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Statement of the problem. During the construction of towers for wind genererator the main and 

most expensive element is a tower. This tower must be operational in terms of reliability and 

durability. These circumstances made it necessary to develop a new support structure for towers 

for wind genererator with optimal reliability and efficiency of production.. 

Results. The conditions for the optimal design of the support structure for wind turbine 

installations were analyzed. Multi-faceted support for the installation of a new vetrogenaratornoy 

effective decision assemblyes was designed and provides the required structural strength 

performance with the optimal flow rate for the manufacturing of metal. 

Conclusions. Calculations and computer modeling results suggest the feasibility of using new 

types of towers for the construction of wind turbines. 

 

Keywords: multifaceted bent rack, flange, connection assemblye rods, stress-strain of the connection 
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Introduction 

Research and findings in wind energy started at the time of oil crisis in 1973 with different 

types of wind turbines installed in a lot of countries [1]. That was when people grew aware of 

limited carbohydrate resources and a great promise that wind turbines held. These clean ener-

gy sources can greatly contribute to the country’s economic and environmental growth. Wind 

energy is a priority field in Western developed countries. Wind energy stations with the ca-

pacity a few kilowatts to megawatts are found in Europe, USA, China and India. These ener-

gy setups are used to produce electrical energy in the overall energy system as well as in indi-

vidual regimes. 

© Khamidullin I. N., Sabitov L. S., Kuznetsov I. L., 2015 



Scientific Herald of the Voronezh State University of Architecture and Civil Engineering. Construction and Architecture 

26 

The use of “wind mills” is routine for individual regions of the Russian Federation as well as 

the country overall. This is consistent with the Government Ruling from May 28, 2013 

№ 861-r according to which the capacity of turbines utilizing wind energy must be 3.6 GW by 

2020.  In Russia autonomous wind energy is the use of wind that needs most attention. The 

use of new technology employing wind energy setups (WES) allows a 50% reduction in fuel 

consumption in diesel energy stations. These technologies could contribute to a significant re-

duction in energy levels in Primorye, Sakhalin, Kamchatka, Chukotka, the Republic of Crimea. 

It is not widely known Russia is pioneering the use of wind energy [1, 2]. In the former USSR 

the development of wind energy was prioritized. For example, as early as in 1931 the world’s 

first 100 kW wind energy station was successfully constructed and operated.  In 1936 the con-

struction of a 10 MW wind energy station designed to be 165 m high [2] got underway in the 

USSR. Unfortunately the construction of this wind energy station was cancelled as the Great 

Patriotic War broke out. Later on, the country’s wind energy shifted only to low capacity 

wind energy stations.  

1. Conditions of the optimization of a wind turbine support 

The good conditions for the operation of wind energy setups are areas with an average yearly 

wind speed of  6—8.5 m/seс. The expression (1) describes the dependence of a wind speed on 

the altitude of a wind turbine rotor: 
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where V1, V2 are wind speeds; H1, H2 are the altitudes over the ground; α is the coefficient of 

an increase in the wind speed as the altitude increases.   

Therefore the most important criterion for the energy efficiency of a wind turbine is its alti-

tude. A wind turbine support must be maximum high since as the altitude increases, so does 

the wind speed. However, it is also necessary to consider financial and operational construc-

tion costs of “wind mills” as well as technological and economic risks involved. Put different-

ly, the altitude of a support must be optimal.  

The reliability criteria in this case are the costs of construction, maintenance and production 

of electric energy. The installation of a wind turbine at small and middle altitudes (not over 60 

m) is more effective than that using expensive supports (over 100 m). 

Wind turbine supports can be steel, tubular steel, lattice and ferroconcrete (Fig. 1). 

Ferroconcrete supports are used for high wind turbines (100 m and more) due to rising costs 

of steel.  
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The height of the wind turbine support and its construction design are the most important 

properties of a “wind mill”. It is crucial that optimal design solutions are employed in the 

construction of “wind mills”.  After the criteria such as the height of the support (cost of the 

support)/ energy efficiency have been made optimal, the same has to be done with the co

struction of the wind turbine support itself. The current loads on the support are wind loads, 

load of its own weight and weight of the wind turbine, frequency loads caused by the rotation 

of the blade. Based on that, the optimization can be broken down into 

Reduction of the weight. A minimum weight is a major consideration in designing a wind tu

bine. This is due to construction guidelines as well as economic motivation of the production 

of this or that support. A reduction of the weight

transportation and assembly. For a support with 

be described using a dimensionless value [3]:

 

where H is the height of the support; 

of the support); t is the thickness of the wall. 

