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1. INTRODUCTION AND TECHNICAL DATA.



The projecting and studyng activities of sliding, driving and measuring systems concerning the LBT PROJECT are hereby presented with this calculating and description relation, with reference to related drawings. 

The project is referred to the previous feasibility study and the various meeting conclusions. 

The starting technical data are the following:



Travel, velocity and acceleration specifications



- Azimuth angular travel                                              ± 270 degrees

- Altitude angular travel                                                    94 degrees

- Angular maximum velocity                                            1,5 degrees/sec

- Angular maximum acceleration                                      0,3 degrees/sec2

- Maximum wind speed under operation                            80 km/h  

- Maximum wind velocity under accuracy                          24 km/h  

- Blind offset                                                                     20 minutes

 

Mechanical characteristics of elevation axis 



- Total weight                                                           390.000 kg

- Moment of inertia                                                  13,1  E6 kgm2  

- Torque with wind at 24 km/h                                      7.770 Nm

- Torque with wind at 80 km/h                                    86.520 Nm

- Torque with umbalanced axis                                    32.470 Nm



Mechanical characteristics of azimuth axis



- Total weight                                                            560.000 kg

- Moment of inertia                                                     23,1E6 kgm2

- Torque with wind at 24 km/h                                       7.317 Nm

- Torque with wind at 80 km/h                                     81.473 Nm



Driving system characteristics



- Nr.4 Motor QT-13701 for each axis          

- Peak motor torque                                                         795 Nm



Measuring system characteristics



- Angular resolution                                                      0,01 arcsec

- Linearity on  1 arcmin                                                 0,02 arcsec

- Linearity on  1 degree                                                   0,2 arcsec

- Repeteability on 1000 sec                                           0,02 arcsec

- Repeteability at long period                                        0,05 arcsec

�

Enviroment conditions



- Storage temperature                                             -30 a +50 °C   

- Operating temperature                                          -15 a +25 °C

- Storage pressure                                                  500 a 760 Torr    

- Operating pressure                                               500 a 600 Torr

- Storage humidity                                                     5 a 80 %

- Operating humidity                                                 5 a 95 %



The following drawings are enclosed together with this report:

General assembly



Dis. 430A010/A AZIMUTH GENERAL ASSEMBLY PLANT VIEW

Dis. 500A010/A ELEVATION GENERAL ASSEMBLY ZENITH POSITION

Dis. 500A011/A ELEVATION GENERAL ASSEMBLY HORIZON POSITION 

N.B. : These drawings are for information only, because the final structural drawings of the AZ and EL mount are to be consulted to undestand the general lay out modifications introduced, not modifying in any case the concept of the plant.

Supporting Systems



Dis. 440A014/A 		AZIMUTH SUPPORT

Dis. 440A012/A 		ELEVATION SUPPORT

Dis. 440A011/A 		ELEVATION LATERAL FIXED SUPPORT

Dis. 440A010/A		ELEVATION LATERAL FLOATING SUPPORT

Dis. 440A015/A 		ELEVATION SUPPORT VIEW

Dis. 462A011/A 		AZIMUTH TRACK PROTECTION

Dis. 522A010/A 		ELEVATION ROLLSHIELD

Dis. 440A013/B 		HYDROSTATIC DIAGRAM

Dis. 440A017/A		HYDROSTATIC PANEL

Dis. 440A018/A 		HYDROSTATIC PLANT



Driving Systems



Dis. 520A010/A 	 DRIVE SYSTEM

Dis. 520A011/A	 INLAND FRAMELESS MOTOR

Dis. 520A013/A	 AZIMUTH DRIVE SYSTEM

Dis. 520A015/A	 DRIVE SYSTEM HOUSING

Dis. 460A010/A	 ELEVATION DRIVE SYSTEM

Dis. 462A010/A	 AZIMUTH DRIVE APPLICATION TRACK SECTION

Dis. 520A012/A	 ELEVATION DRIVE APPLICATION C RING SECTION

Dis. 460A011/A	 AZIMUTH RIM GEAR WHEEL

Dis. 520A014/A	 ELEVATION RIM GEAR WHEEL

Dis. 524A010/A	 STOW PIN

DIS.520A016/A		 ROTOR MOUNTING

DIS.523A010/A		 STOW PIN

DIS. 523A011/A	 AUXILIARY DRIVE





Measuring Systems



Dis. 470A011/A	 AZIMUTH MEASURING SYSTEM LAY-OUT

Dis. 470A010/A	 AZIMUTH MEASURING SYSTEM

Dis: 530A011/A	 ELEVATION MEASURING SYSTEM LAY-OUT

Dis. 530A010/A	 ELEVATION MEASURING SYSTEM





2. SUPPORTING SYSTEMS.



2.1 DESCRIPTION OF SOLUTIONS.



For the support and the sliding of both telescope axes, has been adopted the hydrostatic solution, with the only exception of the radial sliding of azimuth axis, where it is foreseen a rollerbearing. 

The solution of a roller bearing in this case solves easily the radial sliding of the axis, considering that it does not present any problem. This roller bearing must be foreseen at low backlash to avoid any problem to the measuring heads of azimuth axis. 

The hydrostatic supports foreseen in all other cases have been adopted to bear the weight and at the same time to ensure the rerquired rigidity and to reduce the friction torque. 



To bear the vertical weight of both axes are foreseen four supports for each axis, while each support is tilting enough to compensate the sliding geometrical unaccuracy and deflections.

The sliding lateral supports of elevation axis are totally eight, of which one is fixed, and the remaining seven are floating.

By this way we do obtain a high dynamical rigidity, and in the same time it allows the slow displacement of supports considering the geometrical unaccuracy of rotation and the thermal expansion.



The oil feeding is under constant pressure with laminar resistances, and is obtained from a special hydraulic power plant which provides ,also, the filtering and cooling of the oil.



Each hydrostatic support is equipped with four pressure transducers, to ensure contact absence during the movement, while two more transducers keep the oil temperature under control.

The oil back flow is made , mainly, inside of each support through a return channel feed with pressure air, while the remaining oil comes back through the external pipes. 

The azimuth axis slide is protected for all is extension with a protecting sheet, while the two slides of elevation axis are protected with special shields.





�

2.2 TECHNICAL VERIFICATIONS.



2.2.1 Vertical slide of azimuth axis.



2.2.1.1 Choice of hydrostatic feeding and oil type.



It is choosed an oil having following characteristics:



- ISO 15 grading.

