b lade  i s  sequentia l l y l oaded  i n  pure  flat and  pure  lead- lag  d i rection .  On  the  62 , 5  m  blade,  
stra ins  are  compu ted  every 2  m  of rotor d iameter and  on  26  locations  d istribu ted  over the  
ci rcumference of the  chord  for each  spanwise  l ocation .  From  the  resu l ti ng  time series  of 
stra ins  i n  a l l  these  l ocations,  together wi th  the  occurrences  table  and  the  fatigue  l i fe  
formu lation ,  the  damage and  FSF’ s  are  determ ined .  The  damage i n  each  materia l  i s  computed  
and  at overlapping  materials  wi th  d i fferen t fatigue  formu lation  the  m in imum  FSF i s  considered .  
Al l  computations  are  performed  on  the  complete  l oad  set speci fi ed  by I EC gu idel i nes  us ing  an  
i n tegrated  wind  turbine  des ign  tool .  

The  damage  i n  the  b lade  after 20  years  of service  has  been  determ ined .  The  FSF’ s  are  

presented  as  con tour p lots  i n  F igure  D . 2 .  Al though  arbi trary,  i t  has  been  chosen  in  th is  
example  to  cons ider areas  wi th  an  FSF l ower than  1 , 4  as  cri tical .  
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Figure D.2  – Design  FSF 

The b lack l ine  in  F i gure  D. 2  connects  the  poin ts  where  the  FSF equals  1 , 4 .  The  areas  of the  
b lade  where  th is  FSF i s  smal l er than  1 , 4 ,  shou ld  be  tested .  For clari ty th is  area  is  represented  

as  marked  i n  red  i n  F igure  D. 3.  

 

Figure D.3  – Area  where design  FSF i s  smal ler than  1 ,4  (cri tical  area)  

Areas  where  compu tation  m ight underestimate  stresses  shou ld  a lso  be  cons idered ,  for 
example  areas  of h igh  s tress  concentration  in  the  bol ted  root connection ,  bonded  j o in ts  of LE  
and  TE  and  the  area  between  the  root  and  l argest chord .  

IEC   1 045/14  
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D.3  Sequential  single-axial ,  single  location  

At a  s ing le  location  two  separate  l oads  are  appl ied  success ivel y i n  the  main  d i rections,  the  
appl ied  l oads  are  period ic.  The  l oad  i s  appl ied  at  R  =  40 , 0  m .  The  l oad  due  to  acceleration  of 
the  b lade  mass  i s  neg lected .  The  number of test  cycles  for each  test  l oad  was  fixed  to  
1  m i l l i on  cycles.  F igure  D. 4  shows  the  ratio  of test and  design  FSF.  I n  the  graph  the  cri tical  
areas  from  Figure  D. 3  are  a lso  i nd icated  wi th  a  b l ack contour l i ne .  I t  a lso  shows  wh ich  amount 
of the  cri tica l  area  i s  tested ,  wh i l e  l ocal l y i n  the  cri tical  area  the  blade  i s  more  than  30  %  
overloaded .  Th is  example  concerns  on l y a  s ing le  load  i n troduction  poin t  – not taking  i n to  
account inertia  effects .  Th is  can  be  improved  by a  more  real istic l oad  d istribu tion .  

 

Figure D.4 – rFSF and  cri ti cal  areas,  sequential  s ing le-axial  test  

D.4 Mul ti  axial  s ingle  location  

The  second  example  i s  from  a  b i -axia l  test where  on  a  s i ng le  location  a  fl at  l oad  as  wel l  as  a  
l ead- lag  l oad  is  appl ied  wi th  a  phase  offset of abou t 90°  so  that the  l oad  i n troduction  poin t 
describes  an  e l l ipsoida l  traj ectory i n  space.  The  rFSF con tours  are  g i ven  together wi th  the  

aforementioned  cri tica l  area  in  F igure  D . 5.  
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Copyright International  Electrotechnical  Commission  



I EC 61 400-23: 201 4  © I EC 201 4  – 35  –

 

Figure D.5 – rFSF and  cri ti cal  area,  mu l ti  axial  test  

I t  can  be  seen  that for th is  type  of test,  a  much  b igger part of the  cri tical  area  is  tested ,  wh i l e  
the  overload  i n  th is  area  is  l im i ted  to  1 9  % .  I n  th is  example,  and  wi th  the  arbi trari l y chosen  
FSF va l ue  of 1 , 4  to  define  the  cri tica l  area,  i t  appears  that for both  types  of test,  parts  of the  
cri tical  area  are  not satisfactori l y tested .  However,  as  wi th  the  s tatic test,  i t  can  be  seen  that  
wi th  the  fati gue  test,  combined  load ing  (mu l ti -axia l )  resu l ts  i n  a  cons iderably b i gger part  of the  
b lade  to  be  properl y tested .  

