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1 Scope   

This document is the formal Interface Control Document (ICD) for the SNAP Optical Telescope Assembly (OTA), the main imaging element of the Supernova Acceleration Probe (SNAP).  The descriptive text, drawings and figures herein define the specifications controlling all mechanical, thermal, electrical, optical fiber and data interfaces between the OTA and the following SNAP subsystems: Focal Plane Assembly (FPA), observatory instrument deck, Ring of Fire (ROF) illuminator, outer baffle assembly (OBA) and the Cassegrain shutter assembly (CSA).  

1.1 Purpose

The OTA images incoming light on the SNAP FPA.  Collecting area, focal length, stability, throughput and imaging performance are defined in drawing number 00008-MW02: Optical Telescope Assembly Definition and Requirements.  Figure 1 shows a representative view of the observatory elements, including the OTA.
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Figure 1 SNAP observatory elements
The observatory elements include the spacecraft, instrument deck, telescope, baffle and focal plane assembly.  The telescope element does not include the outer baffle assembly.  The telescope mounts to the instrument deck via a semi-kinematic hexapod.

1.2 General Notes

Unless otherwise specified, all units are in mm (SI, as defined in 00106-MW02, SNAP Metric Policy Implementation Plan), with specified tolerances.

1.3 Applicable Documents

When referenced, the documents mentioned in this section form a part of this specification.  Unless otherwise specified, the latest revision of the document  shall apply.  In the event of a conflict, the requirement specified in this document shall take precedence over requirements referenced in other specifications.

1.3.1 Specifications

	Document Number
	Date/Rev.
	Subject (Title)

	
	
	


1.3.2 Standards

	Document Number
	Date/Rev.
	Subject (Title)

	FED STD 209E
	9/11/92
	Airborne Particulate Cleanliness Classes in Cleanrooms and Clean Zones

	IEST-STD-CC1246D
	2/15/02
	Product Cleanliness Levels and Contamination Control

	ASTM F 1811-97
	
	Measurement of power spectral density function (PSD)


1.3.3 Other Publications

	Document Number
	Date/Rev.
	Subject (Title)

	None
	 
	 


1.3.4 Project-level Publications

The following system documents form a part of this specification to the extent referenced herein.  Request for copies of the documents below may be addressed to the SNAP Program office.  SNAP controlled documents are available in electronic form at ftp://sprite.ssl.berkeley.edu/pub/snap_cm.

	Document Number
	Date/Rev
	Subject (Title)
	REF.

	00008-MW02
	2006-08-09
	SNAP Optical Telescope Assembly Definition and Requirements
	

	00016-MW02
	2003-08-26 
	SNAP Observatory Coordinate System Definitions
	

	00034-MW02
	2003-10-17
	SNAP Primary Mirror Specification
	

	00056-MW02
	2004-8-24
	Straylight Analysis and Design Considerations for the SNAP Telescope
	

	00041-MW02
	2004-2-11
	SNAP Environmental Requirements
	

	00005-ME02
	2003-07-29 
	SNAP Electrical Power Tracking Spreadsheet
	

	00004-ME02
	2003-7-29 
	Mass Properties Tracking Spreadsheet
	

	00033-ME02
	2003-09-23 
	Thermal Model
	

	00015-ME02
	2003-08-25 
	Integration & Test
	

	00105-MW02
	2006-03-20
	SNAP Metric Policy Implementation Plan
	


1.3.5 Drawings

	Document Number
	Date/Rev.
	Subject (Title)

	None
	
	


1.3.6 SNAP Descriptions, Technical Memoranda and Trade Studies

The documents listed below are applied in this document to the extent referenced.

	Document Number
	Date/Rev.
	Subject (Title)

	SPIE 5166 #12
	Aug-2003
	Snap Telescope, M. Lampton

	SPIE 5487 #73
	June-2004
	Snap Telescope, M. Sholl, M. Lampton


The SNAP science mission is described at snap.lbl.gov.   Controlled documents may be found at: ftp://sprite.ssl.berkeley.edu/pub/snap_cm/
2 Summary of Interfaces

This document defines five interfaces within the SNAP telescope.  These include:

1. OTA to instrument deck 

2. OTA to Focal Plane Assembly

3. OTA radiation shield to radiator

4. OTA to Illuminator (Ring of Fire)

5. OTA to Cassegrain Shutter Assembly (CSA)

Figure 2 shows the interfaces specified in this document.  The OTA attaches to the instrument deck via a semi-kinematic hexapod mount.  The focal plane assembly consists of the focal plane and a set of three bipods which attach to the OTA.  The focal plane is operated between 120 and 140K, and a large temperature gradient is present in the bipods (which interface to the likely warmer telescope).  Requirements for the FPA interface are detailed in Section 4.2.

