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Abstract

According to the actual measurement data, probability models of horizontal wind load were ob-
tained based on wind velocity statistic and power spectral density function of fluctuating wind ve-
locity through stochastic sampling and using spectrum analysis method. Through the comparison
of two models, probability models of horizontal wind load based on probability models of fluc-
tuating wind velocity were obtained by revising the mean and variance of fluctuating wind veloci-
ty. Results show that the variance takes lower value when the power spectral density function of
fluctuating wind velocity is used to obtain the probability model of horizontal wind load. The qua-
dratic term of fluctuating wind velocity takes a small contribution value in total wind load with
almost no contribution to the model of horizontal wind load. It is convenient for practical engi-
neering to obtain the models of horizontal wind load by using probability models of fluctuating
wind velocity.

Keywords

The Offshore Wind Turbine, Spectrum Analysis, Non-Central Chi-Square Distribution, Probability
Density Function

1. Introduction

At present, as a new and efficient renewable energy, wind power has caused widespread concern in the industry.
Due to the complex environmental loads and variable factors, offshore wind turbine works are still in the off-
shore range. Therefore, the reliability of offshore wind turbine under the environment load is not only an impor-
tant basis for the structure design and construction of offshore wind turbine, but also the foundation of the wind
turbine works in the deep sea area.
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Wind load, as the main load of the offshore wind turbine structure, is the crucial factor of the offshore wind
turbine reliability [1]. Meanwhile, because of its characteristics of indeterminacy, pulsation and changing along
the elevation, the effect of wind load is difficult to combine linearly with others [2]. Therefore, the analysis of
probability model of wind load on offshore wind turbine is of great significance. Over a long period of time, the
probability model of horizontal wind load has been established and studied based on wind velocity statistic.
However, due to the high cost and regional dependence of statistical information, a more practical probability
model of horizontal wind load needs to be established based on characteristics of wind load.

2. Theoretical Analysis of Wind Load

The wind force on structure is related to wind velocity, its calculation is shown as follows [3].

1
F= ECA pAU, 2 (1)

where:

F = wind force (kN).

A = area that wind force covers (m?).

Ca = shape coefficient of building, which equals the ratio of actural wind pressure to wind pressure from ve-
locity calculation [4].

p = density of air (kg/m°).

Uyot = horizontal wind velocity (m/s).

The characteristic of wind velocity is fluctuant. The value of wind velocity at a fixed height fluctuates around
a certain value, which is called static wind velocity. The random fluctuation value of wind velocity is called
fluctuating wind velocity. Take horizontal component of wind velocity (horizontal wind velocity) as an example,
its formula is shown in as follows.

Uy =U +u )

where:

Uyot = horizontal wind velocity (m/s).

U = static wind velocity (in horizontal direction) (m/s).

u = fluctuating wind velocity (in horizontal direction) (m/s).

Generally, static wind velocity occupies a large proportion in total wind velocity. Logarithmic law and expo-
nential law are two common laws of wind velocity profile with respect to height. The exponential wind velocity
profile is simpler in calculation while the logarithmic wind velocity profile is thought to be a more practical pro-
file which is shown as following equation [5].

1. 72-7
U(Z)==u'In g 3
(2) " ( 2 ) ®)
where
U(Z) = wind velocity with respect to height (m/s).
Z = height (m).

k = Von Karman’s coefficient.

u” = velocity of flow hear stress (m/s).

Z4 = height of zero plane (m); Z, = roughness length (m).

The calculation formula of wind load is easy to be introduced by Equation (1) and Equation (2), shown as
following equation [6].

F =%KAU2+KAUU +%KAUZ (@)

tot
where:
Fiot = horizontal wind load (N).
U = static wind velocity (in horizontal direction) (m/s).
u = fluctuating wind velocity (in horizontal direction) (m/s).

Ka = specified coefficient, K = Cap4.
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3. Analysis of Wind Load Probability Model
3.1. Horizontal Wind load Based on Wind Velocity Statistic

According to the data [7], the wind velocity at the height of 70 meters obeys the law of Gaussian distribution.
The mean value of wind velocity at the height of 70 meters is approximately 7.12 (m/s), the variance is 8.88
(m?/s%). It can be considered that the horizontal wind velocities at different heights all obey the law of Gaussian
distribution. The mean values and the variances could be calculated on the basis of the mean value and variance
of wind velocity at the height of 70 meters. The total horizontal wind load equals the sum of horizontal wind
load at all heights, so the distribution law of total horizontal wind load obeys the law of Non-Central Chi-Square

distribution. The probability density function of standard Non-Central Chi-Square distribution is shown as fol-
lowing equations.

®)

where:

fx(x; k, 1) = the probability density function of standard Non-Central Chi-Square distribution.

k = the number of degrees of freedom.

/ = the noncentrality parameter.

;i = the mean value of each Gaussian stochastic variable.

o; = the variance of each Gaussian stochastic variable.

The height of wind turbine is 70 meters, the height of zero plane is 2 meters, the roughness length is 0.01 me-
ters. At the interval of 1 meter, the wind velocity of the midpoints represents the velocity of the whole interval.

