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1.0 Introduction

1.1 Scope

This Statement of Work (SOW) defines the effort to be contracted in support of the Goddard Space Flight Center (GSFC) Thermal Infrared Sensor Instrument Project for the design, fabrication, assembly, testing, and delivery of one Flight Model (FM) Cryocooler with its associated Cooler Control Electronics (CCE), one Engineering Model (EM) Cryocooler, one set of Electrical Ground Support Equipment (EGSE) and associated hardware, more fully described in the TIRS Project Cryocooler Deliverables. It is required that a TIRS Cryocooler be based on an existing model or proven design in order that any modifications will not push the effort into a development cycle.
1.2 Cryocooler Model Descriptions

The TIRS Instrument requires a cryocooler with two stages of cooling: the first stage cools a layer of thermal shielding and the second stage cools the Focal Plane Assembly. The TIRS Cryocooler maintains the instrument focal plane at temperatures required to meet radiometric performance. The two identified models of cryocooler are the Engineering Model (EM) and a Flight Model (FM).

The FM Cryocooler shall consist of a single flight compressor and expander/coldhead assembly, referred to as the Thermo-Mechanical Unit (TMU), a single remote flight Cooler Control Electronics (CCE), and a flight wire harness to connect the CCE to the TMU.  The FM is subject to all requirements of this SOW and its applicable documents.

The EM Cryocooler shall consist of a single TMU that shall meet the same specified cooling power, temperature and temperature control  requirements at the two cold-load interfaces as the FM cooler, but without the specified limit on the input bus power. The thermal and mechanical interfaces shall be form, fit and function the same as the FM TMU.

The EGSE shall have two separate or configurable operating modes. Firstly, when directly connected to either the EM or FM TMU’s through GSE harnessing, the EGSE shall provide full flight electronics functionality, including full vibration and temperature control, data acquisition and simulated interfaces. Control shall be provided by GSE software. The EGSE shall not be subject to the specified limit on the input bus power to the FM CCE. Secondly, when directly connected to the FM CCE through GSE harnessing, the EGSE shall communicate with the FM CCE to verify its electrical and communication interfaces as well as the command and telemetry functions of the CCE. It shall additionally serve as a control and data acquisition device to log the Cryocooler performance including temperatures, vibration, and the full range of diagnostic data available from the FM CCE.

1.3 Terminology

The term “Buyer”, “Government” or “TIRS” will refer to the Goddard Space Flight Center (GSFC) Thermal Infrared Sensor Instrument Project.

The term “Seller” or “Contractor” will refer to the Cryocooler vendor.

The term "(TBP)", which means "to be proposed", applied to the scheduling of a review or meeting means that the Seller shall propose the schedule with concurrence from the Buyer.

2.0 Applicable and reference Documents

2.1 Applicable Documents

All applicable and reference documentation identified in this document shall apply in the situations where they are specifically referenced.  

Table 2‑1: Applicable Documents
	Document Number
	Revision/ Release Date
	Document Title

	GSFC-427-03-05
	
	LDCM Environmental Verification Requirements (LEVR)

	GSFC 427-03-03
	Rev B/

4 April 2008
	LDCM Instrument Mission Assurance Requirements (IMAR)

	TIRS-SE-SPEC-0013
	11 February 2009
	TIRS Project Cryocooler Specification

	GSFC EEE-INST-002
	May 2003
	Instructions for EEE Parts Selection, Screening, Qualification, and Derating

	NPR 8715.3
	
	NASA General Safety Program Requirements


2.2 Precedence

Conflicts arising between the requirements of this SOW and the requirements of any applicable document referenced herein will be referred to the GSFC Contracting Officer for resolution.
3.0 Task description

3.1 Cryocooler 

The Seller shall provide the facilities, personnel, services, tools, equipment, and materials necessary to deliver:

a) One Flight Model (FM) Cryocooler Thermo-Mechanical Unit (TMU), its associated Cooler Control Electronics (CCE) and TMU-to-CCE harness. 
b) One Engineering Model (EM) Cryocooler Thermo-Mechanical Unit (TMU)

c) One set of Electrical Ground Support Equipment (EGSE) and GSE harnessing.

d) Design, manufacturing, analysis and interface definition for the EM and FM Cryocoolers.

e) Verification and test of the requirements and performance parameters for the EM & FM Cryocoolers as required in the TIRS Cryocooler Specification and this SOW.

f) Documentation and Deliverable Data per contract.
3.2 Supporting hardware 

The Seller shall provide the following supporting hardware:

a) One set of flight quality connector savers to minimize mates and de-mates.
b) One set of the mating half of the external connectors for the delivered flight unit, plus two additional sets per contract delivery schedule.
c) Protective connector covers or ESD flight protective caps, as applicable.

d) Closeout caps for test connectors.

e) GSE strong-back/handling fixtures.

