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NOMENCLATURE 

 

Reds = renewable energy devices 

a = blades length 

b = blades width 

h = tower height 

FEM = finite element method 

 

 

1. Introduction 

 

The main drawback of wind farms is their significant 

environmental impact, mainly in terms of landscape alteration, as 

well as possible risks to birds and noise in the closer areas. The 

discomfort generated by wind farms is aggravated by the persistence 

of the facilities even during periods of time when the demand for 

electricity is absent or the benefit from the production is less than the 

social cost of the environmental factors mentioned above. An 

example is provided by the renewable energy devices (RED) often 

requested in smaller islands, such as the Mediterranean ones, with a 

large seasonal tourist population, in these locations the electricity 

consumption is higher during the summer months and absent in the 

winter season or even during the periods of storm. Another example is 

the production of energy from REDs overnight, when photovoltaic or 

other solar sources are not available and demand for energy, although 

lower than the daytime, can be fairly strong due to many social and 

industrial activities. There are several studies on the optimization of 

the hybrid renewable energy power system for remote installations 

such as mountains and islands, one of which is provided by Bhandari 

et al. [1] whose results indicate that an optimized hybrid system can 

help remote locations to completely switch from the current fossil 

fuel system to an energy system based on renewable energy. 

An important line of research and industrial development is 

therefore the creation and production of wind power plants that have 

a lower environmental impact with the development of a tower which 

can be lifted and lowered easily and with considerable frequency. A 

structure of this type has substantial advantages both from a technical 

point of view and in terms of environmental impact and can be easily 

used in different ways: 

▪ A first use is to install these systems in areas with significant 

variability of the resident population, as on small islands or in 

other places with predominantly tourist destination, where the 

population is mainly present in the summer. The absence of 

wind generation would not damage significantly the energy 

producer, as in our climates the summer is also the least windy. 

▪ A second mode would be to maintain the elevation of the tower 

to the operating height only in the periods with higher wind and 

to proceed to its lowering in the remaining periods, even in 

automatic mode or semi-automatic and/or by remote control. 

▪ Another option would be to maintain the elevation of the tower 

only in the night time, thus making the system completely 
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camouflaged throughout the year. 

An important advantage is also to accomplish in the factory much 

of the work that would otherwise be necessary on site for the tower 

construction. This would provide an opportunity for the 

manufacturers of a product industrialization process, resulting in 

export opportunities also in foreign countries that may not otherwise 

provide local resources to the construction of the tower. 

A further advantage of the proposed system, this being based on the 

drilling of a pit depth equal to the height of the tower, it is to be able, 

with small variations, also to draw ground water for domestic or 

agricultural use. 

 

The currently available technology for the lifting and lowering of 

the towers for wind turbines is constituted by tipper masts in the mini-

turbines sector and by hydro-pneumatic telescopic masts in the micro-

turbines sector, but scientific documentations about quantitative 

performance index such as time, stability, robustness, evaluation after 

installment are very limited.  

 

The tipper masts, or tilt-up masts, are used for turbine of 5 kW or 

less, since raising and lowering a heavy wind turbine of high power 

from the horizontal position would require huge forces and a very 

rigid and resistant tower capable of withstanding a great bending 

moment [2-7]. In [2] an 18 m tipper mast for a 1 kW vertical axis 

wind turbine was designed with the help of an FEM model to analyze 

its behavior during lifting and lowering of the device. It was found 

that even for such a small wind turbine and short mast a peak stress of 

64 MPa and a 132 mm tip displacement were predicted. These results 

provide an example of the main limitation related to this technical 

solution. Another important disadvantage of tipping shafts is the time 

needed to raise or lower the tower, as this also includes screwing or 

unscrewing all nuts and bolts securing the two connecting flanges of 

the mast, as can be seen in [7]. This operation does not only takes a 

long time but also cannot be automated, and at least one staff unit 

must reach the site and perform the work. Usually the height of the 

tipper masts is less than 30 m. Although tilt-up towers are more 

expensive, they offer the consumer an easy way to perform 

maintenance on smaller lightweight turbines. Tilt-down towers can 

also be lowered to the ground during hurricanes and other hazardous 

weather conditions.  

