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Paper

Main paper text should be 12 pt. Please emphasize the technical aspects, for
instance, how to design and perform good experiments, loading
devices etc. and briefly mention how measured information can
be used in e.g. materials law or model of structures. If the
experimental work is part of a specific project, it is also relevant
to explain this project shortly in terms of motivation and scope.
Papers that focus on connections between length scales (both

theoretically and experimentally) are particular welcome. =
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Climate Change

source: climate.nasa.gov
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3 Nov. 2017: 4th National Climate Assessment (NCAA4)
“US report finds climate change >90% manmade”

e S ' Increase in global temperature by 2100

c N

6 —
5
4 Business as usual: 4.2C
Paris pledges without US: 3.6C
3 | Paris pledges: 3.3C
2

Targets: 1.5C

Uncertainty range on US prediction is 2.1C to 4.7C

source: climate interactive BBC
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6-17 November UN Climate Change Conference in Bonn

Indicators of Warming from Multiple Datasets

Land Surface Air Temperature:
4 Datasets

Anomaly (°F)

Sea Surface Temperature:
3 Datasets

Anomaly (°F)

Temperature change (°C)

-1.0 -0.5 0.0 0.5 1.0 1.5

source: https://science2017.globalchange.gov/
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Desertec-Prognosis: electricity production Europe
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‘ World wine production (mhl)
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Sources: OV

Severe spring frosts and a spike of hot weather dubbed the ‘lucifer heatwave’ mean
that Italy is facing its smallest harvest for 60 years and France is expected to produce
one of its lowest grape hauls in the post-Second World War era.
Spain and Germany are also expected to see harvests shrink, although the US is
expected to produce the same as last year — despite the recent fires in California
wine country.
ltaly, France and Spain are the world’s biggest three wine producing nations and
these three expected to register declines of 23%, 19% and 15% respectively on

last year, to 39.3, 36.7 and 33.5 million hectolitres.
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Scalability

i

Organism

source: http://www.studyblue.com/notes/note/n/introduction-to-the-human-body-chapter-1/deck/282266
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Rotor Blade Testing.......
S th u n n u
g g \
A Full Scale Test
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Source: IEC 61400-5 (draft version)
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Purpose of blade test (IEC-61400-23)

Demonstrate to reasonable level of certainty

-{ That specified limit states are not reached

-{ blades possess strength and service life provided for in design
-{ when manufactured according to certain set of specifications

-{ Blade must be shown to withstand both ultimate loads and fatigue loads

Full-scale tests are normally tests on limited number of samples

-{ Only one or two blades of given design are tested

-{ no statistical distribution of production blade strength can be obtained

Tests give information valid for blade type

-{ No replacement for rigorous design process

-{ No replacement for quality system for series blade production

what DT
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Why is that a problem?

e Even a single material or structural blade test would require a full scale blade
test, costing up to 1 year and 1M€ - plus a blade -
* Serious impediment to the development of new rotor blades
e Risks associated with failure of the full scale blade test are millions of
Euros
* Full scale blade tests are unsuitable for “what-if” scenarios
* The available worldwide test capacity, especially for larger blades, is insufficient
to carry out all required tests, causing major delays in blade development
* Lack of statistical data for the blades, since typically only one blade is tested
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Blade division L Blatt axis: Blade segments

Blade length 80m  80m 80 m
0-40  40-80m

Weight [ton] 33.0 25.0 8.0

Flat 1. freq [Hz] 0.5 1.9 0.8

Lead-lag 1. freq [Hz] 0.8 2.6 1.6

Test costs [k€] 1050 610 720"
Blade costs [k€] 800 800’
Total [ke€] 1850 2130
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New certification method: Representatives & blade
components

Up/down scaling

Blade family with
representatives

omponents/
Design Details

Small scale tests/
Materialproperties
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Sub-Component testing — spar cap to web bond line

22 mm 42 mm
—
a) bond line width i i
b) cover laminates hand laminate premanufactured

145° 840g/m?2 glass ‘Ii I
c) holes (6 mm diameters) !

d) Disbonds 18 mm tape 10 x 10 mm?

: s i

W gparCap ™" Bond Line WS \yeb (Sandwich material)
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-{ Sub-component tests (generic specimen)
-{ Component tests (real blade parts)
~{ Blade section tests (real blade sections)

-{ Test of small wind turbine blades
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Blade segments: Time and Costs

Blade length 40 m Blade|40 m Blade (80 m Blade|80 m Blade|80 m Blade|80 m Blade
4,4 14 25,0 8,0 30,6 2,4
34 14 19 038 038 1,9
27 22 26 16 1,2 4,8
2 1 3 3 4 1
1 1 1 1 1 1
0 0 0 0 0 0
02 0.2 05 05 05 05
yes no yes no yes no
40 40 80 80 100 60
10 10 20 20 25 15
| SGonbolts | 24 0 24 0 24 0
4 4 4 4 4 4
1,000,000 1,000,000 3,000,000 3,000,000 3,000,000 3,000,000
1,500,000 1,500,000 3,000,000 3,000,000 3,000,000 3,000,000
4 z 4 4 4 4
no no no no no no
5,2 5,0 7,6 9,3 9,8 7,2
210.000 210.000 370.000 420.000 440.000 330.000
| Material[g] @00 | 60.000 70.000 170.000 170.000 200.000 140.000
10.000 10.000 70.000 140.000 140.000 70.000

subcomponent [€] 280.000 290.000 610.000 720.000 790.000 540.000
570.000 1.330.000 1.330.000
150.000 800.000 800.000
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Sub - Component test: Bond lines
-{  Transversal cracks (mode 1), 10% N¢
~{ Cracks extend into laminate
-{  Longitudinal crack (mode I1), 60-70% N;
~{ “kissing” cracks: ultimate failure
Spar Cap
Web
Spar Cap
2. Start of Adhesive
Interface Failure Web
Spar Cap
3. Interface Adhesive
Failure Web
—
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Sub-Component testing — spar cap to web bond line

22 mm 42 mm

a) bond line width

b) cover laminates hand laminate premanufactured
145° 840g/m?2 glass

c) holes (6 mm diameters)

d) Disbonds 18 mm tape 10 x 10 mm?

N~

W gparCap ™" Bond Line WS \yeb (Sandwich material)
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What is needed for subcomponent tests
Technical
Understanding
What case is being tested?
Are relevant BCs captured weII?/
/ [SFNEVar= l—\ s . B & 4 " Economica\l
socumens s ommATIOn Agency
—— T | acceptance Unique
o T test set-up
I What test load factors Blade in
" - Y one g9,
—
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