4.0 Management, Reporting, Documentation and Reviews

4.1 Management

The Seller shall designate a single individual who will be given full responsibility and authority to manage and administer all phases of the work specified by the contract and ensure that all objectives are accomplished within schedule constraints.

The Seller shall designate and identify by name a single individual who shall serve as a point of contact with the GSFC Contracting Officer Technical Representative (COTR) for all technical aspects of the Cryocooler contract.

The Seller shall provide for managing all resources, controlling schedules, managing all engineering, manufacturing and procurement activities, configuration management, Quality Assurance, documentation control, and distribution.

The Seller’s Program Management function shall provide to the Buyer reporting and at least weekly insight into program status, as well as technical and programmatic performance of all of the Seller’s responsibilities performed under this contract. The Seller shall prepare and submit monthly and weekly status reports in accordance with CDRL PM-01.

The Seller shall submit and negotiate all change proposals as required under this contract in accordance with the Contract and CDRL PM-02, Engineering Change Proposals, Deviations and Waivers.

The Seller shall implement appropriate management systems that prevent the improper dissemination of Buyer-provided competition sensitive and proprietary information.

4.2 Reviews and Meetings

Any reviews specified here may be combined as proposed by the Seller.  Any combined reviews shall meet the requirements of each included review. 

The Seller shall prepare, conduct and present the following reviews at its site at a time mutually agreed upon with the Buyer. The Buyer reserves the right to attend any of the reviews including the Seller’s subsystem/peer reviews and requires notification ten (10) working days prior whenever practical.

All of the reviews, with the exception of the Kick-Off Review, the Weekly Status Teleconferences, Test Readiness Reviews, and Engineering Peer Reviews, will be chaired by the Buyer.  The Seller shall provide a Review Data Package, as specified in CDRL PM-03, containing appropriate reference documentation for each review in sufficient detail to be self-explanatory.  The action items that result from these reviews shall be documented by the Seller and made available to the Buyer.  If any deficiencies are found at the reviews, the Seller shall be required to develop a corrective action plan. The Seller shall present at each review the status of all open action items up to that point in the implementation, with the corrective action or resolution for each item.

The guidelines for reviews are on-line for reference at http://arioch.gsfc.nasa.gov/301/html/design.html

The Contractor shall support the reviews and meetings described in the following sections, and shall submit the required material as specified in CDRL PM-03, Review Data Package.

Table 4‑1: Reviews and Meetings

	REVIEW
	WHEN
	WHERE
	DAYS
	CDRL

	Kick-Off Meeting
	ACS + 1 week
	Seller
	1
	n/a

	Preliminary Design Review (PDR)
	ACS + TBP mos
	Seller
	3
	#

	Critical Design Review (CDR)
	ACS + TBP mos
	Seller
	3
	#

	Test Readiness Reviews (TRR)
	1 week before test
	Seller
	1
	#

	Pre-Ship Review (PSR)
	1 week before delivery
	Seller
	1
	#

	Weekly Status Telecon
	Weekly
	Telecon
	0.1
	#1

	Technical Interchange Meetings
	TBP
	Various
	≤ 2
	n/a

	Peer Reviews
	TBP
	Seller
	≤ 1
	n/a


4.2.1 Kick-Off Review (KOR) Requirements

The Seller shall host a Kick-Off Review in order to present for review the plans, schedules, and activities required to meet delivery.  The agenda and information to be presented shall be coordinated with the Buyer prior to the meeting, and will largely be based on the Seller’s offer.
4.2.2 Preliminary Design Review (PDR) Requirements

The Seller shall prepare and conduct a Preliminary Design Review (PDR) describing the current Cryocooler design.  The objective of this review is to present the preliminary status of the drawings, analyses, and engineering model development to show the approach meets the final performance and interface specifications.  Preliminary calculations for mechanical loads, stress, torque margins, thermal performance, radiation design, and expected lifetime shall be presented.  

