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THE IDENTIFICATION OF INFLOW FLUID DYNAMICS PARAMETERS
THAT CAN BE USED TO SCALE FATIGUE LOADING SPECTRA
OF WIND TURBINE STRUCTURAL COMPONENTS

N.D. Kelley
Wind Technology Division
National Renewable Energy Laboratory
Golden, Colorado

ABSTRACT

We have recently shown that the alternating load fatigue
distributions measured at several locations on a wind turbine
operating in a turbulent flow can be described by a mixture of at
least three parametric statistical models [1]. The rainflow cycle
counting of the horizontal and vertical inflow components results
in a similar mixture describing the cyclic content of the wind.
We believe such a description highlights the degree of non-
Gaussian characteristics of the flow. We present evidence that
the severity of the low-cycle, high-amplitude alternating stress
loads seen by wind turbine components are a direct consequence
of the degree of departure from normality in the inflow.

We have examined the details of the turbulent inflow
associated with series large loading events that took place on two
adjacent wind turbines installed in a large wind park in San
Gorgonio Pass, California. In this paper, we describe what we
believe to be the agents in the flow that induced such events. We
also discuss the atmospheric mechanisms that influence the low-
cycle, high-amplitude range loading seen by a number of critical
wind turbine components. We further present results that can be
used to scale the specific distribution shape as functions of
measured inflow fluid dynamics parameters.

NOMENCLATURE
c,= specific heat at constant pressure
g=  gravity acceleration

H=  vertical heat flux

L= Obukhov length, —u, 3 pT/gHx

p= local atmospheric pressure in mb

po= reference atmospheric pressure (1000 mb)

Ri= gradient Richardson number, (g/©)/[(AD/Az)/(AU/Az)?]
S-N=cyclic stress (S) vs logarithm of N cycles to failure

T=  sensible absolute air temperature
u=  longitudinal wind velocity component
u, local friction velocity at hub height

ux,= surface layer friction velocity

Uy = horizontal wind speed

v= crosswind or lateral wind velocity component
w=  vertical wind velocity component
z=  height above local terrain

z/[L= expression of atmospheric static stability
Bo, Bi= scaling parameters for exponential distribution
YosY1-Y2 = scaling parameters for extreme value distribution

€= Poisson process mean occurrence rate or intensity
x=  von Karman constant (= 0.4)

0= potential temperature, T(p,/p)-2%

© = layer mean potential temperature

p=  airdensity
()= fluctuating quantity with zero mean

INTRODUCTION

In the development of new turbines, the challenge for the.de-
signer is to incorporate sufficient strength in the structural com-
ponents to safely sustain a 20- or 30-year lifetime. To achieve
such as design, the designer must have a reasonable understand-
ing of the load and stress distributions that can be expected over
the turbine lifetime. Sources of such loads found in the normal
operating environment include start/stop cycles, emergency shut-
downs, the turbulence environment associated with the specific
site and turbine location, and extreme or "rare" events that can
challenge the turbine short-term survivability. Episodes that fall
into the last category can result from an operational (controller
failure) or a violent atmospheric phenomena (tornadic circula-
tions, strong gust fronts, etc.). For the majority of the operating
time; however, the character of the turbulent inflow is the domi-
nant source of the alternating stress distributions experienced by
the structural components.

The stochastic characteristics of the turbulent inflow are of
major significance in influencing the rate accumulation of alter-
nating stress cycles experienced by structural components in
wind turbines. We have recently shown that the distributions of
these cycles can be described by a mixture of at least three



AT .u,n'

%
Characteristic alternating iosds
FIGURE 1. SCHEMATIC OF LOADING CYCLE RANGES
AND MIXED DISTRIBUTION MODEL

parametric statistical models [1-3]). The rainflow counting of the
turbulent wind components has that shown a similar mixture can
be used for describing their cyclic content. The non-Gaussian
nature of the flow and turbine response is underscored by the in-
clusion of the lognormal and exponential models in the distribu-
tion mixture.  Figure 1 diagrammatically compares the
contributions of the Gaussian, lognormal, and exponential mod-
els to the mixture.