Telescopic towers based on pneumatic or hydro-pneumatic 

systems [8-9] are limited by the existing technology that does not 

allow the realization of large diameter and long stroke actuators due 

to the impossibility of guaranteeing the tolerances required for the 

hydraulic seal between the parts. Actually telescopic masts are used in 

the micro-turbines sector and their height is usually less than 10 

meters [e.g. 8]. Unless, with a significant cost increase, an electronic 

or an hydraulic locking system is implemented at the end of each 

mast unit, the pump must keep the pressure necessary to maintain the 

payload and the weight of the tower, and this is also source of 

instability. 

 

 

Fig. 1 PERIMA prototype with telescoping tower in its lowered 

position 

 

 

Fig. 2. PERIMA prototype with telescoping tower in its lifted posi

tion. 

 

There are also several patents of telescopic towers that can be 

raised by means of cables and pulleys that lift the group of inner 

masts with respect to the generic mast that already has reached the 

working position [10-13], however to our knowledge commercial 

systems widely used were never made for wind turbine but only for 

antennas and other very low weight devices [14].  

On the other hand the category of small wind turbines with 

© KSPE and Springer 2018  



INTERNATIONAL JOURNAL OF PRECISION ENGINEERING AND MANUFACTURING–GREEN TECHNOLOGY   Vol. X, No. X, pp. X-XX XXXX 201X  /  3 

ARTICLE TYPE 
 

DOI: XXX-XXX-XXXX 
ISSN 2288-6206 (Print) / 2198-0810 (Online) 

horizontal axis, and a power within a range of 60-250 kW, is a 

rapidly growing market [15], that could get great benefit from the 

existence of a self-rising telescopic system, which is missing at the 

present time. 

The University of Palermo, together with the partners of the 

project P.E.R.IM.A (Produzione Eolica con Ridotto Impatto 

Ambientale)  of the "4.1.1.1 POR FESR Sicily 2007-2013" program, 

has developed a special lifting system, based on pre-drilling of a deep 

foundation pit equal to the height of the pole, but of a much smaller 

diameter. The system designed in 2015, was produced, assembled and 

installed in the year 2016 at the headquarters of one of the project 

partners. The telescopic towers can be raised or lowered in less than 

20 minutes. The device consists of four main parts: a foundation, a 

telescopic tower, a lifting system, a wind turbine with two blades. 

The purpose of the PERIMA project was the development of a 

RED device powered by the wind that can be easily raised and 

lowered according to the management requirements, for a power from 

60 to 250 kW and a height of 30 m. The telescopic pole and its lifting 

system have been designed starting from studies on traditional non-

telescopic poles [16-46] and solving with innovative ideas the various 

criticalities that have arisen. The project has enabled the creation of a 

first prototype at a site near the town of Caltanissetta (Italy). The 

prototype, which has a tower height of 30 m and a diameter of about 

one meter, is illustrated by Figures 1 and 2 and has been lowered and 

raised several times up to the end of project, at the beginning of 2017.  

The originality of the new approach can be summarized in the 

following points: 1) sleeves joints with inclined coupling surfaces, 2) 

presence of an internal thrust piston, 3) newly designed lifting jack-up 

system that is fast and safe, 4) teflon plates which realize axial sliding, 

5) presence of a preloading mechanism of the structure that also 

realizes the decoupling of the rotation of the tower from that of the 

piston during the lifting. In table [1] the novel telescopic must is 

compared with the available technologies: the tipper masts, or tilt-up 

masts, and the telescopic towers based on hydro-pneumatic systems. 

 

Table 1 Comparison among the existing technologies and the pres

ented telescopic tower (PERIMA). 

