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For national standards, comments will be reviewed by the relevant UK national committee and the resulting standards published
as a British Standard.

UK Vote
Please indicate whether you consider the UK should submit a negative (with supporting technical reasons) or positive vote on
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Submission of Comments
- Annotated drafts are not acceptable and will be rejected.

- All comments should be submitted online at https://standardsdevelopment.bsigroup.com/. You will need to register in
order to comment.

Template for comments and secretariat observations Date: xx/xx/20xx Document: ISO/DIS xxxx
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Paragraph/Figure/
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Proposed change by the MB Secretariat observations on
each comment submitted

3.1 Definition 1 ed Definition is ambiguous and needs
clarifying.

Amend to read '...so that the mains
connector to which no connection...'

6.4 Paragraph 2 te The use of the UV photometer as
an alternative cannot be supported
as serious problems have been
encountered in its use in the UK.

Delete reference to UV photometer.
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INTERNATIONAL ELECTROTECHNICAL COMMISSION 

____________ 

 
WIND ENERGY GENERATION SYSTEMS –  

 
Part 23: Full-scale structural testing of rotor blades 

 
 

FOREWORD 
1) The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising 

all national electrotechnical committees (IEC National Committees). The object of IEC is to promote international 
co-operation on all questions concerning standardization in the electrical and electronic fields. To this end and 
in addition to other activities, IEC publishes International Standards, Technical Specifications, Technical Reports, 
Publicly Available Specifications (PAS) and Guides (hereafter referred to as “IEC Publication(s)”). Their 
preparation is entrusted to technical committees; any IEC National Committee interested in the subject dealt with 
may participate in this preparatory work. International, governmental and non-governmental organizations liaising 
with the IEC also participate in this preparation. IEC collaborates closely with the International Organization for 
Standardization (ISO) in accordance with conditions determined by agreement between the two organizations. 

2) The formal decisions or agreements of IEC on technical matters express, as nearly as possible, an international 
consensus of opinion on the relevant subjects since each technical committee has representation from all 
interested IEC National Committees.  

3) IEC Publications have the form of recommendations for international use and are accepted by IEC National 
Committees in that sense. While all reasonable efforts are made to ensure that the technical content of IEC 
Publications is accurate, IEC cannot be held responsible for the way in which they are used or for any 
misinterpretation by any end user. 

4) In order to promote international uniformity, IEC National Committees undertake to apply IEC Publications 
transparently to the maximum extent possible in their national and regional publications. Any divergence between 
any IEC Publication and the corresponding national or regional publication shall be clearly indicated in the latter. 

5) IEC itself does not provide any attestation of conformity. Independent certification bodies provide conformity 
assessment services and, in some areas, access to IEC marks of conformity. IEC is not responsible for any 
services carried out by independent certification bodies. 

6) All users should ensure that they have the latest edition of this publication. 

7) No liability shall attach to IEC or its directors, employees, servants or agents including individual experts and 
members of its technical committees and IEC National Committees for any personal injury, property damage or 
other damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fees) and 
expenses arising out of the publication, use of, or reliance upon, this IEC Publication or any other IEC 
Publications.  

8) Attention is drawn to the Normative references cited in this publication. Use of the referenced publications is 
indispensable for the correct application of this publication. 

9) IEC draws attention to the possibility that the implementation of this document may involve the use of (a) 
patent(s). IEC takes no position concerning the evidence, validity or applicability of any claimed patent rights in 
respect thereof. As of the date of publication of this document, IEC had not received notice of (a) patent(s), which 
may be required to implement this document. However, implementers are cautioned that this may not represent 
the latest information, which may be obtained from the patent database available at https://patents.iec.ch [and/or] 
www.iso.org/patents. IEC shall not be held responsible for identifying any or all such patent rights. 

International Standard IEC 61400-23 has been prepared by IEC technical committee 88: Wind 
energy generation systems. 

This second edition cancels and replaces IEC 61400-23 Edition 1.0, published in 2014. It 
constitutes a technical revision.  

This edition includes the following significant technical changes with respect to  
IEC TS 61400-23 Ed 1.0: 

a) …;Text will be updated before CDV stage 
b) …;Text will be updated before CDV stage 
c) …… 

The text of this document is based on the following documents: 
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Draft Report on voting 

- - 

 
Full information on the voting for its approval can be found in the report on voting indicated in 
the above table. 

The language used for the development of this International Standard is English. 

This document was drafted in accordance with ISO/IEC Directives, Part 2, and developed in 
accordance with ISO/IEC Directives, Part 1 and ISO/IEC Directives, IEC Supplement available 
at www.iec.ch/members_experts/refdocs. The main document types developed by IEC are 
described in greater detail at www.iec.ch/publications. 

