Supernova/Acceleration Probe (SNAP)

1.0
INTRODUCTION AND SCOPE

This submission is in response to a RFI from Lawrence Berkeley National  Laboratory (LBNL) of May 29 for the supply of a 2 meter diameter telescope.  Kodak’s activities will be to provide an integrated and tested Optical Telescope Assembly (OTA) including optics, mounts, metering structures, and thermal control systems. Final integration and test of the customer furnished (CFE) Gigacam Sensor Assembly (GSA) is not presently part of the Kodak scope but could also be performed by Kodak if desired. Key features of the OTA and the hardware that supports the optical components are described below, concept trades are identified  and specific questions from LBNL are addressed. 

2.0 CONCEPT DEVELOPMENT

A study looking at the basic telescope configurations and trades should be executed to determine the most cost effective solution that meets the SNAP requirements.  An overview of the key telescope hardware items follows.
2.1
Primary Mirror Assembly

The primary mirror assembly (PMA) consists of not only the primary mirror, but also the mirror backpads and struts that attach the mirror to the aft structure assembly in the telescope.

The baseline design is a classic sandwich construction consisting of a lightweight water jet cut core with with front and back faceplates all made from Corning Ultra Low Expansion (ULE™) glass. A trade will be completed at a later date to determine if the most cost effective fabrication method is frit bonded or low temperature fusion technology. Kodak and Corning have made similar mirrors using both techniques in the past. At the current time, Kodak and Corning prefer the low temperature fusion process, but a cost trade will determine the final fabrication process. The mirror would be in the 50 to 60 kg/m2 range that is well within the state of the art for Kodak and Corning, Inc to produce. Figure 1 shows a mirror of similar size and areal density in process at Kodak. The processing of the primary mirror will utilize large tool polishing and ion figuring, a process that has been demonstrated time and again at Kodak as a method to quickly and accurately produce a high quality mirror for our optical systems.
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In order to attach and keep the primary mirror accurately aligned to the system, Kodak uses Invar backpads attached to the mirror using General Electric RTV-566 adhesive. This space qualified adhesive is used in a thickness between 0.75mm-1.00mm (0.030”-0.040”) thick. The combination of the low CTE Invar and the compliant RTV bond provides a secure attachment to the glass mirror with very little localized mount print-through or mirror strain. 

The attachment of the primary mirror to the telescope metering structure is completed using a hexapod mount (six struts) to kinematically connect the PM to the main metering structure (See figure 2).  The PM has three or six backpads depending on what strut orientation is selected.
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2.2
Secondary Mirror Assembly

The performance of the secondary mirror assembly (SMA) will be a major driver in the optical performance of the SNAP system. The SMA configuration trade will include both strut and spider mounts. The strut mounts can be a hexapod mount or a single strut arrangement.  A spider mount with three legs provides the minimum obscuration alternative.

A five degree of freedom (5-DOF) actuation system will be required for on orbit alignment of  the primary-secondary mirror. If strut mounts are used, actuators can be implemented at the aft end of each strut to achieve the five degrees of freedom of the Secondary Mirror Assembly.  If mounted on a Spider, a five degree of freedom (5-DOF) actuation mechanism system can be used at the Secondary.  Like the primary mirror, the secondary mirror would be mounted using a hexapod mount with RTV bonded backpads to the mirror. Simple rod flexures would be used as the attachment mechanism since the complex struts used on the PM are not required for the secondary mirror.

2.3
Forward Structure Assembly
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The forward structure assembly provides the metering structure that sets the spacing between the primary and the secondary mirrors. As discussed above, this could be accomplished with strut supports that tie the Secondary Mirror Mount to the Aft Support Structure (see Figure 3) or with a full shell structure that interfaces to a Spider mount (see Figure 4).  Composite structures that combines light weight with very high stiffness and stability will be used for all structures. Baffles will need to be provided to eliminate stray light that strikes the inside of this structure from entering the optical system.
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2.4
Aft Structure Assembly
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The aft structure assembly provides the interface between the spacecraft and the telescope. This composite structure interfaces with the spacecraft, shown as a ring mount, using a hexapod mount (six struts) providing a strain free interface for the optical system. The aft structure also provides the interface for the PMA hexapod mount, the telescope forward structure assembly, the Tertiary and Fold optics, and the GSA. The Tertiary is also mounted with hexapod mounts and the fold mirror is shown with a spider mount that in turn mounts to the aft structure. All components fit into this configuration however it results in a long telescope package. 

