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1. INTRODUCTION

This report describes the optical fibre strain measurement system tested at WMC as a
cross-cutting activity of UPWIND [1] Work Packages 7 and 3 (“Condition Monitoring” and
“Rotor Structure and Materials”, respectively). Part of the assessment was performed at
RIS@-DTU within the same project. The optical fibre strain sensing system, including
sensors, was provided by Smartfibres Ltd. in the UK.

The objective of the assessment was to investigate the performance of embedded and
surface mounted optical fibres for strain measurement, notably in fatigue.

To this end, optical fibres were embedded in UPWIND specimens at WMC. These
specimens were tested in fatigue at different R-values at WMC and RISQ. The test results
were compared to similar tests without optical strain gauges, to detect any potential
influence of the presence of the optical fibre in the laminate.

In addition, optical fibres were surface-mounted on the sides of the specimens at
Smartfibres and tested in the same testing regime.

Strain measurements were compared to measurements using more conventional
technologies, such as extensometers and strain gauges.
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2. BACKGROUND

Continuous strain measurement is useful both in operational and laboratory conditions.
Extensive literature exists where strain-related parameters are used for life and strength
predictions.

Acquisition of strain data to fine-tune these models from experiments, as well as
operational data, is hampered because of shortcomings in strain measurement.

Strain measurement equipment is, in general, confined to measuring strains on the
specimen surface. The commonly used strain gauges suffer from fatigue themselves and
typically fail well before the specimen substrate (although most specimens used in
determination of S-N curves are tested at higher strains than e.g. wind turbine blades).
Extensometers are better suited for long-term strain data acquisition, but apart from their
confinement to surface measurements, practical use is sometimes hampered by their size,
errors introduced at higher test frequencies because of dynamic effects, and the chance of
detaching from the specimen during the test.

Optical fibres offer the potential of long-term strain (and temperature) measurement, both
on the surface and inside the laminate. Their properties are nominally identical to those of
the glass fibres in the substrate, minimising their influence on the behaviour of the
laminate, although, typically, the optical fibre is an order of magnitude thicker than a glass
fibre in a wind turbine laminate (typically 65 um versus 17 um).

Moreover, they can be connected in series, allowing a single fibre to measure strains on
multiple locations in a blade. Optical fibres can be co-cured with the laminate if they are
embedded, allowing for tracking the development of residual strains in the laminate and
performing internal temperature monitoring during the manufacturing process.

In operational applications, strain sensors applied on the inside of the blade, or embedded
in the laminates, do not distort the aerodynamic profile of a rotor blade and allow for
collection of load data and damage detection.

In the future, practical implementation of this type of measurement in blades can be useful
for scheduling maintenance based on condition monitoring.

Downsides are, that the sensors are very sensitive to temperature fluctuations, and are
currently more expensive than strain gauges.

Various literature exists on the principle of Fibre Bragg Grating (FBG) strain measurement,
and application in wind turbines see e.g. [2][3].

Embedding the fibres and the influence of the (much thicker) optical fibre in the laminate at
various loading conditions needs some research.

Report no.: WMC-2008-42
Issue: 00 8/186
Date: August 6th, 2009



UnWind

3. PRINCIPLE

Two different measurement principles exist: time division and wavelength division. For the
current report, a wavelength division type system was used.

Its working principle can be explained as follows. A laser beam containing a range of
wavelengths is sent into the optical fibre. At a certain point, a Fibre Bragg Grating has been
etched into the fibre outer surface. The total length of this grating is typically in the order of
~1 mm. Essentially, the grating consists of a series of transverse lines at a fixed interval.
The interval determines the wavelength of the light that is reflected. Thus, elongation of the
fibre changes the interval and hence the reflected wavelength.

The laser beam is generated, and the reflection detected and processed, in an interrogator.
This instrument can have different channels, each channel being capable of detecting
multiple strains. The sensor interrogator measures the wavelength shift and calculates the
elongation of the sensor. Since the elongation is a function of strain and temperature, the
temperature at the measurement location needs to be accounted for in order to derive
strain.

By combining FBGs with different intervals in a fibre, the strain can be measured at
different locations using a single fibre. This was not explored in this report.

The amount of strains that can be measured simultaneously by an interrogator is
determined by the number of channels, the data acquisition rate per channel.
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4. SYSTEM SET-UP

A 4-channel 250 Hz interrogator (scaled down to 100 Hz) was used, type W3 4250 [5]. The
interrogator can be connected to a network. Custom software was provided by Smartfibres
to enable readout of fatigue signals. For Fatigue Monitoring the “Graphics” tab of the
standard W3 SmartSoft interface has been replaced by a “Fatigue” tab [4].

As outlined in [5], the interrogator produces a digitally encoded strain signal. Since the data
acquisition for strain gauges and extensometers at WMC is via analogue signals, a digital-
to-analog conversion was implemented, enabling near-synchronised read-out of the optical
fibre and other strain sensors. A procedure of setting up the system to enable interaction
with the WMC in-house data acquisition software, using the protocols described in [5], is
reported in [6].

An overview of FBG measurement system is shown in Figure 1. This figure shows the
Schenck 100 kN test frame at WMC, and the Smartfibres interrogator.

Figure 1: Test machine and interrogator
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Figure 2: Close-up of interrogator input panel
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5. EMBEDDING OF OPTICAL FIBRES

Specimens were embedded in unidirectional laminates of 4 layers and 6 layers thickness,
viz. the R08, RO7 and 101 geometries [7]. They were embedded between the middle layers.
The laminate was manufactured using Vacuum Assisted Resin Transfer Moulding. Since
the mantle of the sensor was not entirely airtight, the location where the mantle was
stripped away from the actual sensor was closed with fast-curing 2-component epoxy
adhesive (Araldite), see Figure 3.

In later plate manufacturing, the rather thick (blue, 3 mm diameter) protective mantle was
replaced by a thinner, single-layered one (yellow, diameter 900 um identical to the one
used on the surface-mounted fibres), improving the sealing. Also the use of a less viscous
2-component epoxy adhesive for sealing the mantle decreased the chance of air leakage.
The same mould, resin and fibres, process temperature, etc. as used in the production of
standard UPWIND specimens were used for FBG-specimen fabrication, Figure 4.

Figure 3: Sealing mantle with Araldite

For some of the manufactured plates containing embedded sensors the strain signal
is monitored during the infusion process. In Figure 5 the measured strains and
temperatures are plotted.

The measured temperatures are obtained from several sensors at the mould (T02
through T06), and sensor TO1 measured the room temperature. W01 is the desired
temperature and optical sensors 0010000 — 0040000 measured the strain.

Before the infusion process is started, the mould temperature is set to 30°C and a
vacuum check is performed. This vacuum check is performed between 35 and 50
minutes, which can clearly be seen in the results (Figure 5).

After 53 minutes the infusion process is started and the resin line is opened. At
approximately 70 minutes the resin reached the other side of the mould. Several
minutes later (at 73 minutes) the vacuum is removed and both the resin and the
vacuum line are left open.
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Figure 4: Three optical fibres positioned on first 2 layers of fabric

The laminate containing the embedded sensors is post-cured in the mould and again
the temperatures and strains are monitored. This can be seen in Figure 6. At ~240
minutes a rise in strain can be seen where the temperature stays constant. This
might indicate the curing of the laminate.
It would have been recommendable to include (temperature compensated) strain
gauge measurements in these processes as well. This would have provided a
‘second opinion’ and facilitated an explanation of e.g. why the strains increase when
a vacuum is applied on the mould.

In addition, it would have been interesting to re-heat the specimens in Figure 6 to
~85°C after the curing cycle, to double-check if the optical fibre strain can be
attributed to larger thermal contraction in the matrix material than in the optical fibre.
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Figure 6: FBG and temperature measurements during post-curing

After curing in the mould, the plate was demoulded. A picture of an embedded fibre is shown in Figure
7.

Figure 7: Embedded sensor before applying specimen tabs

Figure 8: Side view of reference geometry specimen with embedded fibre
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The embedded fibre in the reference specimen exits the specimen from the top, see Figure 8. This
poses some constraints on gripping of the specimen; the grips should allow for some free space above
the specimen. At RISJ, an adaptation was made to the fixture to accommodate this.
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6. SURFACE MOUNTING OF FIBRES

The strain sensors were mounted in axial direction on the side of the specimen by Smartfibres. For this
lay-up, the strains are likely to be identical to those measured in the centre of the specimen. Moreover,
this location is preferred because it facilitates gripping of the specimens without the need for smaller
sensors or excessively small bending radii of the fibre. During the test programme it was decided to
apply additional adhesive pre-treatment: these surface-mounted fibre specimens were post-cured for 2
hours at 65° at WMC. The adhesive bond between the bare optical fibre and specimen spanned the
side of the gauge length, the rest of the sheathed cable was typically not bonded. A sensor-specimen
assembly is shown in Figure 9.

Figure 9: Reference geometry specimen with side-mounted optical fibre
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7. TEST PROGRAMME

A test programme was set-up by members of WP3 and WP7. Different R-values and geometries were
incorporated in this test programme. The laminate was unidirectional in all cases. The test programme
and specimen geometries are shown in Table 1.

Two interrogators and sufficient sensors were made available, so that testing could be performed
simultaneously at WMC and RISOQ.

Table 1: Test programme

Static testing Surface Lab Number of| Length | Width Tabs | Number
mounted/embedded specimens | [mm] [mm] [mm] | of layers
(between layers #/#)
Tensile ISO 527 surface RISG 3 300 25 50 6 UD
Tensile ISO 527 embedded (3/4) RISG 3 300 25 50 6 UD
Compression R07 | surface RIS@ 3 145 20 55 6 UD
Compression R07 | embedded (3/4) RISQ 3 145 20 55 6 UD
Fatigue
testing*
R=0.1 R08 surface WMC 6 130 20 55 4 UD
R=0.1 R08 embedded (2/3) WMC 6 130 20 55 4 UD
R=-1 R08 surface WMC 6 130 20 55 4 UD
R=-1 R08 embedded (2/3) WMC 6 130 20 55 4 UD
R=10 R07 surface RISQ 6 145 20 55 6 UD
R=10 R07 embedded (3/4) RIS 6 145 20 55 6 UD
Total 36

*R-value is used to typefy a class of fatigue loading, and equivalent to: F,i,/Fiax, €.9. R=0.1 is tension-tension fatigue
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8. RESULTS AND DISCUSSION

To date, ca. 36 out of 48 tests are reported. The results are summarised in Table 2, and in Figure 10-
Figure 13.

Any tests missing from the current report will be included in a later version of this report, or in a
separate report.

8.1 EFFECT ON FATIGUE LIFE

From the S-N diagrams in Figure 10- Figure 13, it can be checked if a detrimental effect of embedding a
fibre is obvious from the fatigue results. Also, the influence of pure tension versus tension-compression
can be checked.
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Figure 10: R=0.1 S-N diagrams with specimens labelled with plate number

600 I ® Sc i\
550 +
I N o 70504 .
500 + ®sc «ch
450 4 i
+ ® 4B
400 + 3 QZB§
S lo'sd
350 + m Z8
T AZ% y
S=|omax| [MPa] (R = 0.1) s
i e Reference wB o
300 77 4 Embedded iz WAES
= Surface-mounted
— regr. Reference (log N=-10.36-log S+32.0)
sso LU T LTI [P 1 min
10° 10° 10* N 10° 10° 10’

Figure 11: R=0.1 S-N diagrams with specimens labelled with test frame (Sc=Schenck 100kN,
In=Instron 100kN, ZB=WMC homebuilt 100kN, Zw=Zwick 220kN)
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Figure 13: R = -1 S-N diagram with test frames indicated

However, potential plate-to-plate variations and test frame-to-test frame variations should be taken into
account. Therefore, for each R-value, 2 plots are shown; one with the plate ID marked next to the data
points, and one with the test frame indicated next to the data points.

One of the known plate-to-plate variations is for plate HP (manufactured using excess hardener).
A suspected frame-to-frame variation can be identified for the ZB machine in both R-values.

With the limited data available, no detrimental effect of applying optical fibres on the specimen surface
on specimen fatigue life can be seen, see Figure 10- Figure 13.
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For the embedded fibres, no detrimental effect can be identified from these figures in R=-1.
However, in R=0.1, suspicion of a small detrimental effect can be justified notwithstanding the
abovementioned variations.

8.2 MEASUREMENT PERFORMANCE IN FATIGUE

The measurements during the initial slow cycle (which was done both in tension and compression to
obtain tensile and compressive Young’'s modulus), and the measurements written at intervals during the
fatigue tests are shown in Appendix B- Appendix E. Also, more detailed continuous measurements of a
couple of cycles are plotted in these appendices. These are taken at logarithmic intervals. The first plot
is after ca. 1000 cycles, the second after ca. 10000 cycles, etc.

For specimens where the optical fibre was destroyed during the manufacturing process, no signal was
provided and only the strain- or clip gauge signals (if any) are plotted.

The plots contain recordings of load, displacement, temperature, strains, and stress-strain diagrams for
determination of compression and tension Young’s Modulus. Furthermore, they contain a table with a
summary of the maximum, minimum and average values and the moduli.

The findings from these plots are also reported in Table 2.

Although the performance was not unanimously consistent for all cases, it can be concluded that optical
fibres did not perform very well in R=0.1 surface mounted configuration; 5 out of 6 tests showed poor
FBG sensor performance.

The embedded configuration showed poor performance for 2 out of 6 tests.

For R=-1 surface mounted fibres, problems were found in 4 out of 6 tests. For the embedded fibres, 5
out of 6 performed without significant problems.

Summarising, embedding the fibres gives better chances of successful measurements than bonding
them to the specimen sides as performed in this project.

Furthermore, the plots in the appendices confirm poor measurement performance of standard strain
gauges. These fail in ca. 1,000 fatigue cycles and are really only suited for initial stiffness
measurements.

The clip gauges occasionally suffered from drift in the signal. This might be caused by gradual
movement of the clip gauge contact points on the specimen surface. This might be avoided to some
extent by not relying on friction alone, but also bonding the contact points to the specimen surface.

