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Outline

* Recent failures and learning from them

* How to test blades better and faster

» How it is reflected in the new IEC blade test standard

« How digital twins of blades can help to make them more reliable

21 November 2024 DTU Wind & Energy Systems




Super Typhoon Yagi in the Hainan province of China
_September 7, 2024
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The turbines destroyed were reportedly
new ones that were under construction

https://www.msn.com/en-au/news/other/super-typhoon-yagi-flattens-storm-resistant-wind-turbines-in-china/
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’ 2% offshore-mag.con

O,E.Sh RENEWABLE ENERGY
=  Second GE Vernova turbine blade reportedly fails at UK's Dogger Bank
wind farm

« > ¢ Incident would represent third Haliade-X turbine blade failure this year.
Aug. 23, 2024
RENEWABLE ENERG Related To: GE Vernova

Feds sh

IR - (o]0 : |0

Bruce Beaubouef
July 21, 2024
Related To: GE Ve

initiated an investigation into the cause of the incident. Initial findings indicate that
) ) o : ) Press releases
r\/) the circumstances surrounding the incident are isolated to the single blade affected.
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= BLATIGUE - Fast and efficient fatigue test of large

wind turbine blades
A project supported by EUDP and VILLUM FONDEN

Project partners:

e DTU Wind Energy

e Siemens Gamesa Renewable Energy A/S
e R&D A/S

e Blade Test Centre A/S (BLAEST)

e Olsen Wings A/S

e DNV GL

e Zebicon A/S

e @rsted A/S

The objective of BLATIGUE is to develop fast and * Period: Dec. 2016 - August 2021
efficient fatigue test methods for large wind « Total hours: 30730 h

turbine blades and to develop equipment to
excite the blades under such tests.

DTU Wind & Energy Systems
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Fatigue testing

« According to IEC61400-23 blades shall be tested in fatigue:
— In flapwise direction

- |n edgeW|Se dII’ECtIOn Load Case (DLC 1.2 Power Production), radial pogiﬁon R=0m,12 sec.
1.252107 —
— 21 m's
E
el
:
£
] fz’ 300 1x10°
g
2
=
o Resultant o Flapwise ¢ Edgewise o
o 1 ] 1 T
- 1 _O . 5 O 0 . 5 ]_ Mx flapwise bending moment [kINm]
U 17m/s, 21m n
Mflap/Mfzap A 12s sample of load cloud at /s, /s and

25m/s at the SSP 34m blade root section
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Current standard fatigue tests

Edgewise test Flapwise test

* frames from LM'’s YouTube video

9

DTU Wind & Energy Systems
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https://www.youtube.com/watch?v=5m-jwwM3qRs
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Full scale testing is currently the only way to check
how the blade structure works as a "whole".

21 November 2024 DTU Wind & Energy Systems

Full-scale fatigue testing of large blades
- test time and loads

How to reduce the total test time?

!

150-meters blade — about 1 year for
standard fatigue test

How to ensure that the applied
loads represent the real loads?
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IEC 61400-23 new edition 2.0 status

The committee draft (CD) was submitted to all IEC Members: those who participate
actively in IEC work, and those who have observer status only for comment and approval.

Comments are currently being processed

Next step is then Committee Draft for Vote (CDV). The CDV is submitted to all national
committees for a 12 week voting period

Convenor: Peter Quiring, LM Wind Power

DTU Wind & Energy Systems
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6.2 Areas to be tested

» The areas of the blade or component to be tested according to the requirements in this
document shall be defined.

* The areas shall be defined based on all the following criteria
— Spanwise segments
— Areas with minimum design safety margins
— Design details

 Areas that physically cannot be tested due to conflicting requirements for areas to be
tested, may be represented by similarity with other areas on the same blade or blade
design.

21 November 2024 DTU Wind & Energy Systems
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6.2.1 Spanwise segments to be tested

* The spanwise segments of minimum 70% of the total blade length shall be loaded with
minimum the target loads in static and fatigue testing.

« The spanwise segments from the blade root at 0 % to 30% of the total blade length shall
be loaded with minimum the target loads.

* The spanwise segments loaded with target loads outboards from 30% blade length can
be distributed.