A shield assembly (described in Section 0) is provided by the builder of the OTA, and delivered with the telescope.  The shield assembly serves as a radiation shield for the FPA and a mounting location for a flatfield illumination system (ROF).  A non-contact labyrinth stray light baffle is present at the cold (120-140K) interface between the FPA and the shield, and specified in Section 4.2.4.  The small end of the shield has an interface to the ROF illuminator.  The ROF holds the internal aperture stop, an important stray light baffle whose position is set by shimming the telescope shield mount.  The ROF interface is specified in Section 4.3.  The shield is tied to the observatory radiator and cooled to 120-140K via three high-conductivity thermal straps specified in Section (TBD).

The Cassegrain Shutter Assembly mounts (via bolted interface) to the base of the primary mirror baffle.  It is located at an image of the focal plane, and is used as a stray light baffle during science observations.  It includes a shutter which when closed prevents light from reaching the focal plane.
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Figure 2 Overview of interfaces specified in this document.  Note: this drawing is representative, and does represent actual details of the OTA.
Detailed information on the interfaces may be found in Section 4.

3 General requirements

3.1 ITAR

During the period that the SNAP project is competing with other proposed missions for the JDEM,  most SNAP engineering documents are not available in the public domain and are hence controlled by ITAR.  Federal law prohibits the transfer of SNAP documents which are not in the public domain to foreign persons.  A public-domain list of requirements for the SNAP OTA is contained in SNAP-TECH-06010.

3.2 Coordinate systems

Coordinate systems for the SNAP observatory are specified in drawing 00016-MW02, SNAP Observatory Coordinate Systems Definitions.  In documentation relating to the OTA,  coordinate systems specified in 00016-MW02 shall be used.  Requests for inclusion of additional coordinate systems in 00016-MW02 may be made to the SNAP Systems Engineer.

Unless otherwise indicated,  coordinate dimensions in this and other SNAP documents are in the Instrument Coordinate System defined in 00016-MW02.

3.3 Mass Properties

Mass properties and allocations for the OTA may be found in document 00004-ME-02 SNAP Mass Properties Tracking Spreadsheet.

3.4 Power budget

Power budgets for the OTA may be found in document 00005-ME02 SNAP Electrical Power Tracking Spreadsheet.

3.5 Environments

Environmental requirements for the OTA are specified in 00041-MW02 SNAP Environmental Requirements Document.

3.5.1 Contamination

Contamination control requirements for the OTA are found in document TBD.

4 Specific Interfaces

4.1 OTA to instrument deck interface
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Figure 3: Telescope to instrument deck interface details.        The instrument deck/OTA interface plane lies at Z=-542.7mm.  The OTA shall lie within the dimensioned volume shown.  Volumes external to this region are negotiable.

4.1.1 Mechanical Interface

The telescope assembly mounts to the instrument deck via three bipods (six mount locations).  Each mount contains three fasteners and one location pin.  Dynamic clearance to the outer baffle assembly constrains the dimensions of the upper portion of the telescope (forward optical assembly).

4.1.1.1 Mounting pattern

Each mount foot has three M8 fasteners, arranged in a regular pattern as shown in Figure 3.  Additionally, a 10mm diameter location pin is in place for repeatability of mount location and shear loading.

4.1.1.2 Optical envelope

A roughly five mm gap is present between the outer ray bundle (as defined by the optical prescription in 00008-MW02) and the outer barrel baffle.  Position accuracy of the forward optical assembly of the telescope shall be held within ±2mm of the nominal location.

4.1.1.3 Boresite alignment

The telescope boresite shall be aligned to the instrument deck reference to within (TBD).

4.1.1.4 Mount stiffness

The telescope first fundamental lateral and axial modes shall be greater than 35Hz lateral (TBC) and 35Hz axial (TBC), when mounted on a rigid interface.

4.1.2 Electrical Interface

The telescope wiring harness shall interface to the instrument deck via a connector panel mounted on the instrument deck, located at (TBD).  Use of any active electronic part in the OTA requires prior approval from the SNAP Systems Engineer.