Table 2: Test results summary

FBG performance Remarks

Load [kN]

©
o ¥
gtl:
(2]
[<}]
89
=
c
T o
- QO
€3
= 4=
(e N ]
gL

Laboratory
Specimen ID

Fatigue
R=0.1 RO8

& Surface

WMC | BU21R08 18.00 310 228504 | ceases to achieve tensile Runout; fibre
strain early in life adhesive not
postcured

CMO1R08 | 20.00 348 1003750 | Good correlation with clip
gauges throughout test
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FBG performance
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CMO8R08 | 20.00 345 804542 | ceases to achieve tensile | fibre adhesive not
strain early in life postcured
CM20R08 | 18.00 295 4383408 | ceases to achieve tensile | fibre adhesive not
strain early in life postcured
BTO5R08 20 349 318059 | ceases to achieve tensile
strain early in life
BU12R08 18 295 2163765 | ceases to achieve tensile
strain early in life
CMO2R08 | 18.00 311 880932 | good correlation between
all strain sensors
CM10R08 | 18.00 306 409913 reasonable correlation clip gauge 2 no
with clip gauge 1 signal
FLO6R08 18.00 307 314741 Optical fibre broken from
~1000 cycles
FLO7R08 20.00 340 309989 average and range
decrease gradually during
test w.r.t. clip gauges
HPO2R08 | 20.00 331 150012 good correlation with all | Fan not pointed at
strain sensors specimen, temp
too high (35°C
max)
DHO6R08 18 330 87585 n.a. Invalid; inferior
invalid laminate quality
and error in
© measurement
g JPO2R08 18.00 292 1160246 | good correlation with all
- strain sensors
T CM21R08 32 518 1444 n.a. contains optical
x fibre (no FBG)
BT14R08 14.00 243 656885 average and range Postcured
constant while clip gauge’s | 2h@65°C at WMC
decrease gradually
BUO3R08 14.00 240 837905 measured range Postcured
decreases early 2h@65°C at WMC
BU17R08 14.00 238 642004 | good correlation with clip Postcured
gauge 2 2h@65°C at
WMC; clip gauge 1
average
decreases w.r.t
clip gauge 2
CMO04R08 13 227 1306001 | FBG signal constant while | Optical fibre was
clip gauge’s range and not bonded
average decrease properly at delivery
S gradually. Gradual
E distortion of signal
i BU0O4R08 12 207 1431975 | ceases to achieve strains
x after ca. 50kcycles
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FBG performance

Remarks

o
T 3
3 s 5 =
58 » £ 3
358 £ 3
og o O E
£52 8 %
5o < -4
nEL I n
CM14R08 12 201 2100631 | ceases to achieve strains
within 10kcycles
CM19R08 12 199 261255 | ceases to achieve strains | Premature failure
early in life due to power cut
E (2/3) WMC | CMO6R0O8 | 12.00 213 1498426 smaller range than clip
gauges early in life; FBG
constant while average
and range of clip gauges
decrease gradually
HPO3R08* | 14.00 233 306837 | constant while average of
clip gauges decreases
gradually
HPO4R08* | 14.00 238 20090 good correlation with all
strain sensors
HPO8R08* | 12.00 204 923486 | constant while clip gauge
signal decreases gradually
HPO9R08* | 14.00 235 310591 | constant while clip gauge
signal decreases gradually
JPO1RO8 12.00 198 2434770 reasonable correlation clip gauges
with clip gauges malfunctioned
3 JPO3R08 14 226 859781 not functioning from start
E JP04R08 14 228 1128524 | not functioning from start
i IVO2R08 12 199 1466120 | not functioning from start
x IVO9R08 14 236 618290 | not functioning from start
S RIS | BOO2R0O7 | -36.39 410 2788
BO0O7R07 | -34.64 388 16751
BO10R0O7 | -31.99 358 625343 Sensor signal strange
from beginning
BO13R07 -31.6 355 1455600 | Slow degradation of signal
BO14R07 | -33.84 381 225664
BO15R07 | -30.66 342 1283053
BO22R07 | -32.37 364 859 Cancelled due to bad
signal from sensor
BPO7R07 | -40.78 467 16350 Unstable signal from
sensor
~ BPO9R0O7 | -31.53 357 1283
S BP17R07 | -34.24 386 175023 Sine-shaped curve but
o level wrong
I BP18R0O7 | -32.42 354 1238105 | Drift in signal already from
o start

*Plate HP was made with excess hardener; inferior fatigue results might be expected
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9. CONCLUDING REMARKS

Embedding fibres in the UPWIND 4-layer and 6 layer laminates was successful after taking the
necessary precautions against leakage via the cable protective mantle and ensuring proper alignment
of the fibres in the mould. However, the optical fibres are quite sensitive to external loads, which
resulted in some of the sensors being destroyed during the preparation of the plates and specimens.

Measurements could be taken for a selected plate of the infusion and curing of the plate with embedded
fibres. This allows for evaluation of the (residual) stresses observed by the fibres during the process. It
would have been recommendable to include (temperature compensated) strain gauge measurements in
these processes as well.

No detrimental effect of surface-mounted fibres on fatigue life at any R-value is detected.

The possibility of a detrimental effect of embedded fibres on fatigue life at R=0.1 should be further
evaluated.

No significant detrimental effect of embedding fibres was found for R=-1.

A larger and more balanced dataset might give more accurate conclusions; it is recommendable to test
further specimens from the same plate on different test frames and R-values.

Embedded fibres gave relatively reliable measurements.

Surface mounted optical fibres seemed to suffer from the degradation of the adhesive bond between
fibres and specimen surface. This resulted in progressive degradation of the sine-shaped character of
the measurements during fatigue life: an alternative bonding method might give better performance, e.g.
bonding over a longer length of the optical fibre.

Clip gauge measurements might be improved by using an adhesive to hold the contact points on the
surface in place.
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APPENDIX A PICTURES OF THE SPECIMENS BEFORE/AFTER

Figure A - 2: Specimen BU21R08 after testing
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Figure A - 3: CM01R08 and CM02R08 before testing

Figure A - 4: CM01R08 after testing
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Figure A - 8: CM20R08 after testing
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Figure A - 12: BU12R08 after testing
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Figure A - 15: CM10R08 after testing
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Figure A - 17: FLO6R08 and FLO7R08 after testing
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Figure A - 18: HP02, 03, 04, 08, 09 R08 before testing
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Figure A - 19: HP02, 03, 08 after testing
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Figure A - 20: HP04, 09 R08 after testing

Reportno.:  WMC-2008-42
Issue: 00
Date: August 6th, 2009

35/186



B L
i T A

5 : i { <
! .m?mﬁ-....%w...e.WEJ_M__;__..;..MWP...,
] ! i { i i i f |
i B A E S Rt s S
'y ) ] i | | 1 -
H i | H ! :if 3

Figure A - 21: DHO6R08 before testing

Figure A - 22: DHO6RO08 after testing

Figure A - 23: JP01R08 and JP02R08 before testing
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Figure A - 24: JP01R08 and JP02R08 after testing

Figure A - 27: BT14R08 before testing
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Figure A - 32: BU17R08 after testing
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Figure A - 35: BU04R08 before testing
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Figure A - 38: CM14R08 after testing
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Figure A - 42: CMO6R08 after testing

Figure A - 43: JPO3R08 and JP04R08 before testing
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Figure A - 44: JPO3RO08 after testing

Figure A - 46: IVO2R08 and IVO9RO08 after testing
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Figure A - 50: BO22R07 before testing
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Figure A - 51: BPO7R07 before testing

Figure A - 53: BP17, 18 R07 before testing
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APPENDIXB MEASUREMENT SUMMARY R = -1 SURFACE
MOUNTED

Channels Maximum Minimum @F E, [Mpa] E, Mpa]
Force, [N] 6.2 73 73
Displ. [mm] 0.47 0.01 0.01
Clip, [t] 2515. -3183. -3183. 42242, 40505.
Clip, [u] 2700. -3344. -3344. 40577. 38017.
FBG, « '[p.] 3054. -3667. -3212. 35772. 34989.
& o )[u] 2926. -3254. -3254. 37481. 37936.
& oyl 2707. -3151. -3151. 39929. 40033.
o [MPg] 106.9 -126.9 -126.9
Temperatures Maximum Minimum Mean Average
Temp.,[(C] 25.0 245 24.8
Files used: M:\_MINILAB\projects\eu_ez\_upwind\data\BT 14R08\BT 14R08.SLW Nulled with:BT14R08.nul(Rec. 1) E-moduli based on: TEST started at: 15-02-08 15:55:17
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Figure B - 1: BT14R08 (slow cycle)
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oWind

Yo
Channels Mean maximum Mean minimum Maximum Minimum Null record
Force, [KN] 13.9 -14.0 14.1 -14.1 0.0
Displ. [mm] 117 0.13 3.49 -0.29 18
Clip, [1] 5287. -7603. 10664. -8794. -1.
Clip, [ 5233. -7250. 6061. -8634. 4.
FBG, o ’[u] 6154. -4746. 6432. -6954. 3.
& ¢ ’[p] 19053. 19037. 19056. -5829. 1.
€0 ’[p] 18698. 18673. 18702. -5684. -1,
o [MPa] 2415 -242.3 243.8 -244.3 0.0
Temperatures Maximum Minimum Mean Average
Temp., [l 25.8 21.0 225
Number of Cycles 656895.
Files used: M:\_MINILAB\projects\eu_oz\_upwind\data\BT14R08\BT14R08.DFX  Nulled with:BT14R08.nul(Rec. 1) TEST started at: 15-02-08 15:53:07
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Figure B - 2: BT14R08 (fatigue summary)

Remarks: Jumps in signal may be attributed to D/A conversion software
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UpWind

Channels Maximum Minimum @F,,, E [Mpa] E, [Mpa]
Force, [kN] 14.0 -14.0 14.0
Displ. [mm] 1.05 0.01 1.05
Clip, [n] 6143 -6395. 6135.
Clip, 1] 5806. -6300. 5798.
FBG, (o )[p] 6373, -6380. -5105.
£ 07) (13} 19056. 19056. 19056.
£ 0 (1} 18702. 18702. 18702.
o [MPa] 2431 -242.2 2431
Temperatures Maximum Minimum Mean Average
Temp. , [°C] 25.5 25.0 252
Fles s M_MINILABIprofoctso._o_upwin olBT 4RODTIAROD.020  Nulod B4R iR ) TEST sar at 150208 105225
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Figure B - 3: BT14R08 (ca. 1,000 cycles)

Remarks: Signals of FBG and Clip gauge are out-of-phase (likely due to D/A conversion)
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UpWind

3

Channels Maximum Minimum @F,,, E, [Mpa] E_ [Mpa]
Force, [kN] 14.0 -13.9 14.0
Displ. [mm] 1.1 -0.02 1.11
Clip, [1] 5669 -6890. 5666.
Clip, [u] 5947, -6246. 5928.
FBG, © y[p] 6084, -6306. -5092.
& 0 )[u] 19056. 19056. 19056.
£ (0 )[u 18702. 18702. 18702.
o [MPa] 2431 -241.8 2431
Temperatures Maximum Minimum Mean Average
Temp. , °C] 23.3 229 23.1
Fles s M1 MINLAB prjecelo_o)_upwinddatlBT H4ROBSTIARO8.025 Mol Wi BTI4R08 nlRec. 1) TEST srt a: 16:0208 0011503
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Figure B - 4: BT14R08 (ca. 10,000 cycles)
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UpWind

Channels Maximum Minimum @F,,, E [Mpa] E, [Mpa]
Force, [kN] 14.0 -14.0 14.0
Displ. [mm] 111 -0.03 1.09
Clip, [n] 5643 -6956. 5638.
Clip, 1] 5947 -6235. 5937,
FBG, (o )[p] 6022, -6311. -5082.
£ 07) (18} 19056. 19056. 19056.
& 0" (3} 18702. 18702. 18702.
o [MPa] 2429 -242.2 2429
Temperatures Maximum Minimum Mean Average
Temp., [°C] 23.2 22.7 22.9
Fles s M_MINILABIprofacse_ o spwin el sBTIARODIT 4RO0.029  Notod wnGTHROG sy - TEST sari at 180208 011025
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Figure B - 5: BT14R08 (ca. 100,000 cycles)

Report no.: WMC-2008-42
Issue: 00
Date: August 6th, 2009

49/186



UpWi

nd

g

Channels Maximum Minimum @F,,, E [Mpa] E, [Mpa]
Force, [kN] 14.0 -14.0 -14.0
Displ. [mm] 113 -0.10 -0.09
Clip, [n] 5450, -7300. 7293,
Clip, 1] 5701 -6480. -6469.
FBG, (o ,[p] 6337, -6178. 4752.
£ 07) (18} 19056. 19056. 19056.
& 0" (3} 18702. 18702. 18702.
° [MPa] 2423 -242.6 -242.6
Temperatures Maximum Minimum Mean Average
Temp., [°C] 23.3 22,9 23.1
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Figure B - 6: BT14R08 (ca. 1,000,000 cycles)
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UpWind'

Yo
Channels Maximum Minimum @F . E, [Mpa] E, Mpa]
Force, [kN] 6.1 74 74
Displ. [mm] 0.34 0.19 0.18
Clip, [ 2438. -3265. -3263. 41334. 40400.
Clip2 (1] 2289. -3366. -3366. 40849. 41131.
FBG, o) (] 2990. -3099. -2681. 37968. 38512.
£ (o) [u] 2755. -3197. -3197. 38628. 39020.
€ (o) [u] 2811. -3407. -3407. 36941. 37194.
c [MPa] 104.8 -126.6 -126.6
Temperatures Maximum Minimum Mean Average
Temp. , [C] 24.1 23.7 23.9
Files used: M:\_MINIL, o2\ SLW  Nulled with:BUO3RO8.nu(Rec. 1) E-modull based on: TEST started at: 20-02-08 14:42:42
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Figure B - 7: BUO3RO08 (slow cycle)
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UpWind

Channels Mean maximum Mean minimum Maximum Minimum Null record
Force, [KN] 13.9 -14.0 14.5 -14.9 0.0
Displ. [mm] 1.02 0.35 457 -0.52 0.27
Clip, [1] 3826. -7545. 5808. -9241. 8.
Clip, [ 5846. -6327. 6093. -6691. 0.
FBG, o )[u] 4337. 1345. 8284. -21431. -1,
€4 o) 1] 19207. 19186. 19210. -6009. -2.
€ o )[u] 19232. 19215. 19235. -6305. -2.
[} [MPa] 238.0 -240.1 249.1 -255.7 0.5
Temperatures Maximum Minimum Mean Average
Temp. , [°C] 26.4 235 24.8
Number of Cycles 837905.
Files used: M:\_MINIL, ez DFX  Nulled with:BUO3RO8.nul(Rec. 1) - TEST started at: 20-02-08 14:39:16
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Figure B - 8: BTO3R08 (fatigue summary)

Remarks: Front and rear clip gauges considerably different. FBG measured range decreases early
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s

oWind

Channels Maximum Minimum @F oy E, [Mpa] E, [Mpa] Vi [l Vo[-l
Force, [kN] 14.0 -14.0 14.0
Displ. [mm] 1.05 -0.02 1.04
Clip, [n] 5511, -5768. 5508.
Clip, [1] 5978. -6514. 5977.
FBG, ©) 1] 4158. -5438. -4417.
&0 )[p.] 19210. 10215. 19210.
& )[p.] 19235. 12153. 19235.
¢ [WPa] 239.6 -240.1 239.6
Temperatures Maximum Minimum Mean Average
Tenp., [0l 24.9 245 24.6
Files used: M:\_MINIL, ez nul(Rec. 1) TEST started at: 20-02-08 14:52:45
N VT T BT [iuosros 1.0 f /’ it Al'BUO3R08
| |
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Figure B - 9: BUO3RO08 (ca. 1,000 cycles)

Remarks: Strain gauges starting to fail. FBG signals miss top (incorrect settings in interrogator?)
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s

oW

ind

Channels Maximum Minimum @F oy E, [Mpa] E, [Mpa] Vi [l Vo[-l
Force, [kN] 14.0 -14.0 14.0
Displ. [mm] 0.87 -0.28 0.86
Gip, [1] 5668. -6003. 5658.
Clip, [ 5801. -6437. 5795.
FBG, o )[u] 4649. 150. 340.
&0 )[p.] 19210. 19210. 19210.
& )[p.] 19235. 19235. 19235.
¢ [WPa] 239.2 -240.0 239.2
Temperatures Maximum Minimum Mean Average
Tenp., [0l 24.6 24.1 24.4
Files used: M:\_MINIL, ez nul(Rec. 1) TEST started at: 20-02-08 20:31:07
N N f N fi BUO3R08 0.8 J A R Y BUO3R08
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Figure B - 10: BUO3RO08 (ca. 10,000 cycles)
Remarks: Significant distortion of FBG signal
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s

oWind

Channels Maximum Minimum @F oy E, [Mpa] E, [Mpa] Vi [l Vo[-l
Force, [kN] 14.0 -14.1 -14.1
Displ. [mm] 0.91 -0.35 0.33
Gip, [1] 5095. -6490. -6473.
Clip, [ 5929. -6471. -6453.
FBG, o )[u] 4632. 312. 4097.
&0 )[p.] 19210. 19210. 19210.
& )[p.] 19235. 19235. 19235.
¢ [WPa] 239.2 -240.8 -240.8
Temperatures Maximum Minimum Mean Average
Tenp., [0l 25.0 24.7 24.8
Files used: M:\_MINIL, ez nul(Rec. 1) TEST started at: 21-02-08 09:25:39
T \ N | T 7 T i
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Figure B - 11: BUO3RO08 (ca. 100,000 cycles)

Remarks: Significant distortion of FBG signal
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UpWind'

Channels Maximum Minimum @F . E, [Mpa] E, Mpa]
Force, [dN] 6.1 7.1 7.
Displ. [mm] 0.28 0.17 017
Clip, [ 2448. -2987. -2987. 40780. 41489.
Clip, [ 2505. -3058. -3058. 40149. 40078.
FBG, 0" (] 2780. -2846. -2402. 40386. 39390.
& 0 )[p] 2773. -3148. -3148. 37323. 38123.
& ¢ )[p,] 2866. -3302. -3302. 35934. 36341.
¢ [MPg] 102.8 -120.8 -120.8
Temperatures Maximum Minimum Mean Average
Temp.,[C] 23.3 229 23.1
Files used: M:\_MINILAB\projectsieu_ez\_upwind\datalBU17ROB\BUT7ROB.SLW  Nulled with: BU17R08.nul(Rec. 1) E-modull based on: TEST started at: 11-02-08 16:30:25
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Figure B - 12: BU17R08 (slow cycle)
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s

