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1 introduction

This document defines the requirements for the Constellation-X Spectroscopy X-ray Telescope (SXT) Flight Mirror Assembly (FMA). 

The flight segment of the Constellation-X mission consists of a constellation of four identical observatories in orbit at the L2 Sun-Earth Libration point. All four observatories simultaneously observe the same target and the data are combined on the ground. Each observatory has two types of telescope systems: the SXT which covers the 0.25 to 10 keV bandpass and the Hard X-ray Telescope (HXT) which covers from 6.0 to 40 keV. Each SXT has a Flight Mirror Assembly (FMA) shared by two detector systems: an X-ray Microcalorimeter Spectrometer (XMS) and a Reflection Grating Spectrometer (RGS) Focal-Plane Camera (RFC).

The SXT FMA consists of the following major components: 

· Mirror

· RGS Grating Array (RGA)

· Pre- and post-collimators 

· Internal Cover

· Mounting structure as required to attach and maintain alignment.

The mirror is the heart of the FMA. It is the assembly of reflective surfaces that collect and focus X-ray photons. The RGA consists of a collection of grating modules which are positioned and aligned with respect to the Mirror exit aperture so that a portion of the photons are reflected and dispersed onto the RFC. The Pre- and Post-collimators minimize radiative thermal losses and provide temperature control to the Mirror and RGA. The Internal Cover provides contamination protection through launch until initiation of SXT on-orbit operations.

This document establishes the SXT FMA performance, implementation and interface requirements to be used for the Phase A Industry FMA studies. This includes requirements for the FMA to Observatory interfaces as well as interfaces between the FMA and the grating modules. This document also contains constraints to be used for reflector properties (Section 7) and relevant applicable schedule and budget information (Section 8).

This document draws upon Pre-Phase A design information for the Constellation-X Observatory and a Reference Concept for the FMA. These are somewhat affected by the current reflector technology development status and projections for future development. In the future, these requirements will be modified to incorporate new information and insights. Significant modifications to certain interface portions of this document after Reflection Grating Spectrometer (RGS) and Observatory contract awards are expected.

For some requirements in this document, additional explanation of the source, basis or other assumption related to the requirement has been provided in italics following the requirement itself.

2 Applicable and reference Documents

2.1 Applicable Documents

The following documents, to the extent specified herein, are applicable to the contents of the document as well as basic information used in its generation. These documents are subject to periodic revision, the user, therefore, should refer to the latest available version. In the event of a conflict between documents referenced herein and the requirements of this document, the requirements of this document shall take precedence.

2.1.1 GSFC Documents

Document Number


Document Title

C-X-LIB-0001



DRAFT Constellation-X Top Level Requirements Document
2.1.2 Non-GSFC Documents

Document Number


Document Title
MIL-STD-1246
Product Cleanliness Levels and Contamination Control Program (TBR)
2.2 Reference Documents

DRAFT Constellation-X Calibration Plan

3 Performance Requirements

The requirements stated below, unless otherwise noted, apply to each FMA.  Four FMA’s are required to meet the top level Constellation-X mission requirements.

3.1 Band Pass

The FMA bandpass shall be from 0.25 keV to 10 keV. 

3.2 Effective Area vs. Energy

The minimum on-axis effective area for each FMA shall be:

· 9630 cm2 at 0.25 keV

· 7250 cm2 at 1.25 keV

· 1730 cm2 at 6 keV

· 380 cm2 at 10 keV

The FMA area requirements above specify the FMA effective area remaining after FMA level area losses are deducted. This shall not include the losses due to the gratings or the grating module structure but shall include all other FMA losses including, but not limited to:

· FMA housing structural obscurations

· Grating support structure obscurations

· X-ray reflectivity of mirror coatings

· Contamination to optical surfaces

· Reflector-to-reflector alignment losses

· Reflector-to-aperture alignment losses

· Losses due to misalignment between the FMA optical axis and telescope axis.
In order for Constellation-X to meet its mission flux sensitivity requirement, the on-axis effective area of the SXT system (all four observatories) is 1,000 cm2 from 0.25 to 10 keV,  15,000 cm2 at 1.25 keV  and 6,000 cm2 at 6 keV.  Thus the SXT effective area per observatory is 250 cm2 from 0.25 to 10 keV, 3,750 cm2 at 1.25 keV and 1,500 cm2 at 6 keV.  The FMA area requirements listed above have been derived under the following assumptions:

· 100 grating modules are located within the outer annulus of the FMA, but do not completely cover this annulus

· Nominal performance for other (non-FMA) characteristics, including detector and grating efficiencies, filter transmissions, structural losses, etc.