4.2.3 Critical Design Review (CDR) Requirements

The Seller shall prepare and conduct a Critical Design Review (CDR) and shall present a final detailed design using substantially completed drawings, analyses, and breadboard/engineering model verification test results to show that the design shall meet the final performance and interface specifications and the required design objectives.  Changes required to the design from the PDR shall also be included.  Final calculations for mechanical loads, stress, torque margins, thermal performance, radiation design, power generation and storage, communications architecture, command and data handling and expected lifetime are to be presented.  Final software requirements, software design, and updated system performance estimates shall also be presented.  Parts selection, de-rating criteria, and screening results, and the results of the Failure Modes and Effects Analyses (FMEAs), Fault Tree Analyses (FTAs) and Probabilistic Risk Assessments (PRAs) are to be presented.

4.2.4 Test Readiness Review (TRR) Requirements

The Seller shall prepare and conduct Test Readiness Reviews (TRRs), for all test events at the EM and FM Cooler assembly level, no earlier than one week prior to the start of the subject test.  At each TRR the Seller shall demonstrate that all test planning, scheduling, facilities, procedures, GSE, and documentation are ready for the subject test. The Seller shall present the pre-test configuration and status of the Cooler to be tested, identify all anomalies, problem reports, deviations, waivers, and could-not-repeats.

4.2.5 Peer Review Requirements

The Seller shall convene peer reviews on mutual consent with the Buyer’s request, to explore and resolve issues related to subsystem design, analysis, and performance.  The Buyer will also request peer reviews on parts, materials, processes, and testing, as needed, such as if any non-standard electronic packaging or harness configurations are used. The goal of a peer review is to familiarize the participants with all the relevant details, reach consensus on plans, tasks, and solutions, and in general prepare a coherent Seller-Buyer position on all relevant elements prior to formal presentation at a major TIRS instrument review.

All Peer Reviews held shall be documented and be made available to the Buyer at the Seller’s site.  The Buyer shall be invited to attend and or participate in all Peer Reviews. The Seller shall identify and track all actions assigned at peer reviews.
4.2.6 Technical Interchange Meetings (TIM) Requirements
The Seller shall convene and support Technical Interchange Meetings (TIMs) to be held at the seller facilities, at the mutual consent of the participants. These TIMs shall support review and coordination of technical issues including, but not limited to, parts, test plans, test procedures, software changes, design modifications, and design analyses.  The TIM meeting notice shall be seven (7) calendar days in advance of each meeting. The Seller shall identify and track all actions assigned at TIMs.
4.2.7 Weekly Telephone Conferences Requirements
The Seller shall support Weekly Status Teleconferences throughout the contract in accordance with CDRL PM-01.

4.2.8 Monthly and Quarterly Reviews 
In lieu of any formal Monthly or Quarterly presented reviews the Seller shall prepare and deliver the monthly status in a written report as defined in CDRL PM-01.  The report shall be a summary of the period's progress, problem areas, and activities on-going and planned as generally covered in the weekly telephone conferences.

4.2.9 Pre-Ship Review (PSR)

The Seller shall prepare and conduct a Pre-Ship Review for each the EM and FM coolers at the completion of verification tests and prior to shipment of the hardware to GSFC. The purpose of the PSR is to verify and document that the Cooler is performing in accordance with the TIRS Project Cryocooler Specification (TIRS-SE-SPEC-0013) and ICDs including all waivers.  The Cooler PSR shall be considered complete upon satisfactory closeout of all Cooler PSR action items.

4.3 Documentation

The Seller shall develop, produce, deliver, and maintain all documentation required by the CDRLs and necessary to implement the contract.  All efforts including the performance of tests and analyses not otherwise explicitly stated in other parts of this SOW, but determined jointly by the Seller and the Buyer to be mission critical, shall be performed and documented by the Seller.  All documentation, data, and analyses generated for, or applicable to, the effort, whether formal or informal, shall be made available to the Buyer upon request.

4.4 Notification to NASA/GSFC Contracting Officer (CO) and Contracting Officer Technical Representative (COTR)

The Seller shall notify the NASA/GSFC Contracting Officer Technical Representative (COTR) at least seven (7) calendar days in advance of all mandatory hardware inspections, test activities, and deliveries at either the Seller’s or a sub-contractor’s facility to allow timely participation by the NASA/GSFC Quality Assurance personnel..