0

Wind

Force [kN]

1

o

Temp. [ C]

Channels Mean maximum Mean minimum Maximum Minimum Null record v M v,
Force, [KN] 14.0 -13.9 14.1 -14.1 0.0
Displ. [mm] 0.69 -0.57 2.14 0.75 0.22
Clip, [1] 4644, -7837. 6454, -9788. 12.
Clip, [u] 5808. -6126. 6296. -6475. 14.
FBG, o ’[u] 4975. -6147. 6373. -6572. 9.
£ 0 ’[p] 19449. 19424. 19501. -15412. -4.
€0 ’[p] 19337. 19315. 19400. -15910. 3.
6  [MPa] 236.9 -236.2 239.8 -238.5 -0.3
Temperatures Maximum Minimum Mean Average
Temp., [l 27.0 23.0 25.0
Number of Cycles  642004.
Files used: M:\_MINIL, ez )" nul(Rec. 1) TEST started at: 11-02-08 16:25:14
BU17R08 2.0 BU17R08
10 Minima/maxima plotted Minima/maxima plotted
1.5
5 O Force, O Dpispl
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Figure B - 13: BU17R08 (fatigue summary)

Remarks: Jumps in signal may be attributed to D/A conversion software
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Issue: 00
Date: August 6th, 2009

¢

57/186



s

oWind

Channels Maximum Minimum @F oy E, [Mpa] E, [Mpa] Vi [l Vo[-l
Force, [kN] 14.0 -14.0 14.0
Displ. [mm] 0.94 -0.04 0.93
Gip, [1] 6069. -5886. 6061.
Clip, [ 6227. -5958. 6227.
FBG, o )[u] 6193. -5893. -4918.
CHE M| 19501. 11361. 19501.
& )[p.] 19400. 13124. 19400.
¢ [WPa] 238.3 -237.0 238.3
Temperatures Maximum Minimum Mean Average
Tenp., [0l 24.3 23.8 241
Files used: M:\_MINIL, ez nul(Rec. 1) TEST started at: 11-02-08 16:37:40
YT I T 1T T TiBuirros 0.9 TX - T B0T7R08
f\ \ “ M \\ H N I N }\ /l
10 I ‘] T [ f \‘ \‘ /‘ Average values plotte: 0.8 { \\ j (} ‘] ( ‘1 | Average values plotted
‘ | ‘ | o7 |l | N
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Figure B - 14: BU17R08 (ca. 1,000 cycles)

C

Remarks: Strain gauges starting to fail. FBG and clip gauge signals out of phase

Report no.:
Issue:
Date:

WMC-2008-42
00
August 6th, 2009
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UpWind

Channels Maximum Minimum @F o E, [Mpa] E, [Mpa] Vi [l Vo[-l
Force, [kN] 14.0 -13.9 14.0
Displ. [mm] 0.59 -0.46 0.57
Clip, [n] 6435. -5954. 6430.
Clip, [1] 6204. -5863. 6188.
FBG, ©) 1] 6295. -6122. -5050.
& ) 1] 19501. 19501. 19501.
€ o) 1] 19400. 19400. 19400.
¢ [MPa] 238.0 -235.4 238.0
Temperatures Maximum Minimum Mean Average
Temp. , [°C] 24.9 245 24.7
Files used: M:\_MINIL ez n nul(Rec. 1) TEST started at: 11-02-08 18:22:47
T m T T
/\\ T Jj\‘ \\ [TBU17R08 05 (P\\ f i r}ﬁ“\ [ BU17R08
| | | |
10 [} \ [J \ [J | f I\ (f \‘ [‘ Average values plotte 0.4 f l“ r \‘1 ‘J f \‘ “\ H ; Average values plotted
. \ ‘ \
A I os | LIV D T
5 || ( \ ( ‘ | | 1 O Force, \ T \ [ \ r \ I \ r I J O Displ
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T T I I
\ ‘J ‘\ \ \ \ ‘\ / \ H 0.2 ‘\‘ | ; J \‘ / - r[
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VT Ty Ny 04[] N V' B VA «
ALY | v LS A -
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Time [s] Time [s]
100 P
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80 Average values plotte: 15000 Average values plottec
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— 60 10000 A FBG,
OO
R = Al N AA LN i
A A Al A i} [
g a0 § 8000 b o T
ﬁ 1) | | I\ I [\ I
30 \ \ | | |
20 OmIr T S T
10 YR N ;f [4 ]
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Figure B - 15: BU17R08 (ca. 10,000 cycles)
Remarks: Strain gauges failed. FBG and clip gauges out-of-phase
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Wind
UoWin
Channels Maximum Minimum @F oy E, [Mpa] E, [Mpa] Vi [l Vo[-l
Force, [kN] 14.0 -14.0 -14.0
Displ. [mm] 0.75 -0.55 -0.55
Gip, [1] 4770. -7686. -7675.
Clip, [ 5910. -6024. -6020.
FBG, o )[u] 6128. -6380. 4765.
CHE M| 19501. 19501. 19501.
N 19400. 19400. 19400.
¢ [WPa] 238.0 -237.7 -237.7
Temperatures Maximum Minimum Mean Average
Tenp., [0l 26.0 25.6 25.8
Files used: M:\_MINIL, ez )" nul(Rec. 1) TEST started at: 120208 20:11:51
T T N T T T % i 7 T i -
N \/\ || PUITROS 0.6 N [ R
'IO%N (‘ T 1 }’ \ }' H i )J Average values plotte I \ \ | \‘ ‘\ ‘l ‘/ Average values plotted
| T T T T
U /i | oaf IO
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Figure B - 16: BU17R08 (ca. 100,000 cycles)
Remarks: Clip gauge signal shifted downward slightly
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UpWind

Channels Maximum Minimum @F . E, [Mpa] E, Mpa]
Force, [KN] 6.1 7.4 7.4
Displ. [mm] 0.41 0.1 -0.11
Clip, [ 2400. -3195. -3195. 42436. 42654.
Clip, [u] 2526. -2825. -2825. 44153, 44470.
FBG, o) (1] 2567. -2954. -2597. 43426. 42779.
£ (o) [u] 2666. -3290. -3290. 39487. 39717.
€ (o) [u] 2826. -3128. -3128. 39504. 39527.
c [MPa] 107.0 -129.0 -129.0
Temperatures Maximum Minimum Mean Average
Temp. , [C] 23.8 23.4 23.6
6 0.40 .
\ CMO04R08 HN CMO04R08
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Figure B - 17: CM04R08 (slow cycle)
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s

oWind

Force [kN]

1

o

Temp. [ C]

Channels Mean maximum Mean minimum Maximum Minimum Null record v M v,
Force, [KN] 12.8 -13.0 13.1 -13.4 0.0
Displ. [mm] 1.02 -0.22 2.41 -0.38 0.29
Clip, [1] 5498. -6060. 6406. -8085. 14.
Clip, [1] 4114. -8111. 6107. -10224. -6.
FBG, o ’[p] 2999. -4391. 5324. -6203. 11.
£ 0 ’[p] 19029. 18969. 19045. -5230. 2.
€0 ’[p] 19036. 18988. 19046. -5348. 2.
o [MPa] 223.0 -226.8 229.6 -234.3 0.6
Temperatures Maximum Minimum Mean Average
Temp., [l 27.0 233 25.4
Number of Cycles  1306001.
Files used: M:\_MINIL, ez nul(Rec. ) TEST started at: 21-04-08 09:48:09
~ | CM04R08 CMO04R08
10 2.0
Minima/maxima plotted i Minima/maxima plotted
5 O Force 15 O Dpispl
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Figure B - 18: CM04R08 (fatigue summary)

Remarks: Front and back clip gauge signals differ. FBG signal correlates with temperature
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Figure B - 19: CM04R08 (ca. 1,000 cycles)

Remarks: Considerable difference between all types of strain measurement
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UpWind

Channels Maximum Minimum @F oy E, [Mpa] E, [Mpa] Vi [l Vo[-l
Force, [kN] 13.0 -13.0 13.0
Displ. [mm] 0.96 -0.05 0.95
Clip, [n] 5913. -4578. 5893.
Clip, [1] 5966. -5780. 5966.
FBG, o )[u] 3327. -4849. 1133.
CHE M| 19045. 19045. 19045,
N 19045. 19045. 19045.
¢ [WPa] 227.7 -227.8 227.7
Temperatures Maximum Minimum Mean Average
Tenp., [0l 25.4 25.0 25.2
Files used: M:\_MINIL, ez nul(Rec. ) TEST started at: 21-04-08 11:06:07
M I I 1T} cmoaros 0.9 [ AT A AT AT AT AT AT "AT 1T cMo4Ro8
1 IN R
\ (\ f“‘ w “ K [ / ‘\ ‘Averageva\uesp\one 0.8 ‘\ (‘ i )“ j} / )“ [\ HAveragevaIuespIoned
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80
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Figure B - 20: CM04R08 (ca. 10,000 cycles)
Remarks: FBG signal distorted near top and measures lower tensile strain than clip gauges
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UpWind

Channels Maximum Minimum @F oy E, [Mpa] E, [Mpa] Vi [l Vo[-l
Force, [kN] 12.8 -12.9 -12.9
Displ. [mm] 0.99 018 017
Qip, [u] 6278. -4742. 4732.
Clip, [ 5348. -6333. -6328.
FBG, o )[u] 2761. -4665. -1833.
€ ) 19045. 19045. 19045.
& 1 19045. 19045. 19045.
o [VPa] 2245 -225.9 -225.9
Temperatures Maximum Minimum Mean Average
Tenp., [0l 23.8 23.4 23.6
Files used: M:\_MINIL ez nul(Rec. TEST started at; 22-04-08 02:39:17
o CMO04R08 (j\ }ﬂ ‘(1 ﬁ ((\ /[\ | [;\ | ‘CMO4R08
( ( ( ’ ( | Average values plotte: 0.8 i / Average values plotted
PR R N
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Figure B - 21: CM04R08 (ca. 100,000 cycles)

Remarks: FBG signal distorted (more than in previous plot)
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UpWind

Channels Maximum Minimum @F ., @start E Mpa] E, [Mpa]
Force, [KN] 12.19 -12.07 12.19 -11.98
Force, [¥N] 12.18 -12.18 12.12 -12.00
Displ. [mm] -77.05 -78.09 -77.07 -78.08
Clip, [n] 6231. -5662. 6231. -5622. 35214. 0.
Clip, [1] 5952. 5937. -6328. 34695. 0.
FBG, ©°) 1] 5550. 5378. -5367. 38237. 0.
g 00 (1] 5663. 5647. -5208. 38426. 0.
e, o) 1] 10070. 5943. -5434. 31502. 0.
[} [MPa] 210.4 210.4 -206.8
Bending [p/mm] 81.60 100.81 77.04
Bending [p/mm] 264.11 100.27 240.57
Temperatures Maximum Minimum Mean Average
Temp. , [°C] 22.3 21.7 22.0
Temp. , ['C] 20.7 20.2 20.5
12 ™,
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Figure B - 22: BU0O4RO08 (slow cycle)

Report no.: WMC-2008-42
Issue: 00
Date: August 6th, 2009

66/186



UpWind

Channels Mean maximum Mean minimum Maximum Minimum Null record
Force [K\] 11.90 -11.87 12.48 -12.32 -0.02
Force, [KN] 11.87 -12.00 12.50 -12.44 0.03
Displ. [mm] -77.35 -78.55 -75.98 -78.77 50.16
Clip, [1] 5009. -8425. 6886. -17741. -20.
Clip, [1] 5483. 7761, 23038. -8465. 3.
FBG, ©) [l -905. -1189. 5642. -5525. -5.
€ (o ’[p] 19309. 19268. 19324. -5191. 0.
€ o )[p] 18608. 18594. 18631. -4702. 6.
6 [MPa] 205.4 -204.8 215.4 -212.7 -0.4
Temperatures Maximum Minimum Mean Average
Temp. , ['C] 27.8 20.8 24.0
Temp. , ['C] 28.4 19.2 24.8
Number of Cycles 1431973.
12 5ot v e e e — -76.0
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Figure B - 23: BU0O4RO08 (fatigue summary)

FBG ceases to achieve strains after ca. 50kcycles
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UpWind

Channels Maximum Minimum @F . @start E, [Mpa] E, [Mpa]
Force, [KN] 12.05 -12.00 12.05 11.72
Force, [kN] 12.05 -12.10 11.97 11.64
Displ. [mm] -77.12 -78.10 -77.12 -77.14
Clip, [1] 6240. -5567. 6213. 6136.
Clip, [1] 6143. -6254. 6110. 6004.
FBG, -, 1] 5447. 5384, 802. 1728.
€ o ’[p] 10547. -260. 10522. 10430.
€ o ’[p,] 18631. -133. 18631. 18631.
c [MPa] 208.0 -207.2 208.0 202.5
Temperatures Maximum Minimum Mean Average

Temp. [:C] 22.6 22.0 22.3

Temp., [C] 21.1 20.5 20.8

Area of cross-section 57.90
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Figure B - 24: BU0O4RO08 (ca. 1,000 cycles)
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UpWind
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Figure B - 25: BU0O4R08 (ca. 10,000 cycles)
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UnWind

Force [kN]

o

Temp.[ C]

Channels Maximum Minimum @F . @start E, [Mpa] E, [Mpa]
Force, [KN] 12.13 -12.06 12.13 11.93
Force, [KN] 12.08 -12.21 12.06 11.70
Displ. [mm] -77.47 -78.59 -77.48 -77.48
Clip, [1] 6845 -6764. 6827 6787.
clip, [1] 7479 -6785. 7470 7378.
FBG, ¢+ ,[1] -958. -977. -967. -975.
s )[u] 19324 19324. 19324 19324
& 0 )[p] 18631 18631. 18631 18631
o [MPa] 209.5 -208.4 209.5 206.0
Temperatures Maximum Minimum Mean Average
Temp., ['C] 24.9 24.4 24.6
Temp., Q] 26.3 25.7 26.0
Area of cross-section 57.90
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Figure B - 26: BU0O4R08 (ca. 100,000 cycles)
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UpWind

Channels Maximum Minimum @F o @start E, [Mpa] E, [Mpa]
Force, [KN] 7.50 -7.59 -7.59 -2.67
Foroe, [N] 7.52 -7.71 -7.64 -2.47
Displ. [mm] -76.45 -78.11 -78.10 -77.92
Clip, [1] -17194. -18070. -17206. -17354.
Clip, [1] 23038. 22572. 23038. 23038.
FBG, 40”)[“] -1106. -1233. -1149. -1159.
€ o )[p] 19324. 19324. 19324. 19324.
€ o ) 1] 18631. 18631. 18631. 18631.
6 [MPa] 129.5 -131.1 -131.1 -46.2
Temperatures Maximum Minimum Mean Average
Temp. , [°C] 23.6 23.0 23.3
Temp. , ['C] 21.7 21.2 215
Area of cross-section 57.90
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Figure B - 27: BU0O4RO08 (failure)
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UpWind

Channels Maximum Minimum @F ., @start E Mpa] E, [Mpa]
Force, [KN] 12.13 -0.09 12.13 -0.06
Force, [¥N] 12.11 -0.17 12.08 -0.12
Displ. [mm] -77.29 -77.82 -77.31 -77.82
Clip, [1u] 5252. 89. 5252. 98. 36230. 0.
Clip, [u] 4800. -373. 4795, -342. 39385. 0.
FBG, ©°) 1] 5035. 18. 5018. 25. 41680. 0.
g 00 (1] 5610. 42. 5599. 47. 37957. 0.
e, o) ] 5482. -47. 5482. -42. 36480. 0.
[} [MPa] 202.9 -1.5 202.9 -1.1
Bending [p/mm] 62.27 -18.13 39.61 30.35
Bending [p/mm] 413.64 143.40 155.01 149.29
Temperatures Maximum Minimum Mean Average
Temp. , [°C] 24.7 24.1 24.4
Temp. , ['C] 21.5 20.8 21.1
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Figure B - 28: CM14R08 (slow cycle)
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UpWind