IEC   1 047/14  
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Annex E  
(informative)  

 
Di fferences  between  design  and  test load  condi tions   

E.1  General   

I deal l y the  testi ng  performed  on  a  wind  turb ine  b lade  wou ld  recreate  the  des ign  cond i ti ons  of 
the  b lade.  However,  i n  practice  there  are  a  range  of l im i tations  on  the  tests  that can  be  
performed.  As  a  resu l t of these  l im i tations  some mod i fications  and  comprom ises  are  requ i red  
i n  the  s tatic and  fati gue  testing  undertaken  on  the  b lade.  The  fol lowing  h i gh l i ghts  some of the  
d i fferences  between  des ign  and  test  l oad  cond i tions.  

E.2  Load  introduction  

During  a  test,  the  l oad  in troduction  is  usual l y concen trated  at spanwise  b lade  sections.  Due  to  
the  l oad  concentration  and  possib le  re inforcement of the  cross-section ,  expected  
deformations  of the  cross-section  m ight be  prevented ,  wh ich  wou ld  a l ter the  b lade  stresses  
and /or strength  l ocal l y.  These  l oad  i n troduction  poin ts  shou ld  therefore  be  l ocated  away from  
the  areas  speci fied  to  be  tested  (see  9 . 2  and  Annex B) .  

E.3  Bending  moments  and  shear 

I n  a  b lade  s tatic test,  loads  are  usual l y appl i ed  at a  fi n i te  number of sections  – whereas  the  
i deal  test l oad  is  d is tribu ted .  Th is  resu l ts  i n  d i fferent spanwise  d istribu tions  of section  
moments  (see  F igure  E. 1 )  and  shear forces.  The  d istribu tion  of section  moments  can  be  
improved  by i ncreas ing  the  number of l ocations  where  l oad  i s  appl i ed ;  bu t th is  has  the  
d isadvantage  of i ncreas ing  the  area  of the  b lade  that i s  d isturbed .  The  objecti ve  is  to  repl icate  
the  target  l oad  as  accuratel y as  poss ible  wi thout comprom ising  the  val i d i ty of the  test.  

 

Figure E. 1  – D i fference of moment d istribution  for target  and  actual  test load  

E.4 Flapwise and  lead-lag  combinations  

I n  s tatic and  fati gue  tests,  the  resu l ts  are  most representati ve  when  combinations  of flapwise  
and  l ead-lag  l oads  are  appl ied .  By appl ying  on ly the  fl apwise  bend ing  moment or on l y the  
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lead  l ag  moment,  the  resu l ti ng  stresses  and  stra ins  and/or damage  rates  may be  l ower i n  
some areas  than  the  target  va lues  (see  Annex D) .  

E.5  Radial  loads  

Rad ial  l oads  on  an  operati ng  wind  turb ine  b lade  arise  due  to  the  g ravi tational  and  centri fugal  
forces.  General l y,  the  stresses  caused  by the  rad ia l  forces  are  l ow.   

E.6  Torsion  loads   

The  magn i tude  of the  torsion  des ign  loads  shal l  be  cons idered  i n  the  test l oad ing .  I f torsion  
l oads  are  s ign i fican t i n  the  structural  des ign  of the  b lade  they shou ld  be  i ncluded  i n  the  test  
(see  1 0 . 1 . 6. 3).  

I n  princip le  a  represen tati ve  mu l ti -axia l  l oad ing  wi l l  resu l t i n  a  more  rea l istic s i tuation  wi th  
respect to  tors ion  load ing  than  s ing le  axia l - load ing .  For a  straight b lade,  the  flapwise- load ing  
and  resu l ti ng  fl apwise  d i splacement means  that any s imu l taneousl y acti ng  l ead- lag  l oad ing  
wi l l  i n troduce a  tors ion  l oad ing  wh ich  i ncreases  toward  the  root.  Th is  i s  true  for the  rea l  
operational  s i tuation  as  wel l  as  for the  represen tative  mu l ti -axia l  test  load ing .   