5.0 System Engineering

5.1 Firmware/software

If firmware is to be used, contractor will write, manage, and verify that firmware. 

Seller responsibilities compliant with NASA Procedural Requirements (NPR) 7150.2, NASA Software Engineering Requirements, or a software development process subject to the approval of GSFC.  A software development plan shall be provided to GSFC describing the software development process used by the contractor.  

5.1.1 Configuration Management

Software/firmware shall be configured using accepted CM procedures.  CM procedures shall be provided to GSFC for approval.

5.1.2 Functional and Performance Modifications

The Seller shall provide software modifications as necessary to ensure functionality and performance of the Cryocooler at the instrument and spacecraft level.
5.2 verification requirements

5.2.1 General

The Seller shall prepare a Verification and Acceptance Test Plan and Matrix in accordance with CDRL SE-02.  Use of previous hardware and software qualifications shall be documented in accordance with CDRL  PM-08, Previously Qualified Hardware and Software Report

5.2.1.1 Analysis, Trending, and Reporting of Test Data

The Seller shall properly record, maintain and analyze test information during the normal test program to assess performance and flight worthiness and to aid in the identification and analysis of flight hardware failures and problems.

The Seller shall also perform trend analyses to track measurable parameters that relate to performance stability and repeatability.  Selected parameters shall be monitored for trends starting at component acceptance testing and continuing through the system integration and test phases. These parameters will be compiled in a Trended Parameters List (TPL).

The reports will be delivered as part of the Review Data Package (CDRL PM-03) and presented at formal technical reviews as appropriate. 

5.2.1.2 Demonstration of Failure-Free Operation

The Seller shall have demonstrated a period of 500 hours of contiguous failure-free operation for Flight Unit prior to delivery.

5.2.2 Cryocooler Verification

5.2.2.1 Verification Test Plans and Matrix

The Seller shall develop a Verification and Acceptance Test Plan and Matrix in accordance with CDRL SE-02 designed to verify that the EM and FM cryocooler TMUs and the FM CCE meet the specifications as given in the TIRS Cryocooler Specification.

The Seller shall develop a Verification Matrix in accordance with CDRL SE-02 defining the method of verification for each specific requirement of this contract.

The plans shall be Seller controlled documents and shall indicate all changes made after the initial approval by the Buyer.  After test plan approvals, no changes shall be made without written NASA GSFC CO/COTR approval.

5.2.2.2 Verification Test Procedures

The Seller shall develop Verification and Acceptance Test Procedures for the Cryocooler verification program in accordance with CDRL SE-03.

Verification Test Procedures shall be Seller controlled documents and shall indicate all changes made after the initial release for review to TIRS.  

5.2.3 Performance Characterization

5.2.3.1 Thermodynamic Performance

The Seller shall measure and report the thermodynamic performance of the Cryocooler in accordance with CDRL SE-06.

5.2.3.2 1-g Orientation Dependence

The Seller shall measure and report the 1-g orientation dependence of the Cryocooler performance in accordance with CDRL SE-06. 

5.2.3.3 Exported Vibration

The Seller shall measure and report the exported vibration of the Cryocooler in accordance with CDRL SE-06.

6.0 MISSION Assurance 

6.1 General Requirements 

The Seller shall meet the mission assurance requirements given in Sections 1.1 and 1.2  of the IMAR (GSFC 427-03-03). 

6.2 Contract Delivery Requirements List

The Seller shall prepare and provide the documentation as prescribed in the TIRS Project Contract Delivery Requirements List (CDRL). The CDRL identifies DRDs describing data deliverable to TIRS. 

6.3 Quality Management System 

The Seller’s quality management system shall meet the assurance requirements given in section 2 of the IMAR (GSFC 427-03-03).  

6.4 System Safety Requirements 

The Seller shall supply detailed descriptions of the design, test, operation and inspection requirements for all flight hardware and materials, ground support equipment, and their interfaces necessary for a valid identification, assessment, control and mitigation of documented hazards.  This includes technical information concerning hazardous and safety critical equipment, software, systems, operations, handling and materials.  For all identified hazards, the Seller shall also document hazard controls, verifications and tracking methods.  The Seller shall supply a compliance matrix verifying that the Range safety requirements have been met.

Additional safety requirements are identified in sections 3.2.2, 3.2.3.1, 3.2.3.3, 3.4, 3.6 and 3.11 of the LDCM IMAR (GSFC 427-03-03).

