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Abstract :   
 
In this paper, the 10 kW WindQuest Vertical Axis Wind Turbine (VAWT) has been instrumented by strain 
gauges during its trials in the Ifremer in situ test site of Brest to study the effects of the structural dynamic 
response of the blades under operating conditions. Static and dynamic effects have been investigated as 
a function of the rotational speed when the rotor operates under stable wind conditions. The analysis 
segregates the influence of the gravitational, inertial, and aerodynamic loading components on the 
flapwise bending stress of the blades. The study of the cyclic variations on the blade strain at different 
Tip-Speed Ratios leads to the identification of the dynamic stall effect on the unsteady loads, while the 
spectral analysis describes the system eigenfrequencies excited by the interaction of the wind and the 
structure's motion. The results provide useful data to validate numerical models for VAWT blades with 
similar design and evaluate the structural fatigue. 
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1. Introduction

The renewable energy technologies play a crucial role towards the world ob-

jective of Net Zero greenhouse gas emissions by 2050 [1]. Among the renewable

technologies, wind energy has depicted one of the most significant growth in

new capacity installed and the reduction in its costs is still forecast for the fol-5

lowing years [2, 3]. While the technology of the Horizontal Axis Wind Turbines

(HAWTs) presents stable maturity for on-shore applications, the technology for

off-shore applications is still under development and efficient structures and in-

stallations are needed in order to continue with the reduction in the cost of

energy production (COE) [2]. The Vertical Axis Wind Turbines (VAWT) have10

become of interest in the last few years as a potential floating off-shore struc-

ture; some of their attractive characteristics that can promote to off-shore COE

reductions are: (i) lower center of gravity and better seakeeping ability that

allows easy access for maintenance, (ii) the omnidirectional capabilities which

removes an alignment system and (iii) narrower wakes that dissipates faster and15

reduces the space among the rotors [4]. Therefore, the investigations on VAWTs

have increased.

In VAWT devices, while rotating around the vertical axis, the blades ex-

perience aerodynamic loads cyclic variations in both the relative wind velocity

and the angle of attack impacting the blades [5]. Thus, the estimations of the20

unsteady loads affecting the blades become a very challenging task in both nu-

merical and experimental approaches [6, 7]. The average power coefficient as

a function of the tip speed ratio is the parameter most frequently reported [8].

Furthermore, with the advances in computational fluid dynamic, many in-depth

details on the aerodynamics can be obtained, such as the cyclic variations in lift25

and drag forces while the blade describes a full cycle, the formation of vortices

and dynamic stall phenomenon [9, 10, 11, 12].

With the increased interest to install VAWTs under deep-water locations,

the development of fast-numerical tools to evaluate both aerodynamic and struc-

tural loads is also increasing. Some attempts have been made to propose30
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aeroelastic numerical models to analyse the dynamic response on the blades

of VAWTs. For example, the flutter behaviour on the various VAWT shapes

was investigated by using the aeroelastic stability tool OWENS [13] and the local

flapwise moment was investigated for different aerofoils by using an aeroleastic

code adapted for VAWTs in [14]. A stress analysis on a Troposkein rotor was35

also performed experimentally and an analytical model was proposed based in

the experimental observations in [15]. The blade stress and total deflection were

calculated using FEA and beam theory in a helical VAWT [16]. Furthermore,

Hand et al. [4] evaluated the bending moment of the blades of a 5MW VAWT

when exposed to extreme winds under parked conditions using an analytical40

model and finite element techniques.

Experimental investigations about the structural dynamics of VAWTs are

less common. The SANDIA project dated from the 80’s is one of the most

complete works considering strain measurements on a Darrieus-type VAWT

under parked and rotating conditions [17, 18]. Pagnini et. al. [19] also evaluated45

the modal frequencies and damping coefficients along the tower of an in-situ

VAWT from accelerometers measurements. Similarly, the 1HS model [20] was

instrumented in its blades, struts, and tower to evaluate the structural loads:

flap bending, edge bending, and torsion. Modal analysis on a parked 1kW

prototype in wind tunnel with stereo vision has also been reported in [21].50

This paper focus in the understanding of the blade deformation behaviour

on the blades of a VAWT rotor. The experimental tests were performed under

open-field conditions and under the range of rotational speeds where the twin

rotor produces positive power. The measurements carried out here with the

strain-gauges allow to study the blades deformations behaviour as a function of55

the azimuthal angle and its spectral components for several values of tip speed

ratio. Therefore, it can be considered as an experimental benchmark for VAWTs

dynamic blades numerical models validation as well as case load for design and

fatigue study.
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2. The 10kW WindQuest turbine60

The WindQuest design is a counter-rotating Vertical Axis Wind Turbine

(VAWT) concept produced by HydroQuest and studied by Ifremer, LEGI and

ENSMA research teams. This novel design aims at reducing the Levelised Cost

of Energy (LCOE) of Floating Offshore Wind Turbines (FOWT). Indeed, it

keeps the advantages of the VAWT technology while seeking to mitigate its65

disadvantages [22, 23].