Channels Mean maximum Mean minimum Maximum Minimum Null record
Force [K\] 12.03 -11.97 13.16 -12.97 -0.02
Force, [KN] 11.98 -12.12 13.12 -13.09 0.01
Displ. [mm] -77.52 -78.68 -75.92 -78.88 50.16
Clip, [1] -22527. -27413 5252. -41208 -18.
Clip, [1] 12571 8578 16839 -5881. 11,
FBG, ©) [l 7063 -7087 5403 -11649 2.
€ (o ’[p] 19190 19156 19199 -5445 -2.
€ o )[p] 18948 18908 18960 -5751. 5.
c [MPa] 201.2 -200.2 220.1 -216.9 -0.3
Temperatures Maximum Minimum Mean Average
Temp. , ['C] 27.4 18.2 24.7
Temp. , ['C] 27.8 18.4 25.3
Number of Cycles 2100631.
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Figure B - 29: CM14R08 (fatigue summary)

FBG ceases to achieve strains within 10kcycles ; clip gauges malfunction after ca. 750kcycles (rubber
rings that hold them in place broken)

Report no.: WMC-2008-42
Issue: 00 73/186
Date: August 6th, 2009



UpWind

Channels Maximum Minimum @F . @start E, [Mpa] E, [Mpa]
Force, [KN] 12.06 -12.02 12.06 11.89
Force, [KN] 12.03 -12.16 12.01 11.73
cnl 252, i w252, 5252,
B i oy 2o “wis? ires.
s )[u] 10688. -363. 10666. 10615.
& 0 )[p] 10175. -580. 10164. 10031.
o [MPa] 201.6 -201.0 201.6 198.8
I:rmn:Tr[:aé]ures 2A4é);imum IZ\A“\T]mum gll“e;n Average
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Figure B - 30: CM14R08 (ca. 1,000 cycles)
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UpWind

Channels Maximum Minimum @F . E, [Mpa] E, [Mpa]
Force, [KN] 12.06 -12.01 12.06
Force, [kN] 11.98 -12.16 11.92
Displ. [mm] -77.51 -78.47 -77.51
Clip, [1] 5252. -5902. 5252.
clip, [1] 4645. 4738, 4643
FBG, ¢+ ,[1] 163. 2983. -2867
s )[u] 19199. 19199. 19199
& 0 )[p] 18960. 18960. 18960
G [MPa] 201.6 200.9 201.6
Temperatures Maximum Minimum Mean Average
Temp., ['C] 24.8 24.3 24.6
Temp., Q] 24.2 23.5 23.8
Area of cross-section 59.80
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Figure B - 31: CM14R08 (ca. 10,000 cycles)
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UnWind

Channels Maximum Minimum @F . @start E, [Mpa] E, [Mpa]
Force, [KN] 12.12 -11.96 12.12 11.87
Force, [kN] 12.07 -12.14 12.01 11.65
Displ. [mm] -77.54 -78.57 77.55 -77.55
Clip, [1] 5252. -5995. 5252 5252.
Clip, [1] 5148. -5250. 5125. 5060.
FBG, -, 1] 140. -981. -728. -730.
€ o )[p] 19199. 19199. 19199 19199
€ o ) 1] 18960. 18960. 18960 18960
c [MPa] 202.7 -200.0 202.7 198.5
Temperatures Maximum Minimum Mean Average
Temp. [:C] 24.7 24.1 24.4
Temp., [C] 24.9 24.2 245
Area of cross-section 59.80
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Figure B - 32: CM14R08 (ca. 100,000 cycles)
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oWind

Yo
Channels Maximum Minimum @F . @start E, [Mpa] E, [Mpa]
Force, [KN] 12.03 -11.98 12.03 11.82
Force, [KN] 11.98 -12.14 11.90 11.66
Displ. [mm] -77.55 -78.70 -77.56 -77.55
Clip, [1] -37021 -39239. -39230. -39175.
Qlip, 1] 16839 16507. 16551. 16567.
FBG, o )[p] -11388 -11408. -11401. -11404.
s )[u] 19199 19199. 19199. 19199.
& 0 )[p,] 18960 18960. 18960. 18960.
o [MPa] 201.2 -200.4 201.2 197.7
Temperatures Maximum Minimum Mean Average
Temp., ['C] 26.2 25.8 26.0
Temp., Q] 27.3 26.7 27.0
Area of cross-section 59.80
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Figure B - 33: CM14R08 (ca. 1,000,000 cycles)
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1]
Yo

0

Wind

Channels Maximum Minimum @F o @start E, [Mpa] E, [Mpa]
Force, [KN] 7.38 -8.33 -8.33 5.63
Foroe, (] 7.30 -8.42 -8.42 5.32
Displ. [mm] -77.39 -78.61 78.59 -77.41
Clip, [1] -37753. -38281. 37905 -37819.
Clip, [1n] 16328. 15673. 16193 15755.
FBG, ©) [l -11425. -11445. -11436 -11435.
€ o )[p] 19199. 19199. 19199 19199.
€ o ) 1] 18960. 18960. 18960 18960.
6 [MPa] 123.4 -139.3 -139.3 94.2
Temperatures Maximum Minimum Mean Average
Temp. , [°C] 21.7 21.1 21.4
Temp. , ['C] 21.4 20.8 21.1
Area of cross-section 59.80
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Figure B - 34: CM14R08 (failure)
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oWind

A
Channels Maximum Minimum @F ., @start E Mpa] E, [Mpa]
Force, [KN] 7.37 6.45 7.37 -0.01
Force, [kN] 7.23 6.54 7.22 -0.15
Displ. [mm] -55.52 56.06 -55.52 -55.81
Clip, [1] 3100. 2735. 3100. -12. 39005. 39435.
Clip, [p] 3230. 3379 3209 -352. 34539. 34944,
FBG, o+, ] 3021. 2850 3014 -152. 38322. 39364.
g o0y (1] 3065. -2921 3065. -135. 38018. 38339.
£ o)1 3013. -3051. 3005. -261. 37764. 38083.
¢ [MPq 122.2 106.9 122.2 -0.1
Temperatures Maximum Minimum Mean Average
Tenp. fal 23.4 22.9 23.1
Te'1'p.2[°C] 21.8 21.3 21.5
Area of cross-section 60.30
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Figure B - 35: CM19R08 (slow cycle)
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oWind

A
Channels Mean maximum Mean minimum Maximum Minimum
Force, [K\] 12.06 -11.96 12.32 -12.01
Force, [KN] 11.87 -12.04 12.18 -12.15
Displ. [mm] -55.54 -56.55 -55.27 -56.64
Clip, [1] 4432, -6640 5518. -7045.
Clip, [p] 5568. -5801 5672 -6044.
FBG, - [1] -30. -4517 5290. -5714
€ o0 1] 18960. 18683 19049 -5221.
£, o ] 18968. 18687 19062 -5368.
¢ [MPa] 200.0 -198.3 204.2 -199.1
Temperatures Maximum Minimum Mean Average
Temp. , el 24.2 21.0 22.7
Temp. , e 26.9 21.5 25.1
Number of Cycles 260002.
Area of cross-section 60.30
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Figure B - 36: CM19R08 (fatigue summary)

FBG ceases to achieve strains early in life
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UpWind

APPENDIXC MEASUREMENT SUMMARY R = -1 EMBEDDED

Channels Maximum Minimum @F E Mpe] E, Mpd|
Force [kN] 5.8 -5.7 5.8
Displ. [mm] -54.84 -55.33 -54.84
Clip, [1t] 3033. -2562. 3033. 36142. 36070.
Clip, [ul 2832. -3155. 2799. 34611. 34443.
Clip,yg [1] 2848. -2768. 2820. 36527. 36476.
smart [u] 2732. -2539. 1217. 38168. 38167.
c [MPa] 103.0 -100.2 103.0
Temperaéures Maximum Minimum Mean Average
Temp. , ['C] 26.2 24.9 25.6
Files used: M:\_MINIL, 1I_ez\_t SLWNulled I(Rec.1) E-moduli based on:CMOBRO8.slw TEST started at: 29-10-07 15:38:33
TTTH LT LT [ cmoeRros -54.85 ﬂ | CMOBR08
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Figure C - 1: CM06R08 (slow cycle(s))
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UpWind

Channels Mean maximum Mean minimum Maximum Minimum Null record v, Vo[
Force, [KN] 11.8 -11.9 121 -12.1 0.0
Displ. [mm] -4.49 -5.64 -3.68 7.41 23.33
Clip, [1] 3731. -8883. 20610. -12068. 112.
Clip2 1] 4282. -8934. 7669. -10064. -39.
Clipyg 1] 3804. -8801. 6902. -17474. 16.
smart1 [u] 3662. -5246. 7840. -38991. -2.
¢ [MPa] 209.8 -211.5 214.0 -215.2 0.3
Temperatures Maximum Minimum Mean Average
Temp.,['C) 29.9 25.6 28.1
Number of Cycles  1498426.
Files used: M:\_MINIL, ez nul(Rec. 1) TEST started at: 20-10-07 15:33:31
12 ‘
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Figure C - 2: CM0O6RO08 (fatigue summary)

Remarks: Jumps in signal may be attributed to D/A conversion software. Considerable difference
between clip gauge and FBG signals
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UnWind

Channels Maximum Minimum @F oy E, [Mpa] E_[Mpa] Vi [l Vo[-l
Force, [kN] 11.4 -10.5 1.4
Displ. [mm] -54.71 -55.49 -54.72
Gip, [1] 6327. -5332. 6310.
Clip, [ 5846. -5399. 5846.
Cipp 1] 5900. 5194, 5878.
smart1 ] 5368. -4835. 5207.
c [P 202.6 186.3 202.6
Temperatures Maximum Minimum Mean Average
Tenp.,['Q 27.2 26.6 26.9
Files used: M:\_MINIL, ez\, nul(Rec. ) TEST started at: 29-10-07 16:16:20
10 [ CMO6R08 ’\ CMO06R08
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Figure C - 3: CMO6R08 (ca. 1,000 cycles)
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oWind
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Channels Maximum Minimum @F o E, [Mpa] E, [Mpa] Vi [l Vo[-l
Force, [kN] 11.9 -12.0
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Clip, [1] 6718. -6265. -6235.
Clip,, [n] 6557. -6374.
Qlipy g [ 6441. -6078.
smart! [j] 5643. . -4569.
o [WPa 211.9 212.6 2126
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Figure C - 4: CMO6RO08 (ca. 10,000 cycles)
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UpWind
Channels Maximum Minimum @F oy E, [Mpa] E, [Mpa] Vi [l Vo[-l
Fo.rc‘e1 [mkl:‘] _124071 :12‘0
G sese, poby
Glip, [1] 6953 -7207.
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Figure C - 5: CMO6R08 (ca. 100,000 cycles)

Remarks: FBG sensor no useful signal
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UpWind

Yo
Channels Maximum Minimum @F oy E, [Mpa] E, [Mpa] Vi [l Vo[-l
Force, [kN] 12.0 -12.1 -12.1
Displ. [mm] -54.64 -55.81 -55.81
Gip, [1] 3154, -9621. 9621
Clip, [ 3761. -9935.
i coo7 oty
sar . E .
o [VPa 213.1 214.1
Temperatures Maximum Minimum Mean Average
Tenp.,['Q 28.8 28.3 28.5
Files used: M:\_MINIL, ez\_L nul(Rec. ) TEST started at: 02-11-07 21:42:27
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Figure C - 6: CMO6R08 (ca. 1,000,000 cycles)
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UnWind

Channels Maximum Minimum @F,. G [GPa]
Force, [kN| 7.1 03 7.1
Force, kN 7.0 -0.4 7.0
Displ. [mm] -77.62 -77.90 -77.62
Qip, [1] 3542. 117. 3542.
Qlip, [u] 2983. -740. 2983,
FBG, [l 2827 -328. 2827.
N 3023. -116. 3023.
&l 2894. -536. 2894.
o [V 118.3 54 1183
Temperatures Maximum Minimum Mean Average
Temp., [ 26.4 259 26.2
Tep., [C] 256 252 254
Flles used: A MINI . AR0APOYROL Niled e, 1) EST started at: 01-07-08_ 110430
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Figure C - 7: HPO3RO08 (slow ramp)
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s

oWind

Force [kN]

1

o

Temp.[ C]

Channels Mean maximum Mean minimum Maximum Minimum Null record v V. [
Force, [kN] 13.7 -14.3 141 -14.4 0.3
Force, [kN] 13.6 -14.3 14.2 -14.5 0.0
Displ. [mm] -77.61 -78.80 -73.34 -79.15 50.16
Clip, [ 3394. -9965. 6851. -11326. 26.
Clip, [ 2835. -12685. 6959. -14850. 26.
FBG, o )[p] 5823. -7020. 6258. -7115. -5.
& ¢ )[p] 18921. 18856. 18965. -5579. -3.
& ¢ )[H] 18840. 18688. 18865. -6703. 3.
o [MPa] 2281 -237.5 234.8 -238.8 4.9
Temperatures Maximum Minimum Mean Average
Temp. , [°C] 29.3 245 26.6
Temp., ['C] 31.4 252 29.0
Number of Cycles  306835.
Files used: M:\_MINIL/ 1_ez\_L nul(Rec. 1} TEST started at: 01-07-08 10:54:01
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Figure C - 8: HPO3RO08 (fatigue summary)
Remarks: clip gauges and FBG considerably different
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WMC-2008-42
August 6th, 2009

Remarks: Strain gauges drifted considerably
00

Figure C - 9: HPO3RO08 (ca. 1,000 cycles)
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Figure C - 10: HPO3RO08 (ca. 10,000 cycles)

Remarks: Strain gauges failed

Report no.:
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Figure C - 11: HPO3RO08 (ca. 100,000 cycles)
00

Remarks: Clip gauges drifted downwards
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oWind

Yo
Channels Maximum Minimum @F,. G [GPa]
Force, KN 6.0 6.0 6.0
Force, kN 5.9 -58 5.9
Displ. [mm] -79.33 79.74 79.34
Qip, [u] 2332. -3009. 2315.
Qlip, [u] 2603. -3639. 2596.
FBG, ¢, [u] 2439, 2881 2429.
& o[ 2444, -2575. 2441,
& ] 2504. -3055. 2504.
o [MPa] 101.7 -101.7 101.7
Temperuatures Maximum Minimum Mean Average
Tenp., [C] 26.8 26.3 26.6
Tenp.,[Cl 258 252 254
Flles uspd: M MINL Ledy L Niled i(Rec.1) 61 TEST started at: 250808 12:1
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Figure C - 12: HP04RO08 (slow cycle)
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UpWind

Channels Mean maximum Mean minimum Maximum Minimum Null record v V. [
Force, [kN] 13.8 -14.1 14.4 -14.4 0.2
Force, [kN] 13.7 -14.2 14.3 -14.4 0.0
Displ. [mm] -79.01 -80.11 -76.84 -80.45 50.16
Clip, [ 6541. -7240. 19113. -7583. 13.
Clip, [ 7651. -9673. 8030. -10307. 30.
FBG, o )[p] 6094. -6910. 6266. -7121. -7.
& ¢ )1 18329. 16028. 19010. -5508. 5.
& ¢ )[p] 18716. 17185. 19016. -7161. .
o [MPa] 2341 -240.4 244.8 -245.3 3.1
Temperatures Maximum Minimum Mean Average
Temp. , [°C] 26.7 24.8 25.8
Temp., ['C] 29.0 25.1 275
Number of Cycles  20090.
Files used: M:\_MINIL/ 1_ez\_L nul(Rec. 1} TEST started at: 25-08-08 12:07:12
¢ e HP04R08 7.0 HPO4R08
10 Minima/maxima plotted ~ _77.5 Minima/maxima plotted
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Figure C - 13: HP04R08 (fatigue summary)

Remarks: Clip gauge 1 and optical fibre very similar throughout test

Report no.: WMC-2008-42
Issue: 00
Date: August 6th, 2009
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Figure C - 14: HP04R08 (ca. 1,000 cycles)
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Figure C - 15: HP04R08 (ca. 10,000 cycles)
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UpWind

