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Abstract
This paper discusses the opto-mechanical design of the Overwhelmingly Large Telescope (OWL), a proposed 100-meter class, ground-based, next-generation optical telescope.  The telescope structure, stiffness, resonant frequencies, dynamic and static performance and other parameters like cost, assembly, transport and metrology are discussed.  On all accounts, the design meets the optical specifications of the instruments.
Introduction

Current state of the art includes 8-10 meter class ground-based telescopes.  Many of these telescopes are functioning around the world and are producing superb and unprecedented results.  Within the next 10-15 years it is expected that one or two 30-meter class telescopes will be coming online.  
Looking even further in time, it is expected that 100-meter class telescopes will become necessary to make further advances in astronomy and astrophysics.  However, scaling up telescope designs from 30-meter telescopes to 100-meter telescopes is not trivial.  At some point, the size and weight of the support structure in a telescope becomes too heavy for the system to support itself and the optics.  
This paper analyzes the mechanical support structure, for both dynamic and static forces, wind disturbance and thermal effects.  The support structure has several new concepts incorporated into it since the moving mass of the telescope is several thousand tons.  The diffraction limited performance of this telescope will be maintained with actively controlling the mirror segments.  All deformations and deviations from the nominal position given in this paper are corrected by the telescope active system.  This synopsis is divided into the following sections: 1. Telescope design, 2. Design analysis, 3. Thermal effects, 4. Comparison with other designs, 5. Conclusions, and 6. References.
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The performance of the project has been monitored by analyzing the resonant frequency and the rotating mass of the telescope.  As the resonant frequency increases (stiffer design) the total mass has decreased as shown in figure 2.  The telescope trusses are made of mild steel and the mirror substrate is made of light-weighted Zerodur [2].  
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1.1 Structural design:

The trusses of the structure have a 6-fold symmetry as shown in figure 3.  This assures an even transfer of loads and forces and makes the design very stiff.  The modular nature of the structure also makes for easy assembly and transportation to the telescope site.  

1.2 Kinematics:

The telescope moves in altitude and azimuth [3].  The friction drive and bearing is shown in figure 4.  The telescope moves in azimuth along 2 tracks, the axial track and the radial track.  This keeps the system fully constrained, with only the motion along the azimuth under-constrained.  It is also proposed to use a Magnetic Levitation in place of the friction drive and bearing, but studies on this depend on the progress of the MagLev technology.  

It is proposed to use 250 friction drives for azimuth motion and 150 drives for the altitude axis.  Stick-slip of these drives was evaluated.  The main contributor to this effect is determined to be wind disturbances.  The controllers will be designed to minimize the residual tracking error based on a loop-shaping method using high order polynomials.

2 types of friction are studied in the paper to evaluate the stick-slip mechanism- rolling friction and sliding friction.  The rolling friction contribution due to the deformation of the track surface is the main difficulty for control of axes.  This is schematically shown in figure 5.  The coordination of the drives is studied using both an active and passive model.  The simulated errors in the axis encoders are 2.1 arcsec for the passive case and 0.17 arcsec for the active case.  
1.3 Mirror supports:

The 3048 mirror segments are supported by 3-position actuators as shown in figure 6.  There are coarse and fine actuators which are interfaced to the mirror segment via a whiffle tree support.  

The analysis of the support system shows the following:

· Fine actuator accuracy ±5nm, stroke 0.5mm

· Coarse actuator accuracy ±0.05mm, stroke 20mm

· Extractor stroke 160mm

· Axial resonance frequency >60Hz

· Edge sensor resolution 0.5mm, shear stroke 0.5mm and resonance frequency 20Hz

This support structure provides a large mass budget, ample design volume, low mechanical cross-talk between actuators, excellent load transfer to mirror cell and simple and stiff design apart from other advantages.