- mineral oil with characteristics against wear, oxidation and foam. 

- viscosity at -15 °C lower than 200 mm2/s

- viscosity index > 150

- fluidization point < -30 °C



The suggested oil is an DTE 11 from MOBIL or some thing equivalent, which has the following data:



- ISO 15 grading     

- Viscosity at  40 °C = 16,5 cSt = 0,0142 Nsec/m2

- Viscosity at  25 °C = 29   cSt = 0,025  Nsec/m2

- Viscosity at -15 °C =280   cSt = 0,221 Nsec/m2 = 191 cPoise

- Density = 0,865 Kg/dm3

- Viscosity index = 168

- Fluidization point = -42 °C



The type of hydrostatic feeding choosen is with constant pressure feeding and laminar resistance. This solution allows an easy and reliable operation of equipment, together with an easy adjustement of the oil film during the starting phase. 

This solution  grants,furthermore,an oil film thickness independent from the oil temperature.



2.2.1.2 Hydrostatic dimensioning.



In consideration of the low vertical rigidity of azimuth frame, the total weight Qaz is divided into four equal parts Qs on the four supports. 



Qs = Qaz / 4 = 560.000 / 4 = 140.000 kg = 1,373 E6 N



This condition of weight equal distribution between the four supports is obtained into consideration that the slide is accurate within 0,5 mm., that gives in the worst case a variation about 10% of the mean load Qs.

�

When the oil film is uniform, the support load is divided in six equal parts between the six pads obtaining the pad load. 



Qp = Qs / 6 = 1,373 E6 / 6 = 2,28 E5 N



The characteristics areas of each pad are:



- Pocket area   Apz 0,186 · 0,155 = 0,0288 m2



- Pad area      Apa 0,327 · 0,295 = 0,0964 m2



- Effective area Ae 0,256 · 0,225 = 0,0576 m2



The medium pressure of the pocket is therefore



Pp = Qp/Ae = 2,28 E5 / 0,0576 = 3,96 E6 Pa = 39,6 bar



The lifting pressure Pd is



Pd = Qp/Apz = 2,280 / 0,0288 = 7,90 E6 Pa = 79   bar



We choose a feeding pressure Pa equal to



Pa = 120 bar



equal to approximately  3 times the pocket pressure, and  1,5 times the minimum lifting pressure.



Considering that sliding deflection under the supports are lower than 0,03 mm, and that the geometrical local errors are lower than 0,02 mm, we choose the oil film height "h" 



h = 0,065 mm



which must accept the sliding geometrical errors and the local deflections of the support and of the slide. It is not excluded then, that during the starting phase, we can decide to reduce the oil film height, if the geometrical condictions and deflections will permit it. 

We do obtain this way an enough coupling safety without exceding high oil deliveries.



The pad resistance Rp is the following: 



Rp = 12 · µ / h3 · ( l1 / a1 + l2 / a2 )



where "µ" means the dynamic viscosity,"h"means the height of oil film ,and "a" and "b" mean respectively lenght and width of the oil film in the differents sides.

�To the maximum working temperature of 25°C we have



Rp = 12 · 0,025 / 0,0653 · ( 2·256/72,5 + 2·225/70 ) = 81 



Maximum oil pad delivery             



qp = 6 · Pp / Rp = 6 · 39,6 / 81 = 2,93 l / min



and the four azimuth supports    



qa = 6 · 4 · 2,93 = 70 l / min



We do specify the feeding resistance values



Ra = Rp · ( Pa - Pp ) / Pp = 81 · ( 100 - 30,9 ) / 30,9 = 181



obtained with resistance of 2 mm internal diameter "d" and of the following lenght



La = Rp · P · d4 / 128 · µ = 181 · P · 24 / 128 · 0,025 = 2.840 mm.





2.2.1.3 Compensation hydrostatic cylinder.



The compensation hydraulic cylinder is foreseen in order to keep up to 70% of total weight , that is a load of 



Cp = 0,7 · 1,373 E6 = 0,96  E6 N



This load is obtained with a oil pressure equal to about 



Pp = 0,96  E6 · 4 / ( 3,14 · 762 ) = 21 bar



where is calculated the piston section having neglected the section of the shaft. 

On the shaft the medium unitary load is due to the weight and also to the preload of the four screws M24 which is equal totally at about 500 kN obtained with a screwing torque of 400 Nm.



For this reasons the surface unitary load becomes, when the pressure keep the 70% of the weight



S = ( 0,3 · 1,373 E6 + 5 E5 ) · 4 / 2502 · 3,14 = 18,5 N / mm2



which increases in case of lack of pressure without problems of surface resistance.

The maximum inclination that can be accepted by the support without having any detachement from the anular supporting surface, is that the load on one side doubles itself and it put itself at zero on the opposite side.

�With such condition the deflection on the side more loaded becomes:



Ax = 2 · s · l / E = 2 · 18,5  · 150 / 210.000 = 0,026 mm



with "s" unitary load , "l" the lenght of central support, and "E" modulus of elasticity. The maximum angle becomes this way



Aa = Ax / D = 0,026 / 250 = 0,104 mm / 1.000 mm 



If we consider the remaining deflection of the surfaces ,support and all the structures that are over the support, the  angle becomes  very higher.

In any case we give the maximum angle required equal to  0,1 mm / 1.000 mm.

If the angle should be over, we could have a small reduction of the axial rigidity of the support considering that the load can be equal to zero in a little part of the surfaces of the shaft. 

With the angle of 0,1 / 1000 the subsequent support torque, even considering the structure infinetely rigid, can be calculated as follows: 

Moment of inertia of the section



J = 0,05 · 2504 = 3,9 E8 mm4



The torque necessary to determine the maximum angle of 0,1/1000 in the direction of the track is



C = J · E · Ax / D · l = 5,4 E7 Nmm = 5,4 E4 Nm 



with a loading variation on the four lateral pads of     



F = C / 2 · b = 5,4 E7 / 0,88 · 2 = 3,10 E4 N.



with "b" as a medium distance between the external pads.

The loading variation represents the   



r = 3,1  E4 / 2,28 E5 = 0,135 = 13,5 % 



of the nominal load , with a variation of the oil thickness that is approximately three times smaller and that ,therefore is approximately  4,5 %, equal to 3 micron . 

Considering the same angle in the radial diretion, the loading is about twice with a variation of the oil thickness of 9%, equal to 6 micron, value very acceptable.



