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Introduction

This report summarizes the paper “Development of a three-mirror, wide-field sensor, from paper design to hardware”, by John Figoski.  In this report, Figoski details the development of an all-reflective telescope from design to prototype, and reiterates the importance of keeping manufacturability in mind during the entire process.

System Under Development

The system being developed is a wide-field, all-reflective system to be used for multi-spectral earth observation.  The telescope is a three-mirror system that is telecentric over fifteen degrees at F/4.5, and is near diffraction limited at visible wavelengths.  An existing design was chosen as a starting point.  This starting design is shown below in Fig. 1.
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Fig. 1 Three-Mirror Telescope Design

The author took this starting point and developed several potential alternatives to meet the requirements of his system.  The final design was chosen from among these for its balance in size, performance, and relative ease of fabrication and alignment.

This design has aspheres on all three of the mirror surfaces.  The author stresses reducing the number of aspheric coefficients in order to reduce the risk of fabrication.  

Error Budget

The second step that the author completes is the development of an error budget for the system.  He accomplishes this by first developing a specific performance criterion.  In this case he sets a maximum rms wavefront error of 0.055 waves at 632.8 nanometers.  From this the author sets up an error tree that identifies the major steps that the hardware will take, from design to fabrication to assembly to operation.  The major subassemblies are then broken out of these major branches, and then broken down again until all critical dimensions were identified and then given a tolerance.  This error tree is shown below in Fig. 2.
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Fig. 2. Error Tree for Tolerance Budget

The first level of error budgeting the author performs is a sensitivity analysis.  Here he perturbs every parameter identified a known amount.  Through this step, he was able to identify the parameters that were most sensitive and needed the most watching over in order to bring the system performance in under the requirement.

The second step the author took was an analysis of worst-case tolerances with compensating parameters allowed.  This was necessary as adjusting other optical elements can wholly or partially compensate for many fabrication and alignment errors.  Line of sight and focus are two that can easily be compensated for, but coma and astigmatism can also be partially compensated for.  This step gave the author a feel for whether an individual parameter can be allowed to exceed a specified tolerance and still permit the system’s performance parameter to fall within the desired specification.  The final step here is an examination of the statistical combinations of all tolerances to ensure a proper balance has been achieved.  This was done using Code V’s Monte Carlo tolerance analysis.

Cost Savings

The fabrication modeling the author performed resulted in significant cost-savings for the project.  Firstly, the modeling identified specific low-order errors that could be compensated for elsewhere in the system.  These included focus and to a lesser extent coma, astigmatism and spherical aberration.  Fabrication tolerances on certain parameters could thus be relaxed without hurting the system performance.  It also showed which parameters did not need to be held to exacting tolerances.  This knowledge saved on cost by not specifying tolerances on these that were tighter than what was required.

Fabrication of the System

The mechanical setup of the system was designed and setup to allow for the best possible alignment of the system.  

The primary and tertiary mirrors were mounted on a main bulkhead.  The key to their alignment was in the precision manufacture of this bulkhead.  Then each of them was mounted using three points.  One was mounted at the vertex of the optical surface to allow tilt adjustments about this vertex.  The two other points were located at opposite corners of the mirror to give the tilt adjustments needed to bring the mirrors in correct alignment.

The secondary mirror was mounted on a second bulkhead.  Its alignment was aided by the use of a point calibrated with respect to the main bulkhead, and a second that corresponded to the optical center of the mirror.

Alignment of the System

The author chose the use of computer-aided alignment, as it was deemed too difficult to precisely align the system using manual alignment techniques.  Therefore, he chose an approach that utilized interferometry in order to separate alignment errors from fabrication errors and obtain the highest precision possible.  

The first step was to establish a goal for the system performance based on optimal performance with fabrication errors taken into account.  Then, five interferograms were taken across the field of view of the telescope.  The coefficients that described the wavefront were defined using these interferograms.  

These coefficients were entered into Code V as an interferogram file, and Code V’s ALIgnment option showed the difference between the current performance and the target performance.  Prior to each iteration, various alignment solutions were evaluated in Code V.  These found which combinations of compensators could be used to minimize alignment motions to maximize performance.

After several iterations of this, the performance goal for the system was met.  The system’s rms wavefront error target of 0.055 waves at 632.8 nanometers was achieved.  
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