The committee has decided that the contents of this document will remain unchanged until the 
stability date indicated on the IEC website under webstore.iec.ch in the data related to the 
specific document. At this date, the document will be  

• reconfirmed, 

• withdrawn, 

• replaced by a revised edition, or 

• amended.  
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INTRODUCTION 1 

The blades of a wind turbine rotor are generally regarded as one of the most critical components 2 
of the wind turbine system. In this document, the demands for full-scale structural testing related 3 
to validation of the structural design and integrity of a rotor blade are defined as well as the 4 
interpretation and evaluation of test results. 5 

Specific testing methods or set-ups for testing are not demanded or included as full-scale blade 6 
testing methods historically have developed independently in different countries and 7 
laboratories. 8 

Furthermore, demands for tests determining blade properties are included in this document in 9 
order to validate some vital design assumptions used as inputs for the design load calculations. 10 

Any of the requirements of this document may be altered if it can be suitably demonstrated that 11 
the safety of the system is not compromised. 12 

This document is based on IEC 61400-23 Edition 1.0 published in 2014. Compared to the Ed. 13 
1.0, this document is more detailed and describes more technical requirements and 14 
measurements.  15 
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WIND TURBINES ENERGY GENERATION SYSTEMS –  16 

 17 

Part 23: Full-scale structural testing of rotor blades  18 

 19 

 20 

 21 

1 Scope 22 

This document defines the requirements for full-scale structural testing of wind turbine blades 23 
and for the interpretation and evaluation of achieved test results.  24 

The document focuses on aspects of testing related to an evaluation of the integrity of the 25 
blade. 26 

The following tests and measurements are specified in this document: 27 

• static load tests 28 
• fatigue load tests 29 
• blade properties, including mass properties, eigenfrequency and structural damping 30 
• lightning protection load test 31 

 32 

It is assumed that the data required to define the parameters of the tests are available and 33 
based on the standard for design requirements for wind turbines such as IEC 61400-1, 34 
IEC 61400-5 or equivalent.  35 

 36 

Specifications to use non-scaled full, partial or segment of blade for testing is described. 37 

 38 

Requirements for structural testing of electrical components, including lightning protection systems, for 39 
mechanical performance, is described. 40 

 41 

Requirements and options to use test performed on similar designs to validate a new or revised 42 
design is described. This includes evaluation of similarity and guidance note for how to deal with 43 
failure modes to be considered.  44 

For existing and already tested design this includes requirements and guidance on load increase. 45 

 46 

The scope of this document does not consider: 47 

• leading edge erosion resistance  48 
• coating testing  49 
• ageing or environmental effects 50 
• validation of material strength properties  51 
• accuracy of the design loads. 52 
• electric performance of lightning protection systems 53 

 54 

 55 
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This revision of the document is intended for testing rotor blades, for horizontal axis wind turbines, 56 
made of polymers reinforced with structural fibres and/or wooden sheets. However, most principles 57 
mentioned in this document will be transferable to any other wind turbine configuration and materials 58 
used in the rotor blade. 59 

 60 

The test requirements are specified with the purpose to support the following objectives:   61 

• Validate the design models by verification of the mass properties, the elastic properties, the 62 
strain distribution in the blade structure and the deformation of the blade or blade segment 63 

• Verify that the blade structure can carry the design loads without structural failure 64 
• Show at an acceptable level of probability that the rotor blade manufacturing process, relevant 65 

for the rotor blade structural strength, is suitable to assure structural integrity of the population 66 
of the rotor blade type tested by applying increased design loads  67 

• Identify failure modes not covered by numerical analysis or other test  68 
 69 

Additionally, tests determining blade properties have to be performed in order to validate some 70 
vital design assumptions used as inputs for the design load calculations.  71 

The full-scale tests defined in this document are performed on a limited number of samples as 72 
only one blade of a given design are required for compliance. Statistical distribution of 73 
production blade load carrying capability can not be obtained.  74 

Although the tests do give information valid for the blade type, they cannot replace either a 75 
rigorous design process or the quality system for series blade production.  76 

Furthermore, the tests described in this document are not intended to be used for the testing of 77 
mechanism function nor to establish basic material strength or fatigue design data for blades and/or 78 
components. 79 

2 Normative references 80 

The following documents are referred to in the text in such a way that some or all of their content 81 
constitutes requirements of this document. For dated references, only the edition cited applies. 82 
For undated references, the latest edition of the referenced document (including any 83 
amendments) applies. 84 