Recent analyses of the loading events associated with turbine
rotor blades constructed of composite materials have shown that
the majority of the fatigue damage is associated with events oc-
curring at a comparatively low occurrence (low-cycle) rate but
with high amplitudes. We will subsequently refer to this low-
cycle, high-amplitude range as the LCHA. This is particularly
true of blade materials that are characterized by a high S-N expo-
nent. As an example, a recent analysis of the predicted fatigue
damage associated with the bending of a turbine low-speed shaft
by Jackson [4] is presented in Figure 2. While the material of
concern here was steel (S-N exponent of -0.092), the peak contri-
bution to the predicted fatigue damage was clearly in the LCHA
(1 cycle/h) range. The plot of the predicted shaft alternating stress
spectrum clearly shows the deviation from the exponential model
at frequencies greater than about 10/h.

In this paper, we will present what we believe to be efficient
and justifiable parametric distribution models for the LCHA al-
ternating swesses accumulated as a result of turbulent forcing.
We discuss the role of two atmospheric fluid dynamics parame-
ters that influence the scaling of the parametric models and there-
fore the fatigue load distribution spectra that can be expected.
Though these conclusions were reached from data collected in a
rigorous wind park environment, we believe the concept to be
universal since these parameters can be measured in any operat-
ing environment. We also offer a brief discussion of the probable
atmospheric mechanisms that are ultimately responsible for the
observed load distributions in a specific operating environment.
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FIGURE 2. PREDICTED REGION OF HIGH FATIGUE
DAMAGE FOR STEEL MAIN SHAFT (after Jackson [4])

APPROACH
Our methodology has been to

[ Establish the sample population distribution of a range
of turbine dynamic parameters by summing the rainflow
cycle counts from 405 individual, 10-minute records and
by rainflow counting them concatenated into a single re-
cord 67.5 h in length

° Compare the sample population distributions using both
methods and justify the results

] Determine an appropriate parametric distribution and
boundaries for the low-cycle, high-amplitude alternating
cycle range normalized to one hour

[ Fit the observed distributions to the appropriate
parametric model and determine the corresponding
model scaling parameters

° Repeat the previous steps on a series of twelve categori-
cal sub-populations of 10-minute records which have
been classified by the mean atmospheric stability
(Richardson No., Ri) and hub-height horizontal wind -

speed (T,)

U Using Analysis of Variance (ANOVA) techniques,
identify the most efficient predictors of the cycle distri-
bution model scaling parameters from a range of meas-
ured fluid dynamics parameters related to the turbulent
inflow

[ Discuss the atmospheric mechanisms that are most likely
to be responsible for influencing shape and occurrence
of the observed alternating load distributions.

ALTERNATING CYCLE DISTRIBUTION MODELS

The measurements used to determine the sample population
alternating load distributions were derived from the simultaneous
testing of two adjacent Micon 65/13 turbines in a large wind park
in San Gorgonio Pass, California. The Micon 65/13 is a stall-
regulated, three-bladed, upwind turbine with a rigid hub and an
active yaw drive. Both turbines were identical except that one
had a rotor based on the NREL (SERI) Thin-Airfoil Family and
the other was an original AeroStar design. Various NREL docu-



TABLE 1

10-min Single 10-min Single
sum record sum record
Return | Return

Parameter

root flapwise momen -0
w/1.1 kNm resolution —0.2759

- 02738 — 02740
root flapwise moment - -0.2988 - 0.2919 712 @ 539 @
w/2.67 kNm resolution -0.2960 -0.2887 55 kNm | 55 kNm

root edgewise moment 14522 14527 94 @ 94 @

w/0.6 kNm resolution 13624 13629 30kNm | 30 kNm
1.2726 1.2731
root edgewise moment 14453 1.4495 54@ s3e
W/2.67 kNm resolution 1.4426 1.4455 30kNm | 30kNm
1.4399 14415

ments [1,3,5] discuss the experiment in more detail. The rain-
flow cycle counting was performed using a slightly modified
version of the so-called "single" pass algorithm of Downing and
Socie [6]; in which all open half-cycles are closed. See
Sutherland and Butterfield [7] for a more complete discussion.
Dynamic loads from a range of turbine structural components
that are of interest to the designer were analyzed. These loads
included the blade root flapwise and edgewise bending moments,
low-speed shaft torque and bending moments, yaw drive torque,
axial and inplane thrust measured at the nacelle, axial and inplane
thrust measured on the tower, and tower axial and inplane
bending.