Buckling . Py )

FF_static

W
c
o
o,
>
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Simulated standard test

» Total test time: 15.8 days

. . 15
* Points where target is reached: No all 10,0°%%e,
. . . . SS-SC e
» Tuning mass configurations: 2 o’ . 70
5 [ ]
EDR ° .SS—TE SS-LE .0.
50 o | . o
.. o0 4 e 25
50 45 %4 POTE PS-LE &
402 10.8 “a .".
On target —_ ptest e PSSC G° 30
EDR = *eeec’
0.6 Dtat 35
0.4 | ;
Tuning Mass  Flapwise Edgewise :
Conf. force (N) force (N) U (EEY)
07 1 6020 0 10.21
2 0 700 4.69
0
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Simulated optimized test

» Total test time: 7.83 days (half of the standard test)

. . 15
» Points where target is reached: All 10_e®%%e
[ ] [ J
: - - : . Ss-sC e
« Tuning mass configurations: 6 . ®.20
5 [ ]
EDR o s TE SS-LE ‘e
50 = 1 . °
.. o0 4 e 25
50 45 ® o PSTE -
PS-TE On target . PS-LE &
40 10.8 . 30
test o PS-SC
PS-SC EDR:DeS 40 ........
g 30 0.6 Dtgt 35
S PS-LE |
3
~-—
N 90 0.4 I |
3 Tuning Mass  Flapwise Edgewise :
SS-L
= Conf. force (N) force (N) U (EEY)
10| gs no 1 0 490 0.22
2 0 490 0.24
S0 Th 3 7000 490 3.79
0 20 40 60 80 4 7000 385 2.32
z (%] 5 7000 385 0.15
6 7000 385 0.45
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Experimental demonstration

Two blades were tested at the DTU LSF, one based on the standard test and the other based on
the simulated optimization results.

Total experimental test time (standard): 15.8 days;
An update of the optimized test campaign was performed during the test to decrease deviations.
Total experimental test time (BLATIGUE): 8.0 days;

h- Exmters At =

Castro et al., Compos. Struct., under revision

21 November 2024 DTU Wind & Energy Systems
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= ReliaBlade — Improving Blade Reliability through | >
Application of Digital Twins over Entire Life Cycle
« Digital twins make it possible to improve the design, optimizing manufacturing and move the
operation from fixed scheduled intervals with reactive maintenance to predictive maintenance.
[ Leibniz FORCE _— )
;S;‘% = Fraunhofer . _
log! Hannover IWES Dan|Sh part
NS — « Budget of 88 mio. DKK, with 44 mio.
WIND
Wairel LM =owew = Fraunhofer DKK funding by EUDP at Danish
DTU S\ Energy Agency
SIEMENS )
o VESIBS lngenuity for Life CEK(’ German part:
S o ——— — zebicon « Budget of 9.3 mio. EURO (69 mio.
P E :=: E—_=_—E \. DKK) Supported by:
tp’ COMPOSITES. S Olsen W]ngs % Federal Ministry
’:;:‘ ;%rdEE'c])grogn;lc Affairs

SIEMENS Gamesa blaest TECOSIM

RENEWABLE ENERGY

EEEEEEEEEEEEEEE

Total budget: 21.1 mio. EUR

DTU Wind & Energy Systems
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ENTIRE LIFE CYCLE

PHYSICAL

DIGITAL

Design and model

lon i

)

tv

jec

Manufacturing

ReliaBlade pro

T~

-]

Operation

e

As-built blade

Numerical model

v e 9‘,,

Imperfection characterization

®. » @

Sensor deployment

Communication
and Interaction

Imperfection modeling

OlOllOlQJ /

QA bl

Physical implementation

of proposed repairs

0101101j

Numerical implementation
of physical damages

Virtual testing

(the current performance)

0101101

0101101

Virtual testing
(the performance with repairs)

21 November 2024
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Executable digital twin
s of wind turbine blade

* Presented at WindEurope
Electric City last week

* The physical twinisa DTU
designed and manufactured
12.6m blade

« The digital twin is developed
by Siemens Digital Industries
Software based on a structural
model developed by DTU

« Augmented reality
visualization is developed by
Siemens Digital Industries
Software and InPro

23
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The awards ceremony was live
transmitted online from Paris on
February 8th, 2024

21 November 2024 DTU Wind & Energy Systems 26
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Takeaways and discussion points

« The wind energy industry currently have big challenges with upscaling and quality.

» Our research gives independent knowledge and arguments for development of standards
towards new technology and improved methods.

* More public funds could accelerate this further.

* My experience is that standards tends to be behind the technology development and
seldom accelerate the technology development.

« Should standard push more for quality, monitoring and digitalization?

» The wind industry is missing a structured way of learning from failures and mistakes like in
aerospace.

DTU Wind & Energy Systems
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