The structure is not infinitely rigid, and therefore the load and oil film variation is lower.



2.2.1.4 Stiffness calculation.



The axial static stiffness "Kas"  of each pad is as follows 



Kas = 3 · Qs · ( Pa - Pp ) / 6 · Pa · h = 7 E3 N / micron

�

The dynamic stiffness is higher than the static one, depending from the frequence of the exciting load, but the exact calculation of its value it is not necessary, considering that the static stiffness already has enough high values, in relation to the structure values.

The support deflection is also due from the support deflection for the pressure given on the pads, and for the pressure of compensation piston.



We do calculate, then, a conservative evaluation of both contributions, after having determined the supporting moment of inertia, leaving out the contribution of the bronze plates, and leaving, also, the positive contribution of the compensating piston.



Support moment of inertia. 



J = 270 · 9603 / 12 = 1,57 E9 mm4 



Flexion support deflection    



Ax = 1,067 E6 · 505 · 5552 / 2 · 8 · 1,57 E9 · 210.000 = 0,027 mm

 

Stiffness due to the deflection



Kf = 1,067 E6 · 4 / 6 · 27 = 26 E3 N / micron



The stiffness due to the supporting deflection, can be evalueted considering the two central pads in parallel with the four lateral pads , and the result in series with the central shaft.



Hydrostatic stiffness of the two central pads 



K1 = 2 · 7 E3 = 14 E3 N / micron



Stiffness of the four lateral pads    



K2 = 4 · 7 E3 = 28 E3 N / micron



Total stiffness of the four lateral pads considering the supporting deflection 



K3 = 1 / ( 1 / 28 + 1 / 26 ) = 13,5 E3 N / micron



Total stiffness of the six pads 



K4 = K1 + K3 = 14 E3 + 13,5 E3 = 27,5 E3 N / micron



The stiffness of the central shaft is of



K5 = 210.000 · 2502 · 3,14 / ( 4 · 150 ) = 68,6 E3 N / micron

�Therefore, the supporting static stiffness is



Kas = 1 / ( 1 / K4 + 1 / K5 ) = 19,6 E3 N / micron



If we do consider the parallel of the oil film of the piston set in parallel to the central shaft, the dynamic stiffness is even higher.



The oil stiffness is as follows       



K6 = 1600 · 7602 · 3,14 / ( 4 · 0,5 ) = 1,4 E6 N /micron



being  E = 1600  N/mm2 , the elasticity modulus of the oil, and having foreseen a oil thickness equal to 0,5 mm. 

The two stiffness of the oil and of the shaft are nearly in parallel obtaining that the total dynamic stiffness at low frequency, less than 1 Hz.,  is practically due to the hydrostatic film and the supports deflection that give the lower values.



Consequentely the stiffness at low frequency, is the following



Kad = K4 = 27,5 E3 N / micron



If we consider the dynamic stiffness at about 10 Hz., the stiffness of hydrostatic oil film is higher, and therefore also the support stiffness is higher.    



2.2.1.5 Slide azimuth accuracy.



We describe , now the required  tolerances given to the azimuth slide.



- Total flatness error                                     0,5 mm

- Local flatness error                       0,03 / 1000 mm

- Max. horizontality error                 0,1  / 1000 mm

- Max. local deformation                           0,03 mm





2.2.2 Vertical slides of elevation axis.



2.2.2.1. Hydrostatic calculations.



Considering the conditions of the elevation, the load due to the weight is divided equally on the four supports with the following value 



Qs = Qae / 4 = 390.000 · 9,81 / 4 · cos 35°  = 1,17 E6 N 

�Such condition of equal distribution of the load between the four supports is valid if the lateral elevation supports give equal preload on the C ring.

Such condition is always satisfied in static conditions.

With uniform oil thickness, the support load is divided practically in equal parts between the six pads obtaining the pad load Qp



Qp = Qs / 6 = 1,17 E6 / 6 = 0,196 E6 N



The characteristics area of each pad are practically the same as for the azimuth axis 



- Pocket area    Apz 0,186 · 0,155 = 0,0288 m2



- Pad area       Apa 0,327 · 0,295 = 0,09735 m2



- Effective area Ae 0,256 · 0,225  = 0,0576  m2



The medium pressure of the pocket is, therefore,



Pp = 1,96 E5 / 0,0576 = 34 E6 = 34 bar



The hydrostatic has the same feeding pressure and the same oil thickness as azimuth axis.

Therefore with the same pad resistance the oil pad delivery is



qp = 6 · Pp / Rp = 6 · 34 / 81 = 2,51 l / min



and  the four elevation supports



qa = 6 · 4 · 2,51 = 60 l / min



The  feeding resistance is



Ra = 81 · ( 120 - 34 ) / 34 = 204



and its lenght with a pipe of 2 mm internal  diameter



La =  3.200 mm.



The  maximum admited tilting angle on the elevation supports is the same of azimuth supports equal to 0,1 / 1.000 mm. with about the same load and oil film variations.





2.2.2.2 .Stiffness calculations.



The static hydrostatic stiffness is 



Kas = 3 · Qs · ( Pa - Pp ) / Pa · h =  7,5 E3 N / micron

�The hydrostatic stiffness of the two central pads



K1 = 2 · 7,5 E3 = 15 E3 N / micron



The stiffness of the four lateral pads



K2 = 4 · 7,5 = 30 E3 N / micron



Total stiffness of the four lateral pads considering the supporting deflection equal to 26 E3 N / micron



K3 = 1 / ( 1 / 30 + 1 / 26 ) = 19, 3 E3 N / micron



Total stiffness of the six pads



K4 = K1 + K3 = 34,3 E3 N / micron



The stiffness of the central shaft is equal to 



K5 =  68,6 E3 N / micron



The supporting static stiffness is 



Kes = 1 / 1 / K4 + 1 / K5 ) = 22,8 E3 N / micron



If we consider the parallel of the oil film of the piston set in parallel to the central shaft, the dynamic stiffness at low frequency, less than 1 Hz.,  is even higher and the total dynamic stiffness is pratically due to the hydrostatic film and support deflection, that give the following value



Ked = K4 = 34,3 E3 N / micron





2.2.2.3 Elevation slide accuracy.



We describe  now the accuracy tolerances given to the elevation slide. 



