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Abstract

The design, fabricaion and asembly of the supparting structure of a 100-m class telescope is one of the mgjor
challenges of the OWL projed. The structure must provide sufficient bandpassfor the motion control system as
well as the required tracking acaracy and dmensiona stability under varying therma and wind loads. The
adchievable limits of structural eigen-frequencies impose that image stabilisation be implemented downstream in
the opticd train. We daborate on different approaches and preliminary solutions, discussthe option of a wind
screen to alowing protedion but without preventing flushing of locd air, the use of damping systems to reduce
vibration amplitudes, as well as use of advanced materials. Last but not least, particular attention is paid to costs.
Guidelines are set to minimise fabrication, transport, handling, integration and maintenance dforts.

1. Introduction

The mechanicd structure shall be seen as a “skeleton”, which supparts all the sub-systems of the telescope. The demonstration
of its feasihility is therefore one of the major steps to be performed at the very beginning of the projed. We include no
speaulations on future technologicd developments which could lead to unknown risks or budget increases.

This approach can be summarised in the foll owing question:
Can we build a rotating support structure for a 100-m reflecting optical system today?

The first step to answer this question is to deted, define and quantify the parameters (problems) which are related to the
projed. Some of these parameters are drealy well defined and they can be eaily quantified. These can be for instance

e Constrains (e.g.: Opticd design)
¢ Reguirements (e.g. Sky coverage)
¢ Anaogies, extrapadations and conjedures, coming from previous experiences in telescope construction.

Other parameters are hidden or not clealy defined. Neverthelessthey cannot be neglected becaise in most cases they refled the
unwritten know how of people who have gained expertise in this pedfic field over many yeas of work.

Therefore, bad feding, worries and concerns must also be quantified.

Once the basic parameters have been colleded, we ae ale to proceal to the second step, namely the dassfication of those
parameters. Now the dassificaion methoddogies can be various (e.g. budget, criticdity, chronological, disciplines, etc.) and all
can work well. We have chosen to classfy the parameters by domains. This means that for eat parameter we have to find out
where and when they appea and how they can influence the design. Finding domains for ead parameter is a way to assessing
and controlli ng their impaa on the projed.

Thethird step israther straightforward; we have to define astrategy that can cope with the problem. More dealy formulated is
“What to dd@?”.

Once ‘what to dd’ has been defined and agreed, comes the fourth step, the most awkward and less forgiving: “How to doit?’.
This means defining a hardware solution to solve the problem.
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2. Design quidelines

Table 1 summarises with key words the first 3 steps of the design strategy.

Opticd path.
Re-centering system.
Control.

Passve Damping.
Thermal Control.
Drives.

Auxili ary drives.
Beaings.

Cabling and Piping.
Mirror covers.
Cleaning units.
Mirror handling.
Instrument handling.
Human acaess
Metrology system.

Domain Problems What to do
Environment Earthquakes. Maximise the stiff ness
(Site) wind. Minimise the wind-exposed area
Solar radiation. Wind shield.
Dust. Covers.
Rain, Snow and Fog. Reduce solar absorption on exposed surfaces.
Overall dimensions. Dust rejeding concept.
Enclosure.
Minimise the overal dimensions of the mmplete
ohservatory.
Subsystems Opticd elements. Integrated design, definition for ead sub-system:

= |ocaion.
=  Volume.
= Mass

Structural Parts

Dimensional instabili ty

Minimise the stresses

Material Dynamic and static performances. (microyield strength)
Thermal expansion. Runin.
Affordability. Differentiated parking paositions.
Spedfic modulus
Mild Sted
Composites
Large Optics Suitability (padlishable, etc) Zerodur
Material Dimensional stahility. SiC
Homogeneity
Thermal expansion.
Dynamic and static performances due to
the mass
Affordability.
Control. Friction Minimise the friction
Wind load. Maximise the stiff ness.

Drives.

Beaings.

Wind screen.
Pasdve damping.
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Thermal Control

Solar Radiation
Energy consumption.
Thermal inertia.

Covers, Shields, Sun Umbrellas, 1gloo Enclosure.
Surfacetreament.
“Warm blood’ codling system.

Fabricaion

Affordabili ty

Material choice

Modular design.

Medanicd tolerances.

Commercial avail able parts.