The Seller shall perform any safety related analyses necessary to support the safety requirements of this Section. The results of these analyses shall be summarized in a Seller format Safety Analysis Report that will be provided to the Buyer for review. 

The Seller shall submit a compliance matrix to show how they meet the applicable requirements of AFSPCMAN 91-710 volumes 3 and 6

The Seller shall provide technical support to the TIRS Project for safety working group and technical meetings as necessary in conjunction with TIMs.

6.5 Software Assurance

The Seller shall meet the Software Assurance Requirements given in sections 5.1, 5.2, 5.3, 5.4, 5.6 and 5.8 of the IMAR (GSFC 427-03-03). 

6.6 EEE Parts Control Program

The seller shall plan and implement a EEE Parts Control Program to assure that all parts selected for use in the cryocooler meet mission objectives for quality and reliability.  All EEE parts used in the cryocooler shall conform to the applicable requirements in GSFC EEE-INST-002 for part quality Level 2.  All EEE parts shall be selected to meet the predicted radiation environment, including the Radiation Design Margin (RDM).

The seller shall control the selection, evaluation, acceptance, and application of all EEE parts through participation in a Parts Control Board (PCB) with the buyer.  The seller shall plan for weekly PCB telephone conferences to review candidate part lists, GIDEP alerts/advisories, NASA Advisories, and any other ongoing parts issues.

The seller shall designate one key individual as the Project Parts Engineer (PPE), who shall have the prime responsibility for management of the EEE Parts Control Program.  Tasks performed by the seller PPE shall include but are not limited to the following:

1. Prepare and maintain parts lists for PCB review.

2. Provide the agenda for the weekly PCB meetings and assure that appropriate individuals with engineering knowledge and skills are in attendance as needed.

3. Provide supporting parts documentation needed for parts evaluation and approval by the PCB.  If needed, prepare part procurement specifications meeting EEE-INST-002 screening and qualification requirements.

4. Maintain and issue the PCB meeting minutes.

5. Prepare and maintain the cryocooler Parts Identification List (PIL), develop the Project Approved Parts List (PAPL), As-Designed Parts List (ADPL), and As Built Parts List (ABPL).

6. Perform Customer Source Inspections (CSI) and audits at supplier facilities, as needed.

7. Track and disposition part nonconformances and part failure investigations.

8. Track and report the impact of GIDEP Alerts/Advisories and NASA Advisories on flight hardware.

Buyer participation in PCB telecons shall include the TIRS PPE and Project Radiation Engineer (PRE) as a minimum, but can also include engineers from other disciplines, as needed.

PCB responsibilities and activities shall include but are not limited to the following:

1. Evaluate EEE parts for conformance to the selection, screening, qualification, and derating requirements in EEE-INST-002.

2. Assure that all selected parts meet project outgassing requirements for TML (Total Mass Loss) and CVCM (Collected Volatile Condensable Material) of 1.0% and 0.10% respectively.

3. Define any special testing requirements, such as PIND (Particle Impact Noise Detection), DPA (Destructive Physical Analysis), RLAT (Radiation Lot Acceptance Test), or XRF (X-ray Fluorescence) for prohibited materials.

4. Review EEE parts with date codes indicating that more than five years have elapsed from the date of manufacture to procurement to determine whether rescreening, recertification or sample DPA is warranted.

5. Review any unique part applications for testing, derating, or radiation requirements, as applicable.

6. Develop and maintain a PAPL.

7. Evaluate the impact of GIDEP Alerts/Advisories and NASA Advisories and develop appropriate mitigation strategies.

8. Track part nonconformances and failure investigations, participating as needed at MRB (Materials Review Board) or FRB (Failure Review Board) telecon meetings, until the PCB members reach mutual concurrence regarding final disposition.

9. Review and approve part waivers/deviations prior to submission to TIRS for final approval.  

6.7 Reliability Requirements

6.7.1 Failure Modes and Effects Analysis (FMEA) and Critical Items List (CIL)

A Failure Modes and Effects Analysis (FMEA) (CDRL SA-06) shall be performed early in the design phase to identify system design issues. As the design matures and changes, the FMEA shall be revised.  Failure modes and their effects shall be assessed to the level necessary to understand the failure mechanism, define corresponding mitigation actions, and assess the potential impact at the cryocooler, instrument, and spacecraft levels. 