E.7  Environmental  condi tions  

The  envi ronmental  and  time cond i ti ons  during  testing  are  d i fferen t from  those  i n  the  des ign  
s i tuation .  These  cond i ti ons  m igh t i ncl ude:  

•  hum id i ty;  

•  temperature  effects ;  

•  UV rad iation ;  

•  ag ing  ( i n teraction  of fatigue  and  time);  

•  sa l i n i ty;  

•  chem ical  con tam ination .  

Relevan t effects  have  to  be  cons idered  i n  the  evaluation  by us ing  the  appropriate  strength  
and  fatigue  formu lation  both  for des ign  and  test cond i ti ons.  However,  the  va l i d i ty of the  
d i fferent  design  formu lations  for the  d i fferent cond i ti ons  is  not tested .  

E.8  Fatigue load  spectrum  and  sequence  

Fatigue  testing  is  general l y accelerated  compared  to  in -service  fatigue  by appl ying  a  test  
l oad ,  wh ich  subj ects  the  b lade  to  sufficien t fati gue  damage wi th in  a  reasonable  test  period  
(see  9. 4  and  Annex D).  
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Annex F  
(informative)  

 
Determination  of number of load  cycles  for fatigue tests   

F.1  General  

This  annex has  been  prepared  i n  order to  d iscuss  the  number of l oad  cycles  used  by fu l l -scale  
fatigue  testing  of rotor b lades.  

I t  i s  assumed  that a  test  l oad  factor covering  errors  in  the  fatigue  formu lation  γef  of 1 , 05  i s  
appropriate  for fati gue  tests  a im ing  for a  tota l  of 1  m i l l ion  l oad  cycles .  

On  the  basis  hereof,  i t  i s  found  that a  γef  factor of 1 , 035  shou ld  be  used  for fu l l  scale  fatigue  
tests  l oad ing  the  structure  wi th  e. g .  2 , 5  m i l l i on  l oad  cycles.  Th is  resu l t  and  others  are  
summarized  in  Table  F. 1  below.  

Table  F . 1  – Recommended  values  for γef  for d i fferent number of load  cycles  

Number of load  cycles  γ
ef
 

5  ×  1 05  1 , 065  

1  ×  1 06  1 , 050  

2 , 5  ×  1 06  1 , 035  

5  ×  1 06  1 , 025  

1  ×  1 07  1 , 01 5  

 

F.2  Background  

The  number of l oads  cycles  appl i ed  to  a  rotor b lade  du ring  fu l l  scale  fati gue  testing  is ,  of 
course,  a  decis ive  factor for the  duration  of the  fatigue  test.  Consequentl y,  there  wi l l  a lways  
be  a  wish  to  l im i t the  number of l oad  cycles  as  long  as  the  test sti l l  fu l fi l s  i ts  purpose  wi th  the  
i n tended  trustworth iness .  

On  the  bas is  of the  coefficien ts  h is torical l y u sed  for calcu lating  the  test l oad  factor,  
ca lcu lations  are  carried  ou t in  order to  evaluate  the  i n fl uence of the  number of load  cycles  i n  a  
fu l l  sca le  fatigue  test on  the  test l oad  factor.  

F.3  The approach  used  

First of a l l  consider the  Goodman  d iagram  in  F igure  F . 1 ,  wh ich  has  been  reduced  to  a  s i ng le  
s ided  d iagram  for the  sake  of s impl ici ty.  
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Figure F . 1  – S impl i fi ed  Goodman  d iagram  

The l i ne  denoted  “Charac”  i s  based  upon  the  characteristic streng th  values  wi th  i n tersection  
of the  horizon tal  axis  i n  a  va lue  representing  the  static s trength  of the  structure  S  and  
i n tersection  wi th  the  verti ca l  axis  i n  the  d ynam ic streng th  va l i d  for one  s i ng le  l oad  cycle  D .  

The  l i ne  “Reduced”  i s  va l i d  for a  certa in  number of cycles  n .  Th is  l ine  a lso  i n tersects  the  
horizon tal  axis  i n  the  poin t S  bu t the  vertical  axis  i s  i n tersected  i n  the  poin t Dr,  wh ich  i s  g i ven  

by Formu la  (F. 1 ) .  
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where  

Dr   i s  the  reduced  d ynam ic s trength  val id  for one  l oad  cycle;  

D   i s  the  d ynam ic streng th  va l i d  for one  load  cycle;  

n   i s  the  actual  number of l oad  cycles ;  

m   i s  the  fati gue  damage  exponen t for the  materia l .  