Channels Maximum Minimum @F,. G [GPa]
Force, [kN| 6.1 59 6.1
Force, [kN 59 6.0 59
Displ. [mm] -78.61 -79.04 -78.62
Qlip, [u] 2643. -2607. 2629.
Qlip, [u] 2062. -4012. 2014.
FBG, [l 2590. 2904. 2575.
N 2659. 2538. 2659.
&l 2362. 3084. 2362.
o [MP 103.1 100.0 103.1
Temperuatures Maximum Minimum Mean Average
Tenp.,[C] 26.3 25.7 26.0
Terp., [C] 25.9 254 25.6
Fjles uspc M) MINL Lep 1 Nilet iRec 1) 6- TEST startpd pt: (4.07.08_09:370
PR HPO8R08 \ HPO8RO08
2000 /*/\Q\ p_/ ]
; L Average values plotted 4 4
W /
1000 — 5 / \ ~
/ \ O aip 5 q{ O Force
0l | AFeg,, ) .
— ’//J —_— / ’ \@
B N /)] Z o 3
=-1000 . >
© @
5 / o N
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g W N 7
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0 5 10 15 20 25 0 5 10 15 20 25
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Time [s] Shear strain [ue]

Figure C - 16: HPO8RO08 (slow cycle)

Report no.:
Issue:
Date:

WMC-2008-42
00

August 6th, 2009

96/186



oWind

Yo
Channels Mean maximum Mean minimum Maximum Minimum Null record v V. [
Force, [kN] 12.0 -12.1 121 -12.2 0.1
Force, [kN] 11.8 -12.2 12.0 -12.3 0.0
Displ. [mm] -78.61 -79.67 -73.50 -79.79 50.16
Clip, [ 3970. -7111. 5443. -7643. -14.
Clip, [ 3668. -10041. 5974. -11157. -20.
FBG, o )[p] 5299. -5799. 5352. -5926. 3.
& ¢ )[u] 18934. 18852. 18969. -5013. 1.
& ¢ )[p] 18967. 18905. 18983. -6085. 1.
6 [MPg] 204.8 -205.0 205.7 -207.8 1.4
Temperatures Maximum Minimum Mean Average
Temp. , [°C] 28.6 222 26.4
Temp., ['C] 30.2 246 28.0
Number of Cycles ~ 923485.
Files used: M:\_MINIL/ 1_ez\_L nul(Rec. 1} TEST started at: 04-07-08 09:26:03
12 p=
{ HPO8RO8 74 HPO8RO08
8 IMinima/maxima plotted Minima/maxima plotted
1 -75
1 O Force O Displ
4
_. 76
z 3
X0 E
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Figure C - 17: HPO8RO08 (fatigue summary)

FBG signal constant throughout life while clip gauge average decreases
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UpWind

[ N1 ['TT " HPosros | ] Hrosros
8{ H H H H H ! H Hﬁ ’Averageva\uesp\otte H { H> KAveragevaIuespIoned
| A I T
ST @ e ] [ [} oo
N Wi R R _ ] ]
2 St ULLAE T sl ] £ ] T
g ] =
& T 1] 1]
O ] ]
st T T Bl 1
1A AR )
2Ll VIV T 90 T 0
10:0 05 1.0 1'15ime2[é(]) 2.5
O(E :Z B} ;AFaq 0
E 4 s L
I 3 [
20 J‘s

Time [s]

Figure C - 18: HPO8RO08 (ca. 1,000 cycles)

Remarks: Strain gauges drifted
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UpWind
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oy ey L A e
s sl LU T T
of LI UL I TLTTE ) @ e ool LA TV 1 o
NN e T T
g E7e
s O S ozl LU LUV
§ R & za LU LelL L LTI
TRIRETIRIRATIA Y S AR TIIVRY
K 2osf 0 U
P A RS AR AL
10(;).0 0.5 1.0 1'Tsimez[é(]) 2.5 0.0 0.5 1.0 1,1§ime[25,]0 2.5
o v I \“}é \“g | V k“/ | \“/
0.0 0.5 1.0 1"?ime%s']0 2.5 0.0 0.5 1.0 1'1§ime%s']0 2.5

Figure C - 19: HPO8RO08 (ca. 10,000 cycles)

Remarks: Clip gauge 2 larger range; Strain gauges failed
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Issue: 00
Date: August 6th, 2009
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Figure C - 20: HPO8RO08 (ca. 100,000 cycles)
Remarks: Clip gauge 1 drifted (?) down
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UnWind

Strain [ue]

o

Temp.[ C]

Channels Maximum Minimum @F,. G [GPa]
Force, [kN| 6.0 59 6.0
Force, [kN 59 6.0 59
Displ. [mm] -79.59 -80.04 -79.59
Qlip, [u] 2807. 2190. 2807.
Qlip, [u] 1862. 4164. 1850.
FBG, [l 2380. 2752. 2380.
N 2716. 2497. 2716.
&l 2103. 3057. 2101.
o [V 100.6 984 100.6
Temperatures Maximum Minimum Mean Average
Temp., [ 25.0 24.4 247
Tep., [C] 233 226 229
Fjlos uspc M) MINL oy 1 Niled e, 1) 6 TEST startpd at: 26,0808 13:54:04
AN HPO9R08 / HPO9R08
g I -
2000 4
/ / \,., Average values plotted 4
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Figure C - 21: HPO9RO08 (slow cycle)
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oWind

Yo
Channels Mean maximum Mean minimum Maximum Minimum Null record v V. [
Force, [kN] 13.9 -14.2 14.0 -14.2 0.1
Force, [kN] 13.7 -14.2 13.9 -14.4 0.0
Displ. [mm] -79.40 -80.66 -76.83 -80.83 50.16
Clip, [ 4074. -8866. 6082. -9697. -30.
Clip, [ 3264. -12492. 6551. -13942. 1.
FBG, o )[p] 6144. -6906. 6230. -7017. -4.
& ¢ )[u] 18900. 18181. 18989. -19106. 1.
& ¢ )[H] 19334. 19207. 19361. -6580. 1.
o [MPa] 233.2 -237.7 234.3 -238.8 2.5
Temperatures Maximum Minimum Mean Average
Temp. , [°C] 27.8 23.8 25.7
Temp., ['C] 27.1 229 252
Number of Cycles  310591.
Files used: M:\_MINIL, ez\, nul(Rec.1} TEST started at: 26-08-08 13:44:51
T ] HPO9ROS 77.0 HPO9RO08
10 IMinima/maxima plotted ~ -77.5 ima plotted
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Figure C - 22: HPO9RO08 (fatigue summary)

Remarks: similar to HPO8R08
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WMC-2008-42
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Figure C - 23: HPO9RO08 (ca. 1,000 cycles)
00

Remarks: Strain gauges drifted

Report no.:
Date:
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WMC-2008-42
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Figure C - 24: HPO9RO08 (ca. 10,000 cycles)
00

Remarks: Strain gauges failed

Report no.:
Date:
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Figure C - 25: HPO9RO08 (ca. 100,000 cycles)
00
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UpWind

Channels Maximum Minimum @F .. E, [Mpa] E, [Mpa]
Force, [KN] 6.956 -6.944 -6.944
Force, [N] 6.9 -7.0 7.0
Displ. [mm] -78.83 -79.39 -79.38
Clip, [1u] 3227. -2668. -2668. 41653. 38791.
Clip, [p] 2812. -3348. -3348. 37411. 37293.
FBG, ©°) 1] 2993. -2982. -2980. 37726. 38403.
g 00 (1] 3038. -2870. -2870. 39281. 38622.
€ (07 [u] 2949. -3097. -3094. 37199. 37777.
o [MPa] 115.0 -114.8 -114.8
Bending [p/mm] 77.89 25.90 71.75
Bending [p/mm] 230.23 111.29 220.92
Temperatures Maximum Minimum Mean Average
Temp. , [°C] 24.8 24.3 24.6
Temp. , ['C] 26.1 25.6 25.9
)
6 / JPO1RO8 I}/‘h“/ JPO1R08
J % -78.9 of
/ Average values plotted| I M” Average values plotted
4 / )
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Figure C - 26: JP01R08 (slow cycle)
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oWind

Yo
Channels Mean maximum Mean minimum Maximum Minimum Null record
Force [K\] 12.02 -11.83 12.37 -12.16 -0.07
Force, [kN] 12.0 -11.9 12.4 -12.3 0.0
Displ. [mm] -78.57 -79.73 -76.61 -79.89 50.16
Clip, [1] 4785. 10314 6202. -15860 -15.
clip, [1] 12884 7108. 20819 -8590 -5,
FBG, ¢+ ,[1] 5448. -5244 5845, -5533 -5.
€ o )[u] 19042 19017 19053 -4997 -3.
& 0 )[u] 19028 19009 19036 -5274 4.
G [MPa] 198.7 -195.7 204.6 -201.1 1.2
Temperatures Maximum Minimum Mean Average
Temp., ['C] 25.8 19.1 21.8
Temp., Q) 26.9 22.0 24.2
Number of Cycles 2434769.
12 p=
L JPO1RO8 JPO1R08
-77.0
8 [|Minima/maxima plotted Minima/maxima plotted
O Force, 775 O Displ.
4
= = -78.0
= 0 E
® R
5 -78.5 ~
o [=%
o @ PR P = e N N B e e
S 4 8 ol A
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| E N
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50 20000 ——
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Figure C - 27: JP01R08 (fatigue summary)

FBG reasonable correlation with clip gauges until clip gauges malfunctioned (rubber rings broken)
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Figure C - 28: JP01R08 (ca. 1,000 cycles)
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Figure C - 29: JP01RO08 (ca. 10,000 cycles)
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Channels Maximum Minimum @F . E, [Mpa]
Force, [KN] 12.23 -11.97 12.23
Force, [KN] 12.23 -12.12 12.21
Displ. [mm] 78.63 -79.61 -78.64
Clip, 1] 5960. -4614. 5924.
Clip, [p] 5886 5139. 5864.
FBG, - [1] 5429 -5219 5167.
€ o) K] 19053 19053 19053
) (1] 19036 19036 19036
¢ [MPa] 202.1 197.9 202.1
Temperatures Maximum ~ Minimum Mean Averag
Temp. , [:C] 21.7 21.1 21.4
Temp., [ C] 25.3 24.7 25.0
Area of cross-section 60.50
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Figure C - 30: JP01RO08 (ca. 100,000 cycles)
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s

oWind

Channels Maximum Minimum @F . @start E, [Mpa] E, [Mpa]
Force, [KN] 12.09 -12.01 -12.01 11.81
Force, [KN] 12.11 -12.10 12.00 11.72
Displ. [mm] -78.54 -79.65 79.63 -78.57
Clip, [1] 5420. -5462 5439. 5367.
Clip, 1] 4835 6453 6453. 4764.
FBG, ©) [l 5443. -5332 1733. 2355,
€ o0 ’[p] 19053 19053 19053 19053
€ o ’[p,] 19036 19036 19036 19036
G [MPal 199.8 198.4 198.4 195.2
Temperatures Maximum Minimum Mean Average
Temp. , °C] 21.3 20.8 21.0
Temp. , [°C] 24.2 23.6 23.9
Area of cross-section 60.50
12 7
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Figure C - 31: JP01R08 (ca. 1,000,000 cycles)
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oWind

Yo
Channels Maximum Minimum @F ., @start E Mpa] E, [Mpa]
Force, [KN] 14.02 -14.17 14.02 -0.06
Force, [N] 14.10 -14.20 14.01 -0.04
Displ. [mm] -79.42 -80.64 -79.45 -80.09
€ (o) [u] 6117. -5523. 6116. 174. 38619. 39073.
€ 0°) 1] 5701. -6769. 5690 -647. 35831. 36633.
c [MPa] 226.4 228.9 226.4 -0.9
Bending [p/mm] 405.07 132.90 137.76 265.06
Temperatures Maximum Minimum Mean Average
Temp. , ['C] 26.2 25.6 25.9
Temp. , ['C] 23.7 23.2 23.4
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Figure C - 32: JPO3RO08 (slow cycle)
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UnWind

te

Channels Mean maximum Mean minimum Maximum Minimum
Force, [kN] 13.88 -14.05 14.49 -14.25
Force, [kN] 13.92 -14.12 14.55 -14.35
Displ. [mm] -79.63 -80.97 -77.59 -81.09
€ o 1] 18512. 18498 18515. -4900.
€ o) ] 18763. 18752 18765. -5979.
G [MPa] 224.2 -226.9 234.0 -230.1
Temperatures Maximum Minimum Mean Average
Temp. , ['C] 29.1 19.5 25.6
Temp. , [°C] 31.0 23.4 28.7
Number of Cycles 859781.
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Figure C - 33: JPO3R08 (fatigue summary)
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UpWind

Channels Maximum Minimum @F ., @start E Mpa] E, [Mpa]
Force, [KN] 13.97 -14.24 -14.24 -0.11
Force, [¥N] 14.08 -14.26 14.26 -0.09
Displ. [mm] -80.16 -81.31 81.29 -80.77
€ (o) [u] 6057. -5733. -5733 101. 38750. 38717.
€ 0°) 1] 5961. -6088. 6088 -187. 38029. 37894.
c [MPa] 227.2 -231.6 -231.6 -1.8
Bending [p/mm] 128.12 29.35 115.71 93.69
Temperatures Maximum Minimum Mean Average
Temp. , ['C] 22.0 21.4 21.7
Temp. , ['C] 21.7 21.2 21.4
Area of cross-section 61.47
JP04RO8 -80.2 /M\‘w JP04R08
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Figure C - 34: JP04R08 (slow cycle)
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oWind

Yo
Channels Mean maximum Mean minimum Maximum Minimum
Force, [kN] 13.75 -14.00 14.47 -14.27
Force, [kN] 13.78 -14.07 14.53 -14.36
Displ. [mm] -80.35 81.73 -80.15 -81.93
€ (00 1] 18971. 18960 18973. -5121.
& )[p] 19550. 19539 19552. -5346.
c [VPa] 223.7 -227.8 235.4 -232.2
Temperatures Maximum Minimum Mean Average
Tenp., [0l 27.6 19.9 24.9
Tenp., ('l 30.0 21.4 28.0
Number of Cycles 1128524.
Area of cross-section 61.47
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Figure C - 35: JP04R08 (fatigue summary)
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oWind

Yo
Channels Maximum Minimum @F ., @start E Mpa] E, [Mpa]
Force, [KN] 12.21 -12.08 12.21 0.02
Force, [N] 12.20 -12.17 12.17 -0.07
Displ. [mm] -61.01 -62.00 -61.02 -61.52
£ (00 [u] 5799. -4701. 5795. 433. 37989. 38408.
€ 0°) 1] 4961. -5575. 4961 -350. 37941. 37856.
c [MPa] 202.1 199.9 202.1 0.4
Bending [p/mm] 291.94 251.46 275.33 258.53
Temperatures Maximum Minimum Mean Average
Temp. , ['C] 27.0 26.4 26.7
Temp. , ['C] 24.8 24.3 245
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Figure C - 36: IVO2R08 (slow cycle)
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oWind

Yo
Channels Mean maximum Mean minimum Maximum Minimum
Force, [kN] 11.97 -11.93 12.22 -12.16
Force, [kN] 11.95 -12.04 12.44 -12.36
Displ. [mm] -61.32 62.42 -57.73 -62.61
€ (00 1] 18938. 18924 18941. -4243.
€ o) ] 18977. 18964 18980. -5108.
G [MPa] 198.2 -197.4 202.3 -201.3
Temperatures Maximum Minimum Mean Average
Temp. , ['C] 30.7 16.0 26.4
Temp. , [°C] 33.3 21.3 29.0
Number of Cycles 1466120.
12 If T 1 | T1Ivo2R08b -58.0 IVO2R08b
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Figure C - 37: IVO2R08 (fatigue summary)
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UpWind