1.4 Instrumentation room design:

The 6-fold symmetry provides excellent structural stability for the instrument rooms arranged symmetrically around telescope altitude structure centre axis.  The adaptive optics corrector also has a symmetrical design with trusses.  All of the above are thermally insulated with air-ventilation provided in the beams.  Each instrument can have a mass of 15 tons.  
2. Design analysis

The analysis in this paper is based on finite element analysis models.  Since this is beyond the scope of our OPTI 521 class, I only present the key ideas and expected results in this section.
2.1 Modal analysis:

The eigenfrequencies of the system are evaluated for the telescope pointing at zenith, 300 and 600 elevation angles.  The lowest natural frequencies for each case are summarized in table 1.
These eigenfrequencies are calculated based on the simple equation: w = (k/m)1/2, where k is the system stiffness, and m the system mass.
	Elevation
	Mode
	Frequency (Hz)
	Mode Shape

	Zenith
	2
	2.58
	Altitude locked rotor

	300
	2
	2.49
	Altitude locked rotor

	600
	2
	2.06
	Altitude locked rotor


Table 1: Summary of system resonant frequency

2.2 Gravity:

For the above 3 elevation angles the gravity deformations are calculated and the mirror actuator loads are evaluated.  The deformations can be corrected by the actuators and the range of motion for the actuators for the 3 cases of elevation are well within their total range of motion.  
2.3 Wind load:

The wind loads for a steady wind speed of 10m/s have been evaluated.  The piston and tilt of the primary and secondary mirrors are 0.41mm and 1.3arcsec for the worst case scenarios.  The actuators can correct for these easily.
3. Thermal effects

It is essential for a large structure as this to be athermal, given that ΔL α L.ΔT.  Small temperature changes will cause large changes in length.  

3.1 Minimizing effects on structure:

The structure shown in figure 3 is made of hollow beams allowing for air-ventilation through the trusses.  Air of ambient temperature minimizes changes in length of the structure.  The telescope enclosure moves away from the telescope on rails, exposing the whole telescope to the night sky.  This also helps the structure thermally equilibrate to its surroundings quickly.

3.2 Minimizing effects of optics:

The proposed 3048 segments of the primary also need to be athermal, stiff and lightweighted.  Glasses like Schott Zerodur or other glass ceramics with a low CTE are proposed to be used.  The use of silicon carbide is being pursued by studies because of its excellent properties.  The segments can also be air-ventilated.
4. Comparison with other designs

There are several designs for other 100-metre class telescopes.  Many of the designs are very similar to the one presented here, but all of them are speculative in nature.  Therefore, it is more instructive to compare the OWL opto-mechanical design with the design of existing telescopes.
4.1 Comparison with VLT:

Looking at the mass breakdown of OWL, one can show that if the VLT design were scaled up to 100-metres then it would weight a whopping 680,000 tons as opposed to 15,000 tons for OWL [1].  So clearly the OWL has a very lightweight design.  The VLT has very similar ventilation as that proposed for OWL.
4.2 Comparison with LBT:
The LBT (Large Binocular Telescope) is the largest telescope structure ever built, and is currently in operation.  It has a moving mass of 600 tons, with a lowest resonant mode of about 8Hz which is excellent.  The future giant telescope, GMT (Giant Magellan Telescope) is currently under development and is based on the mechanical design of the LBT.  These designs prove that large telescopes are feasible.  However, the OWL is an order of magnitude larger in size and scope.
5. Conclusions
The paper reviewed here shows that the OWL opto-mechanical design a feasible one.  The cost of the system and its complexity is still much greater than any telescope ever built, but it is entirely within current technological capabilities.  The OWL design is much more robust and economical than similar scaled-up designs of the VLT or other large telescopes.  Several new methods may be used to control the motion of the telescope in altitude and azimuth.  Some new materials may be needed for the mirror segments and parts of the support structure for better stiffness and athermal properties.  Finally, this paper shows that OWL-type telescopes are possible and astronomers can look forward to these giant instruments to help them understand the universe like never before.
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Figure � SEQ Figure \* ARABIC �1�: The OWL telescope layout





Figure � SEQ Figure \* ARABIC �2�: a. Resonant frequency vs time, b. total mass vs.time
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Figure � SEQ Figure \* ARABIC �3�: Truss support element- a modular unit.





Figure � SEQ Figure \* ARABIC �4�: The drives are shown above





Figure � SEQ Figure \* ARABIC �5�: Rolling friction C, and sliding friction Ffr





Figure � SEQ Figure \* ARABIC �6�: Schematic of the mirror segment support system








5

