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1. Introduction

The concept of a future ground-based gamma-ray observatory, AGIS, in the energy range 40 GeV-100 TeV is based on an array of Imaging Atmospheric Cherenkov telescopes (IACTs). The anticipated improvements of sensitivity, angular resolution and reliability of operation anticipated in the next generation of telescopes imposes demanding technological and cost requirements on the design of IACTs. The relatively inexpensive Davies-Cotton telescope design has been used in ground-based gamma-ray astronomy for almost fifty years and is an excellent option. This paper explores an alternative design of a two-mirror telescope with a Schwarzschild-Couder (SC) optical system. The mechanical structure provides support points for mirrors and camera. The design was driven by the requirement of minimizing the deflections of the mirror support structures. The structure is also being designed with the goal of slewing in elevation and azimuth at 10 degrees/s. 

The design of the Schwarzschild-Couder telescope presents additional challenges compared to a Davies Cotton design because of the tighter requirements on the deflections (for telescopes of similar size) and the additional moment caused by the secondary mirror structure.  The telescope consists of a primary and secondary mirror and a camera.  The current design was driven by the requirement of minimizing the deflections of the mirror support structures.   
This paper will present the initial structural analysis that has been done on the OSS for a SC telescope.  The basic parameters of the design were supplied by UCLA and are shown in the figure below.  These basic design parameters were then used to develop a mechanical design.  This initial design study only considered the OSS in order to understand if it is possible to obtain the smaller deformations needed in a SC telescope design.   This initial design study is focused on setting the scale for the telescope design and understanding what parameters are important to obtain the small deflections and stiffness required in order to slew at a high rate.
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2. Description of Structure

Figures 1-4 show the basic structure of the telescope OSS.  The structure consists of a primary mirror support assembly and a secondary mirror assembly.  Both mirror assemblies are made of concentric rings of rolled structural tubing.  This arrangement is very low cost to fabricate and provides easy support points for the mirrors.  The concentric rings are attached by radial tubing.  The primary assembly has a larger structural tube that makes up the outer ring.  This ring provides support for the elevation bearings and rotation.  The primary assembly is also stiffened considerable by the truss structure that is built up on the back.  The additional stiffness provided by this truss structure is needed mainly when the telescope is points directly upward.  In this orientation the center of the primary mirror concentric rings wants to deform and drop so the truss structure is needed for support.  
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Figure 1
Design Parameters for SC Telescope
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Figure 2

Design Parameters for SC Telescope
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 Figure 3

Design Parameters for OSS 
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Figure 4

Design Parameters for OSS
The telescope structure has been driven by two main requirements: first, to minimize deflections in all orientations; second, to design a structure that minimizes the fabrication costs.  In the sections below the deformations will be discussed in detail.  It was felt that the fabrication costs could be minimized by reducing the total number of pieces that make up the OSS as well as by having a design for which large sections could be easily constructed off-site where fabrication costs would be less and that final assembly on-site would involve very few parts.  The design started by defining the mirror support points.  Concentric rings were then placed at these points and tied together by radial arms.  Concentric rings were used because it is relatively inexpensive to roll sections of structural tubing to the required radius, rolled sections could come in one piece and would cover a large area and would require minimal additional fabrication.  

The basic parameters of the OSS structure at listed in Table 1 below.

Table 1

Parameters of OSS Structure

	Weight of OSS
	24,960 kg

	Counter Weight
	5987 kg

	Mass Moment of Inertia, IXX
	4.097x105 kg-m2

	Mass Moment of Inertia, IYY
	3.89x105 kg-m2

	Mass Moment of Inertia, IZZ
	2.05x105 kg-m2

	Weight of Camera
	1361 kg

	Weight of Primary Mirrors
	1355 kg

	Weight of Secondary Mirrors
	510 kg


3. Structural Analysis

A finite element model was created of the OSS using the program ANSYS.  Three dimensional beam elements were used in the analysis.  The model was restrained at the two elevation support points in the Y and Z directions and rotation about the X (elevation) axis.  Zero moment was obtained at the support points by adding counter weights at the back of the stiffening truss work on the primary assembly.  The weight of the mirror was applied to the model by applying an evenly distributed mass to the concentric rings of the primary and secondary assemblies where the mirrors would be mounted.  Specific nodal points where mirrors would be mounted were defined.  Deformations at these mirror support points were then extracted from the model and used to calculate the Point Spread Function as a means of evaluating the structure.  
3.1. Static Analysis

The first analysis that was done on the structure looked at deformations when the OSS in the vertical and horizontal orientations under only gravity loading.  These were considered two extremes.  The Point Spread Function was calculated and the design was then iterated in order to reduce the PSF to as close to the ideal theoretical values as possible.  The figure below shows the PSF plots vs. field angle and the evolution of the design.  The final design is AP4v4.
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Figures 5-7 below show the deformations and stresses when the OSS was in the vertical orientation.  Figures 8-10 below show the deformations and stresses when the OSS was in the horizontal orientation.  
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Figure 5
Total Deformations of OSS in Vertical Orientation (units=inches)
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Figure 6
Z Direction Deformations when OSS in Vertical Orientation (units = inches)
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Figure 7 

Von Mises Stresses in Truss Members with OSS in Vertical Orientation (units = psi)
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Figure 8
Total Deformation of OSS in Horizontal Orientation (units = inches)