The current rotor shape was designed with the aim of reducing the aerody-

namic losses and then incorporating the winglet-shaped fixations. As a conse-

quence, this rotor shape increases the power coefficient to values closer to the

Horizontal Axis Wind Turbines (HAWT) standards [24]. Moreover, the counter-70

rotating design was also tuned in order to improve the aerodynamic and seakeep-

ing performance. Previous investigations that have led to this VAWT concept

design consist of the numerical study of the counter-rotating VAWT parameters

[25], and the experimental investigation of the selected configuration [26, 27].

Experimentation of a 10kW prototype of the WindQuest VAWT design (Fig.75

1) is being done as part of a partnership between HydroQuest, GEPS Techno,

and the Ifremer. The results presented in this paper were obtained during trials

on the prototype installed onshore in the Ifremer in situ test station of Brest [28].

Further trials are planned with the wind turbine installed on GEPS Techno’s

WaveGem floating platform at the SEMREV tests site of Centrale Nantes.80

Figure 1: The 10kW WindQuest VAWT in the Ifremer in situ test station of Brest
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The 10kW WindQuest turbine is a 3.5m-high double rotor O-shaped VAWT.

The turbine geometric characteristics are presented in Table 1. The vertical

tower is placed between the rotors and links the bearings through two horizontal

bars at the top and the bottom of the rotors. The rotors are made to be

contra-rotating. However, in this study, only one of them is activated while the85

other stays still. To counteract for the centrifugal forces, three strut cables are

installed between both blades at the positions 0.2H, 0.5H and 0.8H.

Characteristic Symbol Value

Height H 3.5 m

Rotor radius R 1.75 m

Blade curvature radius r 0.35 m

Number of blades Nb 2

Blade chord c 0.35 m

Rotor aspect ratio H/R 2

Blade aspect ratio H/C 10

Solidity Nbc/R 0.4

Table 1: Geometrical characteristics of the 10kW WindQuest turbine

The blades are built following a NACA0018 profile (see Fig. 2). The blades

are made of two 4-mm infused biaxial glass-epoxy composites profiles glued

together by a charged epoxy resin. A spar is placed between both profile along90

the blades, at 1/3 of the chord to stiffen the structure. This spar is made of a

square section of two 23mm-thick PVC foam parallelepipeds covered by three

1mm-thick biaxial glass/epoxy layers. An epoxy gelcoat cover has been applied

to protect the blade structure from environmental damage.
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Figure 2: Picture of the blade structure

3. Description of the experiment95

Three unidirectional 10/350 LY46-3L-3M strain gauges from HBM are mounted

at 1/3rd of the chord along one of the blades (Fig. 3) in order to measure the

strain in the flapwise direction. They have a resolution of 10µm/m and a sen-

sibility of 1%. The gelcoat layer is removed at the strain gauges position to

be directly in contact with the composite skin. They are connected to an au-100

tonomous logger that can register the strain data at a sampling frequency up to

fs = 100 Hz. The logger is placed directly on the horizontal part of the blade,

near the rotation axis to minimize the aerodynamic perturbations. The strain

gauges locations are selected to better understand the behaviour of the blade

in:105

� the position of the strut cable fixation, in the middle of the blade span

(gauge no1).

� the middle of a blade section between two cable fixation (gauge no2).

� the inside of the curved part of the blade, in what could be the most

sensitive part of the blade (gauge no3).110
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The strain gauge logger is first calibrated on a glass/epoxy sample in labo-

ratory. To remove the pre-strain component on the signal induced by the gauge

installation process, a first reset of the strain signal is then done by the average

value measured after the installation of the strain gauges, with the blade resting

on the ground, in an horizontal position.115

Figure 3: Strain gauges position on one blade of the WindQuest rotor

The wind speed is measured with a LCJ CV7 sonic anemometer placed

5.5 meters high and 37 meters away from the instrumented rotor in the west

direction. It gives the two horizontal components of the wind speed with a

sampling frequency of 2 Hz.

