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1.0 Introduction

The Goddard Space Flight Center (GSFC) in conjunction with the JWST project will check out and verify vendor tests of infrared (IR) detectors.  In order to do so, GSFC seeks to procure two identical ULB test dewars.  The technical specifications for these dewars are outlined below.

2.0 General Description

The ULB test dewars shall provide a stable environment for testing of JWST IR detectors.  These tests shall be performed at constant temperatures between 20 to 80 Kelvin (K).  IR tests will be very sensitive to any light leakage into the experimental shell.  Therefore, special attention shall be paid in order to create light tight mechanical interfaces.  A two-stage Pulse Tube cryocooler shall provide the heat lift to room temperature.  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 a multilayer insulation (MLI) blanket shall only be incorporated into the dewar between the vacuum shell and intermediate shell.  A spectral shell will act as a radiation blocker for an internal experimental shell.  Both of these shells shall be attached to a single coldpate.  The second stage of the cryocooler will be linked to this coldplate.

3.0 Design Details 

3.1 Light Tightness Requirement
All dewar shells, shell lids, coldplates, feedthroughs, vents, interfaces between components, and any other components that penetrate or seal the shells or coldplates shall be light tight.  The light leakage level will be tested by GSFC post delivery of the two dewars.  The total light leaks at wavelengths < 5.3 micrometers shall result in a current of < 0.0005 e-/s/pixel for an array of 18 µm square pixels located within the experimental shell.  The contractor will work closely with Goddard during the design, construction, and testing of the dewars to assure that this specification is met.  The contractor will work with GSFC post delivery to achieve this requirement if not met upon delivery.

Examples of techniques to be used to assure light tightness include:

· Tight fitting mechanically stiff components.

· Appropriately sized tight tolerance tongue-and-grove mechanical interfaces.

· Continuously welded seams.

· Convoluted vent paths.

· Test interfaces with visible light at contractor work site.

3.2 Design Safety Factors
All components shall be designed with a minimum safety factor of 4.0 on the yield strength of the material, and a minimum safety factor of 2.0 on any buckling loads on the component.

3.3 Dewar Mass Requirement

Each dewar mass shall not exceed 140 kilograms (kg) or 300 pounds (lbs) including the cryocooler coldheads.  The masses of the compressors are not included in this requirement.

3.4 Contamination Control Requirement

These dewars will be use to test the spaceflight hardware so it 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.

3.5 Shells
Each dewar shall have four shells, a vacuum shell, intermediate shell, spectral shell, and an experimental shell.  The details of each of these shells are outlined below.

3.5.1 Vacuum Shell
The vacuum shell shall consist of a lid, top plate and a cylinder, which is sectioned into three pieces.  The lid and top plate shall be removable, and have bolted interfaces that are sealed with rubber o-rings.  The outer diameter of the cylinder, lid, and top plate shall be approximately 17 inches (in), or 43 centimeters (cm).  The overall length will be such that it envelops the inner shells, and is shown for concept only in Figure 1.  There shall be two breaks in the vacuum shell cylinder.  These breaks shall also be bolted interfaces that are sealed with rubber o-rings.  

One break shall be approximately 10.5 in (27 cm) from the outer surface of the vacuum lid, and it shall provide optimal access to an optics module (described in section 3.4).  The other break shall be approximately 4 in (10 cm) from the outer surface of the top plate, and shall provide optimal access to externally mounted removable electrical connectors.  The portion of the vacuum cylinder that lies between the top plate and break approximately 4 in (10 cm) away shall be referred to as the instrumentation ring.  The vacuum shell shall be made from aluminum or stainless steel.

3.5.2 Intermediate Shell

The intermediate shell shall consist of a lid, coldplate, and a cylinder.  The lid and coldplate shall be flat plates that are removable and have tongue-and-groove bolted flange interfaces.  The interfaces shall be light tight.  All welds shall be continuous.  A light tight vent path shall be installed on the shell.   The outer diameter of the cylinder, lid, and bottom plate shall be approximately 15 in (38 cm).  The inner surface of the intermediate lid shall be no less than 9 in (23 cm) from the outside of the spectral lid (in order to accommodate the optics module).  The overall length of the intermediate shell is shown in Figure 1 for concept only.

3.5.3 Spectral Shell

The spectral shell shall consist of a lid, coldplate, and a cylinder.  The lid and coldplate shall be flat plates that attach to the spectral cylinder through tongue-and-groove bolted flanges.  The interfaces shall be light tight.  All welds shall be continuous.  A light tight vent path shall be installed on the shell.   The outer diameter of the spectral cylinder, lid and coldplate shall be approximately 14 in (36 cm).  The spectral shell shall support the optics module as shown in Figure 1.  The spectral shell shall be made from aluminum.

