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ABSTRACT: The paper shows results of vibromonitoring of wind power tower
(WPT). The analysis of vibrating influence from the tower fluctuating load on
WPU foundation had been made by the results of in-situ monitoring. The results
of research are presented in diagram dependence of vibrating characteristics
(frequency, amplitude, acceleration) from wind pressure intensity. There was
given an extrapolation of potential efforts arising in the foundation at maximum
wind load in that region. There also were given the recommendations in
choosing optimal foundation in engineering-geological and climate conditions of
WPU.
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INTRODUCTION

Wind power is the most dynamically developing type of renewable
energy sources. Having studied the energy potential of wind in Kazakhstan, the
Government of the Republic of Kazakhstan together with the UN development
Program "Kazakhstan is the initiative of the development of wind power
market" has resolved that the Ereymentau district of Akmola region is the most
perspective area for the construction of wind power stations (National program
2007).
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The first steps in the Program realization were taken in Ereymentau
district of Akmola region.

Currently 22 WPUs have been maintained. They are connected to
Ekibastuz power transmission line and supply Ereymentau district, Erkenshilik
settlement, and Astana city (partially) with electrical power.

Within the context of an upcoming exhibition "EXPO-2017" in Astana it
is planned to provide power supply of the exhibition facilities by using the
energy of Ereymentau WPS.

CONSTRUCTION SITE DESCRIPTION

The areas for WPU building are located on the territory free from
construction. The prevailing forms of relief are dome-shaped bald mountains
composed of dense rocks. The bald mountains are separated by dry small
ravines and blind creek lowlands which are confined to less resistant rocks. The
relative excess of bald mountains ranges from 30 to 110 meters.

The geological structure of this territory includes sedimentary and
metamorphic rocks of the Proterozoic and Paleozoic periods which are broken
out by intrusions in the North-Eastern part of the city, overlaid by residual and
talus quartenary sediments consisted of clay loams, sand loams and loams with
land waste and broken stone, loam and clay loam saprolites, broken stone-land
waste and land waste-broken stone subsoil with sand and clay loam filler
(Technical Norms and Regulations 1987).

Fig. 1. Current Ereymentau WPS .
and slab foundation
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It was decided to use slab foundation with the diameter of 22 m as the
foundation.

THE PROCEDURE OF VARIATIONS AND VIBRATIONS
MEASURING WITH THE HELP OF VIBRA PROFOUND INDICATOR

The field studies and measuring vibrational effect on WGU foundation
were made with the help of VIBRA Profound indicators. These instruments
allow defining the speed, acceleration, vibration frequency and foundation
displacement caused by wind pressure.

The instrument system meets national and international standards SBR
2002, DIN 4150 and DIN 45669.

The procedure of measuring included:

1) Vibrational effect measurements were made at the site in Ereymentau
in September, 26-27, 2015.

2) First, the indicator was set on WGU foundation at the distance of 100
mm from the tower block. Then it was set on WGU tower block.

3) The standard of measuring meets international standards DIN 4150 and
DIN 45669.

4) Temporary measuring was counted out every 10 seconds.

THE ESTIMATION OF WIND POTENTIAL AT WPS SITE

Annual measurements of speed and direction of wind were made at the
site within the context of UNDP project on wind power. Measurements were
performed in accordance with international standards in the field of measuring
wind speed in order to estimate wind potential (IEA/IEC) [2].

The distribution of wind speed and Weibull parameters at the height of 51
m (the axis of the gondola) for the site of Ereymentau WPS are shown in Fig. 2.
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Fig. 2. Distribution of wind speed and Weibull parameters at the height of 51 m
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Wind direction rose and wind power rose at the height of 50 m are
presented in Fig. 3. Wind direction rose shows that a prevailing wind direction is
from the South-East. Wind power distribution shows that the main part of the
wind energy is from the South-East.
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Fig. 3. Wind direction rose (left) and wind power rose (right)

According to the results of wind pressure measurements the diagram of
seasonal distribution of wind speed was made. It demonstrates the changes in
the wind flow speed by month in relation to average annual wind speed in
Fig. 4.
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Fig. 4. Monthly average wind speed at the height of 50 m
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TESTING WPU FOUNDATION

Vibration effect of WPU foundation was tested at the site with the use of
VIBRA Profound indicator. Before the measuring the vibration indicators are set
on WGU foundation at the distance of 100 mm from the tower block to avoid a
direct contact with the excitation source (the tower block) in Fig. 5
(Zhussupbekov 2016).
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Fig. 5. Fixing a vibration indicator on WPU foundation

With the help of the instrument we got the diagram of dependence of
foundation absolute displacements and the time in this area (Fig. 6). The
diagram shows the maximum values of displacements for each position. The
maximum values of displacements for the 1 position are 0.1 mm, the maximum
values of displacements for the 2 and 3 positions are 0.2 mm, and 0.3 mm — for
the 4 position, at the maximum wind pressure of 4.75 m/s.

The second stage was the setting the vibration indicator on the excitation
source (the tower block) of WPU.

The measurement results of vibration shown in the graphs of dependence
of displacements, accelerations, frequencies of vibration, velocity of vibration
from wind speed in Fig. 7.
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Fig. 6. Graph of dependence of displacement from to time
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Fig. 7. Diagrams of dependence of displacements, accelerations, frequencies
of vibration, velocity of vibration from wind speed:
a) graphs of dependence of displacements from wind speed
b) graphs of dependence frequencies of vibration from wind speed
¢) graphs of dependence of accelerations from wind speed
d) graphs of dependence of velocity of vibration from wind speed
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Fig. 8. The location and the sensor measurements of vibrations:
a) location of the sensor on the tower wind turbine;
b) sensor readings maximum displacements of the tower wind turbine

CONCLUSIONS

According to the results the measurement was made the prediction of
vibration parameters of the wind turbine foundation from wind pressure.

Maximum values of the parameters at the maximum wind pressure in this
region are:

1) Maximum displacement on X=0,038 mm, Y=0,031 mm, Z=0,08 mm;

2) Maximum acceleration on X=2,8 m/s?, Y=2,1 m/s?, Z=0,7 m/s?;

3) Maximum frequencies of vibration on X=122 Hz, Y=120 Hz, Z=65 Hz;

4) Maximum velocity of vibration on X=4,2 mm/s, Y=3,6 mm/s, Z=
2,8 mm/s.

This parameter of displacements for wind turbine does not exceed the
maximum permissible value of 5 mm (DIN 45669-1 1995).

The authors express their deep gratitude to the employees of Kazakh

companies LLP "First wind power station" and LLP "KGS" for technical
supporting of experimental research.
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