Technical Specifications for the Thermal Infrared Sensor Focal Plane Assembly Test Dewars

December 23, 2008

1.0 Introduction

The Goddard Space Flight Center (GSFC) and the Thermal Infrared Sensor (TIRS) project will test the TIRS Focal Plane Assembly (FPA) infrared (IR) detector arrays.  In order to do so, GSFC seeks to procure two identical cryocooled test dewars.  The technical specifications for these dewars are outlined below.

2.0 General Description

The TIRS FPA test dewars shall provide a stable environment for testing of TIRS IR detector arrays.  These tests shall be performed at constant temperatures between 30 to 80 Kelvin (K) with a nominal test temperature of 43 K.  A pulse tube cryocooler shall be provided.  These specifications assume a two-stage pulse tube cryocooler, but a single stage pulse-tube cooler may be proposed if the system meets all specifications other than those regarding the outer shell.  This cryocooler shall be provided with a passive vibration dampening system and shall be electrically isolated from the dewar and dewar stand.  Due to cleanliness concerns multilayer insulation (MLI) blankets shall not be used.  An outer shell (cold plate and radiation shield) shall be tied to the first stage of the cryocooler and an inner shell shall be tied to the second stage of the cryocooler.  An initial cooldown from room temperature to 43 K shall take less that 12.  A thermal switch shall be provided to allow the FPA to be cycled from 77 K to 300 K and back to 77 K in about four hours.  An optical shutter shall be provided on the radiation shield of the outer shell.
3.0 Design Details 

3.1 Contamination Control Requirement

These dewars will be use to test the spaceflight hardware so they shall have to meet the contamination control standards for the mission.  All materials and processes to be used in the fabrication of the dewars shall be reviewed and approved by the Contracting Officer for this contract before fabrication begins.

3.2 Shells
Each dewar shall have three shells, a vacuum shell, an outer shell, and an inner shell.  The details of each of these shells are outlined below.

3.2.1 Vacuum Shell
The vacuum shell shall provide interfaces for the cryocooler, vacuum fittings, overpressure relief device (burst disk or pop-off valve), electrical feedthroughs, and mechanical actuators for the thermal switch and the shutter.  The vacuum shell shall provide a horizontal (side looking) window aperture of 3.00 inches and the vacuum fitting and mechanical fittings to accommodate a 3.50 inch OD diameter and 0.250 inch thick window.  The window will be located on-axis and tilted 2 to 3 degrees to the central axis of the FPA and its center located 4.0 inches above the inner cold plate.  The window will be supplied by GSFC and installed after the delivery of the dewars.

3.2.2 Outer Shell

The outer shell shall consist of a cold plate tied to the first stage of the cryocooler and a radiation shield. A rectangular bolt pattern of #4-40 phosphor bronze non-locking helicoils on 1 in (2.5 cm) centers shall be incorporated on the inner side of the cold plate.  The threaded depth shall be no less than 0.16 in (0.4 cm). The outer coldplate and radiation shield shall be made from aluminum.

The outer radiation shield shall have an optical aperture of 3.00 inch diameter coaxial with the vacuum shell window when the FPA is at 43 K.  The outer shell shall have six 4-40 threaded holes (or equivalent) around the aperture to allow for the installation of a plate with a smaller aperture or filters.

A shutter mechanism shall be provided for the aperture. The shutter shall have at least three stable positions, one completely covering the aperture, one completely exposing the aperture, and one with a filter holder. The shutter shall be mounted on, and thermally linked to, the outer shell.  The shutter shall be capable of opening or closing in less than 2 seconds.  The shutter blade shall be able to be replaced independently of the mechanism.

3.2.3 Inner Shell

The inner shell shall consist of a cold plate tied to the second stage of the cryocooler and a radiation shield.  A rectangular bolt pattern of #4-40 phosphor bronze non-locking helicoils on 1 in (2.5 cm) centers shall be incorporated on the inner side of the cold plate.  The threaded depth shall be no less than .16 in (.4 cm). The inner coldplate and radiation shield shall be made from aluminum.

The inner coldplate shall be colder that the FPA to allow active thermal control of the FPA temperature over the FPA temperature range.

The inner radiation shield shall have an optical aperture of 3.00 inch diameter coaxial with the vacuum shell window and outer shell aperture when the FPA is at 43 K.  The inner shell shall have six 4-40 threaded holes (or equivalent) around the aperture to allow for the installation of a plate with a smaller aperture or filters.