· Area is counted only if the spectral resolution meets system requirements

3.3 Angular Resolution

The on-orbit angular resolution of each SXT FMA shall be 12.5 arc-sec Half Power Diameter (HPD), exclusive of the following non-FMA effects:

· Image reconstruction, mounting strain, vibration, and instrument to FMA misalignments.

The above FMA requirement shall include, but not be limited to, all FMA driven sources of error, such as:

· Reflector figure errors

· Assembly and alignment errors

· Gravity release errors

· Launch induced errors

· On-orbit FMA thermally induced errors

· Material stability effects

As a goal, the angular resolution of each FMA shall be 4 arc-sec HPD, consistent with the limitations placed upon the resolution requirement of the 12.5 arc-sec HPD.

The mission angular resolution (FMA plus detector plus alignment for all observatories) requirement is 15 arc-sec HPD. The above FMA requirement is consistent with current error budget allocations/estimates of non-FMA terms. The FMA goal of 4 arc-sec is consistent with an overall mission angular resolution goal of 5 arc-sec HPD. 

3.4 Field of View

The FMA field of view (FOV) shall be a minimum of 2.5 arc-min radius, with a maximum vignetting of 5% (TBR) at 1.25 keV.

The top level mission requirement for field of view is 4 arc-min and is limited by the calorimeter detector format (2.5 x 2.5 arc-min).  

3.5 Stray Light

The FMA shall be baffled so that the count rate from stray light incident on the field of view from a source outside of the field of view will be no larger than 10-4 (TBR) of that source’s count rate on axis. Sources of stray light include:

· Straight-through rays from outside the FOV

· Singly reflected rays from the primary optical surface

· Singly reflected rays from the secondary optical surface

· Singly reflected rays from the back of a grating

· Singly reflected rays from the grating optical surface (if applicable)

· Singly reflected rays from the back surface of the primary optic

· Multiply reflected rays from any surfaces

3.6 Lifetime

The on-orbit operational lifetime for the Constellation-X is 5 years.  All FMA performance requirements shall be met over the duration of the mission on orbit operational lifetime

Implementation and Interface Requirements

3.7 FMA Coordinate System

The SXT FMA coordinate system shall be defined as shown in Figure 4-1. The origin of the coordinate system is located at the FMA nominal (design) focus. The X axis is along the SXT optical axis with the positive coordinates from the focus point toward the FMA. The Y axis is along the nominal grating dispersion axis. The Z axis is orthogonal to the X and Y and is aligned with the sun vector for zero roll and pitch.
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Figure 4-1.  FMA Coordinate System

3.8 Focal Length

The mirror focal length, the distance from node (or transition plane from Primary to Secondary) to focus shall be 10,000 ( 5mm.

This is constrained by the fairing length and the fixed optical bench observatory configuration.

3.9 FMA to Observatory Structural/Mechanical Interface

3.9.1 FMA Envelope

The SXT FMA shall be contained within an envelope as not to exceed that shown in Figure 4-2. Furthermore, the distance from the FMA node (or transition plane from Primary to Secondary) to the forward most surface of the FMA, shall be no more than TDB.

[image: image2.wmf]
Figure 4-2.  FMA Envelope (dimensions in mm)

3.9.2 Mounting Interface

The SXT FMA shall mechanically interface to the observatory Optics Module (OM) at 3 (TBR) places on the FMA mounting interface plane (as shown in Figure 4-2) using a kinematic mount or equivalent.

3.9.3 Installation and Removal

The FMA shall be designed to be installed, removed, and replaced from the Observatory during ground operations without degradation, damage, or disqualification of the flight hardware.