The rotational speed and the torque are calculated by a Real-Time Model120

from current and voltage measurements at the output of the electrical generator,

which is monitored by Pulse-Width Modulation. In order to characterize the

flapwise bending behaviour of the turbine’s blades for a wide range of Tip Speed

Ratio (TSR), the measurements are carried out under stable wind conditions,

and several wind turbine rotation speeds are imposed.125
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The speed and direction of the wind experienced during the trials are repre-

sented in Fig. 4. The wind speed oscillates around Ū∞ = 7.1 m/s in the range

of [5.5-9.2] m/s with a south-south-east direction (≈ 157o). For the record,

the wind turbines are facing west-south-west (223o). The wind standard devi-

ation during the trials is σ(U∞) = 0.65 m/s. The turbulence intensity is then130

I = σ(U∞)
Ū∞

= 9.1%.

The rotational speed is driven from 50 to 150 rpm, by steps of 10 rpm, with

5 min measurements at each step (see Fig. 4). This rpm range covers the whole

rotational speeds experienced by the rotor, and is equivalent to a TSR range

from 1.2 to 3.6 (Eq. 1).135

λ =
Rω

U∞
(1)

Figure 4: Experimental conditions during the trials
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4. Gravitational and Centrifugal loading

The strain results during the trials are presented in Fig. 5. There is an offset

of the values at the beginning of the trials, when the rotor is held static and

thus, the blades are aligned with the wind. Then, there is a variation of the

signal’s average and amplitude every 300 s, according to the rotor’s rotational140

speed variations. The initial offset is caused by the reaction of the blade to its

own weight, the average variation every 300 s is mainly caused by the centrifugal

forces due to the inertia of the rotating blade and the cyclic variations are mostly

generated by the aerodynamic forces.

Figure 5: Results of the strain measurements during the trials.

To quantify the influence of these three forces on the strain measurement, a145

5 min average of the signals is calculated at the beginning of the records when

the rotor is static, and removed from the results. The subtracted values are

respectively -208.5 µm/m, -280.1 µm/m and 166.0 µm/m for the gauges 1, 2

and 3. The standard deviation of repeated measurements on a static blade has

been found to be always smaller than 17 µm/m.150
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Averages are calculated using intervals of 180 s for each rotational speed.

The results are presented in Fig. 6. First, we can notice that the gauge no1

measures a negative strain (compression), whereas gauges no2 and no3 present a

positive strain (extension). Indeed, each blade portion is bent, with on one hand

the centrifugal force that pushes it to the outside and on the other hand, the155

transverse cables that react to this force (see Fig. 7). The results are equivalent

to similar measurements in the same prototype obtained during trials under

different wind conditions (no wind, more turbulent wind, wind from another

direction).

Figure 6: 180 seconds average of the strain results according to the rotor rotation speed and

quadratic interpolation

The average strain εi in each position i evolves with a quadratic behavior160

according to the rotor’s rotation speed ω. A polynomial regression is thus

performed on the results (Eq. 2), of which the quadratic coefficients αi and the

norm of the residual are presented in Table 2. Cste is a constant parameter.

The high quality of these results is expected as the centrifugal linear load qc

generated by the blade inertia follows Eq. 3, with m the linear mass of the165

blade and ω the rotation speed in s−1 [16].

εi = αiω
2 + Cste (2)
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(a) Loading condition and deformation (b) Bending moment

Figure 7: Blade’s reaction generated by the centrifugal load as calculated by a RDM7 model.

qc = mR(2πω)2 (3)

αi(10−6s−2) R2

Gauge n°1 -91.51 0.9999

Gauge n°2 30.48 0.9984

Gauge n°3 16.84 0.9899

Table 2: Polynomial coefficients of the average strain fitting in relation to the rotational speed

Assuming that the blade is an homogenous structure with small deflec-

tions subjected to lateral loads only, the strain can be estimated by the Euler-

Bernouilli linear beam model according to Eq. 4, h being the thickness of the

blade,M the bending moment, E the elastic modulus and Iz the second moment170

of inertia [16].

ε =
σ

E
=
h

2

M
EIz

(4)
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Due to the presence of the transverse cables and the horizontal symmetry of

the blade, we can consider the instrumented blade portion to be equivalent to

a clamped-clamped beam in order to link the measured strain to the subjected

load (see Fig. 7). In this case, the bending moments at the clamped end and175

at the middle of its length are determined by Eq. 5, where q is the load and L

is the length.