Maximise the number of potential Contradors.
Minimise the gap between Design Phase and Fabricaion
Phase

Transportability

Oversized pieces.
Accessto the site
Affordabili ty

Modular design

Max 24mx24mx 6 or 12m
Max 20 Tons

Fabrication on site

Assembly on site

Hoisting fadliti es

Modular Design.

Large Optics handling
Instrumentation.
Cleaning.

Safety.

Alignment. Minimise the mass of ead part.
Sefety. Self-madahining structure.
Self-supparting structure.
Operation Sky coverage * 60 degrees from zenith.
Change of modes. Minimise the time between:
Energy consumption. = Stand by mode.
Manpower resources. = Operation mode
Safety. = Safety mode.
Low mass
High number of automatism.
Maintenance Down time. Altitude rotation = 90 degrees from zenith.
Manpower resources. Handling fadli ties.
Accesshili ty Cleaning faciliti es.

Parking pasitions.
Component standardisation.

This table is a design tod, which helps the designers to evaluate and control all the parameters involved on the projed, to

Table 1.

evaluate quickly new ideas and criticisms.
For instancewe can noticethat:

Design gudelines, first threesteps

e Some problems have more then one domain; they appea severa times during the projed.

e Curing one problem can also solve another problems (e.g.: maximise the stiffness [ minimise the mass [0 low thermal

inertia).

e Curing one problem can worsen another (Minimise the wind exposed areal] low external surfaces I high thermal inertia).

3. Design description

Step four: Definition of a hardware, which shall solve the problems.

The understanding and the goplication of the methoddogy behind table 1, leads to the definition of a wherent hardware. The
figure 1 shows a possble result of this design process This mechanica structure is the aurrent baseline concept for the OWL
telescope with the OWL 6-mirrorsoptical design [1].
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Figurel. Baseline mncept

Besides the most conventional solution in telescope design (traditional alt-azimuth mount) which are widely accepted and
redised, this mechanicd structure dso introduces sme innovative @ncepts, including:

a

a

Anazmuth ringinstead of a wnventional fork to minimise the distance between the tube and the ground. The azmuth ring
is embedded into the ground, thus increasing the stiffness

An iso-static configuration is foreseen in parking paosition. Thus will the structure be dlowed to expand fredy during
daytime.

A hyper-static configuration is foreseen during operation. Thus the mechanicd performance will reach an optimal stiffness
during observation.

Dust regjeding concept. Pollution of the optics is a major concern. Therefore the acamulation of dirt on the medhanicd
structure shall be minimised, rounding edges and corners and no flat surfaces. Thus the deaning of the external surfaces
will be faalit ated.

Dimensional instability due to residual stresses can be minimised with a running in period prior to the integration of the
opticd components. Alternate parking positions can minimise the asymmetricd creeping of the structure.
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O Warm blood-codling system. The necessity of an enclosure can be put in discusson if the mechanicd structure has its own
internal air-cooling system. This codling system will increase the temperature change rate before observation. Also the
energy consumption is minimised due to the small amount of volume to be maded (e.g.: The volume of the tube structural
element is equivalent to a 10-m classtelescope enclosure). An important consideration for thermal control is to seled a
suitable surface oating on the structure to dothreethings: reduce solar absorption during the day time, minimise radiative
cooling during the night time and reduce opticd refledions on structural parts close to the opticd beam.
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Figure2. Front view, pointing at zenith. Figure3. Sideview, 60° zenithal distance.

O Locd protedion of the telescope aiticd parts (M1, M2 and .
corredive optics). In particular the M1 cover isdivided in 4 sedors, W
which can be did over the M1. One cver is also equipped withM1 |
handling unit and washing unit. Once the wvers are dl positioned
over the M1, the telescope tube @n rotate to read the defined
parking paosition.

O Modular design. A maximum of standardisation of parts and
components has been adoped as well as the selection of
commercidly available cmponents. This also will alow the
fabrication of modules to be started well before dl the aspeds of
the telescope will be finalised.

O Maximise the number of potential contradors. Adequate choice of
materials and manufacturing processes will assure that a sufficient
number of contradors will be &le to supply components, thus
avoiding monopdy situations with the related risk of unjustified
increase in costs

O The size and mass of ead element is minimised. This results in
eaier transport and more flexibility and redundancy during

Figure 4. irror covers

Submitted at the Workshop on Extremely Large Telescopes, Badkaskog, Sweden, June 1-2, 1999.



installation (e.g.: several small
cranes instead of one large
crane, etc).