- Slide cilindricity                                                                       1  mm

- Local cilindricity error under the pad                                   0,02  mm

- Local max. deformation of the slide (max. difference)          0,03  mm

- Max. inclination of the pads in both directions             0,1 /1000  mm

- Lateral parallelism of each slide                                             0,3  mm

- Lateral parallelism between the two slides          

  set on two different C ring                                                        1  mm

- Max error on the position of the four supports                          1  mm

- Max. difference due to the thermal expansion                        0,3  mm

�2.2.3 Lateral slide of elevation axis.



The lateral slide of elevation axis is made with eight hydrostatic supports each including four pads. 

Of these hydrostatic supports , one is fixed and constitutes the only fixed reference of the axis, while the other seven supports are floating from a special hydraulic system that allows the low  movements due to the rotation and to the thermal expansion, while, they do not allow fast movements due to the high frequences in the bandwith of the driving system of the axis.



The characteristic areas of the pads are



- Pocket area      Apz 0,147 · 0,057 = 0,00838 m2



- Pad area            Apa 0,207 · 0,117 = 0,0242  m2



- Effective area      Ae  0,177 · 0,087 = 0,0154 m2



Choosing a pocket area equal to  30 bar, we obtain the following preload of the pads.



Fp = 154 · 30 · 9,81 = 45.300 N



Ft = 4 · Fp = 45.300 · 4 = 181.288 N



We fix the nominal oil thickness equal to that of vertical pads.

From one side the lateral supports are smaller than the others, but are subject to higher  geometrical errors.



h = 0,065 mm



The pad resistance at maximum temperature of 25°C is 



Rp = 12 · µ / h3 · ( l1 / b1 + l2 / b2 )



Rp = 12 · 0,025 / 0,0653 · ( 2 · 177 / 30 + 2 · 87 / 30 ) = 62  



Maximum capacity of a pad    



qp = 6 · Pp / Rp = 6 · 30 / 62 = 2,9 l / min



The feeding resistance is the following



Qp = 4 · 4 · 2,9 =  46 l / min



Ra = Rp · ( Pa - Pp ) / Pp = 62 · ( 100 - 30 ) / 30 = 144

�

Obtained with resistances of 2 mm. of diameter, and with a lenght of



La = 2.250 mm



2.2.3.1 Fixed support.



One of the eight hydrostatic supports is fixed, and, therefore, is equipped with a compensation piston that gives approximately the 60 % of the total load.



Cp = 0,6 · 181.000 = 108.600 N 



This load is obtained with a pressure of



Pc = 0,108 E6 · 4 / ( 3,14 · 342 · 9,81 ) = 12 bar



On the central circular section, the maximum unitary load considering the preload of the four screws M12 equal to total 100.000 N. obtained with a tightening torque of 50 Nm is 

                                        

Pc = ( 0,4 · 0,181 E6 + 1 E5 ) · 4 / 1002 · 3,14 = 21,9 N / mm2



In the case of the maximum support inclination we obtain the unitary load doubled from one side of the central shaft. At this condition the inclination that we could obtain is



Ax = 2 · 21,9 · 100 / 210.000 = 0,0208 mm



Aa = 0,0208 / 100 = 0,208 / 1.000 mm



more than required as maximum inclination of the slide that is 0,1 mm / 1.000 mm.. 





2.2.3.2 Floating supports.



Seven of the eight lateral supports are equipped of floating pads. 

These floating pads have a maximum stroke of maximum 0,8 mm, that is enough to absorbe, in the same time, the maximum thermal expansion between the structures , and the maximum geometrical errors of the slides.



E max = ( 0,3 mm. + 1 mm.) / 2  = 0,65  mm. < 0,8 mm.



The seven pistons are feeded at constant pressure , such as to produce a load of 181.000 N. on each support through a medium pressure of 



Pf = 181.000 · 4 / ( 3,14 · 342 · 9,81 ) = 20 bar

�Between the regulating valve of the pressure and the floating piston is put a special feeding resistance able to slow down the oil capacity to the pistons and, therefore , able to ensure the right dynamic stiffness of the supports. 

In order to give the right dimensions to such feeding resistance, we have to evaluate, first, the maximum piston velocity, that is obtained when the elevation axis moves at the maximum velocity. 

If, we suppose to have the maximum errors at the ends of the stroke of the elevation axis, then we obtain a variation of 0,5 mm. on each side during 60 second , but we assume this variation equal to 0,8 mm. considering a asimmetric behavior of the two C rings.



V max = 0,8 / 60 = 0,013 mm / sec



higher than the maximum velocity due to the thermal expansion, that, therefore, can be neglected in order to determine the maximum velocity. 

At the lower own frequency of the structures ,foreseen equal to about 10 Hz., with the same velocity allowed, the oscillating excursion should be of 



a = 0,013 / 2 · 3,14 · 10 = 0,00020 mm



surely very small.

If we fix , in these condictions, a further load equal to 3% of the nominal load, we obtain a dynamic stiffness due to the hydraulic cylinder



Ka = 181.000 · 0,03 / 0,00020 =  27 E6 N / mm



high enough.

We do calculate the stiffness of the floating support on the base of the oil elasticity that has 

E = 1600 N / mm·mm



Ka = 1600 · 3402 · 3,14 / 4 · 1  = 145 E6 N / mm.



a very high value and, therefore, negligible.

In order to obtain a 3% overload with the velocity as above mentioned, we do calculate first the capacity 



q = 0,013 · 340 · 340 · 3,14 / 4 = 1.200 mm3 / sec. = 0,072 l / min



In order to increase the preload equal to 3% that is an increase of the pressure of 0,9 bar , it is needed a feeding resistance if 



Ra1 = 6 · p / q = 6 · 0,9 / 0,072 = 75 



that can be obtained with a resistance of this lenght



La1 = Ra · d4 · P / 128 · µ = 1.180   mm



with a diameter of 2 mm.�

The connection to the feeding pressure can be obtained with a greather resistance, since the capacity to two opposite pads, due to the variations of the width of the C ring, is lower than the capacity due to the parallelism of the two C ring.



The feeding resistance can be referred to theese tollerances Toll1 = 0.8 mm and Toll2 = 0.15 obtaining.



Ra2 = Ra1 · Toll 1 / Toll 2 = 75 · 0,8 / 0,15 = 400



with a resistance lenght of



La2 = 400 · 14 · P  / 128 · 0,025 = 400 mm 



considering to use a diameter equal to 1 mm.



The feeding resistance of all compensation cylinder of the vertical support,of the azimuth and the elevation axes, can be calculate only to compensate the leakage from the seales.



We can fix them to



La3 = 1.000 mm



with a internal pipe diameter of 1 mm.