2.5
Thermal Control System

The thermal control design for the SNAP telescope will be critical in order to provide peak performance for the system.  Thermal blankets and thermal control will be critical to minimize gradients and maintain alignment. Kodak’s Chandra and other large optical systems experience provides the basis for creating a thermal control system that minimizes power consumption while providing tight thermal control. For example, the Chandra High Resolution Mirror Assembly thermal control system controls the bulk temperature of that assembly to 21ºC ± 0.11ºC and gradients to within 0.22( C while using only 54 watts of power. 

3.0 FEASIBILITY 

3.1 Optical Design

The optical design proposed in the RFI is sound and performs as specified over the required field.  The tolerances are within the manufacturing and alignment techniques performed on previously successful programs at Eastman Kodak Company.  The design can be further optimized for packaging requirements, but the baseline design is a good starting point.  

An option of the current design that should be examined in the optical trades is to replace the small fold mirror with a large fold that includes a central hole.  This configures the Tertiary opposite the GSA. It requires a larger fold mirror but will not require a spider type mount that obscures the beam and it should reduce scattered light.  Kodak can make a lightweight stiff fold mirror for this option that would mitigate the weight penalty of the larger mirror.  The aft end dimension and hence the overall telescope length would be substantially reduced as well.
3.2 Mass

The mass of the SNAP OTA is estimated at 695 kg. This was based on a strut mounted Secondary although the spider mount would not be significantly heavier.  It assumes that composites are used extensively in the structure designs to minimize weight and that a single use lightweight Telescope Contamination Door (or cover) design is employed.  No contingency has been added to this estimate.    As we are not working to a specification, it would be prudent to add at least 10% contingency to this weight number.

3.3 Dynamics

The minimum axial natural frequency of 50 hz is expected from Kodak’s experience to be in the 30 to 35 hz range and the minimum lateral natural frequency of 35 hz is expected to be in the 15 to 20 hz range.  These numbers are typically driven by the mounted Primary Mirror where stiffening the mounts is counterproductive to controlling the strains at the PM/mount interface.  Kodak uses a variable stiffness mount design to mitigate this problem.

4.0
KEY PROGRAM AND TECHNICAL RISKS

The following is a discussion of program and technical risks that should be addressed.  Other risks could emerge as the system specification is developed.   

4.1
Cost And Schedule Risk

During the program design phases, efficient use of existing designs and prompt closure to a baseline manufacturable design is of the utmost importance in containing program costs.  Kodak proposes that an integrated product team be established to quickly conclude system design level trades, solidify requirements, and establish interfaces at levels that can be executed utilizing cost effective manufacturing and verification processes.

Kodak has extensive experience in managing the critical path hardware, which, invariably for space telescopes, is the primary mirror.  Our long-standing relationship with Corning, Inc. provides us the confidence to define the schedule and manage this hardware. To reduce risk, a back-up primary mirror will be completed to a subassembly level. This reduces the lead time in case of a failure early in the program where the risk to the primary mirror is the greatest.  Many successful Kodak programs have followed the same philosophy, the most recent of which was Chandra; where the loss of any of the eight  primary mirror optics would have jeopardized the entire program.  

The 36 month schedule is an aggressive but achievable schedule.  The Primary Mirror needs to be started as a long lead item 6 months early to allow glass selection and initial blank fabrication steps to proceed. 

4.2
Thermal Design

Thermal isolation of the GSA could be an issue regarding alignment stability.  With the overall telescope maintained at room temperature, the GSA at 135K will need to be carefully modeled to insure that any thermal impact to the on orbit alignment of nearby optics is well understood and accounted for in the system error budget. 

5.0  DEVELOPMENT WORK

No required technology development has been identified, however Kodak proposes an early study consisting of requirements and final configuration definition to provide a design baseline that will enable a more detailed cost estimate and schedule to be completed. 

Kodak would work closely with LBNL to develop system design level trades, solidify requirements, and establish interfaces.  The key technical issues will be to solidify the baseline optical configuration, thermal control methods, and operational concepts.  Trade criteria to be considered in the selection of the baseline configuration will include cost, schedule, and technical aspects.  Technical considerations will include wavefront error, stray light control, orbital environments, primary mirror focus and pointing, and thermal control. 
6.0 INTEGRATION

A top level flow of the OTA integration and test is shown below.