3.9.4 FMA External Alignment and Alignment Interfaces

The FMA must be installed into the Observatory Telescope module and aligned with the RFC and XMS. In addition, the optical axes of the FMA and HXT’s must be coaligned so that they point in the same direction.  Once aligned on the ground, these alignments must be stable through launch and on-orbit operations.

3.9.4.1 Alignment References and Tolerances

Alignment reference(s) shall be provided in the FMA for the following:

· Location of focus position in three translational degrees of freedom, accurate to (0.5mm in the lateral axes (X and Y), and to (1mm axially (Z axis).

· Orientation of optical axis (line from mirror node to mirror focus), accurate to within (10 arc-sec.

· Clocking reference angle (rotation of FMA about optical axis), accurate to (5 arc-min 

3.9.4.2 FMA Interface Alignment Stability

3.9.4.2.1 On-orbit Stability

During on-orbit operations, the optical axis of FMA shall be stable to within 2 arc-sec with respect to the FMA interface to the observatory.

Launch Shift

Launch shift of the FMA optical axis shall be no more than (10 arc-sec.

3.10 Mass Properties

3.10.1 Total FMA Mass 

The total mass of the FMA, including the grating modules and all other components, shall not exceed
750 kg.

3.10.2 Mass Determination

The total FMA mass shall be determined to + TBD kg.

3.10.2.1 CM Determination

The FMA center of mass shall be measured to TBD cm.
3.10.3 Moment of Inertia Determination

The FMA moments of inertia shall be determined to within +5% (TBR).
3.11 Loads

The following requirements are based on Atlas V 500 series. The requirements are derived from "Atlas Launch System Mission Planner's Guide", Revision 9, September 2001. This document describes general environmental conditions that may be encountered by SXT FMA during launch and flight of the Atlas launch vehicle. All flight environments defined in this section are maximum expected levels and do not include margins typically associated with qualification tests.  The weight of the payload (two S/C) is assumed to be 4500 kg to 6500 kg.  The weight of the SXT FMA is assumed to be 750 kg each.
3.11.1 Design Limit Load
The SXT FMA shall be designed to 13 G (TBR) one axis at a time. This represents a combination of launch sine vibration and static ascent loads.

This estimate is based on MAC (Mass Acceleration Curve) from [1] JSC-20545, "Simplified Design Options for STS Payload" & [2] NASA-HDBK-7005, "Dynamic Environment Criteria".

3.11.2 Random Loads

TBD

3.11.3 Acoustic Loads

TBD

3.11.4 Depressurization

A venting analysis shall be performed for any enclosed volumes of SXT such that there are positive structural strength margins at loads equal to twice those induced by the maximum pressure differential during launch. The payload fairing internal pressure environment as the Atlas V ascends through the atmosphere is shown as Figure 4-3.
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Figure 4-3.  Atlas V Payload Pressure vs. Time from Liftoff

3.11.5 Flight Hardware Factors of Safety (F.S.)

The factors of safety in Table 4-1 shall be used for the SXT FMA design and verification.

Table 4-1.  SXT FMA Factors of Safety

	Structure
	Qualified by Test
	Qualification*
Test Factor
	Acceptance or Proof *
Test Factor
	Qualified by Analysis Only

	
	Yield
	Ultimate
	
	
	Yield
	Ultimate

	Metallic
	1.25
	1.4
	 
	1.2
	2.0
	2.6

	Fastener and Preloaded Joints
	1.2  (Joint Separation)
	1.4
	 
	1.2
	 
	 

	Composites & Bonded Joints
	 
	1.5
	 
	1.2
	 
	 

	Glass (Nonpressurized)
	 
	3.0
	 
	1.2
	 
	5.0

	Glass Bonds
	 
	2.0
	1.4
	1.2
	 
	 


*Note: Qualification Tests are performed on flight-like hardware, while Acceptance or Proof Tests are performed on actual flight hardware.

3.11.6 Mechanical Ground Support Equipment (MGSE) F.S.

All SXT FMA handling fixtures shall be designed to 3 times limit load for yield and shall be tested to 2 times working load.

3.12 Natural Frequency

The minimum resonant frequency of the SXT FMA when it is hard mounted at its interface to ground shall be greater than 50 Hz. 
3.13 Temperature Control and Interfaces

3.13.1 Temperature Control

Temperature control shall be as required to maintain the angular resolution of the FMA to the performance specified in Section 3.3 without exceeding the power allocation in Section 4.6.1.