4.1.2.1 Wire count estimates

4.1.2.1.1 Thermistor Interfaces

(TBD) thermistors will be installed on the telescope.  Each thermistor has two wires, which terminate at the connector panel.  Four of these (TBC) are dedicated survival monitors, read out by the spacecraft, and located on a separate connector panel.  The remainder are used for active control of the telescope and interface with the ICU.  The ICU read sensors are divided into two identically sized, interleaved groups which terminate on identical connectors or connector groups.

4.1.2.1.2 Heater Interfaces

(TBD) heaters will be installed throughout the telescope.  Each heater has two wire leads, which terminate at the connector panel.  Two heater strings (prime and redundant) are intended as survival units controlled by the spacecraft, and terminated on a separate connector.  The ICU controlled heaters are divided into two interleaved groups which terminate on identical connectors or connector groups.

4.1.2.1.3 Secondary Mirror Hexapod

A stepping-motor driven hexapod holds the secondary mirror and allows the mirror to adjust for changes and/or misalignments in the system.  Roughly 30 wires (TBC) will be used to drive the motors while 40 wires (TBC) will be used for position readback. 

4.1.2.2 Connectors

Connector types shall be chosen from the NASA Parts Selection List (NPSL)  and shall be approved by the SNAP Systems Engineer prior to use.

4.1.2.3 Keying

Connectors shall be keyed to preclude incorrect harness installation.  

4.1.2.4 Pin/socket standards

Telescope connector ends shall have pins; ICU connector ends shall have sockets.

4.1.3 Thermal interface

The interface between the instrument deck and OTA is intended to be adiabatic.  Conductive heat flow between the instrument deck and the optical bench assembly (through the truss element mounts) shall not exceed TBD W/ºC.

4.2 Focal Plane Assembly Interface

Figure 4 shows a representative FPA assembly.  The FPA interfaces semi-kinematically with the optical bench via three sets of bipods.  The bipods are considered to be a part of the FPA.  The interface specified in this document is located at the base of the bipods (interface between bipods and optical bench).  

[image: image4.wmf]
Figure 4: This figure is a representative version of the focal plane, actual detail may vary.  Focal Plane Assembly includes the focal plane and mount bipods.

4.2.1 Mounting pattern

Figure 5 shows the FPA to OTA bolted/pinned interface.


[image: image5.wmf]Figure 5   Bolt pattern for the focal plane interface.  The interface plane is located at  X=-700.00mm
4.2.2 Mount stiffness

 The not to exceed mass of the FPA is specified in document  00004-ME02, Mass Properties Tracking Spreadsheet.  The natural frequency of the FPA, mounted on a rigid interface will be greater than 50Hz (TBC).

4.2.3 Thermal interface

The FPA is operated at 120-140K, while the telescope remains at roughly room temperature.  A gradient as high as 180ºC may be present across the bipods.

4.2.3.1 Dimensional Stability

The OTA structure shall meet stability requirements documented in 00008-MW02 with a maximum 180ºC gradient in the FPA to OTA bipods.

4.2.3.2 Bipod Thermal Conductivity

The FPA mount bipods will collectively conduct less than four Watts (4W) from the OTA to the FPA in the presence of a 180ºC gradient.

4.2.4 Stray Light Closeout

A stray light attenuation interface shall be in place between the FPA and the radiation shield.  Light directed at this interface shall be attenuated by a factor of 106, as measured by a detector mounted within the radiation shield, 275mm from the internal stop (small opening) (see Figure 6)
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Figure 6: Stray light closeouts between focal plane and radiation shield.  Required attenuation of light directed externally toward this interface is specified at this interface.

4.3 Radiation Shield

An aluminum radiation shield shall be included as a part of the telescope and shall conform to the geometric constraints detailed in this section.  The shield serves the dual function of shielding the FPA from charged particle radiation, and as a cold shield to block thermal infrared emissions from the telescope structure.  The shield is cooled by customer supplied thermal straps which connect it to the radiator. 

4.3.1 Geometry of radiation shield

The shape of the radiation shield is specified in Figure 7.
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Figure 7: Dimensions of internal surfaces on radiation shield.  External surfaces are sized for radiation shielding requirements and clearance (primarily to fold mirror).

4.3.2 Conductive Interface to Radiator

The shield is cooled via conduction to the radiator.  The shield shall have 3 mounting pads to which the customer supplied thermal straps from the passive radiator will be attached.  The detailed geometry of the mounting pads and routing of the straps is TBD.