The inner shell shall house the FPA.  When mounted in the FPA mounting hardware, the FPA front surface shall be able to be located no more than 2.0 inches from the inner side of the window, with a preference for as close as practicable. 

The inner shell shall have a working volume of at least 12 inches x 12 inches x 12 inches.

3.2.3.1 FPA Keep-Out Volume

There will be an FPA keep-out volume within the inner shell to allow for the mounting of the FPA on thermally isolating mounting hardware.  The FPA keep-out volume will be an 8 inch x 8 inch x 8 inch cube with the center of one of the cube faces parallel to, and centered on, the vacuum shell window aperture and located no more than 2.0 inches from the inner side of the window.  This shall allow the placement of the FPA’s front surface no more than 2.0 from the inner side of the window.

The FPA mounting interface:
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The general FPA dimensions:
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3.2.3.2 Thermal Switch

A thermal switch shall be provided linking the FPA to the inner cold plate.  The thermal strap from the thermal switch to the inner cold plate shall be provided.  A thermal strap from the thermal switch to the FPA will be supplied by GSFC and installed after the delivery of the dewars.

3.3 Vibration Isolation
The tests to be performed in these dewars are sensitive to vibration.  The vibration from the cryocooler to the experimental coldplate and experimental shell by any path must be minimized.  The vendor shall provide their plan for minimizing the vibration level as part of their proposal.

3.4 External and Internal Finishes
The exterior of the vacuum shell shall be protected with epoxy paint, chemical anodization, or shall be made of polished stainless steel.  The external portion of the spectral shell, the entire intermediate shell and the internal portion of the vacuum shell shall be polished aluminum, polished stainless steel, or gold plated.

3.5 Wiring Specifications

These dewars shall be equipped with cabling to accommodate redundant thermal control of the outer cold plate, the inner cold plate, and the FPA mounting hardware plus spares.  GSFC will install cables for the FPA and other test hardware.  All wires shall be heat sunk to the outer cold plate in order to minimize heat loads on colder portions of the dewar.  The cable and feedthrough design shall be reviewed and approved by Goddard.

3.5.1 Thermal Control Cables and Feedthroughs
There shall be ten (five redundant pairs) thermal control cables.  A channel shall consists of six wires: thermometer voltage positive (V+), thermometer voltage negative (V-), thermometer voltage current positive (I+), thermometer voltage current negative (I-), heater voltage positive (V+), and heater voltage negative (V-). There will be one redundant thermal control pair on the outer coldplate, one pair on the inner cold plate, one pair on the FPA mounting hardware, and two spare pairs in the inner shell. SIP connectors shall be provided at the ends of the cables for connecting to the heaters and thermometers.  Heaters and thermometers with mating SIP connectors shall be provided and appropriately mounted.  Optimal internal cable routing will be discussed with the contractor after the award of the contract.

Two 41-pin connectors on feedthrough plates shall be provided for the thermal control cables.

3.5.2 FPA Cables and Feedthroughs
Cabling for the IR detectors will be installed by GSFC once the completed dewars are delivered.  Openings in the internal cold plates or shields shall be provided to accommodate the installation of the detector cables.

Four feedthrough plates sized for Micro-D 100 FPA connectors shall be provided.

3.5.3 Spare Cables and Feedthroughs
Two spare feedthrough plates sized for Micro-D 100 connectors shall be provided.

3.6 External Mechanical
One dewar work stand shall be provided for each dewar.  The attachment points between the dewar and work stand shall be provided with a means of easy disconnection.  The work stand shall interface with the vacuum jacket and allow the dewar to be operated and serviced.  The center of gravity of the dewar shall be within 5 in (13 cm) of the axis of rotation of the dewar work stand. The work stand and dewar shall be designed such that it will fit through a doorway no larger than 6 feet (ft) or 1.8 m high by 5 ft (1.5 m) wide.  The maximum height of the suspended dewar shall be no greater than 7 ft (2.1 m).

3.7 Ease of Assembly

These dewars will be opened and closed many times.  Speed in assembly and disassembly is desired.  The shells shall be designed such that one or two people can easily remove them without the aid of a crane.  The dewars shall be designed such that it can be assembled and disassembled in a room with a floor to ceiling height of 7 ft and 8 in (2.3m).  The vertical spacing between cold plates shall be great enough to allow working access to the wiring feedthroughs.

3.8 Closed-loop Cooling System Thermal Requirements

The cryocoolers shall be two-stage pulse tube coolers sized by the vendor for the FPA temperature range, an FPA power dissipation of 0.5 W, and radiation load with the shutter open.  The first stage of the cryocooler shall be thermally linked to the outer coldplate.  The second stage of the cryocooler shall be linked to the inner coldplate.