ML = −2ML/2 = −qL
2

12
(5)

The strain at position 1 and 2 can then be estimated according to Eq. 6.

The linear mass of the blade has been measured at m = 7.26 kg/m, the second

moment of inertia is Iz = 3.25.10−6 m4 and the apparent modulus of elasticity180

E has been estimated by a four-point flexural test on a blade section to be E =

5.6 GPa. The maximum thickness of the blade is h = 0.062 m, the rotor radius

R = 1.75 m and the considered beam portion is L = 1 m. The hypotheses of

this analytical model are however not suitable for the estimation of the strain

at position 3, which would need a more elaborate numerical model.185

ε1 = −2ε2 = −π
2mhL2R

6EI
ω2 (6)

This method results in respectively -22% and 17% relative difference with

experimental values of αi (Eq. 2). These differences are considered low enough

to confirm that the steady component of the strain is generated by the cen-

trifugal load on the blade. Moreover, this simple analytical model will be used

to normalize the cyclic variation of the strain results in the aerodynamic load190

assessment presented in the following section.
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5. Aerodynamic loads assessment

In order to observe the strain variations due to aerodynamic loads, the av-

erage values associated to gravity and centrifugal loads are removed. Then,

the standard deviation of the strain is presented in Fig. 8 in relation to the195

Tip-Speed Ratio λ. The cyclic variations of the signals increase with the TSR

up to a local maximum at λ = 2.7, close to the optimal TSR: λopt = 2.5. The

variations then decrease down to a local minimum around λ ≈ 3.3 before rising

again. Their is also a local maximum observed only for gauge no 3 at λ = 1.7.

Figure 8: Standard deviation of the strain over 180s-windows for several Tip-Speed Ratios

Phase average of the strain is calculated for a relevant TSR range around the200

optimal power coefficient (λ ∈ [1.7−3.5]). The strain signals are synchronized by

detecting the minimum strain for each period of rotation. These minimums are

supposed to happen at an azimuthal angle of θ = −90° (Fig. 9) because in this

position the side of the blade is facing the wind, generating maximum radial load

towards the rotation centre, and then minimum strain in the gauges positions.205

That is a strong hypothesis as there could be a shift due to aerodynamic and

structural effects induced by the rotation. However, it enables to phase average

the results and identify cyclic events. Then, the azimuthal angle is calculated

for every points of the rotation period T = 1
ω , considering a steady rotation

speed.210
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Figure 9: A typical aerodynamic force diagram of a VAWT rotor.

The strain cyclic variations are in phase for every positions. It is an indica-

tion that the transverse cables do not act the same way on the dynamic response

of the blade to the aerodynamic loads that they do on its static response to the

centrifugal load. Therefore, the aerodynamic normal loads assessment is done

from the strain variations of the gauge 2 by assuming it is placed on a H-long215

clamped-clamped beam (Eq. 7). The results of this estimation are presented

in Fig. 10. This normal load coefficient should be understood as a ”flapwise

strain coefficient” representing the level of the blade’s flapwise bending. It is

useful to compare its order of magnitude and its evolution in relation to other

experimental parameters, but it is not accurate enough to be used for quanti-220

tative comparison with normal load coefficient obtained through other methods

[29, 30].

CN =
qN

0.5ρaircU2
∞

=
1

0.5ρaircU2
∞

48EIz
hH2

ε2 (7)

14



In the studied TSR range, the estimated normal load coefficient CN varies

up to CN = ±10 during a rotation of the rotor and is close to symmetric. In the

literature [31, 30, 16], the normal load variation is higher when the blade is on the225

upstream side of the rotation (θ = 0° to 180°). However, the literature focuses

on the aerodynamic loads, and not on the dynamic behavior of the blades. This

difference is probably due to the inertial response of the blade that generates

strain oscillations synchronized with the rotation. The strain then does not

reflect directly the loads. That could explain the symmetric behaviour of the230

hereby calculated normal coefficient, while the aerodynamic loads are higher on

the upstream side in the literature. Additionally, the CN seems higher when

the turbine is operating closer to its optimal operating point and is affected by

harmonic vibrations, whose importance depends on the rotational speed (higher

for λ ≈ 2.7).235

Figure 10: Polar diagram of the blade normal force coefficient. The central arrow is the

resultant thrust coefficient.
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In order to observe the cyclic behaviour, the same results can be presented

considering the apparent angle of attack α and the relative wind speed Vrel

instead of the wind speed at infinity U∞. They are calculated by Eq. 8 and 9

[32, 33].