 Time for 

rising or 

lowering 

Stability Robustness 

(Payload 

Capacity) 

Tipper mast High High Low 

Hydro-pneumatic 

telescopic mast 

Low Low Very low 

Presented telescopic 

mast (PERIMA) 

Low High High 

 

 

2. Overview of the project 

 

2.1 The foundation 

The foundation needs to 1) secure the stability of the tower at any 

time, 2) house the tubes of the telescopic tower at rest. The depth is 

calculated so as to have, at rest, an elevation of the wind turbine of a 

few meters above the ground. The foundation used is of the type 

having a tubular shaft constituted by a ring of reinforced concrete 

piles clamped at the top through an annular edge beam of reinforced 

concrete and n. 2 steel cylinders where hollow spaces are saturated 

with cement mortar. The system allows to achieve the lifting by 

means of tubular elements connected by sleeves and a piston that 

pushes the plate below the mast of smaller diameter. The lower outer 

sleeve, which forms the base of the tower, can itself be housed below 

the ground level. Figures 3, from (a) to (d), illustrate the four lifting 

stages of the telescopic pole. 

 

 

                  (a)                 (b)     

 

                  (c)                 (d) 

Fig. 3 View in diametrical section of the device during the lifting 

stages of the telescopic tower: (a) lowered position, (b) mast 1 has 

been raised, (c) masts 1 and 2 have been raised, (d) final working 

position. The dimensions shown are in meters. 

 

2.2 Telescopic tower 

The telescopic structure, Figures 4 (a) and (b), is composed of 3 

tubular elements in steel, the mast 1, mast 2 and mast 3, of increasing 
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outside diameter, in order to be able to enter one inside the other 

during lowering, and equipped with perforated upper and lower 

flanges for the assembly of 6 sleeves junction (3 internal and 3 

external). The axial sliding is guaranteed by the implementation of a 

system of Teflon plates with a curved profile. Only the outermost 

inner sleeve slides on the inner wall of the foundation. The Teflon 

plates, both in the external sleeves in the inner sleeves, are supported 

by a steel structure bound to the sleeves with screws and nuts to allow 

possible adjustments. 

Each sleeve has a truncated conical shape for the lower part and 

an external shape complementary to it for the upper internal part, 

Figures 5 and 6. Starting from the lowered position, the innermost 

sleeve is raised by the lifting piston by means of the jack-up system, 

Figure 7, and slides with respect to the immediately outermost sleeve 

until the outer surface of the truncated cone does not reach the inside 

of the shape complementary to it placed on top of the next mast. At 

that point the inner sleeve drags with it also the next external one. The 

diameter of the truncated cone is smaller of the internal diameter of 

the next outer sleeve, so that the sliding between the two elements can 

take place despite the typical tolerance of commercial tubes (0.5-1 

cm), but also sufficiently greater than the top diameter to prevent an 

unwanted locking of the sleeves at the time of the descent. The 

mechanism is repeated for all the sleeves until the outermost sleeve, 

Ext 3, blocks the further raising of the tower. At this point the piston 

is blocked by means of an appropriate safety mechanism and the 

presence of an elastic element, a high-load air spring, which ensures 

conservation of tension and then the lock by friction to the rotation. 

The particular advantage of this solution is to foresee only the use 

of simple and easy to service components, such as sleeves, the conical 

shape constraints and the thrust piston. 

 

(a) 

 (b) 

Fig. 4 Schematic draft of the coupling between masts and sleeves: (a) 

upper part of the masts, (b) lower part of the masts. 

 

(a) 

 (b) 

Fig. 5 Outer sleeve: (a) 3D drawing, (b) photo. 

 

(a)  
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  (b) 

Fig. 6 Inner sleeves: (a) 3D drawing, (b) photo. 

 

2.3 Lifting system 

 

The lifting system of the prototype is inspired at the lifting system 

of the jack-up rigs, a type of mobile platform that consists of a 

buoyant hull fitted with a number of movable legs, capable of raising 

its hull over the surface of the sea [47-48]. Jack-up rigs are so named 

because they are self-elevating with three, four, six and even eight 

movable legs that can be extended (“jacked”) above or below the hull. 

The jacking systems acting on the legs can be of two different types: a 

rack and pinion gear arrangement or a combination of holes (on the 

legs) and pegs actuated by hydraulic pistons. The second type of 

jacking systems was the one chosen as model for the design of lifting 

system used to rise the telescopic tower. 