The Seller shall prepare and maintain a CIL (CDRL SA-06) for severity categories 1, 1R, 1S and 2 per Table 7.1.  This list shall provide retention rationale for each critical item that describes justification for retaining the potential failure in the design.

An interface FMEA shall be performed on interfaces to Ground Support Equipment (GSE) and other instrument and spacecraft elements.

Table 6‑1: Severity Categories

	Category
	Severity
	Description

	1
	Catastrophic
	Failure modes that could result in serious injury, loss of life (flight or ground personnel), or loss of launch vehicle.

	1R
	
	Failure modes of identical or equivalent redundant hardware items that could result in Category 1 effects if all failed.

	1S
	
	Failure in a safety or hazard monitoring system that could cause the system to fail to detect a hazardous condition or fail to operate during such condition and lead to Category 1 consequences.

	2
	Critical
	Failure modes that could result in loss of one or more mission objectives as defined by the GSFC project office.

	2R
	
	Failure modes of identical or equivalent redundant hardware items that could result in Category 2 effects if all failed.

	3
	Significant
	Failure modes that could cause degradation to mission objectives.

	4
	Minor
	Failure modes that could result in insignificant or no loss to mission objectives


6.7.2 EEE Parts Stress Analysis

The Seller shall perform parts stress analyses for each application of electrical, electronic, and electromechanical (EEE) parts.  Reliability shall review information provided by the Project Design Leads (PDLs) to verify that all electrical, electronic, and electromechanical (EEE) parts used in the design are subjected to stress analyses to assure conformance with applicable derating guidelines.  

6.7.3 Worst Case Analyses

The Seller shall perform Worst Case Analyses for circuits with mission or science-critical parameters that are subject to variations that could degrade instrument performance, where failure results in a severity category of 2 or higher, and provides data that question the flightworthiness of the design.  

6.7.4 Reliability Assessments And Predictions

The Seller shall provide numerical reliability assessments to verify that the design meets mission reliability requirements and to support design trades as needed.

6.7.5 Reliability Analysis Of Test Data

The Seller shall use data from the test program to assess reliability and identify potential or existing problem areas if requested.  The reliability engineer shall analyze test information, trend data, and failure investigations as provided by subcontractors and subsystems design leads to determine reliability effects.  Identified problems shall be documented and directed to the project management for action.

6.7.6 Analysis Of Test Results

The Seller shall document the analysis of test information, trend data, and failure investigations with respect to reliability. Test information generated during the normal test program shall be utilized to assess flight equipment reliability and identify potential or existing failure problems.  The reliability engineer shall analyze test information, trend data, and failure investigations as provided by subcontractors and subsystems design leads to determine reliability effects.  Identified problems shall be documented and directed to the project management for action.

6.7.7 Limited-Life Items

The Seller shall identify and manage limited-life items if any.  The list shall contain all life-limited items and include the following data elements: item, expected life, required life, duty cycle, rationale for selection and effect on mission parameters 

6.8 Workmanship Standards

The Seller shall meet the requirements for the Workmanship Standards given in Section 9 of the IMAR (GSFC 427-03-03).

6.9 Materials and Processes

The Seller shall meet the requirements for Materials and Processes given in Section 10 of the IMAR (GSFC 427-03-03).

6.10 Electrostatic Discharge Control

6.10.1 General

The Seller shall document and implement an ESD Control Program to assure that all manufacturing, inspection, testing, and other processes will not compromise mission objectives for quality and reliability due to ESD events. 

6.10.2 Electrostatic Discharge Control Requirements

The Seller shall document and implement an ESD Control Program in accordance with ANSI/ESD S20.20, “Protection of Electrical and Electronic Parts, Assemblies and Equipment (excluding electrically initiated explosive devices).”  This implementation shall be suitable to protect the most sensitive component involved in the project. At a minimum, the ESD Control Program shall address training, protected work area procedures and verification schedules, packaging, facility maintenance, storage, and shipping.

All personnel who manufacture, inspect, test, otherwise process electronic hardware, or require unescorted access into ESD protected areas shall be certified as having completed the required training, appropriate to their involvement prior to handling any electronic hardware.

Electronic hardware shall be manufactured, inspected, tested, or otherwise processed only at designated ESD protective work areas. These work areas shall be verified on a regular schedule as identified in the Seller’s ESD Control Program or an ESD Control Program that has been approved by the procuring organization.