α = arctan

(
sin(θ)

λ+ cos(θ)

)
(8)

Vrel = U∞
√

1 + 2λ cos θ + λ2 (9)

The normal load coefficient calculated from the relative wind speed C∗N =240

CNU
2
∞/V

2
rel is presented in Fig. 11 according to the angle of attack α. For

λ ≥ 3, the normal load coefficient C∗N tends to decrease linearly with the angle

of attack, with a slope that do change in relation to TSR. Non-linear behavior

appears for λ < 3, where the blade can experience a wider range of angle of

attack, that can generate stall (when α > 20°), responsible for the hysteresis245

phenomena visible on the figure 11 [34].

However, the dynamic stall is generally expected to lead to a drop of the

load above a given value of the angle of attack. Here, the opposite is observed,

with an increase of the load coefficient absolute value. This has already been

observed by [35] on an oscillated airfoil for similar reduced frequency k ≈ 0.01250

(Eq. 10). Then, the inertia of the blade could explain why the estimated C∗N

does not go back immediately to its linear behaviour when α returns under

pre-stall values.

k = πωc/Vrel (10)

Results are similar when estimated from strain gauge no1 using Eq. 7 with

a factor 2, with values up to 50% greater that can be due to stress concentra-255

tion and local structural modification due to the cable fixation. Results from

gauge no3 are also not presented here as they are more perturbed by harmonic

vibrations and consequently more difficult to interpret.
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Figure 11: Normal load coefficient estimation from the gauge no2 calculated with the relative

wind speed according to the angle of attack

This load assessment is useful to compare its order of magnitude and its

evolution in relation to other experimental parameters, but the normal load260

coefficient calculated this way is not accurate enough to be used for quantita-

tive evaluation. Therefore, a more elaborate finite elements model would be

necessary [4].

The other cyclic variations, especially those leading to harmonic deforma-

tions as observed at λ = 2.7, will be investigated through the spectral analysis265

presented in the next section.

6. Spectral analysis

The first step of the spectral analysis is to identify the natural frequencies

of the system. Therefore, it is done on a portion of strain signal when the rotor

is held static, the blades facing the wind. The Power Spectral Densities (PSD)270

of the strain are calculated on the 4-min signals according to Eq. 11 with F the

Fast Fourier Transform (fft) and N the number of samples. They are presented

in Fig. 12. They reveal several peaks at the following frequencies:
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� 7.54 Hz, is the frequency of the blade’s 1st mode of deformation (Fig. 13a)

� 9.53 Hz is the frequency the blade’s 2nd mode of deformation (Fig. 13b).275

This mode is associated with a more significant deformation in the curved

part of the blade when the vertical part is almost not solicited by this

mode. It is then only visible in the gauge 3 signal.

� 13.29 Hz, also visible in the signals spectra of the rotating blade. It could

be a combination of the first two modes.280

� 15.08 Hz, is the first harmonic of the first mode.

Sεε(f) =
1

fsN
|F(ε(t))|2 (11)

Figure 12: Power Spectral Density of the strain on a log-log scale at the three locations with

the rotor held static : rotation speed ω = 0
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(a) First mode (b) Second mode

Figure 13: Visualisation of the first two deformation modes using RDM 7.

Power Spectral Density of the strain signals when the wind turbine is op-

erating is presented for several rotation speed in Fig. 14. Fig. 14 is a semi-

logarithmic graph of the PSD in relation to the frequency f in Hz, whereas

the third dimension represents the rotation speed ω. For each signal, peaks are285

observed at the rotation speed as well as at their multiples, with higher peaks

for odd multiples than for even ones.

For every gauges and every tested rotation speeds, peaks at f = 13.3 Hz are

also observed. It is a natural modal frequency of the system as it has already

been observed on the spectrum of the static blade. For the gauge at position290

n°3, peaks are also observed at f = 9.5 Hz, corresponding to the second mode

of deformation of the blade (Fig. 13b). However, it seems that the effect of the

rotation tends to damp frequencies 7.5 Hz and 15.0 Hz, associated with the first

mode of the blade (Fig. 13a).
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The perturbations visible in the figure 10 for λ=2.7 (ω = 1.83 Hz) come295

from the interaction of the rotation speed’s odd harmonics with the natural

frequencies of the blade, 5ω = 9.2 Hz being close to the second mode natu-

ral frequency, while 7ω = 12.8 Hz is close to the 13.5 Hz mixed mode natural

frequency. This results in a significantly greater influence of these harmonic

vibrations visible in Fig. 10, thus explaining the higher amplitude of the strain300