Q Fabricaion on site of part of the
structural  elements can aso
reduce the transport costs. Since
this is related to manufaduring
process typicd of eadh e
manufaduring  company, it [ AT
cannot be introduced in to the il -
design at this ealy stage ) 78 LA 7 T
i IR = 7%
O Sef-machining structure. The .77 / r\ i Nirimi LI A LI
journal of the beaing will have /- | Nl \1i||m“|lmj||i' Iﬂ ﬂ @% H s
the findl machining on site, /S Ee PR S R SR e
using the structure itself has a />0 0, /,/;’/,’/,’/;’fj/’/’/,/////’////’//’/:///,/’//,//j/j,;ﬁ
large-scdle machine todl. NI A
QO Sdf-suppating structure. The (7)o L
structure is divided in floors, 7777 R R
eat floor serve @ a stand for A A S A
the next floor during assmbly. S
This tedhnique will minimise the Figure4. Parking configuration.
amount of scaffoldings and the
risk associated to the install ation
of large dements.
O Rotation range of + 90° from zenith fadlitates installation and maintenance of the secondary mirror optics.
Subsystem Mass|tong]
Tube Structure. 6500
Primary mirror + cel. (Mirror areadensity 160Kg/ m°. 2000
Seoondary Mirror + cdl. (Mirror areadensity 100Kg/ m?. 150
Corredive optics + instrumentation. 150
Azimuth Ring Structure. 8000
Azimuth Track. 5000

Table 2.

Baseline mncept, massbreakdown.

4. Drives

In choosing the max. velocity and the accéeration to move OWL as 0.5°.s* and 0.1°.s respedively, we have mnsidered the

following parameters:

¢ Slewingtime: with such alarge inertia we spedfied this to be dout 3 minutes to cover the dtitude range of 90 and about
12 minutes to make a @mplete revolution in azmuth).

¢ Induced centrifugal accéeration on the structureis of the order of 0.1g.
* Low dynamic range of tracking welocity to read a good control. This is smilar to the VLT, with maximum tracking

velocity equal to the slewing velocity).

e Low blind angle & azmuth of about 1« , aswiththe VLT.
In the table 3 the estimated torque and power for both atitude and azmuth axes are summarised.
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In case VLT like segmented motor would be used, and placed on the radius of 59m for both axes, for standardisation, the last
row shows how many segments would be needed to producethe estimated torque.

ALTITUDE AZIMUTH
Inertia [Kg m?] 2" 51
Torque[MNm] 46 114
Power [kW] 400 1000
No. of VLT altitude motor segments (at 59 m radius) 177 438

Table 3. Baseline concept. Inertia, torque and power breskdown.

If the direa drives offer control torque without injeding friction, which isimportant for the cntrol system performance, one has
to consider that adually that performance depends on the ratio between friction and inertia.

It will be afuture task to assss if, given the high inertia of OWL, rim-pinion drives or friction drives can be used without
deaeasing the performance of the telescope.

5. Performance of the mechanical structure

A preliminary investigation of the structural behaviour of the Rotating Suppart Structure has been carried out with various gatic
and dynamic Finite Element Analyses (FEA). The FE Model displayed below represents the complete tube structure, which
rotates about the dtitude ais. Each of the mirrors M1, M2, M3
and M4 is represented by a distributed set of mass elements
conneded to the Tube structure. The structure is fixed to ground
a the two beaings and the dtitude motors along the
longitudinal diredions. The FE Model comprises about 4100
elements (beam, rod and mass elements). The global co-ordinate
system of the Model assumes the x-axis identicd to the Altitude
axis, the zaxis pointing to zenith and the y-axis perpendicular to
the x- and z-axes. Tube orientations different from Zenith are
taken into acmunt by rotating the structure aout the dtitude
axis and adapting the boundary conditions of the Altitude
motors acordingly. The analyses have been caried out with
ANSYS.

Static Perfor mance.

The results of the gravity load case ae summarised in table 4. It
shows the differential displacements and rotations between tube
pointing to zenith and 6C from zenith. The maximum
decentering value of 82 mm is obtained for M2. Due to the fad
that in the present opticd design M2 is aflat mirror, this motion
does not have to be mrreded. The maximum piston of about 21
mm occurs as well at the M2-Unit and the maximum tilt is
obtained at the level of the M4-Unit with about 75 arc seconds.