2.2.3.3 Stiffness calculation of lateral supports.



The stiffness of lateral supports must be determined in relation of frequency. At the low frequencies ,lower than 1 Hz, the stiffness is determined ,practically, from the fixed support.

At higher frequencies of about 10 Hz., that are those of our interest , the stiffness is determined from all eight supports that, however, are all equal between them. 



At intermediate frequencies we have a stiffness at intermediate value.



We do calculate, now, the stiffness of a support, evaluating the different contributions.



We evaluate the stiffness of hydrostatic oil film



K1 = 3 · Qp · ( PA - Pp ) / Pa =



K1 = 3 · 181.000 · ( 120 - 30 ) / 120 · 65 = 6,26 E3 N / micron



The bending of the support can be neglected considered its dimensions. 

The stiffness due to the volume of the floating oil is



K2=1600 · 3402 · 3,14 / 4 · 1 = 145 E6 N / mm = 145 E3N/micron

�The total stiffness of every floating support at frequency equal to 10 Hz. is at least



K5 = 1 / ( 1 / 6,26 + 1 / 145 ) = 6 E3 N / micron  



At a frequency of 10 Hz  the stiffness has to consider the oil flow that gives a stiffness equal to 



Ka = 27 E3 N / micron



Therefore the dynamic stiffness of the floantig supports is at least



Kef = ( 1 / k5 + 1 / ka ) =  4,9 E3 N / micron



The static stiffness of fixed support must consider the supporting cylinders having following values 



K3 = 210.000 · 100 · 3,14 / 4 · 100 = 16,4 E3 N / micron



This stiffness is in parallel with the elasticity of the oil K2



K4 = K2 + K3 = 151 E3 N / micron



The dynamic stiffness of the fix support is due to the series, and therefore is              



Kel = 1 / ( K5 + 1 / K4 ) = 1 / ( 1 / 6 + 1 / 151 ) = 5,6 E3 N / micron





2.2.4  Hydrostatic equipment



We do evaluate the hydraulic characteristics that are present in this equipment.



The feeding pressure has been , already, fixed equal to



Pa = 120 bar



The capacity of azimuth pads     



qa = 70 l/min.



of vertical elevation pads     



qe = 60 l/min



and of lateral elevating pads    



qel = 46 l/min

�The total capacity becomes    



Q = qa + qe + qel = 176 l/min



Considering that the calculation of the capacity has been done at maximum working temperature , the capacity of the pump can be slightly over of a factor 1,25



Qp = 220 l/min



Really are adopted two pumps of 110 l/min capacity each , that at the other side will be both running only with a temperature over 15 °C. We do obtain, so, the advantage that normally for the most time is running only one the the two pumps, with a energy saving and developped heat. 

The reservoir volume  must consider the large quantity of circulating oil that has a very long way to reach the reservoir, even considering that the larger part of the oil comes back through inside the pads.



A reservoir  of 4000 liters looks like enough for this purpose. The internal volume must be divided in two equal parts, one for decantation and the other with filtered oil.

The capacity of the filtering pumps must be slightly over than the feeding oil pump.



Qf = 250 l/min 



For the same reasons above mentioned are used two pumps of 120 l/min capacity each one.



The power of the motor feeding pumps must be, therefore, of about 



N = Pa · Qp / 500 = 110 · 120 / 500 = 26 kW



The power choosen for each motor is of 35 kW.



The hydraulic accumulator that has the main function to guarantee the feeding capacity, for at least 10 seconds at maximum capacity, must have a working volume value of about



Va = 3 · 176 · 10/60 = 88 l.



We do use three accumulators in parallel of 50 liters each one, with a preload pressure that must be of about 80 bar, 2/3 of the feeding pressure.

The time of the feeding capacity to the pads is, really, higher since that, with the pressure reduction, is reduced also the capacity to the pads, toghether with, consequently, the oil film reduction. 

In any case it is necessary to foresee the intervention of the safety brakes of the axes when the feeding pressure goes down to a minimum prefixed value that must garantee the stop of the axes in less than 10 seconds.

An other function of the accumulators is to reduce the pulses of the oil pressure foreseing adequate resistances between them.

�The pipe section must consider that the pressure drop must be neglectable related to the nominal pressure.

Thus the feeding pipe tu each pad must be of internal diameter of at least 8 mm.

The feeding pipe to each hydrostatic panel must be with a internal diameter of at lest 25 mm.

The outside feeding pipe to all the hydrostatic panel must be with a internal diameter of at least 40 mm.

The feeding pipe to the compensation cylinders and to the floating supports, can be with a internal diameter of 12 mm.



�2.2.5.Thermoregulating equipment.



The oil temperature  that is sent to feed the hydrostatic pads, must be adequately checked, using a special thermoregolating system. When starting the equipment the oil is at environment temperature, and if this is uniform between the structure and the reservoir, it does not gives any thermic problem. 

The thermic problems becomes during the working of the equipment since the oil heats itself through the feeding resistances, in the pads, and in the overpressure valves.



In order to keep the oil temperature at the same temperature of the structures is , therefore, foreseen a adequate refrigerating system that checks the oil temperature in the reservoir and in the pads, so to mantain it at a value slightly lower than the temperature of the structure.

We do obtain, thus, that after the heating through the laminar resistances, the oil becomes at the same temperature of the structure without thermal differences ,avoiding any thermal thermal deformation.



The heating through the laminar resistances is of about  for azimuth axis



At1 = 0,058 · Ap = 0,058 · 80 = 4,64 °C



with Ap pressure fall.



Through the pad, the overheating is of about  for a pressure of 40 bar



At2 = 0,058 ·40 = 2,32 °C



for the others pads the overheating is smaller.



The refrigerating power of the system must be , such as, to carry out the whole power produced from the hydraukic pump, that is lower to the total of the power of the installed motors. 

The installed power on, does not exceed in the worst conditions 



Pt = 65 kW



Therefore, the refrigerating power necessary is   



PF = 65 · 860 = 55.900 F / h.



Considering the right calculations we should foresee two exchanger of refrigerating power each of



F = 30.000 F / h



The temperature thermoregulating system must be able to mantain the temperature within a lap of 0,5 degrees  in relation to the temperature fixed in a differential way in relation to the medium temperature of the structures.