3.13.2 Thermal Radiative Heat Loss

Total radiative heat loss for the apertures and insulated surfaces, combined with the power conducted to other hardware via the FMA mount system (see Sec. 4.5.3) shall be consistent with the SXT FMA overall power requirement (Section. 4.6).

Table 4-2.  SXT FMA Operational Thermal Interface Requirements 

	Interface
	Minimum Interface Temp
	Maximum Interface Temp

	Space (thermal precollimator)
	N/A
	0K

	Optical Bench (thermal postcollimator)
	0C
	20C

	Mechanical Interface Points
	0C
	30C


3.13.2.1 Thermal Collimators or equivalent

A thermal baffle system for the FMA X-ray entrance and exit apertures (called a thermal precollimator for the entrance aperture and thermal postcollimator for the exit aperture) shall be provided to limit power radiated to space or other parts of the spacecraft and limit gradients in the FMA structure and optics.

The major heat loss for the SXT FMA is through the X-ray entrance and exit apertures. These apertures radiate at near black-body efficiency for closely nested grazing incidence optics.

3.13.2.2 Insulated Surfaces

Multi-layer insulation can be used for all surfaces of the external FMA and collimators, except the X-ray apertures. 

3.13.3 Thermally Conductive Interfaces

Mechanical mounts for the FMA shall be designed with low thermal conductance to the supporting telescope structure to maintain control authority for the heater system of the FMA and thereby minimize gradients introduced by heat flow through these interfaces (per Table 4-2), while maintaining FMA alignment per Section 4.3.4.2.

3.13.4 FMA Survival Conditions

 TBD with TBD Watts.

3.14 Electrical Requirements

The electrical interfaces with FMA consist of the heater power, and the telemetry and command signals.

3.14.1 Electrical Power Properties

The heater power is supplied from the spacecraft power subsystem with a nominal voltage of 28Vdc with an allowable range of 21 to 35 volts at the input of FMA.  This is a switched power source with a capacity to provide an average power of 400 watts and peak power of 450 watts. This is unregulated power with power noise present on the bus.

3.14.2 Electrical Command and Telemetry

TBD number of analog temperature signals and TBD number of analog voltage signals are provided by FMA for monitoring health and status of FMA to C&DH subsystem of the spacecraft. Also, the internal cover mechanism shall provide a redundant bi-level indication of its “open” or “close” status to C&DH subsystem.

The spacecraft also sends commands to FMA to open the cover.  The spacecraft interface will provide power to initiate the cover opening.

3.14.3 Grounding

FMA shall provide separate isolated heater power, signal, and chassis grounds.  The isolation resistance between any two of them shall be greater than one megohm.  The spacecraft will pass these isolated grounds to a single point ground in it.

3.15 Purge and Contamination Control

3.15.1 Particulate

TBD

3.15.2 Molecular

TBD

4.7.3
Purge
TBD

3.16 Minimization of 1-G effects

The FMA will be designed to minimize effects due to being manufactured and tested in a 1-G environment and operated in 0-G. The design will be such that that modeling the distortions associated with assembly and test in a 1-G environment will be possible.

3.17 Modularity, Spares and/or Interchangeability 

TBD

3.18 Internal Cover and Mechanisms

An internal cover to protect FMA from contamination during storage, transportation, launch, and orbit transfer shall be provided. The deployment mechanism shall be single fault tolerant and shall not produce contaminants detrimental to FMA. Provisions shall be made to ensure no further closure of cover after initial deployment. 

3.18.1 On-orbit Operations

The internal cover shall remain closed during storage, transportation, launch, and transit.  It will be deployed by a command from the C&DH subsystem when final orbit is attained. It will be a one time deploy and no closure of the internal cover is anticipated.

3.18.2 Redundancy

The deployment of the internal cover shall be accomplished through a single fault tolerant system such that, if the primary deployment sequence fails, a secondary system will ensure the deployment of the internal cover.