In our project a lift jack-up, see Figures 7 (a), (c) and (d), actuates 

the piston of the same length of the telescopic tower in the extended 

configuration. The piston, see Figure 7 (b), is a tube with many holes, 

where the pegs of the jack-up are placed before lifting or lowering the 

piston. When the telescopic tower is at rest, the piston is housed in a 

smaller diameter shaft. In the prototype the well is deep about 30 m. 

The jack-up lifts the piston with regular runs of 0.85 m and allows to 

lock the tower after the final level of compression of the air spring is 

reached.  

 

 

 

      (a)            (b)              (c)            (d) 

Fig. 7 Lifting system: (a) 3D drawing of the jack-up and protection 

cage, (b) picture of the manufactured piston trunk, (c) photo of the 

manufactured jack-up and protection cage, (d) photo of the jack-up, 

protection cage and piston. 

 

2.4 Wind turbine 

 

The wind turbine installed on the telescopic tower is a Libellula 

55kW produced by Aria s.r.l [49]. At a wind speed of 3.0 m/s, the 

wind turbine starts its work. the cut-out wind speed is 25.0 m/s. The 

rotor diameter of the Aria Libellula 55kW is 18.0 m. The rotor area 

amounts to 255.0 m². The wind turbine is equipped with 2 rotor 

blades. The maximum rotor speed is 95.0 U/min. The Aria Libellula 

55kW is fittet with a parallel gearbox. The gearbox has 2.0 stages. 

 

 

3. Mechanical design 

 

3.1 Design of the telescopic coupling 

Without a state of the art to refer to, the telescopic pole and its 

lifting system have been designed starting from studies on traditional 

non-telescopic poles [16-46] and solving with innovative ideas the 

various criticalities that have arisen. 

 

3.1.1 Forces acting on the structure 

A preliminary study was carried out of the external forces acting 

on all the structures that make up the system: the wind turbine, a 55 

kilowatt two blades wind turbine generator, and the telescopic tower. 

The wind acts on the exposed parts of the complex: the turbine, the 

blades, the ogive and the generator box and the three main trunks of 

the telescopic tower. The force of the wind results in mechanical 

pressure on the various parts of the structure at different heights from 

the ground. The tower is designed to be lifted and lowered even with 

wind speeds up to 27 m/s, about 97 km/h. Table 2 lists the geometries 

of the main components involved in the calculation. The resulting 

force on the wind tower was applied at 2/3 of the total height. After 

calculating the forces acting on the structure, the stresses at the most 

loaded point, i.e. at the pole foot and then on the sleeve 3, were 

determined, where the resulting bending moment is 333.25 kNm and 

the cutting force is 14.26 kN. Table 3 shows the mechanical 

properties of the materials used for the different parts of the structure. 

 

Table 2 Geometry for the calculation of loads on the structure. 

Blades Wind turbine

 body 

Tower 

a (m) b (m) radius (m) Frontal section (m) h (m) 

7.8 0.6 0.75 0.87 32 

 

Table 3 Materials properties. 

 

 

 

 

 

 (b)(a) (c) (d)(b)(a) (c)

Steel for the components of the tower Mechanical properties 

Components Material σR (Mpa) σs (Mpa) ΔL % 

Structure and main elements S320 390 320 17 

Pegs and seats for lower and 

upper jack-up bushes 

Steel 39NiCrMo3 

 
740 ÷ 1180 540 ÷ 785 

11 ÷ 

13 

Bushes on jack-up rings Steel E410 

 
520 ÷ 750 410 ÷ 590 

12 ÷ 

22 

PTFE for telescopic coupling Mechanical properties 
Component Material σR (Mpa) σc (Mpa) ΔL % 

Teflon plates PTFE G400 > 24 4 ÷ 5 > 250 

Teflon plates on the larger outer 

sleeve (Sleeve ext 3) 

PTFE G403 

Loaded (15% Glass) 
17 ÷ 24 6 ÷ 7 

250 ÷ 

300 
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3.1.2 Design using rollers 