[image: image11.jpg]S aus 20 2008
N 16:10:37
TIE-1

X =.7L5E-03

~.0s0162 ~. 069967

~.049772 ~.029577
-.080064 -.059869 -.039674

~.009382
-.01948 7sE-03





Figure 9 

Y Direction Deformations when OSS in Horizontal Orientation (units = inches)
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Figure 10
Von Mises Stresses in Truss Members with OSS in Horizontal Orientation (units = psi)

In both the vertical and horizontal orientations the deformations are less than 0.040” (1mm). Also, the deformations within the secondary and primary assemblies are fairly uniform.  In the vertical orientation the secondary remains parallel to the primary.  The secondary and primary move closer to each other in the vertical orientation by less than 0.020” (0.5mm).  In the horizontal orientation the primary and secondary remain parallel to each other and the secondary droops relative to the primary on the order of 0.030” (0.75mm).  
The stresses in both orientations are very small.  The design is driven by the need to minimize deformations and weight rather than stresses
3.2. Thermal Analysis

Deformations due to thermal changes are also important for the structure.  Carbon fiber has been used on some telescopes as a means to reduce the thermal deformations of the structure.  A thermal analysis was performed on the structure to evaluate the deformations and stresses that occur when the temperature of the OSS changes by +10 C. 

Figure 11 shows the thermal deformations in the Z direction.  As expected the secondary assembly moves in Z as a rigid body away the primary assembly as the truss members supporting the secondary assembly expand.  The deformation is on the order of 0.039” (1mm).  The outer ring of the primary assembly is supported and restrained and therefore does not move in Z.  
Figure 12 shows the thermal deformations in the X direction.  The outer ring of the primary support structure is restrained at two points where the elevation drive would be located.  Only one of these support points is restrained in X.  If both support points were restrained in X then this would model and infinitely stiff structure that would be supporting the OSS.  However, any support structure supporting the OSS will not be infinitely rigid and will deform in X.  The thermal deformations show the OSS is restrained on one side and expanding away from this fixed support on the order of 0.042” (~1mm).
Figure 13 shows the thermal deformations in the Y direction.  As expected the deformations are zero at the XZ plane and are symmetric since the OSS is restrained on both sides in Y.  
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Figure 11
Thermal Deformations in the Z direction -- +10 C Temperature Change
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Figure 12
Thermal Deformations in the X direction -- +10 C Temperature Change
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Figure 13
Thermal Deformations in the Y direction -- +10 C Temperature Change

3.3. Modal Analysis

A model analysis was done to understand the natural frequency of the structure.  The first four natural frequencies are:
	1st
	1.12 Hz

	2nd
	3.3 Hz

	3rd
	3.5 Hz

	4th
	3.6 Hz


Figures 14-17 below show the mode shapes for the first four natural frequencies.  The natural frequencies are relatively low for this type of structure.  The first frequency especially is low, an examination of Figure xx shows that this is most likely due to the lower stiffness of the truss structure supporting the secondary mirror assembly.  The low value of the first frequency is especially worrisome because it corresponds to the elevation axis.  
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Figure 14 -- First Mode
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Figure 15 – Second Mode
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Figure 16 – Third Mode
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Figure 17 – Fourth Mode

3.4. Dynamic Analysis

Finally, the deformations of the structure while being rotated were examined.  The OSS had rotational acceleration of 1.67 deg/sec^2 and rotational velocity of 10 deg/sec applied in different orientations.  Rotation about only one axis at a time was considered.  This analysis was simply attempting to get a feel for the level of deformations and stresses that could occur when the OSS rapidly slewed.  
The OSS was first rotated about the vertical, y, axis to simulate azimuth rotation.  The OSS was placed in the horizontal orientation which it was felt would create the largest deformations.  Figure 18 below shows the deformations in this orientation while being rotated about the vertical orientation.  The deformations were relatively small compared to the deformations due to gravity.  
Figures 19-20 show the much larger deformations when the OSS is rotated about the elevation axis.  
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Figure 18 – Z Direction Deflections When OSS Rotated About the Vertical (Y) Axis (inches)
Angular acceleration = 1.6 deg/sec^2

Angular Velocity = 10 deg/sec
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Figure 19 – Z Direction Deflections When OSS Rotated About the Elevation Axis (inches)
Angular acceleration = 1.6 deg/sec^2

Angular Velocity = 10 deg/sec
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Figure 20 – Y Direction Deflections When OSS Rotated About the Elevation Axis (inches)
Angular acceleration = 1.6 deg/sec^2

Angular Velocity = 10 deg/sec
The deformations while slewing are considerably higher than the deformations under static or thermal loading.  However, the telescope will not be taking data while slewing and all that matters is that after rapid slewing motion that the OSS settle down quickly to its static position.
The highest stresses during slewing were found when the telescope rotated about the elevation axis.  Figure 21 below shows the very small stresses that resulted.  

[image: image23.jpg]S aus 26 2008
N 14:23:56
TIE-1

SEQV (VG
DI =.200172
S =.002395
s =314
002385 697.958 1396 2094 2792





Figure 21 – von Mises Stresses when OSS Rotated About Elevation Axis (psi)

Angular acceleration = 1.6 deg/sec^2

Angular Velocity = 10 deg/sec
4. Conclusion
Preliminary structural analysis has been conducted on a design for a SC telescope.  The purpose of this analysis was to get a feel for the structure, deformations, and performance of the telescope and to understand what was possible to design and construct.  A preliminary design has been developed that minimizes deflections while also minimizing the weight of the structure.  The design concept has been driven by the design to minimize material/weight as well as to make the structure easy to construct.  
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