Channels Maximum Minimum @F ., @start E Mpa] E, [Mpa]
Force, [KN] 14.18 -14.18 14.18 -0.03
Force, [N] 14.27 -14.32 14.22 -0.02
Displ. [mm] -78.46 -79.65 -78.48 -79.09
€ (o) [u] 6148. -5810. 6142. 12. 38795. 40212.
€ 0°) 1] 6448. -6465. 6446. -55. 36979. 37014.
c [MPa] 239.5 -239.4 239.5 -0.5
Bending [p/mm] 219.76 -102.70 -101.92 22.52
Temperatures Maximum Minimum Mean Average
Temp., ['C] 25.4 24.6 25.0
Temp.,[C] 25.0 245 24.8
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Figure C - 38: IVO9RO08 (slow cycle)
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UnWind

Force [kN]

9

Temp.[ C]

Channels Mean maximum Mean minimum Maximum Minimum
Force, [kN] 13.98 -14.01 14.54 -14.27
Force, [kN] 14.04 -14.04 14.63 -14.26
Displ. [mm] -78.57 79.94 -76.66 -80.04
€ (00 1] 18891. 18876 18894. -5082.
€ o) ] 19340. 19324 19342. -5573.
G [MPa] 236.1 -236.6 245.5 -240.9
Temperatures Maximum Minimum Mean Average
Temp. , ['C] 28.9 20.4 25.2
Temp. , [°C] 31.4 24.7 29.4
Number of Cycles 618290.
i PUPLURGSS U LU A S 1 1VO9R08 0 IVO9R08
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Figure C - 39: IVO9RO08 (fatigue summary)
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UpWind

APPENDIX D
MOUNTED

Channels Maximum Minimum @F E, [Mpa] E,_ [Mpa
Force, [KN] 6.1 -7.2 -7.2
Force,,. [kN] 6.1 7.2 7.2
Displ. [mm] 0.32 -0.09 -0.09
Clip, [1] 2483. -3415. -3415. 38411. 38923.
in2 %8} 2905. -2775. -2775. 39973. 40685.
FBG, « )[u] 2594. -2863. -2526. 40725. 42206.
& '[u] 2834. -3427. -3427. 36560. 36660.
& o ’[u] 2769. -3044. -3044. 39305. 39527.
c [Wa] 105.0 -124.3 -124.3
Temperatures Maximum Minimum Mean Average
Temp., (] 24.4 24.0 24.2
Files used: M:_MINIL. ez 1ROBIBU21R08.SLW Nulled with:BU21R08.nul(Rec.1) E-moduli based on TEST started at: 24-01-08 16:11:14
6
f BU21R08 0.30 s BU21R08
4 }{/ Average values plotted ~ 0.25 )!/ W Average values plotte
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/a _ 0.15 &M
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Figure D - 1: BU21R08 (slow cycle)
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Issue: 00
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oWind

Yo
Channels Mean maximum Mean minimum Maximum Minimum Null record
Force,, [KN] 18.0 1.8 18.1 0.6 0.0
Displ. [mm] 5.89 5.29 6.20 0.44 0.27
Clip, [1] 8466. 1014. 8714. 116. -3.
Clip, [ 7902. 571. 8286. 414. -9.
FBG, I ’[u] -18. -617. 6990. -972. -1
£ 0 ’[p] -17653. -17726. 19089. -19188. 4
€0 ’[p] 18639. 18303. 19102. -14052. 1.
6 [MPa] 308.9 30.1 310.8 10.7 0.2
Temperatures Maximum Minimum Mean Average
Temp., [l 28.9 24.0 27.2
Number of Cycles 228501.
Files used: M:\_MINILAB\projects\eu_ez\_upwind\data\BU21R08\BU21R08.DFX  Nulled with:BU21R08.nul(Rec. 1) TEST started at: 24-01-08  16:09:43
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Figure D - 2: BU21R08 (fatigue summary)

Remarks: FBG signal ceases to achieve tensile strain early in life
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August 6th, 2009

Figure D - 3: BU21R08 (ca. 1,000 cycles)
00

Remarks: Strain gauges start to fail

Report no.:

Issue:
Date:



UpWind

C

Yo
Channels Maximum Minimum @F oy E, [Mpa] E, [Mpa] Vo[-l Vo[-l
Force, [kN] 18.0 0.0 18.0
Displ. [mm] 76.36 027 147
Qip, [u] 15000. -23. 8146.
Glip, [1] 8201. 124, 8193.
FBG, o )[u] 2619. -650. -130.
e, 19089. -50. 19089.
& )[p.] 19102. -185. 19102.
o [WPa] 310.1 -0.2 310.1
Temperatures Maximum Minimum Mean Average
Tenp.,[Cl 83.7 -10.8 24.9
Files used: M:\_MINIL ezl nul(Rec. 1) TEST started at: 24-01-08 16:39:36
18
ﬂ H r I A ‘ n I \ ﬂ W BU21R08 70 BU21R08
16 | g | Lo
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Figure D - 4: BU21R08 (ca. 10,000 cycles)

Remarks: Discontinuity caused by interrupted measurement

Report no.: WMC-2008-42
Issue: 00
Date: August 6th, 2009
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Figure D - 5: BU21R08 (ca. 100,000 cycles)

Remarks: FBG signal almost absent

Report no.: WMC-2008-42
Issue: 00
Date: August 6th, 2009
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oWind

Yo
Channels Maximum Minimum @F . E, [Mpa] E, Mpa]
Force, [KN] 6.0 7.2 7.2
Displ. [mm] 0.18 -0.26 -0.24
Clip, [ 2465. -2435. -2435. 46023. 47412.
Clip,, [u] 2141. -3473. -3473. 41295. 40668.
FBG, o) (] 2745. -2959. -2559. 39748. 40867.
€ (o) [H] 2737. -2759. -2759. 41107. 42051.
€ (o) [u] 2544. -3592. -3592. 37224. 37130.
c [MPa] 103.8 -125.0 -125.0
Temperatures Maximum Minimum Mean Average
Temp. , [GC] 556.4 556.1 556.2
Files used: M:\_MINILAB\projectseu_ez\_upwind\data\CMO1ROB\CMOTROB.SLW  Nulled with: CMO1RO8.nul(Rec. 1) E-modull based on: TEST started at: 07-02-08  14:41:12
CMO01RO08 0.15 | CMO01R08
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Figure D - 6: CM01R08 (slow cycle)
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Issue:
Date:

WMC-2008-42
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August 6th, 2009
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UpWind

Channels Mean maximum Mean minimum Maximum Minimum Null record
Force,, [KN] 19.8 1.9 201 1.9 0.0
Displ. [mm] 0.97 0.28 158 0.22 0.43
Clip, [1] 8254. 1091. 9264. 807. -1.
Clip, [1] 7929. 492. 8803. 333. 11.
FBG, I ’[u] 8298. 878. 9138. 546. 16.
£ 0 ,[p] 19190. 19143. 19278. -13472. 2.
€0 ’[p] 19108. 19083. 19147. -13729. -2.
6 [MPa] 344.9 33.9 349.6 32.5 0.1
Temperatures Maximum Minimum Mean Average
Temp.z[OC] 556.6 553.5 555.8
Number of Cycles 1003750.
Files used: M:\_MINILABIprojects\eu_oz\_upwind\data\CMO1ROBICMO1RO8.DFX  Nulled with: CMO1ROB.nul(Rec. 1) - TEST started at: 07-02-08 14:37:56
20
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Figure D - 7: CM01R08 (fatigue summary)

Remarks: Good correlation between optical and clip gauges throughout test. Temperature sensor
defect

Report no.: WMC-2008-42
Issue: 00
Date: August 6th, 2009
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Time [s]
WMC-2008-42
August 6th, 2009

Figure D - 8: CM01R08 (ca. 1,000 cycles)
00

Remarks: Strain gauges start to fail

Report no.:

Issue:
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Time [s]

WMC-2008-42
August 6th, 2009

Figure D - 9: CM01R08 (ca. 10,000 cycles)
00
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Figure D - 10: CM01R08 (ca. 100,000 cycles)

Report no.: WMC-2008-42
Issue: 00
Date: August 6th, 2009
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b

oWind
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23.55
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O
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o
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o [MPa]

-100

-120

Figure D - 11: CMO8RO08 (slow cycle)

Report no.: WMC-2008-42
Issue: 00
Date: August 6th, 2009

C

Channels Maximum Minimum @F . E, [Mpa] E, Mpa]
Force, [kN] 6.0 7.2 72
Displ. [mm] 0.27 0.14 0.14
Clip, [ 2459. -3160. -3160. 40230. 40915.
Clip, [ 2769. -3096. -3096. 38847. 38687.
FBG, 0" (] 2667. -3006. -2591. 40132. 40158.
& @ )[p] 2778. -3205. -3205. 37780. 38280.
& ¢ )[u] 2595. -3220. -3220. 38865. 39316.
¢ [MPg] 103.0 -124.8 -124.8
Temperatures Maximum Minimum Mean Average
Temp.,[C] 23.6 23.2 23.3
Files used: M:\_MINILAB\projects\eu_ez\_upwind\data\CMOBROB\CMOBROB.SLW  Nulled with: CMOBROB.nul(Rec. 1) E-modull based on: TEST started at: 05-02-08 11:49:43
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UpWind

Channels Mean maximum Mean minimum Maximum Minimum Null record
Force,, [KN] 19.9 1.9 20.0 0.0 0.0
Displ. [mm] 1.45 0.75 17.46 0.53 0.28
Clip, [1] 8617. 736. 9062. -326. -19.
Clip, [ 9173. 851. 9647. 741. 7.
FBG, o )[u] 3188. 781. 8828. -1237. -4.
£ o )[p,] 19053. 19002. 19142. -13773. -6.
€ o )[u] 14535. 6124. 19130. -19147. 1.
[} [MPa] 343.7 33.2 346.2 0.2 0.8
Temperatures Maximum Minimum Mean Average
Temp. , [DC] 563.5 233 25.3
Number of Cycles 804542.
Files used: M:\_MINILABIprojects\eu_oz\_upwind\data\CMOBROBICMOBROS.DFX  Nulled with: CMOBROS. nui(Rec. 1) - TEST started at: 05-02-08 11:45:36
20
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Figure D - 12: CMO8RO08 (fatigue summary)

Remarks: FBG signal ceases to achieve tensile strain early in life (jumps due to cross-talk with failed
strain gauge 2?); good correlation between clipgauges

Report no.: WMC-2008-42
Issue: 00
Date: August 6th, 2009
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WMC-2008-42
August 6th, 2009

Figure D - 13: CM08RO08 (ca. 1,000 cycles)
00

Report no.:

Issue:
Date:



20 — - CMO8RO8 1.3 AT I AT Th I CMO8R08
o I
I @ e T T oo
wHH \H J /‘H ‘H/ e I NRR AT
I TR AT AN TR O TSV
< AR LA o I
EREEILEENE o LU T
I & T o
. TR A A
. o AT ATR
. RRRRIEN RN

Figure D - 14: CMO8RO08 (ca. 10,000 cycles)
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Issue: 00
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WMC-2008-42
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Figure D - 15: CMO8RO08 (ca. 100,000 cycles)
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oWind

Yo
Channels Maximum Minimum @F . E, [Mpa] E, Mpa]
Force, [kN] 6.6 7.9 7.9
Displ. [mm] 0.35 -0.10 -0.09
Clip, [ 2331. -3462. -3462. 41103. 41330.
Clip2 (1] 2882. -3018. -3018. 40396. 40277.
FBG, o) (] 2936. -3267. -2867. 38616. 38708.
£ (0" 1] 2910. -3734. -3734. 35442. 36073.
€ (o) [u] 3195. -3320. -3320. 36380. 36500.
c [MPa] 108.6 -129.4 -129.4
Temperatures Maximum Minimum Mean Average
Temp. , [C] 235 23.0 23.3
Files used: M:\_MINILAB\projects\eu_ez\_upwind\data\CM20R08\CM20R08.SLW  Nulled with: CM20R08.nul(Rec. 1) E-modull based on: TEST started at: 25-01-08 12:23:20
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Figure D - 16: CM20R08 (slow cycle)

Report no.: WMC-2008-42
Issue: 00
Date: August 6th, 2009
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UnWind

Cycles

Figure D - 17: CM20R08 (fatigue summary)

Remarks: Good correlation between clip gauges. FBG signal lost early in life

Report no.:
Issue:
Date:

WMC-2008-42
00

August 6th, 2009

¢

Channels Mean maximum Mean minimum Maximum Minimum Null record
Force,, [KN] 17.9 1.9 18.1 0.3 0.0
Displ. [mm] 1.20 0.58 1.98 0.43 2.06
Clip, [1] 7240. 673. 7558. 14, -13.
Clip, [ 7282. 515. 7455. 418. 23.
FBG, I ’[u] -18. -122. 7832. -844. -2.
£ 0 ’[p] 19315. 19311. 19319. -12921. -11.
€0 ’[p] 19250. 19230. 19282. -14004. 12.
6 [MPa] 293.3 30.3 295.4 4.3 0.0
Temperatures Maximum Minimum Mean Average
Temp., [l 25.6 20.7 23.2
Number of Cycles 4383408.
Files used: M:\_MINILABIprojects\eu_oz\_upwind\data\CM20ROBICM20R08.0FX  Nulled with: CM20RO08.nui(Rec. 1) TEST started at: 25-01-08 12:19:27
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Figure D - 18: CM20R08 (ca. 1,000 cycles)
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Channels Maximum Minimum @F oy E, [Mpa] E, [Mpa] Vo[-l Vo[-l
Force, [kN] 18.0 1.7 18.0
Displ. [mm] 1.16 0.62 1.15
Cip, ] 7397. 525. 7397.
e T 205
CHR M| 19319. 19319. 19319,
82(0° )[p.] 19282. 5732. 19282.
o [VPa] 295.1 28.5 295.1
e e 2o pag e
12 f\ R r\ ﬂ ﬂ ﬂ ﬂ ﬁ CM20R08 :12 T ﬂ T ‘ﬁ ﬂ ' ﬁcmzoRos
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Figure D - 19: CM20RO08 (ca. 10,000 cycles)
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Channels Maximum Minimum @F oy E, [Mpa] E, [Mpa] Vo[-l Vo[-l
18.0 1.8 18.0

Temperatures Maximum Minimum ~ Mean Average
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Figure D - 20: CM20RO08 (ca. 100,000 cycles)

Report no.: WMC-2008-42
Issue: 00
Date: August 6th, 2009

140/186



UpWind
Channels Maximum Minimum @F oy E, [Mpa] E, [Mpa] Vo[-l Vo[-l
Force, [kN] 18.0 1.8 18.0
Displ. [mm] 1.20 0.58 1.20
Glip, 1] 7305. 716. 7293.
inz[“] 7355. 527. 7355.
FBG, ¢ I1] 115. -46. 42.
& ¢l 19319. 19319. 19319.
82(0° )[p.] 19282. 19282. 19282.
o [VPa] 294.0 29.6 294.0
Tempegalures Maximum Minimum Mean Average
Terp.,['Q 23.7 23.2 23.5
f\ ﬂ f\ ‘”\‘ ‘ f\ ﬂl f\‘ ﬂ ﬁ | ‘CMZORos 1.2 T ﬂ F ﬂ f\ [0 CM20R08
16 i Tual \‘ ‘\ ‘ ‘\ | \ | \ Average values plotte 1.1 )\ \ \ \\ \ | \ Il H \ ‘Averagevaluesploned
e LI B TR | I
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Figure D - 21: CM20RO08 (ca. 1,000,000 cycles)
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UpWind

Channels Maximum Minimum @F @start
Force, [KN] 20.216 1.815 20.216 2.151
Force, [KN] 20.3 1.8 20.2 2.1
Displ. [mm] -77.14 -78.04 -77.15 -78.03
Clip, [j1] 9702. 573. 9683. 685.
Clip, [u] 10094. 861. 10081. 1026.
FBG, (e 1] 8028. 823. 8024. 836.
& (0" (M) 13657. 1003. 10854. 1015.
€ o0y (1] 9330. 939. 9330. 948.
c [MPa] 353.0 31.7 353.0 37.6
Temperatures Maximum Minimum Mean Average
Temp. , [°C] 24.4 24.0 24.2
Temp. , [C] 22.6 22.0 22.3
20 =
BTO5R08 BTO5R08
18 —
il Average values plotted Average values plotted
16
O Force, O Displ.
14 p /
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UpWind

