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TPF-C Primary Mirror RFI

1. Introduction:

TPF plans to launch a large coronagraph in 2014.  Preliminary studies suggest that the production of the primary mirror will be the pacing development item. This RFI solicits information that will provide a greater understanding of industrial preparedness to design and fabricate this primary mirror. This RFI is not a solicitation to procure the TPF-C primary mirror, but constitutes an early step toward establishing the requirements on the primary mirror that are compatible with the state of the art for a launch in 2014.  A roadmap showing a process, starting with this RFI and culminating in the award of a mirror contract, is being developed. 

The 1.8m TPF Technology Demonstration Mirror (TDM) is addressing questions about the implementation of the flight primary mirror.  Nevertheless, responses need not be limited to either the TDM specification, or to the TDM design characteristics.    Construction materials and processes and parameters for the primary do not necessarily need to replicate the parameters elected by the contractor that is building the TDM.  The TDM specification, along with one modification to the specification, is included with this RFI.

This RFI consists of a series of questions presented in section 3.0, but the response to these questions should be entered on the attached spreadsheet.  We request your response to these questions no later than Monday June 7th.  Responses should be sent electronically to Dave Content (David.Content@nasa.gov). Any material submitted as proprietary will be handled accordingly. TPF may use any data submitted to derive generic design parameters.

2. Preliminary Primary Mirror Description:  We indicate primary mirror parameters that are consistent with current design trades, and should be used as a basis for your response.  It is acceptable to take exception with any of these parameters, although they should be referenced as the baseline, and the basis of the exception stated. 

2.1 Application and operational environment:  

2.1.1 The Primary mirror is operated at a nominal temperature set point of 20ºC TBR.  Since the telescope will observe cold space, and radiate heat to cold space, maintenance of the temperature set point will require heating the back of the primary mirror.  

2.1.2 Orbit:  TPF-C will fly in an earth escape orbit, either earth trailing, or at L2.

2.1.3 Mission lifetime:  TPF-C’s primary mission will be accomplished in 5 years, and may be extended an additional 5 years.  Further operation is not planned, but may be desired.

2.1.4 Ionizing radiation:  The accumulated 5 year dose shall be less than 30krads, prior to being derated.

2.1.5 Other space effects:  TBD

2.1.6 Launch shock, vibration, and acoustic loads:  Requirements are being defined but are expected to be consistent with the loads associated with the contemporary launch vehicles with 5-m diameter fairings.

2.2 Geometry:  The TPF-C primary mirror is to be an elongated form, not including the axis of a parabola of revolution.  The form may be either elliptical or a rectangle with truncated corners.  The minor axis shall be 3.5m across.  The size of the major diameter is a subject of this inquiry.  The degree of lightweighting, and resulting stiffness, is also a parameter in this inquiry.




Figure 2.2-1

The geometry of the Primary mirror is outlined in white.

It may be either rectangular or elliptical in form.

Xm is the major diameter or length of the Primary.

Dp is the diameter of the virtual parent mirror.

Xm is an inquiry parameter, and will result in 

a corresponding Dp

2.3 Optical parameters

2.3.1 Geometrical factors:  The focal length of the primary shall be 11.163m, and the inner edge of the clear aperture shall be 0.550m.  The minor f/# is fixed, but the major f/# will decrease as the major aperture increases.

2.3.2 Optical finish parameters:  Optical figure desired is to be achieved in the mounted and coated configuration in a zero-g environment.

2.4 Mass and stiffness properties

2.5 Mounting condition:  This is a large mirror, and trades will be considered involving kinematic three point mounts, wiffle tree mount, and actuated multi-point force or moment actuated mounts.  Actuated mounts, if selected, are to affect and restore the surface from low order aberrations, and not to suppress the mid-spatial frequency effects which will be controlled via a deformable mirror set. 

2.6 Thin film coating:  The nominal coating is protected silver.  The coating is to be optimized for a) uniformity of reflectance, b) uniformity of phase change over the angle of incidence, c) minimum separation of S and P polarization, d) low scatter, e) resilience to storage and launch environment, and f) minimum stress applied to the surface.  The coating will have reflectance uniformity specification of 0.05% (TBR), which is one-half the TDM goal.

2.7 Material:  A low expansion material, such as ULE or Zerodur, shall constitute the substrate for the primary mirror.  The formation of the core and facesheet structure must be compatible with launch loads

2.8 Test requirements: The primary mirror manufacture and acceptance must be consistent with established metrology techniques. The primary mirror will be subject to protoflight qualification testing.
3.0 Inquiry questions:  Though a complete response to all questions covered below is desired it is understood that for the near term response, that we are requesting, responding to the attached spreadsheet is all that can be expected. The questions in section 3.4 are only provided to help provide you with our thinking and the questions that we ultimately need answered. Of these questions, item 3.4.f is not covered on the spreadsheet but needs to be addressed in your response. 