Test and verification requirements

3.19 X-ray Testing

3.19.1 Test in 1-G

TBD

3.19.2 Modularity for X-ray Testing

TBD 

3.20 Environmental Testing

The SXT FMA shall meet all performance requirements after being subjected to the test levels and durations specified in the following paragraphs.

3.20.1 Random Vibration Environment Test Level

TBD

3.20.2 Acoustic Environment 
TBD

3.20.3 Sine Vibration Test Levels

The derived sine vibration level for SXT FMA at its interface to the Optics Module (OM) on the observatory is shown in Table 5-1.

Table 5-1.  Protoflight Sinusoidal Vibration Level

	Axis
	Frequency (Hz)
	Level
	Sweep Rate

	Axial
	5 - 8.8

8.8 - 25

25 – 45

45 – 100
	0.5" Double Amplitude

2.0 G

11.0 G

2.0 G
	4 octaves/min

	Lateral
	5 – 10.2

10.2 – 15

15 – 30

30 –100
	0.5" Double Amplitude

2.7 G

9.0 G

1.0 G
	4 octaves/min

	* Notch CG responses not to exceeded 1.25 times design limit load.


The low-frequency sine vibration due to flight was measured near the spacecraft interface. The maximum expected levels for the Atlas V 500 series vehicles are shown in Figure 3.2.3-2 of "Atlas Launch System Mission Planner's Guide".  This level can be used to derive the sine vibration level at FMA/OM interface.

Shock Test Level

The main shock source to the FMA is from the payload/spacecraft separation mechanism that is located in close proximity to the FMA. From the separation point to the FMA interface, there is one interface, the SXT support deck (Optical Module)/Optical Bench. Assuming a non-pyrotechnic mechanism is used, such as the FASSN, the shock source is estimated as:

	Shock source for 35 Kip FASSN


	Frequency (Hz)
	Limit Level

	100
	20

	100-3500
	+6.6dB/Oct

	3500-1000
	1500G


Apply attenuation factor 0.7 to the shock source, the shock level at the FMA interface is 1050G. For qualification testing, apply a 1.4 factor to the limit level. The below shock levels are at the FMA/OM interface. 

	Frequency (Hz)
	Qualification
	Acceptance

	100
	30
	20

	100-3500
	+6.6dB/Oct
	+6.7dB/Oct

	3500-1000
	1470 G
	1050G


TBD

The expected shock level is by enveloping shock level due to (1) payload fairing jettison (PFJ), (2) Centaur separation from the Common Core Booster (CCB), (3) spacecraft separation from PAF, and (4) spacecraft separation. The shock level due to spacecraft separation depends on the separation system to be selected.

5.2.2 Thermal Testing

TBD

5.2.2.1 Thermal Balance
TBD
5.2.2.2 Thermal Vacuum

TBD

3.20.4 Life Test Requirements

TBD

Grating accommodation assumptions

The grating accommodation requirements provided below assume in-plane reflection gratings. 

3.21 Grating Module Coordinate System

TBD 
3.22 Grating Module Number 

The FMA shall accommodate one hundred identical grating modules.

3.23 Grating Module to FMA Structural/Mechanical Interface

3.23.1 Grating Module Positioning

The grating modules shall be positioned in an annulus on the focus-side of the FMA mirror. The annulus of grating modules shall have an outer diameter as large as possible, within the envelope defined by the largest reflector diameter. The mid point on each grating module shall be located on a torus defined by a rotated Rowland circle as shown in Figure 6-1. The  X` axis of the grating module shall be perpendicular to the Rowland circle.


Figure 6-1  Grating Module Positioning on Rowland Circle

3.23.2 Grating Module Alignment Tolerance

Each grating module must be positioned in three degrees of translation at a designated location relative to FMA coordinates. Each grating module must also be positioned in all three degrees of rotation, at designated angles relative to FMA coordinates. Translational and rotational tolerances are defined for module-to-module alignment as well as for the overall assembly of grating modules (RGA) with respect to TBD.

3.23.2.1 Module to Module Alignment Tolerance

TBD 
3.23.2.2 Absolute Alignment Tolerance

TBD 

3.23.2.3 Mechanical  Position References

Mechanical positional references will be provided on each grating module for angular alignment about the grating normal (less critical).