 [image: image8.wmf]3X STRAP ATTACH POINT

Figure 8 shows a representative configuration for the strap mounting pads.

[image: image9.wmf]3X STRAP ATTACH POINT

Figure 8: Representative thermal strap locations are shown; hole pattern and dimensions TBD.

4.4 Illuminator Interface (Ring of Fire)

An illumination system immediately exterior to the telescope internal stop (as defined in 00008-MW02) is necessary for flatfield illumination, and low-accuracy calibration of the broadband photometer and spectrometer.  Because the illuminator produces a ring of light, the illuminator is called the Ring of Fire (ROF).  The ROF includes the internal stop for the telescope, which must be positioned with high accuracy relative to the telescope.  Location of the ROF interface plane, as well as the ROF envelope and the location of the internal stop are detailed in Figure 9.
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Figure 9 Ring of Fire interface, envelope, and location of telescope internal stop.  Coordinate origin is defined in document 00016-MW02 (SNAP Observatory Coordinate System Definitions).

4.4.1 Mounting Pattern

The ROF mounts to the radiation shield via seven M4 fasteners, as shown in Figure 9.  The telescope shall include the mounting surface specified for installation of the ROF.

4.4.2 Static envelope and keep away zones

The envelope for the ROF is shown in Figure 9, in phantom lines.  Illumination fibers run downward from the ROF through 1.5mm wide slits in the radiation shield.  

4.4.3 Mounting tolerances

4.4.3.1 Radial tolerances

The lip on the mounting interface, and the location of the mount plane determine the location of the ROF.  The lip determines radial tolerances, and shall locate the ROF within ±0.25mm radially at the 120-140K operating temperature of the radiation shield.  

4.4.3.2 Axial tolerance

The mounting plane (into which the seven M4 holes are drilled) locates the axial position of the ROF.  At the operating temperature, the position of the ROF shall be held within ±0.5mm of the position specified in Figure 9.

4.4.4 Fiber interface

Seven fiber bundles deliver light of various wavelengths to the ROF.  Each fiber bundle originates in a fiber connector at the ICU.  Fibers pass through an opening in the radiation shield MLI to reach the ROF.  Outside the MLI, fibers are at room temperature, while inside the MLI both the fibers and ROF are held at 120-140K by the radiation shield.  Figure 10 shows the fiber passage through the MLI.  Details of the ROF are included in Figure 11 for reference only.  

[image: image11.wmf]RADIATION SHIELD

RING

SPECTRALON

FIBER FANOUT

FIBER CLAMP

COLD FIBERS

MLI

WARM FIBERS


Figure 10: Radiation shield with mounted ROF, fiber and MLI.  The ROF is cooled to between 120K and 140K by the radiation shield.  The fiber passes through a gap in the MLI to make the transition to room temp.
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Figure 11: Proposed ROF design, included for reference.

4.5 Cassegrain shutter

A Cassegrain focus is present between the secondary mirror and fold mirror.  It is an image of the focal plane, and therefore useful for stray light mitigation.  Regions on the Cassegrain focus corresponding to detectors on the focal plane are cut away from a thin spherical shell.  This prevents unused light from reaching the focal plane.  Because the cutaway regions must correspond to the image of the focal plane at the Cassegrain focus, tight positional tolerances are required.  Moveable shutters above the cutaways,  block light to the focal plane during flatfielding and detector readout.  The assembly consisting of the Cassegrain cutaway mask and moveable shutters is called the Cassegrain Shutter Assembly (CSA).  Limited Angle Torque (LAT) motors drive the shutters and resolvers read out the instantaneous position.

[image: image13.wmf]
Figure 12: Cutaway view of Cassegrain Shutter Assembly.  Four shutters are driven by limited angle torque motors (LATs) to block light to the Cassegrain mask during flatfielding operations and detector readout.  The Shutter assembly is primarily aluminum, and mounts to the telescope via a semi-kinematic bipod arrangement. 

4.5.1 Shutter mechanical interface
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Figure 13:  Cassegrain Shutter Assembly mechanical ICD

4.5.2 Shutter electrical interface

Spacecraft vendor shall provide for routing of two (prime and redundant)  customer provided harnesses from the CSA to the ICU.  Calibration light for the spectrometer is routed from the ICU to the CSA via fiber optics connections.  CSA pinout are found in Section 5 (for reference only, CSA electrical interface is to ICU).

5 Electrical harness and connector pin assignments

5.1 OTA to Instrument Control Unit (ICU)

The telescope thermal control system and the secondary mirror hexapod interface to the ICU is TBD.