�2.2.6 TABLE OF THE COOLING SYSTEM DATA



Here below the main data of the cooling system, under different enviromental conditions, are summarized:



Ambient temperature

*C�Ambient temperature

*F�Mean  oil temperature

*C�Mean  oil temperature

*F�Capacity



l/min�Required cooling power     kW�Required cooling power     F/h�Number of Pumps on�Number of Cooling units on��- 20�-  4�- 22.5�-  8.5�14�7.55�6,500�1�1��- 15�5�- 17.5�0.5�19�10.3�8,850�1�1��- 10�14�- 12.5�9.5�25�13.5�11,650�1�1��-   5�23�-   7.5�18.5�32�15.3�13,150�1�1��0�32�-   2.5�27.5�42�17.4�15,000�1�1��+   5�41�+   2.5�36.5�54�20.2�17,400�1�1��+ 10�50�+   7.5�45.5�71�23.8�20,500�1�1��+ 15�59�+ 12.5�54.5�92�27.1�23,300�1�1��

+ 15�59�+ 12.5�54.5�92�35.2�30,300�2�2��+ 20�68�+ 17.5�63.5�120�42.7�36,700�2�2��+ 25�77�+ 22.5�72.5�156�51.2�44,000�2�2��



2.3 DYNAMIC BEHAVIOR OF THE SUPPORTS. 



In the previous chapters we have calculated the static stiffness of the supports as the stiffness at very low frequency near to zero obtaining the following value for the azimuth axis.



Kas = 19,6 E3 N/micron



If we consider the behavior of  the telescope at higher frequency, near to 1 Hz., the stiffness is even higher, because the compensation cylinder is much  stiff than the shaft, and therefore the dynamic stiffness is consequentely higher



Kad = 27,5 E3 N/micron



In this case we have considered the behavior of the hydrostatic film as static, and also for all the other supports the static and the dynamic stiffness was calculated under this considerations.



Really the hydrostatic film has a stiffness that depends from the frequency.

A hydrostatic pad, at constant pressure and laminar resistance, the output and output delivery are the following



qu = 6 * Pp / Rp



qi = 6 * ( Pa - Pp ) / Ra



The dynamic load can be considere as the sum of a static load Fo, and a sinusoidal load 



F(t) = Fo + f(t)



f(t) = Fd * sen ( t



The pressure Pp is



Pp = Po + Pd * sen( t



Po = Fo / Ae



Pd = Fd / Ae



The maximum  oil  flow into the pad, with Pd equal to 1 bar , at the temperature of 25 °C ,is the following



dV/dt = Apa * dh/dt =  qi (t) - qu(t) = VM sen u t



VM = 6 * ( Pa - Pd) / Ra - 6 * Pd / Rp



VM = - 6 * Pd * ( 1/Ra + 1/Rp ) 
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VM = - 6 * 1 * ( 1 / 81 + 1 / 181 ) = - 0,1  l / min = 1.666 mm / sec



The corrispondent maximum oil thickness speed  variation is



dh/dt = dV/dt / Apa 



VhM =  VM/Apa = 1,666 / (0,0964 * 1.000.000) = 0,01728 mm/sec



         = 17,8 micron / sec



The oil film variation depends on the frequency  , and is the following



h(t) = ho - VhM / u * cos ( t



With  f = 10 Hz, and therefore ( = 62,8 rad/sec



h(t) = ho - 17,2 / 62,8 * cos ( t = 



With a load variation equal to 



Fd = 1 * 0,0576 * 10000 = 576 DaN = 5.760 N.



the oil film thickness variation at 10 Hz is



hd = 0,27 micron



The dynamic stiffness is

      

Kd p= 5.760 / 0,27 = 21.333 N / micron = 21 E3 / micron



with a phase delay equal to 90°.



Considering the dynamic stiffness Kd of the six pads



Kd = 6 * Kdp = 128 E3 N/micron



This dynamic stiffness at high frequency is much higher than the dynamic stiffness at low frequency, that whas equal to 27,5 E3 N/micron,  and it is depending from the frequency as follows



Kd (() = 2,03 E3 * ( = 2,03 * 2 * 3,14 * f



The frequency at which the static and dynamic stiffness are equal is



(t = Kad  / Kd = 27,5 E3 / 2,03  E3 = 13,5 rad/sec = 2,15 Hz.



At this frequency the phase delay is 45°.



Also for all the other supports we can do the same considerations, obtaining a better stiffness at higher frequencies.

At 25°C, there is the worst conditions, for the dynamic stiffness. At lower temperature the oil flow at the same load and same frequency is lower, and consequentely the dynamic stiffness is higher .





3.DRIVING SYSTEMS.





3.1.DESCRIPTION OF THE SOLUTIONS.



The driving of the two axes is made through frameless brush motors assembled directly on the pinions that engages on the rim gear. The pinions are supported on the two side from two double cylindrical roller bearings with tapered inner ring in order to obtain the maximum stiffness, while on the other side of the motor there is a twin prealoaded angular contact ball bearings to ensure a very accurate rotation in consideration of the high resolution encoder presence on the back side. On the pinion axis there is, also, the safety electric brake so to guarantee the immediate stop of the axis without electric tension.



On each of two telescope axes are foreseen four driving units mechanically independent that , in the other side interact between them from the point of view of torque distribution.

Particularly, when there isu’t torque on the azimuth axis, two of the four motors have the same torque that is opposite of the other two, with the same absolute value. When changes the total torque on the azimuth axis, the torque of two motor increases while the torque of two other motor decreases, so to mantain constant the difference the two torque. 

However, this torque difference might change when the outside torque disturbance increases over a prefixed value.

So that without wind the preloaded torque can be very low so to reduce the gearing friction and, therefore,improving the tracking quality.

The preloaded torque increases, instead ,when increases  the torque due to the wind so to mantain the backlash absence condition.  

On the elevation axis are foreseen two emergency and assembling driving systems with pinions that gear on the im gear wheels.

The pinions are drived by hydraulic motors equipped with safety brakes, through gearbox. The coupling of the service driving is manually made with an handle equipped with alarm and blocking microswitches.

On one of the C rings is foreseen also a safety stow pin that can be inserted on both position at 0° and 90° through a motorgearbox together with a screw. 



To avoid a collision danger to both travel extremity on the two C rings are located two dampers that acting over the maximum travel required, so to absorbe without any damages any kinetic energy of the axis at maximum speed.



3.2.TECHNICAL VERIFICATIONS.



3.2.1 Trasmission stiffness of azimuth axis.





The driving unit is , practically ,equal for both axis , excluding the rim gear diameters, that however will be considered in the final calculations.

