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Wind turbine growth
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Some early history




Here are 1,000 years of innovation

i B =
L -

e Y T

P
| _....-.. .nl.... |-r. ._.q“l._nr_u

L ....|_un_.. o
: : T...ﬂ“. T .

i L

ry iy H

Andrew.Garrad@garradbalfour.com



Soviet 30m 100 kW 1930’s

BeTpoaaeKTpUYSCKad CTAHOUA C ACCHHXPOHHHM reHepaTopoM 100 xB.
JnameTp KpuabeB J| = 30 M, Bucora CamHM 25 MM. YCTAHaBIHBAGTCHA
~ Oau3p CeBacTonons B KPHMY.

@k_o@was the boss of LA
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Gedser, NASA, DK 1950’s
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Tvind 1975 54m 2 (1) MW Apioneér of

modern wind

energy

... a very Danish project!
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Wind Energy Group 1985 60m 3MW

Orkney
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Science from

1980s:
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Validation: 1985 Comprehensive monitaring system on MS-1 and LS-1 on
Orkney. This data was crucial in ea7/ days of validation. Fascinating!
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The Danish Concept of “Powerful Simplicity*...

...characterised the whole
Danish effort
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The growth of commercial turbines.... ... and the macho machines

Global installed capacity
1980

124m

2000 MW
1990

20 000 MW
2000
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Control innovation — the intelligent turbin
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Blade testing in the 1980°s
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LM blade testing today
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Predictions and failures:
How much do we know?
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Blade damage — no lightning protection
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Failure to re-torque yaw ring bolts
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Initially no control then too much...
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A good foundation!
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Not such a good foundation!
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Nature rules

Typhoons in Japan

85 m/s 1966
74 m/s 2003

14" Typhoon, Maemi, 2003
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“Something is rotten in the state of Denmark”

WINDPOWER

MONTHLY

Home News v Analysis v Intelligence v Markets v Morew

Ll Owners must pay for gearbox failures - Competing
# retrofits on offer

More than 130 Danish owners of 750 kW wind turbines gathered to discuss problems with gearboxes in their
- machines, all of which were bought from NEG Micon before its takeover by Vestas. Once the turbines are out of their
| warranty periods, the owners face bills of up to EUR 67,000 per machine for repairs or replacement. The purpose of

| the meeting was to provide information on the problems. Vestas was invited along to talk about its new offer for a

) (£) (in)

solution to the problem.
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Catastrophic blade edgewise vibrations 1998
This was a shock!
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Different types of failure

Nature is difficult to predict

Failure to observe good practice

Too adventurous a design

The unknown in design

Failure is understood but not predicted
Failure is understood and expected

Failure is understood and should have
been expected

Failure is neither understood nor expected

@ we understand enough to conti@
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Intervi@nd turbine ‘arms ra@mst stop -
Henrik Stiesdal and Andrew Garrad

The ‘arms race’ of ever-larger, more powerful wind turbines must stop, industry pioneers agreed — though Henrik

Stiesdal and Andrew Garrad disagreed about who should make the move to limit sizes.

by Craig Richard
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Our guilty secret

WIND ENERGY IN YOUR
SNEAKERS

ACCIONA Energfa and EL Ganso create the first sneaker with recycled wind blade sole
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Steel expensive? 100m wooden tower

r'\l The future The product The company The projects News & Press| Investors| Careers

We build wind
turbine towers.

In wood.

Making net-zero wind power possible.

See how it works
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36 x 400kW = 14 MW
36 x 1 MW =36 MW
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Vestas multi-rotor 4 x V29
installed 2016
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Wind Catching Systems (2024)
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How mature is the wind industry?
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Is consensus = maturity?

Consensus is boring!... But comfortable
Consensus is an easy investment
Automotive is a mature industry
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Marine technology now  Wind turbines 35 years ago
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Innovative bifurcations and new ideas... &
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Beijing 2023

Lo |

Wu Gang
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The!Telegqraph \
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SYMBOLIC COMPUTING AS A TOOL
IN WIND TURBINE DYNAMICS

A. D. GArRrADT AND D. C. QUARTON
Wind Energy Group, Taylor Woodrow Construction, 345 Ruislip Road, Southall UB1 2QX, England

(Received 26 October 1984, and in revised form 25 September 1985) —

ystepsPfequencies of three degree of freedom model. ——, Rotor collective mode; - - -, rotor
-, tower lateral mode.

Figﬂ

After considerable manipulation the velocity of a point on the rotor can be expressed
as '

Vo= [ TJ]T[ To, ]T[ Tax]T[ Te,]Tﬁl + [ TJ]T[ To, ]T[ Tax]T(éy X ([ T‘y]R1+ [ Te,][ To,]ﬂz))
+[ TJ]T[ Ts,]T(éx x ([ T-y]R7+ [ Te,]“z)) +[ TJ]T[éz x ([ Ty]R‘I +n,))
+¥ X [T,JR,+[T,JR; +4 XR;), (2)

Andrew.Garrad@garradbalfour.com Journal of Sound and Vibration (1986) 109(1), 65-78
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