The  damage  for a  certa in  load  wid th  W and  load  mean  value  M i s  g i ven  by the  actual  number 
of l oad  cycles  n  d i vided  by the  a l lowed  number of l oad  cycles  N,  wh ich  is  equal  to  the  actual  
l oad  wid th  d i vi ded  by the  a l l owed  l oad  wid th  to  the  power of m ,  Formu la  (F .2).  

 

m

DM
S

D

W

N

n



















+⋅−
==

r

r
Damage    (F . 2)  

where  

N  i s  the  a l l owed  number of l oad  cycles;  

W  i s  the  load  wid th ;  

S   i s  the  static  strength  of the  s tructure ;  
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M  i s  the  load  mean  value.  

After i nserting  Formu la  (F. 1 )  i n  Formu la  (F. 2)  and  re-arrang ing ,  Formu la  (F .3)  i s  obtained .  
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The  fatigue  test i s  continued  unti l  the  test damage,  g iven  by Formu la  (F .4)  i s  equal  to  the  
target damage g iven  by Formu la  (F. 5)  where  subscript “ t”  refers  to  the  test and  subscript “0”  
refers  to  the  calcu lated  l oads  and  thereby the  target damage.  
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where  

t   i s  a  subscript referring  to  test  va lues;  

0   i s  a  subscript referri ng  to  calcu lated  va lues;  

γtest  i s  the  test load  factor.  

Setting  the  test damage equal  to  the  target damage,  Formu la  (F . 6)  i s  obtained  after some re-
arrang ing  
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I n  order to  i nvesti gate  the  sensi ti vi ty of Wt  i n  re lation  to  the  fatigue  damage  exponent m ,  the  
derivati ve  of Wt  wi th  respect  to  m  i s  ca lcu lated ,  Formu la  (F. 7) .  
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The  effect of chang ing  from  one  number of l oad  cycles  n t1  i n  the  fatigue  test to  another 
number of l oad  cycles  n t2  can  be  i l l ustrated  by R  d efi ned  by Formu la  (F. 8).  
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 (F . 8)  
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where  

R   i s  the  re lative  effect of chang ing  from  one  number of l oad  cycles  (n t1 )  to  another (n t2 ) ;  

n t1   i s  the  fi rst (reference)  number of l oad  cycles ;  

n t2   i s  the  second  (resu l ting)  number of load  cycles.  

Suppose  the  tota l  number of l oad  cycles  i n  the  Markov matrix  n0  i s  50  m i l l i on  and  the  fatigue  
damage exponen t m  i s  9 .  I f n t1  i s  2 , 5  m i l l ion  and  n t2  i s  1  m i l l ion ,  Formu la  (F.8)  yie l ds  R  =  0 , 7 .  
I t  shou ld  be  noted  that the  sensi ti vi ty of R  to  changes  in  n0  and  m  i s  m inor.  

The  test l oad  factor to  be  used  for fati gue  testi ng  i s  the  product of 3  factors,  where  the  γef  
equal  to  1 , 05  takes  accoun t of poss ib le  errors  i n  the  fatigue  formu lation ,  i . e.  fati gue  damage  
exponen ts  deviating  from  the  assumed  values  among  others .  

I f a  va lue  of γef  of 1 , 05  is  appropriate  for tests  wi th  1  m i l l i on  cycles ,  th is  5  %  increase  i n  l oads  
shou ld  be  reduced  to  3, 5  %  in  case  the  test i s  extended  to  2 , 5  m i l l ion  cycles  i nstead  s i nce  

0, 05  ×  0 , 7=0,035.  The  resu l ts  for d i fferent values  of the  number of load  cycles  i n  a  fatigue  test  
are  stated  i n  Table  F . 2 .  

Table  F .2  – Expanded  recommended  values  for γef   
for d i fferent number of load  cycles   

n
t1
 R  γ

ef
 

5  ×  1 05  1 , 3  1 , 064  

1  ×  1 06  1  1 , 050  

2 , 5  ×  1 06  0 , 7  1 , 035  

5  ×  1 06  0 , 5  1 , 025  

1  ×  1 07  0 , 32  1 , 01 6  

The  values  are  calcu lated  on  the  basis  of Formu la  (F . 8)  us i ng  n
0
 =  50  m i l l i on ,  n

t2
 =  

1  m i l l i on  and  m  =  9 .  

 

The  resu l ts  g i ven  in  Table  F . 2  are  depicted  graph ical l y i n  F i gure  F. 2 .  
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Figure  F .2  – Test load  factor γef  for d i fferent number of load  cycles  i n  the  test  
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