3.5.3.1 Spectral Coldplate

The spectral coldplate shall meet the mechanical interfaces and dimensions as specified in Figure 2.  It shall have an outer diameter of approximately 14 in (36 cm).  A rectangular bolt pattern of #8-32 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).  GSFC will supply the helicoils.  The spectral coldplate shall be made from aluminum.

3.5.4 Experimental Shell

The experimental shell shall consist of a lid and a cylinder.  The experimental cylinder shall attach to the lid and spectral coldplate through tongue-and-groove interfaces.  Interfaces shall be light tight.  A light tight vent path shall be installed on the shell.  All welds shall be continuous.  The inner diameter of the experimental shell shall be no less than 12 in (30.5 cm).  Due to the optical path length requirement, the distance from the inner side of the lid to the inner side of the coldplate shall be greater than or equal to 25 in (64 cm).  The experimental shell shall be made from aluminum.

3.5.4.2 Vibration Isolation
The tests to be performed in these dewars are sensitive to vibration.  The vibration from the cryocoolers to the experimental coldplate and experimental shell by any path must be minimized.  The offeror shall provide their plan for minimizing the vibration level as part of their proposal.  The COTR and his representatives will collaborate with the selected vendor, and provide vibration analysis of mechanical dewar models in order to achieve acceptable vibration levels.  The design goal for the cryostat is to limit the displacement of the experimental standoff (see section 3.7), relative to its average position, to less than ± 2 micrometers in any direction due to vibrations induced by the cryocoolers.

3.6 Optics Module
The optics module shall not be included in this procurement and will be incorporated into each dewar at a later date.  The module will be no greater than 14 in (36 cm) in outer diameter and less than 8.5 in (22 cm) in height.  The module will have a mass of approximately 10 lbs (4.5 kg).  A bolt pattern as specified in Figure 4 shall be incorporated into the spectral lid to provide a means of attachment for the module.   

3.7 Experimental Standoff
The experimental standoff shall provide both thermal and electrical isolation from the experimental cold plate.  Its overall height shall be 2 in (5 cm) above the cold plate.  Four G-10 fiberglass legs shall provide mechanical support.  A 8.75 in (22 cm) by 4.75 in (12 cm) by .25 in (.64 cm) oxygen free high conductivity (OFHC) copper block shall attach to the fiberglass legs. #4-40 through holes with phosphor bronze non-locking helicoils inserts shall be placed on the upper surface of the copper block as shown in Figure 5 in order to provide a means for attaching a detector module.  The detector module will be manufactured by GSFC. 

3.8 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.

3.9 Wiring Specifications

These dewars shall be equipped with cabling to accommodate both housekeeping and optics module components.  GSFC will install cables for the detectors.  All wires shall be heat sunk to the intermediate shell of the dewar in order to minimize heat loads on colder portions of the dewar.  All wire passages through shells shall be light tight.  See sample layout of wiring, connectors and feedthroughs in figure 6.

3.9.1 Housekeeping Cables
There shall be seventeen (17) channels provided for housekeeping cables.  Note that a channel consists of four wires, which are described as voltage positive (V+), voltage negative (V-), current positive (I+), current negative (I-).  Housekeeping cables shall accommodate twelve (12) channels for three temperature-controlled stages plus five (5) additional thermometer channels. Each temperature-controlled stage shall require four channels, two for heaters and two feedback thermometers.  Optimal internal cable routing will be discussed with the contractor after the award of the contract.

3.9.2 Optics Module Cables
The optics module requires a cable of approximately 32 leads from a hermetic connector on the vacuum jacket to the optics module.  The interface to the optics module shall be a 32-pin D type connector.  The wire type and gauge will be determined during the dewar design phase.

3.9.3 Detector Cables
Cabling for the IR detectors will be installed by GSFC once the completed dewars are  delivered.  Openings in the internal coldplates shall be provided to accommodate the installation of the detector cables.  The contractor shall supply coverings for the wire feed through openings.  These covers shall employ tongue-and-groove interfaces in order to preserve the light tight constraint.  These covers shall allow repeated removal and installation, while maintaining the light seal.  Details of the light seals shall be discussed with the contractor after the award of the contract. 