а) 

Fig. 1.
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The height of the wind turbine support and its construction design are the most important 

l”. It is crucial that optimal design solutions are employed in the 

construction of “wind mills”.  After the criteria such as the height of the support (cost of the 

support)/ energy efficiency have been made optimal, the same has to be done with the co

uction of the wind turbine support itself. The current loads on the support are wind loads, 

load of its own weight and weight of the wind turbine, frequency loads caused by the rotation 

of the blade. Based on that, the optimization can be broken down into the following steps. 

A minimum weight is a major consideration in designing a wind tu

bine. This is due to construction guidelines as well as economic motivation of the production 

of this or that support. A reduction of the weight of a structure is an advantage in terms of 

transportation and assembly. For a support with Ns segments, the reduction of the weight can 

be described using a dimensionless value [3]: 
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is the height of the support; D is the diameter (average interior and exterior diameter 

is the thickness of the wall.  
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 Wind turbine support [3]: а) multiple; b) lattice 
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Fig. 1. Wind turbine support [3]

Increasing the rigidity. The structure of the support should have a necessary rigidity level. 

Increasing it has important implications for improving the overall performance of the support 

and reducing fatigue failure risks. 

For a console support, the rigidity is bes

the support when a horizontal load is applied onto a trailing edge. Mathematically that  looks 

as follows:  

 

1/ 1 ;S x x x x x x     

 

where I is an inertia moment of a transverse cross section with respect to the neutral axis.

Increasing the weight-rigidity ratio that immediately has to do with a physical design might be a 

better criterion for evaluating the performance of a support structure than merely increasing 

rigidity of the support. The corresponding mathematical expression can be obtained by dividing 

the expression (2) into the expression (1). 

Minimizing vibration. Minimizing the overall vibration level is one of the most pressing i

sues to be addressed in the construction of a wind turbine support as vibration affects the d

rability, stability of a support and noise levels. Two different criteria for measuring vibration 

dampening are described in two sections to follow. 

Scientific Herald of the Voronezh State University of Architecture and Civil Engineering. Construction and Architecture

28 

 

Wind turbine support [3] (ending): c) ferroconcrete 

 

The structure of the support should have a necessary rigidity level. 

Increasing it has important implications for improving the overall performance of the support 

and reducing fatigue failure risks.  

For a console support, the rigidity is best measured using maximum vertical axis deflection of 

the support when a horizontal load is applied onto a trailing edge. Mathematically that  looks 
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of a transverse cross section with respect to the neutral axis.

rigidity ratio that immediately has to do with a physical design might be a 

better criterion for evaluating the performance of a support structure than merely increasing 

rigidity of the support. The corresponding mathematical expression can be obtained by dividing 

the expression (2) into the expression (1).  

Minimizing the overall vibration level is one of the most pressing i

in the construction of a wind turbine support as vibration affects the d

rability, stability of a support and noise levels. Two different criteria for measuring vibration 

dampening are described in two sections to follow.  
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Vibration can be reduced by dividing eigenfrequencies of a structure and exciting frequencies 

of the blade to avoid great amplitudes associated with resonance. Mathematically it can be 

described using the following index:  

 
 

2*min ,fi i i
i

W  
 

(5) 

where Wfi is a weight coefficient; ωi is an actual (current) frequency; ωi
* is the frequency of 

the support foundation.  

Apart from the above criteria, a few other ones have to be considered in the construction of 

wind turbine supports. For example, mobility and easy transportation grows more significant 

in the construction of wind turbines in not easily accessible areas. Another criterion is the area 

of the support foundation. Therefore in the construction in residential area steel multiple wind 

turbines are a more likely choice as the area of foundations of such supports is commonly not 

over 4 m2. To compare, the corresponding ordinary lattice metal support takes up the area of 

50 m2. Above all, these supports are reliable, aesthetically pleasing, universal, i.e. easy to 

adapt when supports of different heights can be assembled using a variety of typical cross sec-

tions as construction and production of a support is as automatic as possible [4]. Having tested 

a foundation support on site, a producing factory can launch the manufacturing of a support of 

a new modification [4, 7].  

However, there are the following disadvantages of multiple tower supports. These are high 

steel consumption due to the cross sections not corresponding with the loads; high costs of 

supports; challenging installation of supports; complex technology; large weights; supports 

being hard to climb without a special tower. Another daunting thing is that it is necessary to 

watch so that there was no moisture entering the support shaft. Depressurization of the pres-

sure chambers might lead to severe corrosion caused by moisture in them [4].  