In the preliminary design phase, to allow the axial sliding of the 

three poles that make up the telescopic tower, it was thought to use 

rollers to achieve efficient rolling friction, Figure 8. However, even 

though the rollers size was increased several times, rolling contact 

system has never guaranteed a satisfactory stress distribution on the 

structure, resulting in locally unsustainable stress levels. As described 

in 2.2, we have inevitably opted for a coupling system with sliding 

friction between the poles and sleeve elements. This system allows to 

use extensive contact surfaces that evenly distribute loads on the 

structure, particularly on the pole surfaces. For the estimation of loads 

on each roller, later replaced by Teflon plates and their supports, the 

maximum moment of 333.25 kNm at the base of the tower was 

estimated as described in the previous paragraph. This limit value of 

the moment allows the operation of the tower up to wind speeds of 97 

km/h. The maximum moment is transferred from the inner sleeve 3, 

which is connected to the lower end of the larger diameter pole, to the 

external sleeve 3, which is bolted to a metal flange in turn connected 

to the foundation. The torque arm at sleeve 3 is equal to about 1.2 m, 

the distance between the contact areas between the rollers of the outer 

sleeve and the larger pole, and the contact areas between the rollers of 

the inner sleeve and the upper steel cylinder of the foundation. 

Prior to abandoning the initial design choice involving the use of 

the rollers, several possible designs were considered in which it was 

progressively increased the circumference of the rollers, the diameter 

of the pins and the size of the supports. Figure 8 shows the last step of 

optimizing the system applied to the outer sleeve 3 and interior sleeve 

3. In this configuration, the roller support is a C-section drawer that 

acts as a support for the roller and for the pin. A radial adjustment of 

the position of the rollers, in this case permitted by the sliding 

capacity of the drawers, is essential due to the large dimensional 

tolerances of the welded artifacts of such dimensions.  

 

      

               (a)                         (b) 

Fig. 8 Design with rollers applied to: (a) outer sleeve 3, (b) inner 

sleeve 3. 

 

Fig. 9 In (a) distribution of the von Mises’s stress on the rollers and 

on the larger pole when wind speeds is 97 km/h, obtained by FEM. In 

(b) magnification of the roller – pole contact.   

 

The drawer system guarantees excellent resistance to stress on the 

supports and, being locked by friction, turns out to be an effective 

precautionary device for overloading. However, even by adopting this 

design, too high stress values between the roller and the pole have 

been reached. Figures 9 (a) and (b) show the results of a finite 

element analysis where the distribution of the von Mises’s stress, on 

the rollers and above all the contact area on the pole, is much higher 

than the yield strength limit of S320 steel (equal to 300 MPa). 

 

3.1.3 Design using Teflon plates 

In order to obtain a load distribution compatible with the 

resistance limits of the materials while realizing the axial sliding, the 

initial hypothesized rolling friction was substituted with a sliding 

friction. Teflon plates were used to minimize the coefficient of 

friction in the PTFE-steel interface, it is known that the PTFE-steel 

friction coefficient is equal to 0.05. Figure 10 (a) shows a single 

support drawer and relative Teflon plate. Figure 10 (b) shows the 

symmetrical half of the system assembly with Teflon plates and pole 

3 to be used in the FEM analysis, thanks to the symmetry of geometry 

and boundary conditions. Only half of the support drawers and 

relative Teflon plates are considered since the bending moment apply 

loads only in one direction normal to the pole axis, while the support 

drawers and relative Teflon plates on opposite side are not loaded. 

 

(a)

(b)

Fig 11
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    (a)         (b) 

Fig. 10 (a) Supporting drawer and relative Teflon plate used to realize 

the axial sliding between the three poles that make up the telescopic 

tower, (b) Symmetrical half of the system assembly with Teflon plates 

and pole 3. 

 

 

Fig. 11 Distribution of the von Mises’s stress on the support drawers, 

Teflon plates and pole 3 when wind speeds is 97 km/h. 