3.9.4 Vacuum Shell Feed Throughs
All electrical cabling shall originate at quick disconnect hermetic connectors on the outside of the vacuum shell.  Seven (7) or eight (8) equal diameter circular removable flat plates (“connector plates”) shall be provided on the instrumentation ring for the purpose of mounting the connectors (see figure 7a).  The total area of the feedthrough holes shall be at least 35 in2 (230 cm2).  Two (2) axial connector plates shall be installed on the vacuum top plate (see figure 6 and 7a).  The axial  feedthrough holes shall have a diameter no less than 2 in (5 cm), and shall be reserved for detector connectors.

The connectors shall be installed in such a way as to provide easy access for repair and upgrade.  Two (2) removable 41 pin hermetic connectors shall be provided for the housekeeping cables.  A spare removable 41 pin connector shall be installed for future expansion of the wire harness.  Detector cable connectors will be installed by GSFC post delivery of the dewars.

3.9.4.1 Coldplate Feed Throughs

The coldplates shall have six cable feedthroughs (see figure 6 and 7b).  The feedthroughs shall be removable and allow the removal of the cables (including the vacuum shell hermetic connectors) without disassembly of the cables.  Set 1 and 2 coldplate feedthroughs (see figure 7b) shall provide strain relief for thermal contractions since the detector cable to be installed post delivery of the dewars is semi-rigid.  The feedthroughs shall be designed to allow each set of cables, connectors, connector plates, and feedthrough plates to be removed as single units.

3.9.5 Internal Cabling Interfaces

All electrical cables shall terminate in demountable connectors (“pin” or “socket”) interfaces in order to aid in the removal or addition of electronic devices. 

3.10 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 disconnection.  The work stand shall interface with the vacuum jacket and allow the dewar to be inverted, held in both horizontal orientations, and be rotated to these orientations without the aid of a crane.  The center of gravity of the dewar shall be within 5 in (13 cm) of the axis of rotation of the dewar work stand.  A locking mechanism shall be provided to hold the dewar in each orientation.  The work stand 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).

3.11 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 radial spacing between shells shall be no less than 0.5 in (1.3 cm).  The vertical spacing between coldplates shall be great enough to allow working access to the wiring feedthroughs.

4.0 Cooling System

Each dewar shall be provided with its own temperature sensors and heaters for three auxiliary temperature control units, and a closed-loop cooling system, comprised of a closed cycle cryocooler coldhead, compressor, and two sets of gas lines.  The auxiliary temperature controllers will be installed by GSFC post delivery of the dewars.  

4.1 Closed-loop Cooling System Thermal Requirements

The cryocooler shall be two-stage Pulse tube coolers each providing a heat lift no less than 30 Watts (W) at 55 K on the first stage, while simultaneously having no less than 1 W at 4.8 K on the second stage.  The first stage of the cryocooler shall be thermally linked to the intermediate shell.  The second stage of the cryocooler shall be linked to the spectral coldplate.

The spectral and experimental shells shall be cooled to a temperature less than or equal to 20 K with both shells having a 0.1 K stability over a 24 hour-period.  Thermal gradients in the spectral shell shall not exceed 5 K and shall not exceed 1 K in the experimental shield.  The experimental standoff shall be temperature controlled at a constant temperature between 20 K to 80 K with 0.001 K stability over a 24 hour-period.

4.2 Cool Down Time Requirement
The dewars shall cool down from 300 K to a steady state operating temperature of 20 K within a 24 hour-period.  

4.3 Cryocooler Interfaces
All cryocooler interfaces with the dewars shall be flexible in order to minimize the amount of vibrational excitations transferred to the dewar.  Therefore, the stiffness of the cryocooler interface, including both the cold and warm mechanical interfaces, shall not exceed 1000 lbs/in or 175,000 Newtons per meter (N/m).

In order to break a potential ground loop, 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 coldhead to the dewar.

Light leakage from higher temperature stages shall be eliminated using baffling at cryocooler through-shell interfaces.  Annular discs, of a material to be determined with the vendor input, shall be used to provide thermally and electrically nonconductive light blockage.

4.4 Compressor Requirements
A compressor shall be provided in order to pump the helium gas through the closed cycle coldhead.  This compressor shall operate on 3-phase 460 Volt (V) power, and shall consume no more than 7 kilo-W.   They shall be water cooled with a required flow rate no greater than 7 liters per minute.  Two sets of gas lines for the compressor shall be supplied.  One set shall be a standard length of approximately 10 ft (3.5 m) in length and the other set shall be approximately 80 ft (24 m).