3.1 Objective: The fundamental questions we address here are:

a) Can a compliant TPF-C primary mirror of aperture Dp be produced within the projected launch schedule?

b) What investments in technology and facilities must be made to successfully implement this primary mirror?

c) How can the time of production be minimized, and the aperture, up to 8 meters be maximized?

d) What are the top risks to technical performance and schedule, and what investments can be made to effect significant mitigations?  

These answers may be used to guide design and programmatic trades that underlie TPF coronagraph development.

3.2 Guidance:  

3.2.1 Size: We anticipate that the long axis of the primary mirror will be not less than 6m, nor longer than 8m.  Larger apertures, although possible introduce other system level issues, and are less likely to be adapted.  We ask that your primary response be limited to this size range.  Apertures over 8 meters should be submitted as supplemental information, and only after the 6m to 8m range is addressed.

3.2.2 Schedule: Assume that preliminary design studies would commence in calendar year 2005, and that the primary mirror would need to be completed no later than first quarter of calendar year 2011 TBR.  Your response should be consistent with this timescale.

3.3 Manufacturing domains

a) Blank formation

b) Optical finishing

c) Optical coating

d) Optical (including coating uniformity metrology) and environmental testing 

3.4 Questions:  These are the issues that you should be thinking about when filling in the spreadsheet. Only question 3.4.f requires a response and is not covered in the spreadsheet. Some questions do not lend themselves for a simple answer in the spreadsheet. These are questions that you should be given thought to and will be covered in a subsequent RFI when more time is available for a response.

a) In your planning consider the design studies that are needed as a precursor to starting the design of the primary mirror and its mount.  What material properties, fabrication processes or design and analysis tools and models are needed to address a primary mirror of this size and precision that are not fully in place and available to you?  How long would it take you to be ready to provide a valid quotation and schedule for design and build of this primary mirror, and to be ready to start design

b) How you would fabricate the primary mirror blank, including selection and arranging of boules of material to manage CTE inhomogeneity and anisotropy and how the facesheet and lightweight core sections would be realized.  What facilities would need to be extended or created, and what is the schedule and timescale for doing this?  What is the investment for this? How is the curvature achieved prior to applying optical generation methods?  What is the duration from start of design to completion of blank fabrication?  Consider the high, mean and low probability lapse time for this operation.  Consider how the difficulty of blank fabrication increases as Dp goes from 6 meters to 8 meters.  Is this linear, or is there a step or discontinuity in difficulty, schedule risk, or investment?

c) Consider how you would optically fabricate the primary mirror surface, including management of print through, zonal error, and other mid spatial frequency optical errors.  Is your optical finishing machinery and long lead tooling compatible with this size of primary mirror, degree of aspheric departure and finish requirement? What facilities would need to be upgraded or created, and what is the schedule timescale for doing this?  What is the investment for this? What is the duration from blank readiness to end of optical fabrication?  In your thinking consider the high, mean and low probability lapse time for this operation. Consider how the difficulty of optical fabrication increases as Dp goes from 6 meters to 8 meters.  Is this linear, or is there a step or discontinuity in difficulty, schedule risk, or investment?

d) Consider how you would coat and measure the uniformity of the primary mirror surface, including management of polarization and cleanliness.  Is your thin film coating facility and long lead tooling compatible with this size of primary mirror, degree of aspheric departure and finish requirement? What facilities would need to be extended or created, and what is the schedule timescale for doing this?  What is the investment for this? What is the duration from end of optical fabrication to end of coating?  In your thinking consider the high, mean and low probability lapse time for this operation. Consider how the difficulty of thin film coating increases as Dp goes from 6 meters to 8 meters.  Is this linear, or is there a step or discontinuity in difficulty, schedule risk, or investment?

e) Consider how you would measure the optical performance of the coated and mounted primary mirror surface, including management of gravity and mirror cleanliness.  Is your functional and environmental facilities and long lead tooling compatible with this size of primary mirror, degree of aspheric departure and finish requirement? What facilities would need to be extended or created, and what is the schedule timescale for doing this?  What is the investment for this? What is the duration from end of coating to final functional and environmental testing of the primary mirror assembly?  In your thinking consider high, mean and low probability lapse time for this operation. Consider how the difficulty of optical testing increases as Dp goes from 6 meters to 8 meters.  Is this linear, or is there a step or discontinuity in difficulty, schedule risk or investment?

f) What is the resulting overall schedule for making this primary mirror, assuming an initial study during 2005.  What activities can be done in parallel, or otherwise accelerated, to expedite the production of the primary mirror?  Please consider teaming, long lead procurement, and prudent (recoverable) risks, and suggest how duration could be compressed, without incurring significant additional risk.

For the schedule provided above, please provide the spending profile in terms of percent of total cost from 2005, the beginning of the study effort, to the delivery of the primary mirror in the first quarter of 2011.

g) What government facilities, models, and tools would you want to use to expediently make this primary mirror?

h) Consider the risks you envision in making this primary mirror in the timescale described.  How do you rank the risks in terms of probability of failure and consequence of failure?  Failure can be a technical or cost attribute. What can we do to mitigate this risk?

i) Please consider these questions for apertures larger than 8 meters, if you believe it is feasible to make a larger primary mirror at this time and under this schedule.
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