3.23.2.4 Optical Reference Flat

An optical reference flat (which may be a grating surface) will  be provided as a reference for angular alignment about the two axes nominally in the plane of the grating surfaces. 

3.24 Grating Module Envelope

Each individual grating module shall have a nominal envelope of 22 x 11 x 11 cm with taper to 10.75 x 10.75 cm.

3.25 Grating Module Mounting Interface

TBD 

3.26 Grating Module Mass

The mass for each grating module including gratings is 520 grams.

3.27 Grating Module Thermal Requirements

3.27.1 Operating Temperature

The FMA shall control the temperature of the grating modules to be 20 ( 5  C.

3.27.2 Temperature Gradient

The temperature gradient over all grating modules shall be controlled as required to maintain alignment requirements.

3.27.3 Grating Module Coefficient of Thermal Expansion (CTE)

The grating module CTE is 8 ppm/C.

REFLECTOR CONSTRAINTS 

The reflector properties, to be used for the FMA study, are provided in this section. These properties are representative of the projected result of the current reflector technology development using epoxy replication on glass substrates.

3.28 Reflector Optical Properties

The following optical properties apply to reflectors with no external loads applied.

3.28.1 Reflector Angular Resolution (for Requirement)

The angular resolution (Half Power Diameter) of each reflector pair (primary and secondary, assuming perfect alignment) is 9.9 arc-sec HPD from 0.25 to 6.0 keV (TBR). This value shall be used to demonstrate the  FMA Angular Resolution requirement.

3.28.1.1 Reflector Axial Figure Error Power Spectral Density (PSD)

TBD 

The axial slope error is less than 2 arc-sec rms after removing sag error

3.28.1.2 Axial Figure

3.28.1.2.1 Axial sag (P-V), assuming correlation

The axial sag (P-V) is within 0.12(m of the nominal prescription, assuming correlation between the primary and secondary sag errors

3.28.1.2.2 Axial sag (P-V), assuming no correlation 

The axial sag (P-V) is within 0.40(m of the nominal prescription, assuming no correlation between the primary and secondary sag errors

3.28.1.2.3 Axial sag (P-V), assuming anti-correlation

 The axial sag (P-V) is within about 1.0(m of the nominal prescription, assuming anti-correlation between the primary and secondary sag errors..

3.28.2 Reflector Angular Resolution (for Goal)

The angular resolution (Half Power Diameter) of each reflector pair (primary and secondary, assuming perfect alignment) is 3 arc-sec HPD from 0.25 to 6.0 keV (TBR). This value shall be used to demonstrate the  FMA Angular Resolution goal.

3.28.3 Micro-roughness

Reflector micro-roughness is 4Å rms measured over a length scale of 1 mm.

3.28.4 Cone Angle

Reflector cone angle is within 20 arc-sec of the theoretical prescription.

3.28.5 Average Radius

The average reflector radius is within 0.1mm of the theoretical prescription.

3.28.6 Circularity

Reflector circularity is within ±10um of the theoretical prescription

3.28.7 Focus

Each reflector focus is within TBD.

3.28.8 Reflectivity

Reflectors have gold optical surface. The optical constant table at TBD URL shall be used to determine X-ray reflectivity values.

3.29 Reflector Material Properties

Reflectors are a composite of glass, epoxy and gold. Information related to each material are provided, followed by composite properties for the entire reflector.

3.29.1 Glass Substrate:

3.29.1.1 Material

The glass material is Schott D263 glass sheets with composition similar to Pyrex (borosilicate). The glass will undergo slumping at elevated temperatures to form glass substrates.

3.29.1.2 Thickness

The thickness of the glass substrate is 0.4 + 0.02 mm

3.29.1.3 Density

The density of the glass substrate is 2.4 g/cm2.

3.29.1.4 Young’s Modulus

The Young’s modulus of the glass substrate is 10.6 msi at 20 C.

3.29.1.5 CTE

The CTE of the glass substrate is 6.3 ppm/C at 20C.

3.29.1.6 Strength

The allowable tensile strength of the formed glass substrate is 16.8 ksi (TBR).  (Note: this is based on limited testing.)

3.29.1.7 Poisson’s Ratio

Poisson’s ratio of the glass substrate is 0.208.