 

The stress analysis FEM analyzes shown in Figures 11 (a) to (d) 

proves that this a coupling system of this type determines a good 

distribution of loads both on the steel drawers as well as on the PTFE 

and on the pole. The von Mises’s maximum stress on the pole is less 

than 250 MPa, thus remaining within the resistance limits of the 

material. The peak stress in the legend of Figure 11 (a) is due to the 

presence in the steel support drawers of a sharp edge that results in a 

concentration of stress that are not actually realized in the 

manufactured product. 

 

3.2 Design for maintaining the preload and for the rotational 

decoupling 

The function of the innermost sleeve, Int 1, is not only that of the 

inner telescopic element, as in the case of the inner sleeve 2 and 3, but 

also of housing of the preload mechanism of the structure and 

decoupling its rotation from that of the piston during lifting, see 

Figure 12. As illustrated in paragraph 2.2, the telescopic tower is 

boosted by means of a piston that, actuated by the jack-up system, 

pushes the innermost sleeve, Int 1, located below the mast of smaller 

diameter, Mast or Pole 1. During lifting, the rotation of the wind 

turbine and the three masts is not constrained, thus in presence of 

strong wind the components of the tower might rotate with respect to 

the push piston. However the piston cannot rotate since it is always 

blocked by at least two pegs inserted in the pairs of holes distributed 

along its length, thus it’s important to allow a free rotational motion 

of the innermost sleeve with respect to the piston. The rotational 

decoupling is driven by an axial bearing inserted between a 

component that connects to the end of the piston and another 

component that supports the pneumatic spring, Figures 12 (a) and 14 

(c). When the tower reaches its final extended height and all the 

couples of inner and outer sleeves are in contact along their conical 

surfaces the piston rise a little further in order to compress a high-load 

air spring, positioned inside the innermost sleeve, which ensures 

keeping the entire tower under a constant tension. The tension 

through the entire structure guaranties presence of normal forces at 

the conical surfaces, thus bending and rotation of tower is constrained. 

 

 

          (a)                 (b)                (c) 

Fig. 12 Spring support mechanism inside the inner sleeve 1 which 

realizes the preload of the structure and decouple the rotation of the 

tower from the piston during the lifting: (a) Decoupling components, 

(b) High-load air spring, (c) Sectional view of the mechanism.   

 

3.3 Optimization of the design of the pairs of sleeves by 

numerical simulations 

The three pairs of sleeves were subjected to finite element 

analyses in order to optimize their design by minimizing weight while 

ensuring resistance to the maximum loading conditions. Here only the 

results related to the final design of the inner sleeve 1 and the external 

sleeve 1 are presented. In the FEM analysis the contribution of the 

conical pairs is supposed to be zero since we are interested in the 

situation that occurs a few moments before the complete extension of 

the telescopic pole, shortly before the conical pairs actually come in 

contact. Figures 13 (a) to (d) show the distribution of the von Mises’s 

stress, no part of the sleeves or the masts exceeds the yield tension of 

the material. 

 

(a)

(b) (c)

Fig 13
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Fig. 13 Distribution of the von Mises’s stress on the sleeves Int 1 and 

Ext 1 and the masts 1 and 2 when wind speeds is 97 km/h. 

 

3.4 Design of the pegs and the bushes of the jack-up lifting 

system 

A critical point in designing the jack-up lifting system is the 

presence of a concentrated load on the pegs used to block the axial 

movement of the piston and the bushes that allow the pegs to move 

with respect the base of the jack-up.  

 

 

Fig. 14 Distribution of the von Mises’s stress on base of the jack-up, 

the bushes, the pegs and the lifting piston (here only a small portion 

of the piston is considered, the material near the hole where the peg is 

inserted). 

 

Given that the maximum jack-up capacity is 20 Ton and that the 

blocking pegs are 2, 10 Ton of load is applied on each peg and the 

associated cemented bush. The cemented bush in turn will be housed 

inside a further bush, the latter welded to the base of the jack-up. The 

material properties of the pegs, the associated cemented bushes and 

the bushes welded to the base of the jack-up are listed in Table 3. In 

the numerical simulation only a small portion of the piston is 

considered, the material near the hole where the peg is inserted. The 

load, 10 Ton, is applied as pressure to the upper surface of the small 

portion of the piston. Figures 14 (a) to (d) show the distribution of the 

von Mises’s stress, no part exceeds the yield stress of the material. 

