
 
 

 
 

telescope.  This size fits inside large but common commercial precision measurement machines.  This size also can be 
shipped inside standard shipping containers. 

 
Fig. 6.  Compound panel concept showing two different types of sub-frames.  Each sub-frame holds four tiles and each tile 

is attached to the sub-frame by five adjusters.  The foam insulation surrounding the sub-frames is not shown for clarity.   

3.2 Thermal stability 

An important aspect to the compound panels is that the sub-frame can be surrounded by foam insulation to greatly 
reduce the thermal gradients and increase the stability of the sub-frames.  For clarity the insulation is not shown in Fig. 
6.  The detrimental front to back thermal gradients should be much less than ~0.1 K and CFRP layups optimized for 
strength and cost can be used. 

3.3 Reflector tiles 

The reflector tiles are not actively controlled and can be supported at more than three points.  Tile size and number of 
support points are design parameters that can be used to trade off complexity, cost and surface errors.  The design shown 
in fig. 5 has four tiles mounted on each sub-frame and each tile supported at five points.  The five point support reduces 
the gravity deflections of the tile by more than a factor of ten relative to the same size tile optimally mounted on three 
points as demonstrated in Fig.3.  Also the troublesome low order fabrication errors can be tuned out during the factory 
tile setting procedure.  In the error budget calculations it is conservatively assumed that he errors for a tile supported on 
five points are equivalent to a tile with half of the linear size supported at three points.  The formulas described above for 
monolithic panel errors are applied to the tiles using this reduced effective size. 

The resulting large reduction in the tile errors relative to large monolithic panels means that many more tile 
configuration and fabrication options become viable, ranging from CFRP replicated tiles to tiles machined from billets of 
Aluminum.  The most accurate panels fabricated for existing sub-millimeter radio telescopes come close to meeting the 
CCAT requirements if tiles smaller than 1 m x 1 m are used.  Thus the tiles should not require an extensive research or 
development and present a low risk to the project.      

3.4 Sensor configuration 

The sensors should be carefully attached to the most stable part of the panel, which in the case of compound panels is the 
sub-frame.  There are many options in how you build the sub-frames and attach the sensors.  Figure 6 shows CFRP arms 
extending from one sub-frame to overlap with the neighboring sub-frame with the intention that commercial gap sensors 
would be used to measure the gap between the arm and the neighboring sub-frame.  These sensors are not constrained to 
fit in the small space between the reflecting tiles and a variety of off-the-shelf sensors ranging from capacitive sensors, 
LVDTs, or simple reflective light beam sensors could be used.  The sub-frame can also support many other types of 
metrology without affecting the design and fabrication of the tiles. 

This sensor configuration in Fig. 6 is similar to the paddle sensors used for the Keck segments [4].  The two sensors on 
each common edge are sensitive to both the continuity between the panels and the dihedral angle between them using a 
single type of sensor.  The ability to measure changes in the dihedral angle is important for controlling the low order 
distortion modes and the arms on the sub-frame can be lengthened to increase the dihedral angle sensitivity [5].   