_Parametric Model Identification

Each of the above turbine dynamics was rainflow counted us-
ing each of the 405 individual 10-minute records and then the re-
sults were summed as well as by counting the series concatenated
as a single record 67.5 h long. An examination of the resulting
sample population distributions revealed that, except for the root
edgewise bending moment, the LCHA range of the remaining pa-
rameters could be described very accurately with an asymptoti-
cally decaying exponential distribution. It was found that the
range of this exponential distribution extended up to a frequency
of about 100 cycles/h. For re-occurring events at frequencies
greater than 100 cycles/h or periods shorter than about 2 minutes
(in the lognormal transition region), the deviation from the expo-
nential model becomes significant. For the edgewise bending
moment, an gxtreme value distribution (Type I) was found to best
fit the observed population. The pertinent distribution parame-
ters for the exponential distribution are the amplitude (B,) and the
shape factor (B;) (usually referred to as the slope or rate), whose
density function is given by

N=8,eBM,, )

where N is the number of cycles per hour and My.p is the peak-to-
peak value of the moment. The parameters for the extreme value
distribution include the scale or amplitude (7,), the position (y;),
and the width or shape (y,) and whose density function is ex-
pressed as

N=y°exp|:-exp[{Mp'p—% )HM”’_’YI }I:I . @
) Y2 Y2

Concatenated Versus 10-minute Record Summation
Rainflow Counting Resulits

We noted that the loads from each blade on both turbines dif-
fered with one significantly more active than its companions.
The reason this occurred is still not clear. Because only one
blade on each rotor was involved, we have speculated there may
have been a systematic misalignment in the hub configuration of
each machine. Given this, we have used the mean of the three-
blade distributions of the flap- and edgewise loads to better un-
derstand the underlying physical process. In Table 1, we sum-
marize the important measured distribution shape or width (B,
and 7,) parameters for these loads and their 95% confidence lim-
its using the NREL rotor. This table contains the results from
both the summation of individual 10-minute records and the con-
catenated time series. It also includes the impact of the resolution
used in calculating the rainflow histograms (2.67 vs 1.1 kNm
flapwise resolution for example). This table shows that by
summing the rainflow matrices derived from a population of 10-
minute records, little is lost when compared to a concatenated re-
cord of the same length. There is some non-conservative
behavior with respect to resolution which suggests a resolution of
about 1 kNm is appropriate. The estimated re-occurrence or re-
tum rates of loads outside the observed range vary by less than a
factor of two indicating that the extrapolation of these results
should be conservative.

Physical Interpretation of Parametric Models
We believe that the observed asymptotic behavior of the LCHA

load range in all of the measured dynamic parameters is a conse-
quence of the accumulation or counting of cycles formed by the
process of joining of two stochastic events: a peak and a valley in
the load history. Following Roth [8], such a process is known as
a "counting" process if N(Az) represents the number of events oc-
curring in the interval Az. The process is considered Poisson if it
has a mean (constant) rate (of occurrence) &, where & > 0.
Further stipulations include that the events occur independently
of one another, the number of observed events in At depends only
on the length of Az (stationarity), and the number of events in At
is Poisson distributed with mean EAt. In our case, an "event" is
defined as the closing of a stress/strain hysteresis loop taking
place within a specified counting interval Az. Our observation,
that at intervals exceeding 1.67 minutes (100 cycles/hour) the
distribution of load cycles is exponential, is consistent with a
Poisson process. At intervals less than about 2 minutes, the



TABLE 2

Stability | Wind | N Th =
Class Speed | (recs) - "
Class (ms™) (ms"1)

Median Hub Reynolds Stress
Components
(ms™)

]
2l

172 172 1/2

018"

@v) |ow)
92 | 04

| oser |
0863

fluctuating loads reflect some temporal coherence. This is con-
sistent with our measurements of the turbulent integral time
scales of the three wind components shown in Figure 3. Within
the wind park environment and for periods exceeding 2 minutes,
the interval between cycle closures (events) is observed to be ex-
ponentially distributed with scale B,. If the observation period,
At, is sufficiently short to ensure stationarity, then the number of
cycles occurring in that period is Poisson distributed with a mean
rate of occurrence or intensity function 1/B; and Poisson mean
A#B;. The probability that exactly n cycles will be counted in
the LCHA range during the period At is

P(N=n)= gLnB:—l)—e'"B‘ . ®3)

If the observational period At is too long to achieve at least quasi-
stationarity, then we must assume a nonhomogenous Poisson
process

- /E——.(t))" o, @

P(N=nt)=

We must now define relationships between the intensity function,
1/B;, and fluid dynamics parameters of the inflow which are
themselves functions of time.