 

3.5 Dynamic stability analyses 

Wind towers should be designed so that their natural frequencies 

do not coincide with the excitation frequencies due to the rotor 

frequency, frotor, and to the rotation of the blades, blade passing 

frequency, fbp. frotor is the rotor's rotation speed, and fbp is the number 

of blade times frotor. These are denoted as frotor (1p) or fbp (np) 

respectively in the literature and n is number of blades of the rotor, for 

the present study n = 2 since it is a two blades turbine. Modal 

analyzes of the telescopic tower were performed on a finite element 

model that perfectly reproduces the real tower as it is obtained with 

an import of its original 3D CAD. The plotted solutions in Figures 15 

(a) and (b), specifically the normalized displacement, show the first 

two mode shapes of the telescopic tower and the corresponding 

natural frequencies: first mode frequency 0.61 Hz, second mode 

frequency 3.483 Hz.  

 

                      

         (a)                             (b) 

Fig. 15 Wind tower mode shapes: a) first mode (frequency 0.61 Hz), 

b) second mode (frequency 3.483 Hz).  

 

The wind turbine installed on the telescopic tower is a “Libellula” 

55kW from the company ARIA and it has a specified working range 

of 60 - 95 rpm [43]. Since it is a two blade turbine the excitation 

frequencies fall in the following two ranges: 1Hz < frotor (1p)<1.583Hz 

and 2Hz< fbp (2p)<3.166Hz. Thus the first natural frequency of the 

telescopic tower is always lower than frotor (1p) and fbp (2p) , while the 

second natural frequency of the telescopic tower is always higher than 

frotor and fbp (2p). The dynamic stability analysis has proved that there 

is no risk of resonances in the structure. 

 

 

4. Limitations 

The main limit for the technology presented is obviously the cost, 

which is significantly higher than a conventional tower and can be 

justified only when one or more of the many advantages listed in the 

introduction are required. Another drawback is the time it takes to 

build the tower, which is longer mainly due to the construction of the 

foundation. The additional time required is only partially 

(a)

(b) (c)

Fig 15

(a) (b)

(c) (d)

Fig 16
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counterbalance by the easier transport and installation of the three 

masts in which the telescopic tower is divided. The lifting system 

needs electricity to operate and also requires some maintenance. 

However, the maintenance of the lifting system is more than rewarded 

by easier controls and repair on the wind turbine that can be 

performed at ground level. 

 

 

5. Conclusions 

A prototype of a telescopic pole for wind energy production and 

its lifting system for a 60 to 250 kW turbine and a height of 30 m 

have been designed and manufactured. The pole is raised and lowered 

by automation or by remote control, allowing to differentiate the 

presence of the generator within the landscape over time. The 

technology currently available for lifting and lowering wind turbines 

is made up of telescopic poles of heights of less than 10 meters and 

with tilting posts of a height of less than 30 m. Lacking a state of the 

art to refer to, the telescopic pole and its lifting system have been 

designed starting from scratch and solving with innovative ideas the 

various criticalities that have arisen. The system has been described in 

all its parts: the foundation, the telescopic tower, the self-lifting 

system.  

With regard to the mechanical design, in this paper we have 

presented: the design of the telescopic coupling, the design for 

maintaining the preload and for the rotational decoupling, the 

optimization the design of the pairs of sleeves by numerical 

simulations, the design of the pegs and the bushes of the jack-up 

lifting system. Particular attention has been paid to the laborious 

design process which has led to the final version of the coupling 

system between poles and sleeves using Teflon plates, that allows 

their axial sliding while guaranteeing the ability to withstand high 

loads due to wind action during the lifting and lowering phases of the 

telescopic tower. The prototype was installed in Caltanissetta, Italy, 

and successfully tested. 
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