3.29.1.8 Thermal Conductivity

The thermal conductivity of the glass substrate is TBD.

3.29.2 Epoxy Layer

3.29.2.1 Material

The epoxy layer is Epotek 301 A/B 

3.29.2.2 Thickness

The thickness of the epoxy is 5 to 10 um

3.29.2.3 Outgassing

The outgassing rate of the epoxy is TBD
3.29.2.4 Young’s Modulus

The Young’s modulus of the epoxy is ~248,000 psi.

3.29.2.5 CTE

The CTE of the epoxy layer is 55 ppm/C at 20C

3.29.3 Gold Coating

3.29.3.1 Application

The gold layer is magnetron sputter or evaporated onto a mandrel and transferred onto the epoxy layer of the reflector 

3.29.3.2 Thickness

The gold thickness 2000 Angstroms

3.29.3.3 Density

The gold density is 16.965 gm/cm (90% of bulk).
3.30 Reflector Geometric Properties

3.30.1 Reflector Geometry
The reflector geometry is a sector of a conic of revolution.

3.30.2 Reflector Dimensions

Reflector overall size shall be no more than 20 cm in axial length and 41.5 cm in arc width.

3.30.3 Dimensional Tolerance

Overall dimension of each reflector is within 500um of nominal.

3.30.4 Leading and Trailing Edge Planarity

The leading and trailing reflector edges are within 25 um of a plane perpendicular to the optical axis.

3.30.5 Reflector Thickness Variation

3.30.5.1 Within a Reflector

Reflector thickness variation within a single reflector is not more than ±10um 

3.30.5.2 Reflector to Reflector Variation

Reflector to reflector thickness variation is no more than ±30um 

This is dominated by batch to batch glass thickness variation

3.30.6 Fractures

3.30.6.1 Surface damages

Surface damages are within some TBD
3.30.6.2 Edge fracture

Edge fracture are within TBD
3.30.6.3 Reflector survival temperature

Reflector can be subjected to temperatures within TBD ( TBD C and return to nominal properties at nominal operating temperatures. 

programmatics

This section provides requirements for and assumptions to be used related to schedules and budgets for the FMA systems study.

3.31 Schedule Requirements

Major FMA milestones that must be achieved are as follows, measured from award of flight contract (Contract Start Date – CSD)

· FMA Delivery #1:  CSD + 6 years 5 months

· FMA Delivery #2:  CSD + 6 years 7 months

· FMA Delivery #3:  CSD + 7 years 5 months

· FMA Delivery #4:  CSD + 7 years 7 months

3.32 Budget Profile

The following budget profile shall be assumed for the FMA, exclusive of the mandrel and reflector production facilitization and production costs:

TBD

(specified as a percentage of the overall FMA budget per fiscal year)

3.33 Mandrel Number and Delivery Assumptions

3.33.1 Number and Types of Mandrels

The number and types of mandrels can be determined by the following:

· One forming mandrel is used to fabricate glass substrates for each reflector diameter

· One replication mandrel is used to fabricate up to three adjacent reflector diameters

· P and S mandrels are separate

3.33.2 Replication Cycles

Each mandrel will endure up to 200 replication cycles before refinishing of the surface may be needed.

3.33.3 Mandrel Production and Delivery Schedules 

Schedules for forming and replication (finish) mandrels are shown in Figure 8-1.  The schedules shown assume 144 replication mandrels and 432 forming mandrels. The mandrel production duration should be prorated to reflect the number of mandrels required for the Contractor’s Study Design using the rate provided.

These schedules are subject to the following:

1. Mandrels are produced in pairs, i.e. the primary and secondary units are produced in succession. Note that the production rate is in mandrels/week, not mandrel pairs per week.

2. The Contractor may specify that mandrels be delivered in any sequence provided they are fabricated and delivered in pairs.

3. The Contractor shall assume that mandrel shipping containers are returned to the mandrel fabricator for subsequent shipping of mandrels.

4. The Contractor shall assume no more than one delivery of mandrels arrives per week, but may specify alternative slower sequences, presumably with more mandrels per delivery.
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Figure 8-1.  Mandrel Delivery Schedule

3.34 Reflector Fabrication Time Assumptions

TBD
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