We do calculate the trasmission stiffness without considering the structure deflections.



3.2.1.1 Pinion torsion.



The inertial moments of the three sections are the following, calculating, also, the statoric and rotoric influence.



J = d4 · P / 32





1.Pinion shaft. 

 

J1 = 2204 · 3,14 / 32 = 0,229 E9 mm4  









2.Rotor of the motor



J2 =( 2854 - 2354 ) · 3,14 / 32 = 0,348 E9 mm4





3.Stator of the motor



J3 = ( 3904 - 3654 ) · 3,14 / 32 = 0,528 E9 mm4





The singular stiffness are              



K1 = G · J1 / l1 = 85.000 · 0,229 E9 / 200 = 9,73 E10 Nmm / rad

                                                                      = 0,0973 E9  Nm / rad



K2 = 85.000 · 0,348 E9 / 120 = 2,46 E11 Nmm / rad

                                                 = 0,246 E9  Nm / rad



K3 = 85.000 · 0,529 E9 / 120 = 3,74 E11 Nmm / rad 

                                                 = 0,374 E9 Nm / rad





Total torsional stiffness



Kt = 1 / ( 1 / 0,0973 + 1 / 0,246 + 1 / 0,374 ) =

     = 0,0586 E9 Nm / rad 



that referred linearly on the pinion becomes



Kp = Kt / R2 = 0,0586 E9 / 0,1172 = 1,55 E9 N / m = 4,28 E6 N / mm





3.2.1.2 Pinion bending.   



Since the load is distributed along the tooth lenght, the deflection of the pinion supported by both roller bearigs is, without any doubt, negligible.



3.2.1.3 Roller bearing settlement.  



The radial stiffness of both roller bearings with tapered inner ring is supplied by the manufacturer and has got an high value 



K1 = 4000 N / micron = 4 E6 N / mm



Considering the two roller bearings, the stiffness is double



K2 = 8 E6 N / mm





3.2.1.4 Tooth bending.    



The tooth is considered of rectangular section having the following inertia moment 

 

J = a3 · b / 12 = 9,423 · 100 / 12 = 6,965 E3 mm



where "a" is the width of the base.



The bending stiffness considering only one tooth engaged it becomes 



Kf = 3 · 210.000 · 6.9653 / 7 · 2 = 6,35 E6 N / mm



having divided for two the stiffness considering both teeth.

The other bending elements can be neglected 

The total stiffness of the drive unit can be, now , calculated as follows



K = 1 / ( 1 / 4,28 + 1 / 8 + 1 / 6,35 ) = 1,93  E6 N /mm

                                                          = 1.930 N / micron 



3.2.2 Trasmission stiffness of azimuth and elevation axes.



The total trasmission stiffness of elevation axis is equal to    



Ke = 4 · Kt · R2 



Ke = 4 · 1,930 E9 · 72 = 3,78 E11 Nm / rad



where R is the radius of rim gear.



While the trasmission stiffness of the azimuth axis is



Ka = 4 · 1,930 E9 · 7,582 = 4,45 E11 Nm / rad 



















3.2.3 Strenght and wear calculations.



We do the strenght and wear calculations of the rim gear pinion coupling.



Pinion data:                     



- Module                           6  mm.

- Number of teeth           39 

- Teeth Width                 90  mm.

- Pressure angle              20  degrees

- Peak torque                795  Nm.

- Steel specification      38NiCrMo5  



Wear calculations following "Lewis" with a "C" coefficient, "Cp" motor peak torque in Kgmm, "fv" speed factor ,"Pamm" acceptable pressure.



m = C · ( Cp / fv · Pamm2 · y )1/3 = 3,13 · ( 79500 / 0,9 · 502 · 15,8)1/3 = 4 mm.



Strenght calculations with "G" coefficient, "ks" acceptable unitary load in kg/mm2.



m = G · ( Cp / fv · ks · y )1/3 = 0,44 · ( 79500 / 0,9 · 16 · 15,8)1/3   = 3 mm. 



The adopted module largely satisfies to the minimum values required even considering the peak value as nominal value. 

This calculation is equal either for the elevation axis or for azimuth axis considering that the driving unit are the same.





3.2.4 Moment of inertia referred to the motor axis.



The moment of inertia value referred to the motor axis is required for the necessary valuations concerning the axis behavior at closed loop. 

Moment of inertia referred to the azimuth axis
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Jra = Ja / t2 = 23,1 E6 / ( 15.168 / 234 )  = 5.497  kgm2



Moment of inertia referred to elevation axis   



                                                             2

Jre = Je / t2 = 13,1 E6 / ( 14.100 / 234 ) = 3.608 kgm2 















3.2.5 Motor anchoring.



The peak torque of each motor is equal to    



Cpm = 795 Nm.



We do calculate if this torque can be trasmitted from the anchoring screws of the motor in the various couplings and exactly:



1.Rotor anchoring 



Nr.12 screws M10 on a diameter of 254 mm.

The preload force of the screws type 8.8 ,is fixed equal to 60% of the yield point of the steel with a screwing-up torque of 50 Nm.  equal to      

Fp = 25.800 N.



The corresponding friction torque becomes 



Cb = Fp · D · 12 · f / 2 = 25.800 · 0,254 · 12·0,1/2 = 3.931 Nm



with "D" anchoring medium diameter and "f" friction factor



2.Stator anchoring.



Nr.12 screws M8 on a anchoring diameter of 376 mm. with a screwing up torque 25 Nm.



Fp = 16.200 N.



Cb = 16.200 · 0,376 · 12 · 0,1 / 2 = 3.654 Nm.



3.Bush anchoring.



Nr.24 grub screw M8 on a medium anchoring diameter of 190 mm.



Fp = 16.200 N.

 

Cb = 16.200 · 0,19 · 24 · 0,1 / 2 = 3.692 Nm.



without considering that, in this last case, there are two friction surfaces that practically double the clamping torque. In any case tha friction torque is always, at least, four times bigger the peak motor torque.







3.2.7 Emergency and assembling drives..



The maximum torque that can be supported on the elevation axis from the drives shall be defined from the maximum load that can be supported from teeth of the rim gears. 

The resistance of the rim gear tooth base related to deflection is



W = 14,52 · 100 / 6 = 3.504 mm3. 



We do adopt a maximum deflection unitary load of about



S amm = 200 N /mm2



The maximum deflection torque becomes



Mfmax = 3504 · 200 = 700.000 Nmm.



with a maximum force foreseen of



F max = 700.000 / 7 = 100.000 N.



where it is considered the tooth height equal to the module of 6 mm.