IEC 60050-415:1999,  International Electrotechnical Vocabulary – Part 415: Wind turbine 85 
generator systems 86 

IEC 61400-1:2019, Wind Energy Generation systems – Part 1: Design requirements 87 

IEC 61400-5:2020 Wind turbines - Part 5: Rotor blades 88 

IEC61400-13:2015 Measurement of Mechanical Loads 89 

ISO/IEC 17025:2017, General requirements for the competence of testing and calibration 90 
laboratories 91 

ISO 2394:1998, General principles on reliability for structures 92 

ISO/IEC Guide 98-3:2008, Guide to the Expression of Uncertainty in Measurement 93 

 94 

Full document details: 24/30490687 DC

https://doi.org/10.3403/30315165?&urlappend=%26utm_campaign=pdfdoi%26utm_source=pdfdoi%26utm_medium=pdf
http://www.avadocuments.com/doc/24-30490687-dc
http://www.avadocuments.com/doc/24-30490687-dc


88/1019/CD – 10 – IEC CD 61400-23 © IEC 2024 

3 Terms and definitions 95 

For the purposes of this document, the terms and definitions given in IEC 60050-415 and the 96 
following apply. 97 

3.1  98 

actuator 99 
device that can be controlled to apply a constant or varying force and displacement 100 

3.2  101 
applied test load 102 
applied cross-sectional forces and moments calculated from the ‘measured forces’ during the 103 
test 104 

3.3  105 
applied test forces 106 
measured external forces during the test 107 

3.4  108 
blade root 109 
that part of the rotor blade that is connected to the hub of the rotor 110 

3.5  111 
blade subsystem 112 
integrated set of items that accomplishes a defined objective or function within the blade (e.g., 113 
lightning protection subsystem, aerodynamic braking subsystem, monitoring subsystem, 114 
aerodynamic control subsystem, etc.) 115 

3.6  116 
buckling 117 
instability characterized by a non-linear increase in out of plane deflection with a change in 118 
local compressive load 119 

3.7  120 
chord 121 
length of a reference straight line that joins the leading and trailing edges of a blade aerofoil 122 
cross-section at a given spanwise location 123 

3.8  124 
constant amplitude loading 125 
during a fatigue test, the application of load cycles with a constant amplitude and mean value 126 

3.9  127 
damage 128 
in physical context: an unintended irreversible property changes of the test specimen 129 

in analytical context: the summarized degradation of mechanical properties with respect to 130 
theoretical lifetime 131 

 132 

3.10  133 
design loads 134 
loads the blade is designed to withstand, including appropriate partial safety factors 135 

3.11  136 
edgewise 137 
direction that is parallel to the local chord. Refer to 4.4 138 
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3.12  139 
Engineering Change (EC) 140 
a documented change to the design and or manufacturing. 141 

3.13  142 
fatigue formulation 143 
methodology by which the fatigue life is estimated 144 

3.14  145 
fatigue test 146 
test in which a cyclic load of constant or varying amplitude is applied to the test specimen 147 

3.15  148 
fixture 149 
component or device to introduce loads or to support the test specimen 150 

3.16  151 
flapwise 152 
direction that is perpendicular to the local chord, and spanwise blade axis. Refer to 4.4 153 

Note 1 to entry: Guidance note: Instead of “flatwise” in the industry this direction is often named “flapwise” 154 

3.17  155 
flatwise 156 
direction that is perpendicular to the local chord, and spanwise blade axis. Refer to 4.4 157 

Note 1 to entry: Guidance note: Instead of “flatwise” in the industry this direction is often named “flapwise” 158 

3.18  159 
full-scale test 160 
test carried out on the actual non-scaled rotor blade structure or part thereof. 161 

3.19  162 
inboard 163 
towards the blade root 164 

3.20  165 
lead-lag 166 
direction that is parallel to the plane of the swept surface and perpendicular to the longitudinal 167 
axis of the undeformed rotor blade. Refer to 4.4. 168 

3.21  169 
Limit states 170 
A limit state is a state of the structure and the loads acting upon it, beyond which the structure 171 
no longer satisfies the design requirements. For testing the limit state is defined where the 172 
structure will develop critical damage. 173 

3.22  174 
load envelope 175 
collection of maximum design loads in all directions and spanwise positions 176 

3.23  177 
natural frequency 178 
eigen frequency 179 

frequency at which a structure will vibrate when perturbed and allowed to vibrate freely 180 
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3.24  181 
partial safety factors 182 
factors that are applied to loads and material strengths to account for uncertainties in the 183 
representative (characteristic) values 184 

3.25  185 
planned test load 186 
cross-sectional forces and moments that are planned to be applied during a test 187 