3.9 Cool Down Time and thermal Cycle Requirement
The dewars shall cool down from room temperature to an FPA steady state operating temperature of 43 K in less than 12 hours.

A thermal switch shall be provided to allow the FPA to be cycled from 77 K to 300 K and back to 77 K in about four hours.  An optical shutter shall be provided on the radiation shield of the outer shell.
3.10 Cryocooler Interfaces
In order to break a potential ground loops, these linkages shall also be electrically isolating.  Delrin spacers at room temperature and sapphire spacers at low temperature shall be employed for electrical isolation.  Fiberglass inserts can be used in order to prevent bolts from shorting the cryocooler to the dewar.

3.11 Compressor Requirements
One sets of gas lines and control lines for the compressor shall be supplied. The set shall be 80 ft (24 m) in length.

3.12 Temperature Control Systems 
Three temperature controllers per dewar will be used by GSFC to control temperatures in the outer shell, inner shell and the FPA mounting hardware.  These controllers will be procured by GSFC separately.

The vendor shall install diode thermometers and heaters on the outer cold plate, inner cold plate and the FPA mounting hardware (temporarily mounted for delivery to the inner cold plate, or equivalent).  The heaters and diode thermometers shall be installed such that the following temperature ranges, accuracy, and stability shall be achievable with a standard temperature controller (assume Lakeshore Model 331S). 

· FPA Mounting Hardware: 30 – 80 K, accuracy of 55 mK, 0.001 K stability over a 24-hr period, reduced accuracy acceptable above 80 K.

· Outer cold plate: as designed K, accuracy of 1K, 0.1 K stability over a 24-hr period.

· Inner cold plate: as designed K, accuracy of 1K, 0.1 K stability over a 24-hr period.

The temperature sensors for the FPA mounting hardware shall be provided with specific temperature response curve data files.  The other thermometers shall be provided with general response curve data files.  The heaters shall have thermostats to prevent accidental over heating.  The heater and thermometer cables shall have sufficient slack to allow repositioning.

3.13 Electrical Isolation Requirement

The dewar shells shall be electrically isolated from all external components.  The cryocooler shall be electrically insulated at both the cold and warm interfaces with the dewar.  The dewar work stands shall be insulated from the vacuum jacket.  This will allow the dewar operator to ground the vacuum shell to a quiet earth ground without creating a ground loop.  The compressor gas lines shall be electrically isolated at the junction of the gas lines and the cryocooler and the compressor with an insulating spacer.

3.14 Vacuum Interface Requirement

Each dewar shall be provided with a vacuum pump out port and a bellows-sealed vacuum valve.  The valve shall be mounted to the vacuum shell of the dewar in a way that is not susceptible to damage due to normal handling procedures, and shall be easily removable for repair.  For connection to a pumping system, the valve shall have an ISO-100 quick connect type of flange.

Each dewar vacuum shell shall have a fitting for a vacuum gauge between the dewar and the vacuum valve on the vacuum interface plumbing.  The vacuum gauge will be supplied by GSFC and installed after the delivery of the dewars.

A removable over pressurization relief device (bust disk or pop off valve) shall be installed on the vacuum shell.

3.15 Drawings

Complete mechanical and electrical drawings shall be provided.

3.16 Leak Testing Requirements

All leak testing shall be performed with a helium mass spectrometer with a calibrated sensitivity of better than 10-9 standard cubic centimeters per second (sccs) of helium gas.

The dewars vacuum valve shall be leak tested prior to mounting on the dewar, and shall be leak tight to better than 10-9 sccs, both through the valve seat and around the valve stem.

Each of the seals of the vacuum jacket (access ports, outer cylinder, etc.) shall be leak-tight to better than 10-9 sccs when sprayed with helium gas.  The dewars shall also be immersed in one atmosphere of helium gas (such as a bag test), and the leak rate shall not exceed 10-8 sccs in the first minute of immersion.

3.17 Thermal Test Requirements

A thermal test shall be conducted, demonstrating compliance with the requirements.

3.18 Electrical Test Requirements

All wires shall be tested for electrical continuity and shorts.  All components of the cryocooler system shall be checked for electrical isolation from the dewars shells.

3.19 Test reports

All test reports shall include a description of the test configuration, a copy of the test procedure, a summary of the test results, and a copy of any data sheets that were collected.
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