Electronic hardware shall be properly packaged in ESD protective packaging at all times when not actively being manufactured, inspected, tested, or otherwise processed.

Alternate standards may be proposed by the Seller. Their use is limited to the specific project and is allowed only after they have been reviewed and approved by the GSFC Project Office.

Materials selected for packaging or protecting ESD sensitive devices shall not leach chemicals, leave residues, or otherwise contaminate parts or assemblies (e.g., "pink poly" is well known for its outgassing of contaminants and should only be used for storing documentation or other non-hardware uses).

6.11 GIDEP Alerts and Problem Advisories 

The Seller shall meet the GIDEP Alerts and Problem Advisory requirements given in Section 14 of the IMAR (GSFC 427-03-03).

7.0 Contamination control Requirements

7.1 General

The developer shall plan and implement a contamination control program appropriate for the hardware. The program shall establish the specific cleanliness requirements and delineate the approaches to be followed in a Contamination Control Plan (CCP).

Contamination includes all materials of molecular and particulate nature whose presence degrades hardware performance. The source of the contaminant materials may be the hardware itself, the test facilities, and the environments to which the hardware is exposed. 
The Seller shall be responsible for cleaning the Cooler.
7.2 Contamination Control Verification Process

The developer shall develop a contamination control verification process. The verification process shall be performed in order:
a. Determination of contamination sensitivity.
b. Determination of a contamination allowance.
c. Determination of a contamination budget.
d. Development and implementation of a contamination control plan.
Each of the above activities shall be documented and submitted to GSFC for concurrence/approval.

7.3 Contamination Control Plan

The developer shall prepare a CCP that describes the procedures that will be followed to control contamination (DILS SA-07). It shall establish the implementation and describe the methods that will be used to measure and maintain the levels of cleanliness required during each of the various phases of the item’s lifetime. In general, all mission hardware shall be compatible with the most contamination-sensitive components.

7.4 Surface cleanliness

Cooler external (non-optical) surface contamination levels shall meet the values shown in Table 8‑1, according to the Product Cleanliness Levels and Contamination Control Program, IEST-STD-CC1246D.

Table 7‑1: Cooler External (Non-Optical) Surface Contamination Levels
	Cooler External (Non-Optical) Surfaces
	Particulate
	Molecular

	Delivery to TIRS
	300
	A


The Cooler shall be compatible with continuous operation in a Class 10,000 or better (ISO 14644-1 Class 7 or better) clean work area.

The Cooler external surfaces shall be able to be cleaned without permanent degradation to the instrument.  Where this is not possible or not recommended, (e.g., MLI) the contaminated components shall be replaced.

Cooler exterior surfaces shall be readily cleanable with IPA using standard wipe techniques.  The exterior surfaces shall be maintained at a surface particulate contamination Level 300 and surface molecular contamination Level A according to IEST-STD-CC1246D.  Cooler assemblies that are sealed and vented with appropriate filters, such as electronic boxes, may exceed the Level 300 particulate requirement; however, the Level A nonvolatile residue (NVR) requirement must be met.

Cooler materials shall be compatible with common cleaning agents 

7.5 Material Outgassing

Upon delivery to TIRS, the outgassing rate for all Cooler components shall be as specified in the TIRS Project Cryocooler Specification.
Cooler materials shall meet the minimum outgassing screening criteria as tested according to ASTM E595-93 or equivalent method.  The materials shall have a maximum total mass loss (TML) of 1.0% and a maximum collected volatile condensable material (CVCM) of less than 0.1%.

The Seller shall identify all sources of contamination that can be emitted from the Cooler subsystem and document these sources for TIRS.

7.6 Thermal Vacuum Bakeout

Hardware shall undergo proper cleaning, including a vacuum bake-out to deplete any volatile material on the Cooler prior to delivery to meet required outgassing rates. 

8.0 Handling, Storage, Packaging, Preservation, and Delivery 

Products shall be stored, preserved, marked, labeled, packaged, and packed to prevent loss of marking, deterioration, contamination, excessive condensation and moisture, or damage during all phases of the program.  Stored and stocked items shall be controlled in accordance with documented procedures and be subject to quality surveillance.

Seller is responsible for providing an acceptable shipping container that protects the hardware appropriately. 

While in a shipping container, the Cryocooler shall be wrapped in a non-ESD-generating vapor barrier with redundant maximum humidity indicators.