3.26  188 
planned test forces 189 
external forces planned to be applied during the test to achieve the ‘planned test load’ 190 

3.27  191 
prebend 192 
blade curvature in the flapwise plane in the unloaded condition 193 

3.28  194 
R-value 195 
ratio between minimum and maximum value during a load cycle 196 

3.29  197 
Safety margin 198 
The additional margin between structural response from design loads and design resistance 199 
including all partial safety factors applied for load and resistance 200 

3.30  201 
S-N formulation 202 
method used to describe the stress and/or strain (S) vs. cycle (N) characteristics of a material, 203 
component or structure 204 

3.31  205 
Similarity 206 
The use of data from a tested blade where it can be demonstrated through a validated numerical 207 
model that the area is comparable in terms of materials, design and manufacturing. 208 

3.32  209 
spanwise 210 
direction parallel to the longitudinal axis of a rotor blade 211 

3.33  212 
static test 213 
test with an application of a single load cycle without introducing dynamic effects 214 

3.34  215 
stiffness 216 
ratio of change of force to the corresponding change in displacement of an elastic body 217 

3.35  218 
strain 219 
ratio of the elongation (or shear displacement) of a material subjected to stress to the original 220 
length of the material 221 

3.36  222 
sweep 223 
blade curvature in the lead-lag plane in the unloaded condition 224 
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3.37  225 
tare loads 226 
gravitational or other loads that are inherent to the test set-up 227 

3.38  228 
target load 229 
cross-sectional forces and moments that are developed from the design load and are the ideal 230 
test load (including normative load factors) 231 

3.39  232 
test program 233 
Document describing how to test a specific design in compliance with this document, including 234 
cross sectional bending moments, loads and directions 235 

3.40  236 
test specification 237 
Document describing how to execute the Test Program 238 

3.41  239 
tested area 240 
region of the test object that experiences the intended loading 241 

3.42  242 
twist 243 
spanwise variation in angle of the chord lines of blade cross-sections 244 

3.43  245 
variable amplitude loading 246 
application of load cycles of non-constant mean and/or cyclic range 247 

3.44  248 
whiffle tree 249 
device for distributing a single load source over multiple points on a test specimen 250 

 251 

4 Notation 252 

4.1 Symbols 253 

C conversion factors for material strength 254 

D theoretical damage 255 

F load 256 

Fa flatwise shear force (chordwise co-ordinates) 257 

Fb edgewise shear force (chordwise co-ordinates) 258 

Fc spanwise (tensile) force (chordwise co-ordinates) 259 

Fx flapwise shear force (rotor co-ordinate system) 260 

Fy lead-lag shear force (rotor co-ordinate system) 261 

Fz spanwise (tensile) force (rotor co-ordinate system)  262 

Ma edgewise bending moment (chordwise co-ordinates) 263 

Mb flatwise bending moment (chordwise co-ordinates) 264 

Mc blade torsion moment (chordwise co-ordinates) 265 
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Mx lead-lag bending moment (rotor co-ordinate system) 266 

My flapwise bending moment (rotor co-ordinate system) 267 

Mz blade torsion moment (rotor co-ordinate system) 268 

N cycle number 269 

S strain or stress 270 

4.2 Greek symbols 271 

γ partial safety factor or test load factor 272 

σ stress or strain 273 

4.3 Subscripts 274 

design design loading conditions 275 

df design load: fatigue 276 

du design load: static 277 

ef uncertainty in fatigue formulation of test load 278 

f load 279 

lf environmental effects: fatigue 280 

lu environmental effects: static 281 

m material 282 

n consequence of failure 283 

nf consequence of failure: fatigue  284 

nu consequence of failure: static 285 

sf blade to blade variation: fatigue test load 286 

su blade to blade variation: static test load 287 

target target loading conditions 288 

test test loading conditions 289 

4.4 Coordinate systems 290 

Two different coordinate systems may be used for reference during structural testing. The first, 291 
shown in Figure 4.4-1, references the local blade chord directions.  The second, shown in Figure 292 
4.4-2, references the global rotor plane directions. The position of the origin of the coordinate 293 
frames relative to the rotor blade section shall be defined in each case.  294 

-------------------------------------- 295 

Guidance note: 296 

The definitions flatwise/edgewise and flapwise/lead-lag differ from the definition flapwise/edgewise that is also widely 297 
used in the industry. 298 

End guidance note. 299 

-------------------------------------- 300 
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 301 

Figure 4.4-1 – Chordwise (flatwise, edgewise) coordinate system 302 

 303 

Figure 4.4-2 – Rotor (flapwise, lead-lag) coordinate system 304 
  305 
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