While all the turbine alternating load distributions can be de-
scribed by Eq.(1) in the LCHA range, the root edgewise bending
in its raw form cannot. The edgewise signal is unique in that it
contains a strong sinusoidal component arising from the gravity
load modulating the more random turbulence-induced loads.
Sutherland and Osgood [9] have suggested removing the
deterministic gravity signal from the edgewise time series by
subtracting a sinusoid derived from azimuth averaging. This ap-

proach is only appropriate if the rainflow counting is applied off-
line where multiple passes through the time series are possible.
Instead, we would prefer to apply a methodology that can ac-
commodate on-line rainflow counting of the raw signals in the
field for long-term monitoring purposes. The double exponential
form of Eq.(2) suggests that some form of a complex modulation
of the turbulence-induced and gravity signals, through potential
non-linearities, may not be completely distinct. For now, we
have elected to continue to describe the LCHA region of the
blade edgewise loads using the extreme value distribution with
the intent to pursue a less heuristic approach in the future.

IDENTIFICATION OF INFLOW SCALING PARAMETERS
To identify efficient predictors of the shape (intensity)

parameters of the LCHA exponential and extreme value distribu-

tions, we categorized the sample population of 10-minute records
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FIGURE 3. OBSERVED TURBULENCE TIME SCALES
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TABLE 3

Turbine Statistical Scaling
Dynamic Model Parameter
B1
Dominant Percent
Inflow Variance
Parameter(s) Explained
Root flap bending | .exponential ——/2 89
moment Ww)
Low-speed shaft exponential | ———w2 _ 78
torque (@w) ,Ri
Low-speed shaft exponential ——l/2
bending uw) 94
Yaw drive torque exponential | ———112
@w), 87
——1/2
Uv) ,Ri
Tower top torque exponential Up, 88
e/
ww )1 2
Tower axial exponential Oy 78
bending -
Tower inplane exponential U 82
bending —2
@)
Nacelle axial exponential | ————12 51
thrust @w),
G-V'_)Vz
Nacelle inplane exponential Oy, Ri 7
thrust
Tower axial thrust exponential | ———112
po @w) ", Ri 6
Tower inplane exponential | ————i112
thrust @w) ", 69
'(u,—v,)IIZ

Root edge bending
moment

by first atmospheric stability (Richardson number, Ri) and then
by the hub-height mean wind speed, U_H Three stability classi-

fications are used: wunstable (Class 2U, Ri < 0); near-stable
(Class 3N, 0 £Ri < 0.01); and stable (Class 4, Ri 2 0.01). The
mean wind speed is classified into 2-ms-! categories whose value
is approximately one-half of the interval width in meters per sec-
ond. A total of twelve sub-categories were defined. In addition
to the stability and mean wind speed, a series of mean turbulence
fluid dynamics parameters were calculated for each sub-category,
including the horizontal wind speed standard deviation (G;;) and

turbulence }intensity (Tl = O'H/U_H ). Because of the character of
the distributions, the medians of the hub-level Reynolds stress,

—\ /2
(u‘u]) , were included instead of their means. Table 2

summarizes the values of each of these parameters for each
category with the number of 10-minute records contained within
each.

Parameters

The 10-minute record rainflow count spectra for each of the
turbine dynamic parameters associated with the sub-categories
listed in Table 2 were summed, and the corresponding model
scaling parameters, B; and 7,, were calculated for the LCHA re-
gion. Each of the shape parameters were then correlated with the
inflow dynamic parameter matrix of Table 2 using analysis of
variance (ANOVA) techniques. The dominant sensitivities to the
latter were identified with their degree of explained variance and
are summarized in Table 3. An examination of this table will re-
veal a strong sensitivity to the vertical momentum transfer,

(W)ﬁ or local ~«, and the Ri. The occasional appearance of

the other components of the shear stress, uv’ and v'w’, shows a
sensitivity to coherent structures in the flow.