A static wind load case for atypicd wind configuration has also
been andysed. The table 5 summarises the &solute
displacements and rotations of the four mirror units for a mean
wind spead of 10 m/s, tube pointing 30° from zenith and wind
fadng M1. In this cese the following maximum static
defledions without acounting for the gravity effects are
obtained for the M2 Unit: 1 mm decentering, 0.2 mm piston and
1.7 arcsectilt.

nts

Figure5. Finite Element model
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Dynamic Perfor mance.

Based on the FE model mentioned before, the dynamic performance of the structure has been investigated with a Modal
Analysis and severa Harmonic Response Analyses.

The results of the Modal Analysis are listed in the table 6 in terms of mode numbers, eigen frequencies, corresponding effedive
mass distribution and mode shape descriptions. In this configuration the motors are assumed to be locked and the tube is
pointing to zenith. Except the first mode, only those modes are indicaed in the table that might have an influenceto the opticd
performance of the telescope structure.

Locaion | Displacement [mm] Rotation [arcsed Locaion | Displacement [mm] Rotation [arcsed
Decentering | Piston | Tilt Decentering Piston | Tilt
M1 17.3 11.2 236 M1 0.1 0.1 0.4
M2 82.0 206 65.5 M2 1.0 0.2 17
M3 16.8 14.7 190 M3 0.2 0.1 11
M4 32.3 17.8 74.8 M4 0.6 0.2 1.6
Table4. Gravity Loading (differentia defledion Table5.  Static Wind Loading (absolute defledion for
between Zenith and 6C0° from Zenith) 10 m/s at 30° from Zenith)
The 1% mode & 1.1 Hz is a pure rotational mode
Mode | Frequency | Effective Mass[%] Mode Shape about the verticd opticd axis and daes not
Y X Y 7 influence the opticd performance of the
[HZ] Telescope. The first important mode for the
1 1131 - - - Top Tower, rotation z opticd performance occurs at 1.35 Hz. As
2 1.354 - 81 |- Top Tower, lateral y shown in the mode shape plot (figure 6), it
i i represents the lateral shea mode of the Top
3 1400 56 Top Tower, lateral x Tower aong the global y-axis. The 3" mode &
5 1.748 - 6.1 - Top Tower, lateral y 1.4 Hz is again a lateral shea mode dong the
6 |1808 | 74 |- | - | TopTower, lateral x | global x-axis. Since the first eight modes are
9 2429 109 | - } Intermediate. lateral x either rotational modes about the verticd z-axis
. or contain only a relatively small fradion of
11 2.500 ) alf ) Intermed?ate, laterdl y effective mass (only part of the top tower is
13 2.849 119 - - Intermediate, lateral x affected by the vibration), their natural
14 2.962 - 7.0 - Intermediate, lateral y frequency can easily be increased by changing
17 3.208 09 |- ) Top Tower, lateral x the design and/or using compaosite m_atenal_ _only
for the Top Tower part and/or using Silicon
18 3212 - 0.2 - Top Tower, lateral 'y Carbide secondary mirrors. The first global
20 3.289 175 - - Inter + Top, lateral x mode of the structure occurs at 2.43 Hz. In this
22 3.396 - 330 |- Inter + Top, lateral y case dso the intermediate structure is affeded
) ) ; by the vibration. The stiffness and compadness
24 _3'560 893 1Al verticd z of the structure in verticd z-diredion is
Cumulative Mass: 54.2 | 59.2 89.3 At mode 24 (3.56 Hz) confirmed by the faa, that 0n|y one mode & 3.6
CumulativeMass: | 936 | 940 | 935 | At mode 62 (6.13 Hz) Hz contains aimost 90 % of the total mass
CumulativeMass: | 963 | 958 | 966 | At mode 150(12.7 Hz) The influence of the motor torque to the lateral

Table®6.

Zenith, total Mass 8744tons)

axis. A harmonic unit load representing the motor torque has been applied to the structure. The transfer function (figure 7)
shows the dynamic response displacement of the M2 unit along the global y-axis to the motor torque. The 1% peak is much less

Dynamic performance Eigenfrequencies (locked rotor,

displacement of the M2 unit has aso been
simulated. In this case the tube is paointing to
zenith and the rotor is free dout the dtitude
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pronounced than the 2" one. This
confirms the assumption that the
lowest mode involves only a
smal fradion of the tota
effective mass and can be ared
quite eaily.