2. Multiple support for a wind turbine with a new effective assembly solution 

This application of a few similar multiple rods at the support foundation and an individual rod 

at the top. In order to join a few rods, their assembly has to be detached from the rods. This 

assembly can have little steel in it, technologically assembled, easy to produce and highly rig-

id [5, 6].  

The suggested assembly joining tubular rods include an upper individual tubular rod with a 

horizontal flange at the end and a responding flange that the ends of a few lower tubular rods 

are joined to at an angle with the flanges being tightened with screws; a responding flange is 

separate for each lower tubular rod with the end of each tubular rod fitted with two extra ver-
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tical flanges tightened with screws with similar flanges of adjoining ends of tubular elements. 

The most viable option is when tubular rods are truncated pyramids of a multiple transverse 

cross section with all the ends of tubular rods joined at the foundation of the pyramid. 

A assembly joining the tubular rods (Fig. 2) includes an upper individual tubular rod 1 to 

whose end a horizontal flange 2 and a responding flange 3 are joined; the ends of lower tub

lar rods 4 (e.g., three) are joined to a flange 3 assembled using a composite separate tubular 

rod. Additionally, at the end of each tubular rod 4 there are two extra vertical flanges 5 that 

are joined with bolts 6 with identical flanges of the adjoining en

2 and 3 are joined with bolts 7 along the perimeter. A horizontal flange 2 is welded to the 

foundation of an individual tubular rod 1 which can be, for example, a hollow truncated py

amid. The responding individual horizontal 

the rods 4 to be joined with similar flanges 5 of adjoining tubular rods 4 to make the assembly 

spatially rigid are welded to the ends of tubular rods 4. The flanges 2, 3 and vertical flanges 5 

are combined with those adjoining them and tightened with bolts 6 and 7 respectively [5]. 

 

Fig. 2. Support for a wind turbine with a new assembly of tubular rods 
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tical flanges tightened with screws with similar flanges of adjoining ends of tubular elements. 
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the rods 4 to be joined with similar flanges 5 of adjoining tubular rods 4 to make the assembly 

spatially rigid are welded to the ends of tubular rods 4. The flanges 2, 3 and vertical flanges 5 

ned with those adjoining them and tightened with bolts 6 and 7 respectively [5]. 
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The section of the upper major shaft, sections of supporting lower rods being consistent with 

actual loads on the support was central to the calculation of the suggested assembly. Numerical 

studies of stress-strain were performed for two supports. The first one includes the lower part 

with the height of 10 m on three supports and the second one – an individual rod.    

The support was modelled using the finite element method. The analysis was conducted by li-

censed software Autodesk Inventor to enable a parameter calculation of stress-strain of models 

of details and structures (Fig. 3). The following parameters remained unchanged: the height of 

the support, exterior impacts (wind, icy conditions, weight of a wind turbine, etc.).  The sug-

gested structure is for use as a support for wind turbines from 500 kW and rotor axis height 40 

m. We assume the ram pressure is 23 kN. The traditional one-tower support and the suggested 

three-tower support are compared in Table.  

 

Fig. 3. Strain isofields of wind turbine  

supports for three-tower and one-tower  

supports  

 

Table 

Parameters obtained using Autodesk Inventor 

 

Parameters 
Three-tower support with 

the height of 40 m  

Individual support with 

the height of 40 m 
Difference, % 

Equivalent concentrated force, N  23000 23000 0 

Von Mises stress, MPa  206 204 0.50 

Assurance factor, μΙ 1.05 1.06 0.90 

Displacement, m 124 163 24 

Weight, kg 4510 4800 6 
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Conclusions 

1. Existing supports of wind turbines have been investigated. The criteria for optimizing a 

wind turbine support have been described for the first time.  

2. A multiple wind turbine support with the rotor axis height of 40 m and a new assembly 

solution has been designed. An advantage of a three-tower support is that it consists of as-

sembled light components to ensure it is easily transported to site (especially in hardly ac-

cessible areas).  

3. The statistical and model analysis showed that a three-tower support confirmed that a three-

support has better identical mechanical properties than does a tower-one. The weight of a 

suggested structure is 6% percent smaller.  

The construction of more wind turbines is costly due to the energy prices and this is why wind 

turbines components should be made cheaper. The use of a three-tower support is one way of 

doing that.  
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