The shipping container shall also include shock and humidity indicators and shall be capable of prolonged shipping conditions.  The Seller shall document what action NASA GSFC is to take if the sensors are tripped when hardware arrives at the NASA GSFC receiving area.  A copy of this document shall be included with shipping documentation.

By executing the act of product shipment, the Seller certifies that the product complies with all contract requirements.  Prior to shipping, quality assurance personnel shall ensure that:
· Fabrication, inspection, and test operations have been completed and accepted.

· All products are identified and marked in accordance with requirements.

· The accompanying documentation (Seller's shipping and property accountable form) has been reviewed for completeness, identification, and quality approvals.

· Evidence exists that preservation and packaging are in compliance with requirements.

· Packaging and marking of products, as a minimum, comply with Interstate Commerce Commission rules and regulations and are adequate to ensure safe arrival and ready identification at their destinations.

· The loading and transporting methods are in compliance with those designated in the shipping documents.

· Integrity seals are on shipping containers and externally observable shock or humidity monitors do not show excessive environmental exposure.

· In the event of unscheduled removal of a product from its container, the extent of re-inspection and retest shall be as authorized by NASA or its representative.

· Special handling instructions for receiving activities, including observation and recording requirements for shipping-environment monitors are provided where appropriate.

The Seller’s quality assurance organization shall verify prior to shipment that the above requirements have been met and shall sign off appropriate shipping documents to provide evidence of this verification.  The Seller shall ship Freight On Board (F.O.B.) NASA/GSFC Greenbelt, Maryland. The Seller has the responsibility for any damage incurred during shipment.

8.1 External Cleanliness Verification

External cleanliness requirements must be verified prior to delivery to Goddard.  Verification and inspection paperwork must be received upon delivery of flight hardware.  If the external cleanliness requirement is not met, the vendor is responsible for cleaning the h/w and CCE will re-inspect and verify its cleanliness.

Flight hardware shall be verified and delivered cleanliness level 450A according to IEST-STD-CC1246D.
Appendix A: Abbreviations and Acronyms

	Abbreviation/ Acronym
	Definition

	
	

	ABPL
	As Built Parts List

	ACS
	After Contract Start

	ADPL
	As Designed Parts List

	ANSI
	American National Standards Institute

	BBU
	Breadboard Unit

	BSP
	Board Support Package

	C&DH
	Command and Data Handling

	CDR
	Critical Design Review

	CM
	Configuration Management

	CO 
	Contracting Officer

	COTR                                
	Contracting Officer's Technical Representative                                                                                                                                                                                                          

	CVCM
	Collected Volatile Condensable Mass

	DCR
	Design Conformance Review

	DPA
	Destructive Physical Analysis

	EEE
	Electrical, Electronic, and Electromechanical

	EGSE
	Electrical Ground Support Equipment

	ESD
	Electrostatic-Discharge

	FMEA
	Failure Modes and Effects Analysis

	FRB
	Failure Review Board

	GIDEP 
	Government Industry Data Exchange Program

	GSE
	Ground Support Equipment

	GSFC
	Goddard Space Flight Center

	ICD
	Interface Control Document

	MIP
	Mandatory Inspection Point

	MRB
	Material Review Board

	MUA
	Materials Usage Agreement

	PAPL
	Project Approved Parts List

	PCB
	Parts Control Board

	PDR
	Preliminary Design Review

	PEMs
	Plastic Encapsulated Microcircuits

	PER
	Pre-Environmental Review

	PIL
	Parts Identification List

	PIND
	Particle Impact Noise Detection

	PPE
	Project Parts Engineer

	PRE
	Project Radiation Engineer

	PSR
	Pre-Ship Review

	PWB
	Printed Wiring Board

	QA
	Quality Assurance

	QCM
	Quartz Crystal Microbalance

	RDM
	Radiation Design Margin

	RLAT
	Radiation Lot Acceptance Test

	ROM
	Read-Only Memory

	SCC
	Stress Corrosion Cracking

	SCM 
	Software Configuration Management

	S/C
	Spacecraft

	SEE
	Single-Event Effects

	SOW
	Statement of Work

	SUROM
	Startup Read-Only Memory

	TBP
	To Be Proposed

	TML
	Total Mass Loss

	TID
	Total Ionizing Dose

	TIM
	Technical Interchange Meeting

	TPL
	Trended Parameters List

	TRR
	Test Readiness Review

	WVR
	Waiver
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