Another method to improve the
dynamic  behaviour of the
gtructure is to attach a dynamic
vibration damper to the top unit.
Asiillustrated in figure 8, a small
mass is linked to the large
effective telescope mass by a
highly damped spring-damper
hydraulic. The damper and the
spring constant of this system can
be optimised in such a way, that
the amplitude of the large
telescope mass for the lowest
natural  frequency is being
significantly reduced compared to
the onfiguration without a
vibration damper. Most of the
vibration energy of this mode will
be @sorbed from the vibration
damper. The alvantage of such a
system is that it can be operated
in adive & well as in passive
mode. In the latter case, no
additional energy or control
system isrequired.

Such dynamic vibration damper
systems have been arealy
successfully installed in  high
story buildings, in order to
deaease significantly the high
amplitudes during wind excitation
and to save st by avoiding

-
/K

K

P P P

OWL, Baseline, modsl, bl _ml
Figure6. 2"Mode Shape

additional design stiffening. A typicd exampleisinstalled in the Citi corp Center in New Y ork. The building height is about 280
m and the alditional vibration damper mass is 370tons which is only 0.5 % of the total building mass The alditional massis
horizontally fixed to the 63° story by two hydraulic spring-dampers (figure 9).

A simulation with a vibration-damper system has been done with the telescope structure in order to demonstrate the
improvement of the dynamic performance The same wind load configuration as for the static wind load case described before
has been applied dynamicdly for a frequency range between 0.5 and 10 Hz. The resulting transfer functions of the lateral
displacement of the M2 Unit are shown in figure 10. The top curve represents the nominal case without a vibration damper
system. The maximum defledion at the lowest resonance frequency is 51 mm. If a vibration damper system of 10 tons (2 % of
the dfedive modal mass) is attached to the Top Unit, the maximum amplitude can be significantly reduced by about 60 % to 20
mm. This system might also become very useful under survival load conditions like strong wind and eathquake loads.
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Figure7. Transfer function M2 unit (Motor torque, freerotor).

Figure8. Dynamic vibration damper Figure9 Example: Citicorp Center, New York. Height 279 m,
additional Mass 370tons (0.5 % of building)
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Figure 10. Transfer Function under wind load with and without Dynamic Vibration Damper System.

6. Alternative designs

Several other concepts have been also investigated. These dternative concepts have
not yet readied the same degree of maturity as the baseline concept in terms of
performance and feasibility. However these dternative mncepts have the important
role to validate once more the strategies and solutions adopted for the baseline
concept.

Here below are some examples of aternative mncepts.

Rocking chair concept.

This medhanicd structure (figure 11) is asociated to the so-cdled “OWL 4-mirrors
opticd design” [1]

Separating the secondary mirror from the M 1/Corrector structure.

Investigating other possble @ncepts to build OWL, one has considered the
posshility to mount the secondary mirror, turning around the dtitude ais, on an
independent arch structure, which can move aound azmuth axis only, both
movements being synchronised with the M1 (figure 12). This exercise has been
developed with the dm to increase the telescope dtitude ais controllability under
wind dsturbances, the dtitude being most affeded. In the dasdcd concept the
control bandwidth of the dtitude ais will be defined by the “locked rotor” frequency

Figure11l. Rockingchair concept
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which is represented in the baseline mncept by the frequency of the M2 tower. In the cae outlined here, the ntrol bandwidth
of the position of M2 will be defined by the secondary mirror structure massand the stiff ness of the motor mounting, which can
be designed for relatively high values (eigen frequency in the order of 5Hz). To synchronise the motion between the two parts,
commercial transponders can be used, which deliver paositioning accuracy within some tenths of a millimetre. The power of the
motors to control the motion of M2 structure it is estimated in about 30 kW, to move & 3 Hz by arange of about 50mm.

Figure12. Arch concept

7. Conclusions

We can conclude that the rotating suppart structure of a 100-m opticd system can be build as per today using conventional, well
understood and largely redised technology. Moreover, the mnservative gproadc of using opticd element made of Zerodur in
the performance analyses put OWL on the safe side. That means that we do not have to speculate on future development
concerning lightweight opticd materials. Also the choice of commercial available components is an indicaion that the
medanicd structure will not represent atechnologicd risk in the OWL projed and the foreseen budget can be respeded.
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