MAESTRO Structure

1.
Design Concept

The optical system (lenses, prisms, gratings, and detector dewar) will be supported on a space frame constructed of carbon epoxy composite tubes, or of hybrid carbon-glass epoxy tubes.  Each of the optical elements will be kinematically supported on the space frame such that none will experience loading induced by deformations of the space frame.  

In turn, the space frame will also be kinematically supported within the MAESTRO enclosure structure, which will house and support all other systems required for the instrument (such as positioning mechanisms and control electronics), as well as block extraneous light.   By supporting only the mass of the optical elements on the space frame, and offloading the mass of all other components to the enclosure structure, a lightweight, stiff carriage for the optical system is possible which will be statically de-coupled from the enclosure and telescope mount.  Preliminary analysis has demonstrated worst-case, absolute, flexural displacement of the space frame due to gravity sag from the masses of the optical elements of approximately 10 microns (.0004").  

Additionally, the low CTE of typical carbon composite materials is compatible with most lens materials.

With the space frame and optical elements mounted within it, the enclosure structure and other components will be mounted directly to the MMT top box.  The position and orientation of the entire space frame can be adjusted relative to the F9 focus, and the position and orientation of any of the optical elements can be adjusted relative to the space frame.  The load path from the space frame through the enclosure structure to the top box mounting can be kept compact and stiff as well, such that the position and orientation of the space frame is kept stable over time.

Currently, off-the-shelf fiber wound carbon-glass composite tubing is available that delivers the 10-micron performance specified earlier.  It is quite possible that the cost of constructing the space frame will be in the range of $5K to $15K.  The enclosure structure can be constructed of low cost materials such as aluminum, and will not require tolerances better than those of the top box interface.   To further minimize overall cost, off-the-shelf positioning mechanisms and optical support hardware will be acquired whenever possible.
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Figure 1.
MAESTRO Space Frame
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Figure 3.
MAESTRO Space Frame (End View)
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Figure 4.
MAESTRO Space Frame Deflection (I-DEAS Results)

2.
Weight

Optical components
=
179.02 lbf

Tubing


=
  34.15 lbf

Fittings


=
  35.49 lbf

Total


=
248.67 lbf

Weight allowable (top box interface) is 2000 lbf

3.
Thermal deformation (unrestrained)

Based on CTE = 1.5E-06 in/in/(F (Composite), T = 85(F

Longitudinal
=
7.65E-03 inch

Height/Depth
=
2.76E-03 inch
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Figure 2.	MAESTRO Space Frame (Side View)