5.2 OTA to focal plane assembly

The focal plane has an electrical interface to the ICU and the Digital Electronics Package only.  There is no electrical interface between the focal plane and the telescope assembly.

5.3 OTA to Ring of Fire (Illuminator)

Roughly 14 fiber bundles run from the ICU to the ROF along with TBD wires for the control of temperature sensors.  They will be harnessed together and will terminate in TBD fiber optic and TBD electrical connectors at the ICU.

5.4 Cassegrain Shutter Assembly

For reference only.

8x LAT, 2 wires each, total of 16 wires (22AWG) (TBC)

8x resolver, 6 wires each, total of 48 wires (TBC)

64 wires total (TBC)

Four fibers for spectrograph illuminator will be included in a third harness. 

Note: this harness passes through the telescope structure from the ICU to the CSA, but does not interface directly with the telescope.

6 VERIFICATION

Evaluation of the OTA shall be conducted to determine that the performance, design and operability characteristics conform to the requirements of section 3 of this specification. 

6.1 Responsibility for Quality Assurance

To the extent specified in the following Requirements Verification and Special Test and Examinations sections, the telescope assembly shall be examined to determine conformance with the requirements of this specification with respect to performance, dimensions, materials, workmanship, design interchangeability, finishes, markings, and applicable drawings.  The engineering drawings and related ancillary documents shall be inspected to verify compliance with the specified requirements and specifications.  Verification by inspection shall consist of visual and dimensional checks, normally requiring measurement devices, and/or fit and function checks, usually of a go/no-go nature.

6.2 Requirements Verification

The requirements of section 3 will be verified by one or more of four methods:

a.
A - Analysis

b.
D - Demonstration

c.
I - Inspection

d.
T - Test


When a verification method is noted in the Requirements Verification Matrix, this method shall be used to verify that the Section 3 requirement has been fully met.  When two or more verification methods are noted against a requirement reference, part of the requirement may be shown compliant with one method and the remainder by the other method or methods noted.  The verification methods are defined in subsection 6.3.  A summary of the verification parameters are defined in Table 1.

Table 1: Requirements Verification Matrix
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6.3 Verification Definitions

6.3.1 Analysis

A = Analysis: Analysis is the verification method used to verify requirements by determining qualitative and quantitative properties and performance by studying and examining engineering drawings, software, and hardware flow diagrams, software and hardware specifications, and other software and hardware documentation (e.g., COTS vendor documentation), or by performing modeling, simulation, and/or calculations and analyzing the results.  Analysis techniques include interpretation or interpolation or extrapolation of analytical or empirical data under defined conditions or reasoning to show compliance with requirements.  Similarity analysis is used in lieu of the test or demonstration methods when it can be shown that an item is similar to or identical in design to another item that has been previously certified to equivalent or more stringent criteria.  

Those ‘requirements’ for which verification is not required (e.g. verification is by roll-up or is not applicable, see Table I) are listed with the Analysis method in the Requirements Verification Matrix.  

6.3.2 Demonstration

D = Demonstration: Demonstration is the verification method used to verify requirements by exercising or operating the system or a part of the system in which instrumentation or special test equipment is not required beyond that inherently provided in the system being verified.  In the demonstration method, sufficient data for requirements verification can be obtained by observing functional operation of the system or a part of the system.  When this verification method generates data that are recorded by inherent instrumentation, inherent test equipment or operational procedures, any analysis that must be performed using the data collected during the demonstration is covered by the analysis method of verification.

6.3.3 Inspection

I = Inspection: Inspection is an activity such as measuring, examining, testing, or gauging of one or more characteristics of an entity, and comparing the results with specified requirements in order to establish whether conformity is achieved for each characteristic.

Such conformity to the specified requirements is confirmed through provision of objective evidence.

5.3.4 
Test

T = Test:  Test is the verification method used to verify requirements by exercising or operating the system or a part of the system using instrumentation (hardware and/or software) or special test equipment that is not an integral part of the system being verified.  The test method by its nature generates data, which are recorded by the instrumentation, test equipment, or procedures.  Analysis or review is performed on the data derived from the testing.  This analysis, as described here, is an integral part of this method and should not be confused with the analysis method of verification. 

Document TBD:

Bolted joints are not verified (design-wise) yet.  Need traceability to a Pankow fastener calculation policy.

Detector inspection hole in shield.
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