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Summary: Strong need for fatigue testing of wind turbines

» Wind turbine are exposed to fatigue loads.

|
L

* 10° load cycles within 20 year life time

* In spite of computer simulation total loss
of wind turbine is possible.

* existing testing rig are cost-intensive and
power consuming

* new INNOWIND concept needs low
energy input

* Includes testing of rotor hub, pitch
bearings and pitch drives

 operates in open air

* uses remote parameter control techniques

DEWEK 7-8 Nov. 2012 INNOWIND Forschungsgesellschaft mbH 2



"

INNOWIND Concept compared to existing Concepts

conventional

INNOWIND

Load Introduction at 3 blades Load Introduction on shaft end
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Testing Strategy: Simple Configuration with Load Introduction at Blade Roots

Test Turbine Testing Rig
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Speeds and Forces at blade segment

e BE—

W Wind speed

u rotation speed

C: resultant of wand u

a: Angle of attack

0: Angle of setting

F.: Lifting force

Fo: Drag force

Feoyi: actuator force, resultant of F| and F
(ol angle between cylinder

and wind direction
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Only one Force F,, per Blade at Distance L

Production Loads My versus Fx at the Blade Root for a 2.5 MW Wind Turbine with 103 m
Rotor Diameter at 10 m/s Wind Speed.
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Only one actuator at distance L

Producing bending moments Mx and My
and shear forces Fx and Fy at the blade

root with only one actuator force Fcyl
at distance L and angle a,,
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Ratio My/Mx at the Blade Root
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/\ In this diagram the ratio My/Mx versus the time of 600 s is shown.
Maximum of this ratio is 13.6 and minimum is 6.7.
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Ozmax = 8-48° and a,,, = 4.2
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Separation of frequency was used on My and Mx
according to the following pages
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Separation My by frequencies

6x10°

and with high frequency but very small amplitudes. The curve with blue colour shows the simulated My at the blade
root for power production at 6 m/s wind speed. My was separated into My, with logw frequency (red colour) and
My, with high frequency but small amplitude. (green colour)

By the use of Fouri%r analysis loads with high frequency can be separated into two parts: loads with low frequency

3 My at blade root measured or simulated by Bladed
4x10

2x10°
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My, with low frequency (here 0.3Hz)

My — My, = My, with high frequency but small amplitude
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Separation My by frequencies

6x10°
4x10°} -
My at blade root measured or simulated by Bladed My, with low frequency (here 0.3Hz)
2x10°}
0_
My — My, = My, ¢|with high frequency but small amplitude
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Separation Mx by frequencies

The curve with blue colour shows Mx at the blade root for power production with 6 m/s wind speed.
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Bending moment at the blade root due to dead weight Mxdw. Zeitins
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Separation Mx by frequencies

3000 -

Mx at blade root measured or simulated by Bladed Mx-Mxdw.
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The main component Mxdw of Mx at the blade root is caused automatically by the dead
weight of the blade itself and can be generated by a mass at the end of the blade dummy. Zeitin s

-3000 -
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Generation Fz and Mz at the blade root

1P Top View
0~ i

-

4 \

v
Mz = Fcyl. * a will be generated automatically
Fz will be applied automatically by the mass

- and resulting centrifugal force during rotor rotation
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Testing Rig Configuration

Blade dummy

Motor + Beam for
Generator Torque.

Hub

Nacelle
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Load Introduction on Blade Dummy

Mass

Generate together with blade dummy Mxdw at the blade root

Hydraulic or electrical actuator

for introduction of actuator displacement with low frequency, so that also
Mx and My with low frequency at the blade root.

Exciter
For introduction of stochastic forces
with high frequency, so that also bending
moment Mx and My at the blade root

with high frequency. ‘
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Dimension of the testing rig for 2,5 bis 4 MW

42m

- 40m

22m
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Masses

Mass

Exciter
2 kg and 100mm Eccentricity

Blade dummy
3t

Electrical or
Hydraulic actuator
200 to 430 kN
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Input and output data for the testing rig simulation

/ Motor torque
My in kNm
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Simulation with actuator displacement +/- 140 mm and exciter excitation — output data
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The low frequency bending moment My at the blade root can be applied with help of
a control strategy (remote parameter control from MTS) by the actuator displacement.
-12000 -

DEWEK 7-8 Nov. 2012 INNOWIND Forschungsgesellschaft mbH 19



Simulation with actuator displacement +/- 140 mm and exciter excitation — output data
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The bending moment My with high frequency has a frequency of 57 Hz, which complies with

the 68th Eigen frequency of the whole testing system. (see red arrow)
-1000

Bending moment My at blade root in kKNm

It was introduced by the exciter and the frequency by the Eigen frequency of the whole
testing system.
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System identification using Remote Parameter Control*

@ c Generate white
noise input file [X]

Calculate the frequency
response function FRF
[H] relating [X] and [R]

v

v

Ay up“\. A N
L
] 1'\:! W —| Measured response [R] l

Calculate the inverse FRF
function [H]"" based on [H]

** trade mark by

MTS systems corporation
Minneapolis USA
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lterative Generation Reference input Values with remote parameter control RPC*

FL Y . -
bl i L LW

el __I°—

Generate the required
input file
[Xlre = [HI" * [Rlpe

A A

g il

** trade mark by

MTS systems corporation
Minneapolis USA

v

Measured response [R]y,

l

Compare [R], with [R]pe
and build the error [E]

J
A

Correct error, add
it to [X]re

A

|

if Error within

No

acceptable limits

Yes

v

Write out final input
file [X]ges
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Drive the testing rig with input file [X]g.s

e -

S
final input file [X]res

%

v

desired response [R]p,

The final input file [X]g is used to perform the test by reproducing loads
for several design load cases and repeating according their occurrence

in the turbine life time.
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Input and response Data for the turbine testing rig

Response on Inpul ot

(7z0) Blade Root Test P19
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Generation of reference values for input files [X] with inverse transfer functions [H]"

Required Input file [X]

Sz1 | Sz2 | Sz3 M n 0y
4 Mx1 | Hyy | Hiz | Hyzs | Hyg | His | Hyg
g My1 | Hyy | Hy Hys Hyy | Has | Hy
q%‘ Mx2 | Hiyy | Hsp | Has | Hag | His | Hsg
% My2 | Hy | Hg Hys Hy | Hys | Hge
E Mx3 | Hs; | Hs | Hss | Hsq | Hss | Hsg
My3 | Hg; | He He3 Hes | Hes | Hes
transfer functions [H]
Sz1=Mx1*H,; "+My1*H,, T+Mx2*H,, 1+My2*H, - +Mx3*H,, "+My3*Hg,
Sz2=.....
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Generation Reference Values from field measurements
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Reference Values for Testing Rig
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