The mean values and variances of the horizontal velocities along the height were calculated as shown in Figure
1.
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Figure 1. The mean values and variances of the horizontal velocities along the height.
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The parameters of standard Non-Central Chi-Square distribution which total horizontal wind load obeys were
calculated as shown in Table 1.

3.2. Horizontal wind Load Based on Power Spectral Density Function of Fluctuating
Wind Velocity

Fluctuating wind can be approximated as stationary stochastic process, the power spectral density function of
fluctuating wind velocity at height of Z is shown as following equation. The mean value of fluctuating wind ve-
locity is zero. The variance could be obtained by calculating the integral of the power spectral density function
of fluctuating wind velocity with respect to frequency.
2001 (u')’
S, (0)=———% (6)
n(1+50f)s

where:

S,(n) = the power spectral density function of fluctuating wind velocity at height of Z.

n = frequency of fluctuating wind (s %).

f = the Similarity coordinate, f = nZ/U(2).

U(Z) = the static wind velocity (in horizontal direction) at height of Z (m/s).

When taking the static wind velocity as a constant, according to Equation (4), the quadratic term of fluctuat-
ing wind velocity obeys the law of Non-Central Chi-Square distribution, the first power term of fluctuating wind
velocity obeys the law of Gaussian distribution. There’s one point which needs attention: the noncentrality pa-
rameter of Non-Central Chi-Square distribution can’t be defined as zero, meanwhile, the mean value of fluc-
tuating wind velocity is defined exactly as zero. Therefore, it is considered that fluctuating wind velocity fluc-
tuates around zero in a small range (+£5). The parameters of total horizontal wind load (when taking the static
wind velocity as a constant) were calculated as shown in Table 2.

3.3. Comparison and Revise

The probability density functions of horizontal wind load based on wind velocity statistic and the power spectral
density function of fluctuating wind velocity were obtained and shown in Figure 2.

From Figure 2, the range of wind load values is narrower and the mean value is higher when using the power
spectral density function of fluctuating wind velocity to determine the horizontal wind load. This is caused by
the superposition of basis value (constant term) during calculation of the horizontal wind load (the mean value
of horizontal wind load based on wind velocity statistic is lower without the superposition of basis value).
Therefore, the failure probability is higher and considered to be conservative. In order to study the comparison
of contribution in total wind load between the first power term of fluctuating wind velocity and the quadratic
term of fluctuating wind velocity, the values of the two terms during the simulation process are stochastic sam-
pled and shown in Figure 3.

From Figure 3, the values of the first power term are much higher than that of the quadratic term. Therefore,
the quadratic term could be approximately neglected. On account of the inappropriate variance of the fluctuating

Table 1. The parameters of standard non-central Chi-Square distribution which total horizontal wind load obeys.

Parameter
Project Number of degrees Noncentrality parameter Mean value
68 388.2 7.12
Table 2. The parameters of total horizontal wind load.
Parameter
Project Constant term Variance of first power term Number of degrees Noncentrality parameter
4220.3 9610.8 68 0.3
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Figure 2. The probability density functions of horizontal wind load based on wind velocity statistic and power spectral den-
sity function of fluctuating wind velocity.
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Figure 3. The value of the two terms during the simulation process.

wind velocity (obtained by calculating the integral of the power spectral density function of fluctuating wind
velocity with respect to frequency), the probability density functions of horizontal wind load based on power
spectral density function of fluctuating wind velocity is quite different from that based on wind velocity statistic.
Therefore, it is necessary to revise the probability model of horizontal wind load based on power spectral densi-
ty function of fluctuating wind velocity. To be commensurate with the probability model of horizontal wind load
based on wind velocity statistic, the appropriate variance of the first power term of fluctuating wind velocity is
supposed to be 9 x 10* (N?), the mean value of the first power term of fluctuating wind velocity is supposed to
be 3200 (N). The probability density functions of horizontal wind load based on wind velocity statistic and the
probability density functions of horizontal wind load based on the probability models of fluctuating wind veloc-
ity are shown in Figure 4. Through revising, the variances of the horizontal velocities along the height were
calculated as shown in Figure 5. The percentage of error of the two probability models during the simulation

process are stochastic sampled and shown in Figure 6.
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Figure 4. The probability density functions of horizontal wind load based on wind velocity statistic
and the probability models of fluctuating wind velocity.
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Figure 5. The variances of the horizontal velocities along the height.
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Figure 6. The percentage of error of the two probability models during the simulation process.
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In practical engineering, the fluctuating wind velocity probability distribution model could be deduced as
soon as the annual mean wind velocity of a certain height is determined. Then, the probability models of total
wind load are obtained.

4. Conclusions

Results show that the reliability of probability forecast is proved to be valid and conservative when the probabil-
ity models of fluctuating wind velocity are used to obtain the probability model of horizontal wind load. It is
convenient for practical engineering to obtain the models of horizontal wind load by using probability models of
fluctuating wind velocity, when the comprehensive and numerous measured data are difficult to obtain.

In the analysis of probability model of wind load, established model of fluctuating wind velocity is adopted,
which needs to be improved and validated comprehensively on account of randomness and unpredictability of
fluctuating wind. In the diverse offshore environment, many factors (such as the wave and current) of the wind
load are connotative associated and need to be studied more systematically. Further researches on above issues
will become the foundation and direction of establishing more accurate probability models of wind load.
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