Yo
Channels Mean maximum Mean minimum Maximum Minimum Null record
Force [K\] 20.014 2.017 20.217 0.616 -0.015
Force, [kN] 20.1 2.0 203 1.8 0.0
Displ. [mm] -77.32 -78.10 -76.78 -78.15 50.16
Clip, [1] 10078. 1182. 10635. 650. 6.
Clip, [1] 10403. 1028. 11479 846. -3.
FBG, -, 1] -149. -214. 8032. -1498. 2.
€ (o ’[p] 18803. 18780 18828 1240. 0.
€ 0 )[p] 18822. 18551 18909 1113. -5.
¢  [MPa] 349.5 35.2 353.0 10.8 0.3
Temperatures Maximum Minimum Mean Average
Temp. , ['C] 25.0 20.3 23.6
Temp. , ['C] 25.2 20.9 24.1
Number of Cycles 318058.
20 = - -76.8
[ | BTO5R08 BTO5R08
18
L Minima/maxima plotted -77.0 Mini plotted
16 ‘
P [ O Force 772 R O Displ.
14 '
X, R O D
z 12 g -77.4 T ‘
X
4 S -77.
e 8 a
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L q K
4 | &
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Figure D - 23: BTO5R08 (fatigue summary)

FBG ceases to achieve tensile strain early in life ; reasonable correlation between clip gauges
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Figure D - 24: BTO5R08 (ca. 1,000 cyles)
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Figure D - 25: BTO5R08 (ca. 10,000 cyles)
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Figure D - 26: BTO5R08 (ca. 100,000 cyles)
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oWind

Yo
Channels Maximum Minimum @F .. E, [Mpa] E, [Mpa]
Force, [KN] 7.144 -6.420 7.144
Force, [N] 71 -6.5 7.0
Displ. [mm] -54.26 -54.84 -54.26
Clip, [1n] 2180. -2840. 2180. 41674. 46640.
Clip, [p] 2915. -2977. 2906. 37818. 38240.
FBG, ©°) 1] 2880. -2867. 2871. 38124. 38975.
g 00 (1] 3101. -3086. 3098. 35794. 35958.
€ (07 [u] 2987. -2987. 2987. 36888. 37373.
o [MPa] 117.2 -105.3 117.2
Bending [p/mm] 40.02 0.00 38.50
Bending [p/mm] 237.67 0.17 228.02
Temperatures Maximum Minimum Mean Average
Temp. , [°C] 22.8 22.3 225
Temp. , ['C] 24.0 235 23.7
6 BU12R08 -54.3 A"A BU12R08
N
/ \ (!
/*“ "\ Average values plotted| JM V\ Average values plotted
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Figure D - 27: BU12R08 (slow cycle)
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oWind

A
Channels Mean maximum Mean minimum Maximum Minimum
Force, [K\] 18.03 1.78 18.09 0.21
Force, [KN] 17.84 1.65 18.02 0.01
Displ. [mm] -50.12 -50.89 -50.00 -54.25
Clip, [1] 7680. 276. 7966. -1382.
Clip, [p] 7551. 279. 7657. 167.
FBG, - 1] 858. -469. 8019. -791.
€ o0 1] 19008. 18964 19039 741.
£, o ] 19018. 18949 19071 537.
¢  [MPa] 295.5 29.2 296.5 3.5
Temperatures Maximum Minimum Mean Average
Temp. , ’cl 25.6 20.9 23.0
Temp. , e 28.0 23.6 26.3
Number of Cycles 2163765.
Area of cross-section 61.00
18 = 0
| BU12R08 BU12R08
16 1 -5
Minima/maxima plotted -10 Average and Range plofte
14
O Force, -15 O Displ. (Average)
12 20
z 10 E -25
g 8 E‘ -30
£ 6 a -35
-40
4
i -45
2 = ——r— fj‘ -50
800E3 1600E3 800E3 1600E3
Cycles Cycles
50 .
BU12R08 18000 BU12R08
45
40 Average values plotted| 16000 Minima/maxima plotte
14000
35 O Temp. , O clip,
12000
— 30 A FBG, -
o 10000
_ 25 _ : =
%- 20 P P2 adan e St NN R i p VA P = 8000 i B
|
K3 & 6000
15 |
4000
10
2000
5 i o e
0 = pa—
0 | -
800E3 1600E3 800E3 1600E3
les ycles

Figure D - 28: BU12R08 (fatigue summary)

FBG ceases to achieve tensile strain early in life
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Figure D - 29: BU12R08 (ca. 1,000 cycles)
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Channels Maximum Minimum @F . E, [Mpa]
Force, [KN] 18.02 1.78 18.02
Force, [kN] 17.93 1.74 17.86
Displ. [mm] 50.18 -50.87 -50.20
Clip, [1] 7924. 307. 7890.
Clip, [1] 7160 362. 7121
FBG, -, [n] 7701 663. 3532.
€ ’[p] 19039 9463 19039
€, o) 1] 10825. 1881 10801
6 [MPa] 295.5 29.1 295.5
Temperatures Maximum Minimul m Mean Average
Temp. , [°C] 22.2 21.7 21.9
Temp. , ['C] 24.2 23.6 23.9
Area of cross-section 61.00
18 -
ﬂ ﬂ ﬂ “ ” ” ﬂ ﬂ BU12R08 50-2 T BU12R08
16 H 1 1 H H l [ Average values plotte -50.3 Average values plotted
14
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Figure D - 30: BU12R08 (ca. 10,000 cycles)
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Figure D - 31: BU12R08 (ca. 100,000 cycles)
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s

oWind

Force [kN]

o

Temp.[ C]

Channels Maximum Minimum @F o @start E, [Mpa] E, [Mpa]
Force, [KN] 17.94 0.21 17.94 10.25
Force, [kN] 17.64 0.01 17.58 9.24
Displ. [mm] -42.95 -50.85 -50.03 -50.48
Clip, [1] 8448. -2273. 7839. 3870.
Clip, [1] 7948. 515. 7798. 4063
FBG, -, 1] 1224, -708. 93. -401.
€ o )[p] 19039 19039. 19039. 19039
€ o ) [l 19071 19071. 19071. 19071
6 [MPa] 294.1 3.5 294.1 168.0
Temperatures Maximum Minimum Mean Average
Temp. , [°C] 24.9 24.4 24.6
Temp. , ['C] 28.1 27.6 27.8
Area of cross-section 61.00
43
BU12R08 N BU12R08
-44
Average values plotted| Average values plotted
-45
O Force, O Displ.
-46
E
E 47
%
a -48
49 I
o
-50 /
NA N
VI \ \
bt VALY
0.0 0.5 1.0 1.5 2.0 2.5 0.0 0.5 1.5 2.0 25
Time [s] Time [s]
50
BU12R08 BU12R08
45
40 Average values plotted| Average values plotte
35 O Temp. , O Clip,
30 A FBG, o,
25
20
15 —
10
5
0
00 05 1.0 16 20 25 0.0 0.5 16 20 25
Time [s] Time [s]

Figure D - 32: BU12R08 (failure)
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UpWind

APPENDIXE MEASUREMENT SUMMARY R = 0.1 EMBEDDED

Channels Maximum Minimum (@ E, [Vpa] E_ [Vpa]
Force, [kN] 7.2 5.8 7.2
Force, . [KN] 7.2 5.8 7.2
Displ. [mm] -53.30 -563.72 -53.31
O?p1 (] 3523. -2795. 3523. 36167. 35670.
Cl!p2 [M] 3366. -2357. 3366. 38670. 39351.
Clipy 1] 3335. -2507. 3335. 38543, 38542.
smart1 [p] 3276. -2624. 3262. 37101. 38403.
€0 ) [M] 3377. -2559. 3377. 37914. 37970.
&) (M} 3138. -2505. 3138. 39352. 40075.
c [WPa 124.7 -99.4 124.7
Temperatures Maximum Minimum Mean Average
Temp., [C] 25.5 25.0 25.2
Files used: M-_MINIL, oy MO2R08b. SUWIled with:CMO2RO08b.nul(Rec.1)  E-moduli based on TEST started at: 05-11-07 15:56:12
-53.30
1% CMO2R08b Wvl\k CMO2R08b
6 7 -53.35
/?l . Average values plotted N?/ Average values plotte
4 / ) -53.40 )
/'/ \1 O Force, '\'\ O Displ.
S \ -53.45 )
21 \ _ M& ‘\i
z . Ll £53.50 ZM ;
g of 553.55 \/\\\A
2 § a *&1&
-2 -53.60 )
-563.65 "
! ' A
4 -563.70
0 2 4 6 8 10 12 14 0 2 4 6 8 10 12 14
Time [s] Time [s]
25.45 CMO0O2R08b 3000 b CMO2R08b
IR
25.40 Average values plotted /ﬂ_/ \\§ Average values plott
25.35 2000 ///,?‘ \\VJ
25.30 fLLlI H A \H il O Temp., V4 \ O cip,
_25.25 UL Y | 1000 //‘”’ N A Clipyys
O — Vs h
°25.20 ENN \ ] Cao)
E 4
'_25.15 } H \” H ’ & 0 7
V4
25.10 -1000
Il H” 1 TS I
25.05
25.00 -2000 ;’/
0 2 4 6 8 10 12 14 0 2 4 6 8 10 14
Time [s] Time [s]
0 -
CMO2R08b 120 CMO2R08b
-10 % I
20 1Average values plotted 100 / Average values plotted
-30 / O clip, 7 O clip,
80
-40 % A Clip,yg A Clip,y
g -0 Oee g 60 O
2 -60 = Z
° 7 ° 74
70 40
80 / 20 5
-90
ok
-2000 -1000 0 0 500 1000 2000 3000
Strain [u] Strain [u]

Figure E - 1: CMO2R08 (slow cycle)
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oWind

Force [kN]

27.5

27.0

25.5

Channels Mean maximum Mean minimum Maximum Minimum Null record
Force, [kN] 17.9 1.8 18.0 1.5 0.0
Force, . [kN] 17.9 1.8 18.0 1.5 0.0
Displ. [mm] -2.80 -3.41 -1.88 -3.45 21.93
Clip; [1] 8093 516. 8676 349. -397.
Clip, [1] 8321 788. 8941 -109. -527.
Clip,yg [ 7945 633. 8502 -446. -460.
smart1 [p] 6451. 1167. 8280. -923. -2.
€ (o ’[p,] 18760 18572. 18992 -15484 -8.
€ (o ,[u] 18788 18616. 19002 -15991 3.
c [MPa] 310.0 30.7 311.3 26.5 0.3
Temperatures Maximum Minimum Mean Average
Temp. , [°C] 27.5 25.0 26.7
Number of Cycles 880932.
Files used: M:\_MINIL, |_ez\_ M02R08b.DRXiled with:CM02R08b.nul(Rec.1) TEST started at: 05-11-07  15:52:30
| CM0O2R08b 2.0 CMO2R08b
| Minima/maxima plotteld 29 Minima/maxima plotte:
O Force, 24 O Displ
'g -2.6
= 28k -
2 T —
[a]
-3.0
-3.2
] -3.4 %\ .
200E3 400E3 600E3 800E3 200E3 400E3 600E3 800E3
Cycles Cycles
i CM02R08b CMO02R08b
15000
X | Average values plotted Minima/maxima plotte:
| m .
10000
O Temp. O clip,
Ji | €
i iR | 5000 ] A Clipyg
uvvv i U W W
é 0 =4 O, ,
(%—5000
-10000
-15000

200E3 400E3 600E3 800E3
Cycles

Figure E - 2: CM02R08 (fatigue summary)

200E3 400E3 600E3 B800E3
Cycles

Remarks: D/A conversion software causes jumps; good correlation between all strain sensors
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Figure E - 3: CM02RO08 (ca. 1,000 cycles)
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Figure E - 4: CMO2R08 (ca. 10,000 cycles)
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Figure E - 5: CM02R08 (ca. 100,000 cycles)
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UpWind

Channels Maximum Minimum @F,. G [GPa]
Force, [kN| 85 9.1 91
Displ. [mm] 0.63 015 0.14
Qip, [1] 0. -2564. -2547.
Qip, [u] 3402. -4534. -4523.
smart1 [u] 3891. -4130. -4111.
o [MP 1445 -154.0 -154.0
Temperatures Maximum Minimum Mean Average
Terp.,[C] 224 218 221
Files used: M:\_MINILAB\projectsleu_ez\_upwind\data\CM10R08\CM10R08.SLW Nulled with:CM10R08.nul(Rec. 1) TEST started at: 14-11-07 12:33:26
(\ fi CM10R08 8 ‘\ 1] cm1oros
3000 6 / \ “R
/ \ \ Average values plotted 1 T T
2000 ‘ afll \
{ \ \ O aip / O Force
1000 2]
\ A smartt \ "f \
[ S -
= 0 T = 0 ]
% ool | | < L0 A
c
'g -1000 i -‘E -2 : \ (
7] - “J) /
-2000 -4 f
-3000 6 \
4000 8 i
0 20 40 60 100 0 20 40 60 0 100
Time [sec] Time [sec]
30 8 T
CM10R08 H\ /\ CM10R08
\
25 Average values plotted 6 / \ T ‘g’
[ |
= 4 | ‘\
O Temp., & \ O ofabg s 7,
20 :
2 2 ,/ \
S 0 |
g 15 = f T
g § 21+ Iy
T o w ||
-4 1
|
5 -6 |
-8 |
0 I
0 20 40 60 80 100 0 20 40 100

Time [s]

Figure E - 6: CM10R08 (slow cycle(s))
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Remarks: Clip gauge 1 does not function; FBG reasonable correlation with clip gauge 1
00

Figure E - 7: CM10RO08 (ca. 1,000 cycles)
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Figure E - 8: CM10R08 (ca. 10,000 cycles)
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Figure E - 9: CM10R08 (ca. 100,000 cycles)
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Figure E - 10: CM10 R08 (ca. 1,000,000 cycles)
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Figure E - 11: CM10R08 (ca. 10,000,000 cycles)
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oWind

o
Channels Maximum Minimum @F,. G [GPa]
Force, [kN| 2.9 32 2.9
Force, kN 2.9 32 2.9
Displ. [mm] -78.59 -78.80 -78.60
Qlip, [u] 1700. 1078. 1683.
Qlip, [u] 383. 2222. 383.
FBG, ¢, [u] 1115. 1592, 1108.
| 1384. 1239. 1384.
&l 921. 1751. 921.
o [V 50.3 54.2 50.3
Temperatures Maximum Minimum Mean Average
Temp., [ 213 20.7 21.0
Tep., [C] 212 207 21.0
Files, usad: M:\_MINIL Lz ROA\FLOSROA SI Nuled with 1 08R08 nui(Rec. 1) 3 TEST started at: 05-08-08_10:41:21
1500 KAN FLO6R08 AN FLO6RO08
¥ A5 ¢ t\
1000 / ™ Average values plotted 2 /
VNN \
500 L2 " O aip, y /’ys/ \zo\ O Force
A A FBG, | \
0F i /
—_ = \
! NN Z o0 %
£ 500 5 \
g \ g g \
3 \ "\ / S 4 \
-1000 . ¥
\\
-1500 o 2 AN
\
X
-2000 /
3 \
0 5 10 15 20 25 0 5 10 15 20 25
Time [sec] Time [sec]
30 3
FLO6R08 / \ FLO6R08
PR
25 Average values plotted 2 4 f A\
—_ /./ \
U P P V- dpoend O Tomp, & % O ofabg v =,
20F g /?‘ S
- 3 \
O 15 R A%
. — .\.
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]
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\
Y
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Figure E - 12: FLO6RO08 (slow cycle)
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oWind

Channels Mean maximum Mean minimum Maximum Minimum Null record v V[
Force, [kN] 17.9 1.7 18.6 0.5 0.1
Force, [kN] 17.8 1.6 18.5 1.4 0.0
Displ. [mm] -717.73 -78.39 -72.63 -78.45 50.16
Clip, [ 8119. 1050. 8861. 805. 41.
Clip, [ 7519. 352. 9826. -172. 13.
FBG, o )[u] 995. 979. 8220. 524. -3.
& ¢ )[u] 18656. 18321 18841. 919. -1.
& ¢ )[H] 18576. 18100 18845. 482. -2.
6 [MPa] 304.5 28.7 316.5 9.0 2.0
Temperatures Maximum Minimum Mean Average
Temp. , [°C] 24.7 20.7 23.4
Temp. , [°C] 28.2 20.9 24.7
Number of Cycles  314737.
Files used: M:\_MINIL/ 1_ez\_L nul(Rec.1) TEST started at: 05-06-08 10:30:40
18 FLOBRO8 -73 FLOBROS
16 Minima/maxima plotted Minima/maxima plotted
14 74
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® .
a -76
s ° 3
w o
6
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Figure E - 13: FLO6RO08 (fatigue summary)