7.0 SYSTEM TEST

7.1
Image Quality Assessment

The full–aperture, full-field test of the OTA is included in our system testing. The test would be completed on the telescope using a full aperture autocollimating flat and an interferometer at the system focus. This vacuum test would verify that the telescope meets its optical performance parameters. 

7.2 Vibration Test

A vibration and modal survey test of the telescope with a GSA mass simulator installed would be completed.
8.0 FACILITIES

Kodak’s mirror processing capabilities encompass the entire range of facilities to make the parts required to fabricate a mirror blank and to grind and polish the mirror blank into a finished optic. In order to fabricate mirror blanks, Kodak has in-house abrasive waterjet cutting capabilities. Plate processing is also completed on various machines such as the Blanchard grinder shown.



Kodak has in-house capability for grinding, polishing, and testing large optics. These facilities include tub grinders, an Off-Axis Generation Machine (OAGM) that includes not only a grinding capability to under 10 microns, but also a high accuracy probe that can measure surfaces to 2 microns, Computer Controlled Small Tool Polishing (CCSTP), and ion figuring facilities that use a non-contact ion beam to deterministically remove material from the optic and allow very fast convergence to the final figure.






Facilities are also available to test optics. Refractive, reflective, and holographic null systems have all been used to test optics. A wide range of interferometers are available at Kodak.



9.0 HERITAGE

9.1 KKONOS
IKONOS is an integrated imaging payload developed for the Thornton, Colorado based Space Imaging EOSAT on an accelerated schedule.  It enables collection of panchromatic image data of Earth to 1 meter resolution and multispectral data to 4 meter resolution.  This represents a ten-fold increase in existing image resolution quality from what has been previously available.  The imagery possesses five foot location accuracy on the ground, enabling geographic information system (GIS) users to plot highly accurate 1:2400 scale maps, among other applications.

Payload Characteristics - The space camera’s electro-optical assembly consists of a lightweight telescope, a focal plane array, and data compressor - all designed and manufactured by Kodak.

The all reflective 3-mirror anastigmat optical design contained mirrors which were finished to atomic level smoothness using Kodak’s Precision Optics Organization’s proprietary polishing technique known as ion figuring.  Using a computer controlled process, Kodak shaped the telescope’s 28” diameter primary mirror to <0.020 waves-surface quality.



9.2 CHANDRA

Kodak was a member of the TRW prime contractor team that developed the AXAF (Chandra) Observatory that was launched in July 1999 and has been performing almost flawlessly for the past two years. Kodak was responsible for the design, development, manufacture, integration, test and delivery of the Chandra Telescope system. The telescope consists of two major modular assemblies; the Optical Bench Assembly (OBA) and the High Resolution Mirror Assembly (HRMA). The OBA is the composite shell structure that supports the two ton HRMA module at the forward end and 



the ½ ton ISIM at the aft end. The HRMA contains the four nested pairs of cylindrical mirrors precisely aligned and parafocalized to a common 10-meter focus.

The assembly and alignment of the HRMA mirrors and final Chandra telescope integration was technically and programmatically very demanding. Assembly and testing towers had to be designed and built, optical metrology STE developed and checked out using a pathfinder approach, critical mirror alignments performed, and GSE to handle, and transport program critical hardware had to be designed and built. 

Kodak completed the Chandra telescope one month ahead of schedule and received 100% of the delivery incentive fee and 100% of the orbital verification fee.
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Figure 4: SNAP Telescope Aft end configuration and spider mounted secondary
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Figure 2 - IKONOS mounted Primary Mirror. The hexapod mount can be seen in this photograph.
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Figure 11: The HRMA in assembly at Kodak





Figure 10: Ikonos Telescope Payload





Figure 5 - Blanchard grinder with 1.5m mirror





Figure 6 - OAGM provides the ability to quickly impart an off-axis asphere onto a mirror blank.





Figure 8 - Ion figuring provides Kodak with a deterministic non-contact method to finish mirrors.





Figure 9 - Large vibration isolated towers are used for sensitive metrology measurements.





Figure 1: A 1.5 M lightweight ULE Primary Mirror in grinding





Figure 7 - CCSTP can polish an off-axis part 





Figure 3: Kodak development hardware with strut configuration for Secondary to Primary Mirror spacing
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