observed in Fig. 8 and 11. This resonance phenomenon between natural fre-

quencies of the system and multiples of the rotation frequency also explains the

local maximum observed at λ = 1.7 (ω = 1.17 Hz) for the gauge no3 in Fig. 8,

for which 8ω = 9.36 Hz is close to the second mode natural frequency, and the

peak for λ = 3.86 (ω = 2.50 Hz), for which 5ω = 12.5 Hz interacts with the first305

mode natural frequency. The resonance could lead to increased fatigue of the

blade structure and material and its hasty deterioration. Therefore, it should

be avoided in the wind turbine operation.

In order to verify if this phenomenon also appear when the rotation speed

of the turbine is dynamically controled according to the wind speed around the310

optimal operation point of the turbine, strain gauge measurements were also

programmed during normal operation of the VAWT in different wind conditions,

with a daily trigger, a sampling frequency of 100 Hz and an acquisition time of

2 minutes. This short time is motivated by the small amount of memory in the

logger and the need for high-frequency measurements given the rotor’s rotation315

speed.

These results analysis is complicated by variations in the rotation speed of

the wind turbine, that changes according to the command control response to

the wind speed, an by the lack of synchronisation with the other measurements

of the machine. Furthermore, only some of the recordings are worthy of study,320

as some of the acquisition windows took place when the wind turbine was at

a standstill, while in other cases, there was important signal drift due to tem-

perature changes. The gauges recorded significant cyclic deformations on few

acquisitions. The results of three of them are presented in Fig. 15 to 17 with

30-second samples of the signal and the associated spectra.325
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(a) Position 1

(b) Position 2

(c) Position 3

Figure 14: Power spectral density of the strain signals for several rotation speed.
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Figure 15 shows the deformations when the rotor speed is relatively low and

stable, with a rotation of ≈60 rpm. The rotation cycles can be seen on the

signal from gauge 1 and a peak close to 1 Hz can be observed on the spectra.

In figure 16, the signal corresponds to a rotation that varies between 110 and

150 rpm. The rotation frequency is not clearly visible on the signal, nor on the330

spectrum, because the signal is too noisy. The spectra show that there is much

more energy in the high frequencies. The signal in figure 17 is the one where

the maximum amplitude of the deformations occurred, up to 854, 732 and 1502

µm/m respectively for gauges 1, 2 and 5. Here again, the signal is too noisy

to see the rotation frequency on the signal or on the spectrum, which must be335

close to 150 rpm. The spectra show that there is much more energy in the high

frequencies.

The average strain of these measurements is consistent with the previous

results (see figure 6). However, the natural frequencies previously observed are

not visible on the spectra under normal operating conditions. This means that340

the resonance phenomenon observed at steady rotational speed is significantly

lesser or even disappears when the rotational speed is controlled in real time.

Figure 15: Strain signal (left) and associated power spectral density (right) for a 30s window

on normal operation of the wind turbine at a rotation speed around 60 rpm
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Figure 16: Strain signal (left) and associated power spectral density (right) for a 30s window

on normal operation of the wind turbine at a rotation speed around 110 rpm

Figure 17: Strain signal (left) and associated power spectral density (right) for a 30s window

on normal operation of the wind turbine at a rotation speed around 150 rpm

7. Conclusion

The 10 kW WindQuest Vertical Axis Wind Turbine has been instrumented

by strain gauges placed at three different positions on one blade. The flapwise345

deformation of the blade has then been measured during open field tests with

stable wind condition and several turbine rotational speed.

The average deformation is related to the centrifugal loading as confirmed by

comparison with a simple analytical model. Cyclic variations of the strain are

mostly caused by aerodynamical loading. At low rotation speed, they present a350

hysteresis behaviour that could be generated by stall at high angle of attack.
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Spectral analysis has been used to investigate the harmonic perturbations

observed at some specific rotational speeds. It suggested that they occur from

resonance between natural frequencies of the system and multiples of the rota-

tion frequency. However, this phenomenon does not seem to occur during the355

normal operation of the turbine, when the rotation speed is controlled in real

time. The author then recommend to avoid operation at steady rotation speeds.

These results will be useful to validate aeroelastic numerical models for

VAWTs with similar design [36]. They can also be used in fatigue prediction

models to design future vertical axis wind turbine blades. They are to be com-360

pleted with measurements on the prototype installed on a floating platform in

future sea test.
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