Remarks: Good correlation between strain measurements, FBG lost early
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UpWind'

Channels Maximum Minimum @F o E, [Mpa] E_ [Mpa] v [l Ve [
Force, [kN] 17.9 1.7 17.9
Force, [kN] 17.9 1.7 17.8
Displ. [mm] -77.54 -78.13 -77.56
Clip, [u] 8627. 908. 8540.
Clip, ] 6740. -20. 6677.
FBG, (¢ ,[1] 7689. 7661. 7682.
& ol 8715. 1399. 8692.
& o '[p] 8025. 845. 8006.
o [MPa] 305.4 28.6 305.4
Temperatures Maximum Minimum Mean Average
Temp. ,[C] 21.3 20.7 21.0
Temp.,[C] 21.6 21.0 213
Files used: M:\_MINIL/ I_ez\_ 8.nul(Rec. 1) TEST started at: 05-06-08 10:46:21
FLOGRO8 FLOGRO8
mil L e L LT
’ ‘ , ' Average values plotte: (\ H }\ H }\ \ M H r\ ” J\ r\ Average values plotted
14 777
O Force, t O Dpispl
12 [ Force,
= 'g-77.8
x 10 £
8 —
5 8 _@—77‘9
6 ’ l ’ -78.0
T AN [/UL RN A
-78.1
2 T T e T T T v v y Y v ! I V v w v ‘, V v u u V '
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Time [s] Time [s]
100
FLO6RO08 [ Ll | (ot \1 | | ] FLO6RO8
90 8000“‘J‘“““““ “w:“\“‘\“u‘
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Figure E - 14: FLO6RO08 (ca. 1,000 cycles)
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Figure E - 15: FLO6RO08 (ca. 10,000 cycles)

Remarks: FBG and strain gauges failed
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Figure E - 16: FLO6R08 (ca. 100,000 cycles)
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UnWind

Strain [ue]

o

Temp.[ C]

Channels Maximum Minimum @F,. G [GPa]
Force, [kN| 3.1 30 3.1
Force, kN 3.0 32 2.9
Displ. [mm] -76.87 -77.09 -76.88
Qlip, [u] 2474 -130. 2457.
Qlip, [u] 193. -2502.
smertt [u] 1209. 1486.
& o, 1506. 1142.
&l 943. 1663. 943.
o [V 524 517 524
Temperatures Maximum Minimum Mean Average
Temp., [ 244 239 24.1
Tep., [C] 263 257
s uspet M N " QR GZROA SL Nuled wit FL 07808 0ul(Rec. 1) 3 TEST sfated i 020608 124336
FLO7R08 \ FLO7R08
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Figure E - 17: FLO7R08 (slow cycle)
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oWind

Yo
Channels Mean maximum Mean minimum Maximum Minimum Null record v V[
Force, [kN] 19.8 2.0 20.5 1.5 0.0
Force, [kN] 19.8 1.9 20.4 1.3 0.0
Displ. [mm] -75.78 -76.54 -75.26 -76.70 50.16
C\ip‘ ] 10284. 2624 11469. 1447. 96.
Clip, [ 8334. 134. 9119. 1202. 103.
smart1 [pu] 6096. -408. 9033. 2570. 2
& ¢ )[u] 18211. 17910 18309. 1085. 1.
& ¢ )[H] 18362. 18127 18479. 562. -4.
6 [MPa] 335.8 33.2 348.9 -24.6 -0.1
Temperatures Maximum Minimum Mean Average
Temp. , [°C] 26.2 222 24.7
Temp. , [°C] 28.0 233 26.6
Number of Cycles  309987.
Files used: M:\_MINIL/ 1_ez\_L nul(Rec.1) TEST started at: 03-06-08 12:26:32
20 e FLO7RO8 FLO7RO08
18 P | -75.4
Minima/maxima plotted ima plotted
16 ‘ -75.6 |
T
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—
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20 e e~ S o (AR s I 2000 —1 11\ |
10 o M=
0 -2000 ‘r NT\
100000 200000 300000 100000 200000 300000
Cycles Cycles

Figure E - 18: FLO7R08 (fatigue summary)

Remarks: FBG lost gradually

Report no.:
Issue:
Date:

WMC-2008-42
00

August 6th, 2009

170/186



— «© ©
- o o
>° x B x ge
S 5 N 55
T 5] 2 ond
———— e
] ——— N . T B —— e
——— i 7] =
= [ N — —— i | N —— i — e S O]
= [ — 1 R I ——
— 1110 B - [ re———=r— o
—— L - — "
] — ————
e £ —_— T |
———1 ui e ————— e e LTeY
T | - s e e e Y
= 2 ! IS A — N N — B — =S
| E— ———— R L T E—— e o
=1 N I I —— e o o
g [t —_— T
ER N s E—— N PN T T T =i
= | E— —— . | = O
—_ e N R e - . - | |
T ol —— . ——
= 1 ———1o — ——— 1o
2 02 2 3 ¥ 2 % T ggsgsggggssgge”
6666666
0000000000
K ~ 5 N N N 55 0o KR o©o®oLD I ® A -
2
3 [wuw] dsig [] ulens
S o
Joorbsszagy
QRN RIS © © ~
o - =1 a -
o ] o EE
N~ S 5 N~ o 4
o [reg o [uapt
o o8 z o8
]
o . L F—
£ 6 N £ —
Cooc2amsmoN| €
i< Re8III3 | 5] ——— v ©
—— N
—
— 2 N
— o
E  NauscsSow e m
133888853 |8 ==y 2"
Sd-No~Nxo-o® I 1 A
E—
i —
— <
—— -
Z_F E 1
£z zzzf| 822 — S ©
Fre T 2RSS | 8 - g ;
c e === - "= g —— o o
ammw‘mﬂ.m"umw@ mm —
CL2odTh e I —— 1
I —t——+—19° =

00000000000000000000000
1111111111111111

171/186

Time [s]

WMC-2008-42
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Figure E - 19: FLO7R08 (ca. 1,000 cycles)
00

Report no.:

Issue:
Date:



l In\

0

Wind

C

b
Channels Maximum Minimum @F, E, [Mpa] E_ [Mpa] v [l Ve [
Force, [kN] 20.1 2.0 20.1
Force, [kN] 20.0 1.9 19.9
Displ. [mm] -75.78 76.48 -75.79
Clip, [ 10075. 2244, 10050.
Clip, [] 7811. -233. 7775.
smart1 [u] 8685. 689. 8237.
€ o '[p] 18309. 18309 18309.
£ 0 '[p] 18479. 18479 18479.
o [MPa] 340.9 33.6 340.9
Temperatures Maximum Minimum Mean Average
Temp. ,[C] 245 24.0 24.3
Temp.,[C] 25.5 25.0 25.3
Files used: M:\_MINIL ez nul(Rec. 1) TEST started at: 03-06-08 13:42:21
20
n “ A f\ {\ ﬂ ﬂ “ n FLO7R08 788 T T T T  FLO7RO8
18
l ‘ \ \ ‘ \ l Average values plotte -75.9 \ ” ﬂ rl h [ Jl ﬂ ” {\ Average values plotted
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14 ’ O Force, -76.0 O Dpispl
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g o LD A
: e T
o 10 =
g _@—7642
o ® s UL
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Figure E - 20: FLO7R08 (ca. 10,000 cycles)

Remarks: Strain gauges failed
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UpWind

Channels Maximum Minimum @F o E, [Mpa] E_ [Mpa] v [l Ve [
Force, [kN] 20.1 -2.2 20.1
Force, [kN] 19.9 -1.3 19.9
Displ. [mm] -75.72 76.72 -75.74
Clip, [1] 10601. 1447. 10557.
Clip, [11] 9110. 1201 9094.
smart! [u] 4027. -3045 3773.
€ o ,[p] 18309. 18309 18309.
€ o )] 18479. 18479 18479.
c  [MPa] 341.6 -37.9 341.6
Temperatures Maximum Minimum Mean Average
Temp., [C] 24.7 24.1 24.4
Temp.,[C] 27.4 26.9 27.1
Files used: M:\_MINIL, nul(Rec. 1 TEST started at: 04-06-08 01:40:04
20
ﬁ ﬂ ‘\ FLO7R08 75l LT FLO7RO08
18 :
16 ‘ “ H L ‘ Average values plotte -75.9 \ H H \ H Average values plotted
oy A
2l e L
Z 10 i §762HHHH
g 8 =763 ||
i
U o -7ed
: i
2UUUH T Ty
0 -76.6 b
2 -76.7 Bl T L
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100 — —
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90 16000
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80 14000
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O L f
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. |
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P % 4000 ‘A‘M; i
L
20 2000 i T
0 F-Hte
10
0 -2000
0.0 0.5 1.0 15 2.0 2.5 0.0 0.5 1.0 16 2. 2.5
Time [s] Time [s]

Figure E - 21: FLO7R08 (ca. 100,000 cycles)

C

Remarks: Test interrupted here (280266 cycles)
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UpWind

Channels Maximum Minimum @F,. G [GPa]
Force, KN 85 03 85
Force, KN 84 04 84
Displ. [mm] -76.37 76.72 -76.37
Qip, [u] 3625, 40. 3625.
Qlip, [u] 3583. -729. 3583,
FBG, ¢, ] 3528. -328. 3528.
e | 3484 -104. 3484.
& ] 3691. -578. 3691.
o [MP 141.0 46 141.0
Temperuatures Maximum Minimum Mean Average
Tenp., [C] 26.0 255 257
Tenp.,[Cl 27.7 273 274
Files uset 1A MINL o2y w Niled i(Roc.1) TEST starled aj: 30.06.08 1
3500 4 HPO2R08 HPO2R08
A
3000 e . Average values plotted
A
2500 O aip / O Force
'
2000 £ A FBG, .
g 1500 vl z /|
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£ 1000 Ay 3
(2] =
500
0
-500
0 2 4 6 8 12 16 0 2 4 12 1
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30
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25 it Man - Average values plotted
20 O Temp., E O olabg vs ~,
=)
2
L 15 £ /|
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12
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Figure E - 22: HPO2R08 (slow ramp)
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s

oWind

Force [kN]

1

o

Temp.[ C]

Channels Mean maximum Mean minimum Maximum Minimum Null record v V[
Force, [kN] 19.7 1.8 19.9 0.5 0.2
Force, [kN] 19.5 1.6 19.8 1.5 0.0
Displ. [mm] -75.87 -76.56 -68.87 -76.60 50.16
Clip, [ 8468. 908. 8739. 642. 18.
Clip, [ 9741. 1068. 10622. -789. -1,
FBG, o )[p] 9329. 991. 11292. 598. 8.
& ¢ )[u] 17593. 16961 18011. 745. 2.
& ¢ )[H] 19340. 19046 19535. 552. -3.
6 [MPa] 326.8 29.7 330.0 8.9 4.0
Temperatures Maximum Minimum Mean Average
Temp. , [°C] 26.8 252 26.2
Temp. , [°C] 35.0 27.0 33.7
Number of Cycles  150012.
Files used: M:\_MINIL/ 1_ez\_L nul(Rec. 1} TEST started at: 30-06-08 16:32:35
= - -69
Y HPO2RO8 HPO2R08
18 70
Minima/maxima plotted - Minima/maxima plotted
16
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12 . 12
£
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8 2
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Figure E - 23: HP02RO08 (fatigue summary)

FBG good correlation with clip gauge measurements
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Figure E - 24: HP02RO08 (ca. 1,000 cycles)
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Figure E - 25: HP02RO08 (ca. 10,000 cycles)
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UpWind

Yo
Channels Maximum Minimum @F o E, [Mpa] E_ [Mpa] v [l Ve [
Force, [kN] 19.3 0.4 19.3
Force, [kN] 19.0 0.1 18.9
Displ. [mm] -68.88 -76.38 -75.35
Clip, [u] 8740. 544. 6738.
Clip, ] 10622. -788. 8340.
FBG, ¢ [n] 13099. -326. 12579.
€ o ,[p] 18011. 18011. 18011.
& o ,[u] 19535. 19535. 19535.
o [MPa] 319.0 6.5 319.0
Temperatures Maximum Minimum Mean Average
Temp., [C] 25.6 25.1 25.3
Temp.,[C] 34.9 34.3 34.6
Files used: M:\_MINIL, ez\ nul(Rec. 1) TEST started at: 30-06-08 23:40:53
T -69
18 ‘L L ¢ HPO2R08 /\ HP0O2R08
I
16 “ r\ “ \‘ ‘ G Average values plotte -70 / Average values plotted
‘ Il
|
14 ‘ i “‘ “‘ fl M O Force, -7 | O Displ
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Figure E - 26: HP0O2R08 (ca. 100,000 cycles)
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UpWind

Channels Maximum Minimum @F ., @start E Mpa] E, [Mpa]
Force, [KN] 18.153 -0.055 18.153 -0.055
Force, [¥N] 18.2 0.0 18.2 0.0
Displ. [mm] -76.95 -78.02 -76.99 -78.01
Clip, [1n] 8262. 355. 8262. 377. 40067. 0.
Clip, [p] 7177. -1402. 7177. -1366. 36710. 0.
FBG, ©°) (M 7757. -14. 7757. -14. 38987. 0.
£ (00 (1] 7935. 77. 7935. 79. 38560. 0.
€ (0°) [u] 8107. -194. 8107. -191. 36629. 0.
6 [MPa] 294.6 0.9 294.6 0.9
Temperatures Maximum Minimum Mean Average
Temp. , [°C] 24.9 24.3 24.6
Temp. , ['C] 23.2 22.6 22.9
18 JPO2R08 -77.0 By JPO2R08
16 771 N
/ N Average values plotted 4 K Average values plotted
14 % 77.2 N
) ' O Force 773 / “h ® Displ
12 X g “w“‘
— 4 % —-77.4 / 2
z 10 : - €
= E.775 /
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2 8 P4 2776 /
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7 | v
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Time [s] Time [s]
50 -
JPO2R08 8000 N JPO2R08
45 g7
40 Average values plotted 7000 Average values plotte:
6000 y A\
35 O Temp., / AN O clip,
5000 Wy X
30 A FBG, -,
5 4000 p144
O 25 L _ — N
= - 23000 4 N
g 2 g /) N\
Q % 2000 // N
15 /; A
1000 |44
10 e \a
oK
° |
0 -1000 |
0 5 10 15 20_25 30 35 40 0 5 10 15 20_25 30 35 40
Time [s] Time [s]
0.0 y
JPO2R08 e JPO2R08
0.2 Average values plotted 250 Average values plotted|
-0.4 O clip, 200 O clip,
06 A FBG, o ) A FBG,
150 <
< -0s8 ¢ 7 /4
© ©
-1.0
-1.2
-1200 -800 -400 0 0 2000 4000 6000 8000

Strain [p] Strain [u]

Figure E - 27: JPO2R08 (slow cycle)
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UpWind

Channels Mean maximum Mean minimum Maximum Minimum Null record
Force [K\] 18.033 1.800 18.134 -1.016 -0.031
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Figure E - 28: JP02R08 (fatigue summary)
FBG good correlation with clip gauges (clip gauges shifted at 6Mcycles)
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Figure E - 29: JP02R08 (ca. 1000 cycles)
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Figure E - 30: JPO2R08 (ca. 10,000 cycles)
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Figure E - 31: JPO2R08 (ca. 100,000 cycles)
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Figure E - 32: JP0O2R08 (ca. 1,000,000 cycles)
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Figure E - 33: CM21R08 (slow cycles)
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oWind

Yo
Channels Mean maximum Mean minimum Maximum Minimum Null record Vil Vo[-l
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Figure E - 34: CM21R08 (fatigue summary)
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