The sensitivity of the B; and y, shape parameters as a function
of the u'w' component of the mean shear stress for the flap- and
edgewise root bending moments on each of the two turbines are
presented in Figures 4 and 5. Figure 4 shows a strong trend to a
smaller value of B; or an increase in mean occurrence rate or in-
tensity (§ = 1/B;) in the LCHA region with increasing shear stress
or vertical momentum transfer. The increased sensitivity of the
NREL rotor over its counterpart most likely results from several
factors. These include its greater swept area, higher aerodynamic
activity levels, and because it was operating further into the post
stall region when the mean shear stress levels were at their high-
est. Figure 5 confirms that the shape of the LCHA region for the
root edgewise moments is strongly correlated with the inflow
turbulence conditions. The sensitivity to increasing mean shear
stress levels is high and essentially the same for both rotors.

There is a strong correlation between the stability and the value
of u, as predicted by surface boundary layer theory. The stabil-
ity parameter used in boundary layer turbulence scaling is the ra-
tio of the height, z, to the Obukhov length scale, L, or z/L
(known as the Monin-Obukhov or M-O stability parameter).
This parameter is related to Ri. It is identical to Ri for unstable
flows (0 < Ri, /L) but increases more rapidly with increasing
positive stability (Ri, z/L = 0) as compared with the value of Ri.
This is useful when studying the sensitivity of turbulence scaling
in flows that are just slightly stable. We use z/L as the abscissa
and plot the mean values of the hub u, and the B; and 7y, shape
parameters for the flap- and edgewise LCHA regions on the right
hand ordinate in Figures 6 and 7, respectively. The dotted line in
these figures traces a locally regressed, best-fit line for the value
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of -(#w)". There is a region of z/L values between about 0.005

and 0.040 in which there is a maximum of vertical momentum
transfer and turbulence generation because of the mean high
shear stress. Figures 6 and 7 also show that the LCHA regions
associated with the flap- and edgewise alternating loads are the
broadest in this stability range. This means that a wide spectrum
of load cycles can occur under such conditions compared with
regions to the left or right.

Previously in Figure 1 and in Ref. [3], we hypothesized that the
encountering of coherent turbulent structures was responsible for
the LCHA region .of the alternating load spectra. Using the left
ordinate of Figure 8, we have plotted the observed normalized
cross-covariances or correlation functions for the three turbulent

wind components, (;;-":)/"i"j' Using the right ordinate, we have

plotted the value of the 25 largest root flapping moments
experienced by the NREL rotor on the Micon 65. We also have
included the single, largest flap peak seen on the AeroStar rotor.
It is clear from Figure 8 that (1) gl of the extreme peak flap loads

occurred in stable flows and (2) the majority occurred during pe-.

riods when t ow was dominated highly correlated

coherent structures.

ATMOSPHERIC MECHANISMS RESPONSIBLE FOR
INFLUENCING LOAD DISTRIBUTIONS

Figures 6 through 8 clearly show the narrow stability range in
which strongly coherent flows are common. This range is char-
acterized by the strong vertical transfer of momentum and high
three-dimensional mean shear stresses indicating the efficient
transfer of energy from the mean flow into turbulence. The
LCHA regions of the alternating load spectra broaden in this
range indicating a one-to-one correspondence. Any region
within a stably-stratified flow in which locally the Ri falls below
+0.25 can experience dynamic instability [10,11]. This means
that under such conditions, small-scale disturbances will grow
exponentially with time instead of decaying or possibly remain-
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ing stable. Because the entire layer between 3 and 31 m was less
than the critical Ri value, there is an excellent chance that the
conditions for dynamic instability are present within the layer oc-
cupied by the wind park turbine rotors. Such conditions are ideal



for generating internal gravity waves and various forms of tran-
sient shear-generated phenomena such as Kelvin-Helmholtz (KH)
instabilities. The latter are characterized by regions of strong
vorticity and highly coherent turbulence.

We suspect that under the conditions listed above, dynamic in-
stability does exist within the layer defined by the park turbine
rotors, and the discharge of the turbine wakes into this unstable
layer causes them to become more intense with time rather than
decay. An analysis of the conditions surrounding the occurrence
of the peak flapping loads on the NREL-equipped turbine has re-
vealed that they occur only over a small portion of the rotor disk.
Figure 9 displays the disk coordinates where two of the largest
observed flapwise peaks originated. Case A of Figure 9 took
place in a less stable flow (z/L = +0.007) than that of Case B (the
largest observed load peak), in which z/L = +0.041. The polar
plots of Figure 9 represent 5 seconds of data surrounding the ex-
treme event. The peak phenomena show up on all three blades
and occupy 30° or less of the disk. The equivalent linear distance
traversed is in the range of 3-4 m. The order in which the blades
encountered the disturbances (1,3,2 for Case A and 2,1,3 for Case
B) indicates that the disturbances were moving vertically as well
as horizontally through the disk. The effect of stability is also
evident when comparing the character of the polar plots of Cases
A and B. In Case A, the loading pattern is skewed to the upper
right quadrant and the region of enhanced activity is repeated
with each blade passage in this quadrant. In the more stable flow
of Case B, the amplitude of the loading pattern is much reduced
and generally symmetrical about the origin. While very strong,
the loading peaks are confined to a single blade passage, suggest-
ing the responsible disturbance was small but intense.