4.5 Auxiliary Temperature Control Systems 
Three auxiliary temperature controllers per dewar will be used by GSFC to control temperatures in the spectral shell, experimental shell and experimental standoff.  These controllers will be procured by GSFC after the delivery of the dewars.

The vendor shall install temperature sensors and heaters on the spectral shell, experimental shell and experimental standoff using the cables described in section 3.9.1.  The heaters and temperature sensors shall be install such that the following temperature ranges, accuracy, and stability shall be achievable with a standard temperature controller. 

Experimental standoff: 20 - 80K, accuracy of 55 mK, 0.001 K stability over a 24-hr period

· Experimental shell: 20 - 80K, accuracy of 1K, 0.1 K stability over a 24-hr period

· Spectral shell: 20 – 80K, accuracy of 1K, 0.1 K stability over a 24-hr period

Two silicon diode temperature sensors shall be installed on each of above listed sections of each dewar.  The temperature sensors for experimental standoff shall have an accuracy of 55 mK and shall be provided with specific temperature response curve data file.  The other thermometers shall be provided with general response curve data file.

5.0 Electrical Isolation Requirement

In order to provide an ultra low background, an isolated ground is required on each dewar.  The dewar shells shall be electrically isolated from all external components.  The cryocooler coldhead shall be electrically insulated at both 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 experimental stage shall be electrically isolated from the rest of the dewar.  The compressor gas lines shall be electrically isolated at the junction of the gas lines and the compressor with an insulating spacer.

6.0 Thermal Isolation Requirement

The thermal isolation system shall consist of fiberglass supports. The supports shall be optimized for mechanical stiffness and thermal isolation.

6.1 Fiberglass Supports

The internal shells of the dewars shall be supported from the vacuum shell using fiberglass supports, as shown in Figure 3.  Fiberglass tubes shall connect the vacuum top plate, the intermediate coldplate, and the spectral coldplate.  These tubes shall be attached in such a way to allow ease in removal of the coldplates.  Fiberglass sheets shall connect the vacuum cylinder, the intermediate lid, the optics module, and the experimental lid.  The fiberglass shall meet or exceed the mechanical and structural specifications of LP-509 grade G-10 or MIL-P-18177 type GEE.  The tensile, shear and compressive strength of the support assembly shall be at least 200 lb (890 N).  The design of the support system shall hold the coldplate generally parallel with the lid of the spectral shield.  Other support configurations meeting the same overall requirements may be proposed.

6.2  MLI blanket 

An MLI blanket shall be used to reduce heat load on the intermediate shell, and shall meet the following general requirements.  All blanket edges shall be closed out with aluminized mylar tape, with venting provided either through small gaps in the edge closeout, or small perforations in the mylar sheets.

In order to allow access to ports in the cold plate and thermal shield, and to the cryocooler cold tip, sections of the MLI blanket shall be fully removable and held in place by strips of hook-and-loop tape.  

A seam shall be provided in the MLI blanket in order to allow easy assembly and disassembly of the thermal shield.  This seam shall be held closed during dewar operation by strips of hook-and-loop tape.

The inner and outer face sheets of the blanket shall be constructed so that the stress of removing and replacing the blanket closeouts does not rip or tear the blanket material.

7.0 Vacuum Interface Requirement

Each dewar shall be provided with a vacuum pumpout port and bellows-sealed vacuum valve.  The valve shall be mounted to the vacuum jacket 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 NW-40 quick connect type of flange.

Each dewar vacuum shells shall be equipped with a removable vacuum gauge capable of reading pressure from 5E-4 Torr to 800 Torr, with an accuracy of +-1E-4 Torr at the low pressure end, and an accuracy of +/-20 Torr at the high pressure end.  A readout for the vacuum gauge shall be provided.  The vacuum gauge shall be mounted between the dewar and the vacuum valve on the vacuum interface plumbing.

A removable over pressurization relief valve shall be installed between the dewars and the vacuum valve on the vacuum interface plumbing.  

8.0 Quality Assurance Requirement

All manufacturing and testing shall be conducted in accordance with ISO 9000 procedure.  Complete documentation according to ISO 9000 procedure is not required.

8.1 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.

8.2 Thermal Test Requirements

A thermal test shall be conducted, demonstrating compliance with the requirements of section 4.1.

8.3 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.

8.4 Cryocooler Interface Stiffness Test

This stiffness of the cryocooler interface, including both the warm and cold interfaces, shall be tested as installed on the dewars.  The stiffness shall be measured as the displacement along the axis of the coldhead caused by a known force.

8.5 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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