The shear load is     



s t = 100.000 / 14,5 · 100 = 63 N / mm2.



that gives the equivalent load to



S eq = ( 2002  + 3 · 632  )1/2 = 227 N / mm2.



acceptable with the rim gear steel having a yelding point S sn 



S sn > 600 N / mm2.  



With a maximum tangent force available of 100.000 N., the torque that can be supported from both pinions that work in the same time simultaneously in the two rim gears is 



C max = 2 · F max · R = 100.000 · 7,05 · 2 = 1.400.000 Nm.



with a "R" primitive radius of rim gear. 



The torque supported from each reducer is of   

Cr max = 100.000 · 0,05 = 5.000 Nm.



that corresponds to the trasmissible nominal value of the gearbox reducer foreseen BREVINI type RA 500. 

Considering the reduction ratio equal to 1 / 52, the motor torque must be 



Cm = 5.000 / 100 = 50 Nm.



that can achieved adopting a  DANFOSS OMT FH 160 able to supply a continuous torque of



C max = 120 Nm.



The maximum motor speed is of 600 RPM and, therefore ,the axis velocity becomes of 



V max = 600 · 360 / 52 · 106 = 40 degrees/min = 0,6 degrees/ sec., 



with a capacity "Q" of 



Q = 600 · 100 / 1000 = 60 l / min. 



and a maximum pressure of about 50 bar and a power "N" of    



N = p · q / 500 = 6 kW.





3.2.8 Stow pin.



The stow pin must keep the maximum torque that can be present on the elevation axis against the worst condition that becomes when the axis has got the maximum umbalancing torque which could come up during the assembling phase. Such maximum torque is extimated equal to the maximum torque applied from the service driving system , and equal to 

Cmax = 1.400.000 Nm.



To keep the elevation axis in position with this torque is foreseen a stow pin. 

The stow pin resistance section is



S = ( 1202 - 772 ) · 3,14 = 6.650 mm2. 



The unitary load applied on the maximum torque is



St = 1.400.000 / 7 · 6.650 = 30 N / mm2



considering that the stow pin is only under shearing condition, as a matter of fact, can be supposed. 

If the load could be present at the extremity of the stow pin, the maximum deflecting moment should be 



Mf = 1.400.000 · 150 / 7 = 30 E6 Nmm



The resistance module of stow pin is

     

Wf = ( 1203 - 773 ) · 0,1 = 127.000 mm3

 

and the deflection unitary load



Sf = 30 E6 / 127000 = 236 N / mm2



with an equivalent unitary load equal to



Seq = ( 2362 + 3 · 302  )1/2 = 240 N/mm2

                                                            

acceptable with a steel having a yelding point of

               

S sn > 600 N / mm2



The adoption of only one stow pin is enough to hold the axis at the normal out of service conditions, and during the assembling phases. 







3.2.9.Travel end dampers.



In the worst case,it must be considered that the elevation axis could beat against the two dampers at maximum w velocity. With such condition the kynetic energy is the following:



W = Je · w2 / 2 = 13,1  E6 · (1,5 / 57,3)2 / 2 = 4.488 J  



Each of both dampers must absorb at least the energy of 



Wa = 3.000 J



with an absorbing travel of at least



C = 50 mm. 



with a absorbing load equal to



F = 2 * 3.000 / 0,05 = 120.000 N.



acceptable. 



The type of damper foreseen is "DOMANGE JARRET" reference BC1-F which with a maximum travel of 65 mm. absorbs an energy of 



W = 6.000 J. 



4. MEASURING SYSTEMS.



4.1.DESCRIPTION OF THE SOLUTIONS.



The measure of the two angualar coordinates of the two axes is done with two tape scales, but those for the azimuth axis are divided in two parts for construction problems.

The slider , for the azimuth axis, and even for the elevation axis, are supported with a special floating support that keeps a constant gap from the tape scales.



The tape scales applied to the azimuth axis has the following characteristics:



- Diameter of the tape housing                         13.130  mm

- Tape composition                                     2 · 20.625  mm

- Number of the slider heads                       Nr.4 at 90  degrees 

- Pitch of the scale                                                     2  mm

- Interpolation                                                          14  bit

- Linear resolution                                                0,12  micron

- Angular resolution                                           0,005  arcsec  



The tape scales applied on the elevation axis has the same characteristics of the tape applied on the azimuth axis but, instead of two tapes, it has only one tape  of the same lenght that is mounted on the following diameter:



- Diameter of the tape housing             12.960  mm



On the elevation axis there are only two heads each side.



Both axes have a reading resolution higher than the minimum required.

For what concerns the measuring accuracy of the angular position, the azimuth axis ,since that has four heads, it compensates the reading errors until the second order, while the elevation axis obtains only a partial correction of the errors of the first order, and corrects exactly completely only the vertical translations. 

For the azimuth axis there is the problem to switch the heads when they are in front of the junction. In order to solve this problem, there can be a calculation of the four readings with a ponderal medium, in which the wheight of the reading head that reached the junction, it reduces itself linearly to zero.

After this, when the head returns again on the tape, the wheight returns linearly to the nominal value.  





4.2.TECHNICAL VERIFICATIONS.



4.2.1 Slider support system.



The preload of the slider is fixed at                  



Fp = 20 N



with a longitudinal friction lower than 



Fa = Fp · f = 20 · 0,01 = 0,2 N.



The maximum axial deformation of the thin sheet 



Ax= 0,2 · 300 / 210.000 · 1 · 50 =0,0000057 mm = 0,005 micron



a lot less than the resolution and therefore negligible.





5.CONCLUSIONS.



The project of the sliding, driving and measuring systems of the Telescope of the LBT Project, that has been developped with the application of the most advanced and reliable solutions, has brought up to theorical results that based on the numerical calculations made, they full satisfy to the tecnical specifications foreseen.  Such solutions consider particularly the problems related to the great dimensions of this telescope, and consequently the construction and assembling tolerances effectively reachable. 

The real whole performances of the telescope depend in any case, then , in a large way also from the solutions adopted in the other subsystems the compose it, and mainly from the static and dynamic characteristics of the structures. 

It must be, furthermore, considered that the construction of a telescope of such dimensions it gives, as main problem , the research of companies able to manufacture the parts within the required tolerances, and other companies able to assemble the telescope granting the whole performances.
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