CONCLUSIONS

The distribution. of alternating stresses at return frequencies of
less than 100 cycles/h (referred to as the LCHA region) can be
described as asymptotically decaying exponential for all critical
loading areas with the exception of the blade root edgewise
bending, where an extreme value distribution is appropriate. It is
in the LCHA region that the maximum fatigue damage takes
place. The shape or width parameters of each of these two
parametric distributions are the most important and reflect the
load response to varying operating conditions. We compared the
accuracy of determining these parameters by fitting the target
models to observed alternating cycle distributions determined by
summing the results of 405, 10-minute time series and by count-
ing the entire series as a single, concatenated record. We found
that little was lost when the shape parameters were calculated
from summing the load spectra from 405 individual 10-minute
records versus counting them concatenated as a single record.

We believe that the asymptotic behavior observed in the LCHA
load range is a consequence of the cycle counting process being
Poisson. This means that, for record lengths or counting periods
where stationarity can be assumed, the events (the closing of
hysteresis stress/strain cycles) are independent of one another and

Peak flap bending momant (kNm)
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FIGURE 8. WIND COMPONENT NORMALIZED CROSS-
COVARIANCE VERSUS STABILITY

their number depends only on the record length. We know that
for atmospheric variables in a wind park environment, quasi-sta-
tionarity can only be achieved for periods near 10 minutes.
Because the turbulence in the turbine inflow is the ultimate exci-
tation of the observed load cycles, we stipulate that the process
can be described as nonhomogeneous Poisson in which the scal-
ing varies with time.

We determined the sensitivity of the distribution shape parame-
ters to inflow fluid dynamics parameters by classifying the ob-
served population of 10-minute records with respect to
atmospheric stability and mean hub height horizontal wind speed.
By cross-correlating several bulk measures of the turbulent
inflow with the shape parameters, we determined that they were
most sensitive to the stability and the mean shear stress measured
at hub height. We also found that there is a narrow range of
slightly stable flow conditions in which the distribution shape pa-
rameters reach their minimum (shallowest slope) indicating a
broad range of load cycles are present. This stability range was
also found to contain the highest values of the cross-covariances
for the three wind components, indicating that the flow was
dominated by highly correlated or coherent structures. It was
also in this stability range where the majority of the 25 largest
flapwise bending loads were observed in the Micon 65 data set.

We believe the conditions present in the narrow stability range
discussed above support the existence of dynamic instability in
the wind park flows. Under these conditions, small-scale pertur-
bations such as those making up turbine wakes can grow expo-
nentially with time. Also within the layer containing the turbine
rotors, this range of stability can support the development of
internal gravity waves and transient shear-generated phenomena
such as Kelvin-Helmholtz instabilities. Observed evidence sug-
gests that the disturbances responsible for the largest peak loads
on the turbine rotors were of scales smaller than the rotor disk.
These disturbances move vertically as well as horizontally
through the disks.
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FUTURE WORK

In the limited space of this paper, we have concentrated on
identifying the role of fluid dynamic parameters associated with
the turbine inflow in influencing the observed load distributions
in the important LCHA range. In the future, we will expand the
work to document :any impacts of site specificity and turbine de-
sign on the B; and Yy, shape parameters. We will also explore
methodologies to :scale the amplitude parameters (B, ;) of the
distributions in Egs.(1) and (2) and, if necessary, the position pa-
rameter, Yy, of the extreme value distribution of edgewise root
bending loads. Over the next two years, we hope to be able to re-
peat these measurements using a specific turbine design in a
range of climates, as well as several different turbine designs in
similar environments. By accomplishing these goals, we believe
we can establish justifiable guidelines for aiding both the turbine
designer and the project planner in mating the proper equipment
to the desired operating environment.
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