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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) Solar Dynamics Observatory (SDO) to accomplish the design, fabrication, assembly, development, test, and evaluation of the 100-lbf main engine.  

The performance of the thruster shall be in accordance with the specification 464-PROP-SPEC -0018, “Solar Dynamics Observatory (SDO) Project Propulsion Subsystem Main Engine Specification.”  The effort required shall be accomplished in accordance with the requirements detailed in the documents listed in Section 2.0.  

1.1.1 ACRONYMS

	ABML
	As-Built Materials List

	ABPL
	As-Built Parts List

	AIP
	Assurance Implementation Plan

	ATP
	Acceptance Test Procedure

	CAD
	Computer Aided Design

	CAGE
	Commercial and Government Entity

	CDR
	Critical Design Review

	CM
	Configuration Management

	COTR
	Contracting Officer Technical Representative

	CVCM
	Collected Volatile Condensable Mass

	EO
	Engineering Order

	ESD
	Electrostatic Discharge

	ETU
	Engineering Test Unit

	FCIP
	Failure Control Implementation Plan

	FMEA
	Failure Modes and Effects Analysis

	FOB
	Freight On Board

	FRB
	Failure Review Board

	FU
	Flight Unit

	GIDEP
	Government/Industry Data Exchange Program

	GSE
	Ground Support Equipment

	GSFC
	Goddard Space Flight Center

	GSI
	Government Source Inspection

	MAR
	Mission Assurance Requirements

	MIL
	Materials Identification List

	MRR
	Manufacturing Readiness Review

	MRB
	Material Review Board

	MUA
	Material Usage Agreement

	NASA
	National Aeronautics and Space Administration

	NDE
	Non-Destructive Examination

	NSPAR
	Non-Standard Part Approval Request

	PIL
	Parts Identification List

	PSR
	Pre-Ship Review

	QA
	Quality Assurance

	R&QA
	Reliability and Quality Assurance

	SOW
	Statement of Work

	TML
	Total Mass Loss

	TO
	Technical Officer

	SCC
	Stress Corrosion Cracking

	SDO
	Solar Dynamics Observatory


1.1.2 DEFINITIONS

	List of Significant Milestones
	A sequential list, block diagram, or similar that shows the logical assembly of the component from design through acceptance testing.  The Contractor is encouraged to note on the list or diagram the pieces installed at each assembly step. A Fabrication and Assembly Flow Plan may be substituted



	Verification Procedure
	For each functional and environmental test activity conducted at the component level, a procedure that describes the configuration of the test article and how each test shall be conducted (i.e. Acceptance Test Procedure)



	Verification Specification
	A document that stipulates the specific environmental parameters associated with each of the tests and analyses required



	Verification Plan
	The plan that clearly defines the specific tests and analyses that will collectively demonstrate that the hardware complies with the requirements of the component specification and the PAR


1.2 General Requirements

 The Contractor shall furnish the necessary management, labor, facilities, materials, tools, and equipment (except as specified herein to be government provided) and to do all things necessary and/or incidental to accomplish the work specified herein.

In general, the Contractor shall design and produce 1 main engine which must survive handling, transportation, and launch environments and operate in orbit for at least 5 years.

APPLICABLE DOCUMENTS  

The Contractor shall perform the work specified herein in full accordance with the requirements of the documents listed under the following paragraphs. 

1.3 Government Documents

	 464-PROP-SPEC-0018
	Solar Dynamics Observatory (SDO) Project Propulsion Subsystem Main Engine Specification

	464-SA-REQ-0001
	Mission Assurance Requirements (MAR) for Solar Dynamics Observatory (SDO)

	464-MECH-REQ-0007
	Solar Dynamics Observatory (SDO) Structural Analysis and Test Requirements Document

	MIL-STD-1629
	Procedures for Performing an FMEA

	MIL-STD-756
	Reliability Modeling and Prediction

	NASA-STD-8739.7
	Electrostatic Discharge

	NASA-STD-6001
	Flammability, Odor, Off-Gassing and Compatibility Requirements and Test Procedures for Materials in Environments that Support Combustion

	NASA-STD-6004
	Selection of Materials for Stress Corrosion Cracking

	541-PG-8072.1.2
	GSFC Fastener Integrity Requirements

	ASTM E-595
	Standard Test Methods for Total Mass Loss and Collected Volatile Condensable Materials from Outgassing in a Vacuum Environment


1.4 Contractor Prepared/Government Approved Documents

The contractor shall generate the documents as listed in Appendix B.

MANAGEMENT

1.5 MANAGEMENT AND REPORTING

The Contractor shall designate a single individual who shall be given full responsibility and authority to manage and administer all phases of the work specified by the contract, ensure that all objectives are accomplished within schedule and cost constraints, and provide timely visibility of overall performance to GSFC.

The Contractor shall designate and identify a single individual who shall serve as a point of contact with the GSFC Contracting Officer's Technical Representative (COTR) for all technical aspects of the contract.  This individual shall be available for periodic (typically weekly) teleconferences with the GSFC COTR.  The teleconferences shall be preceded by informal transmission of status via electronic mail or fax.  The teleconference shall discuss the program's progress, problem areas, on-going and planned activities, status of procurements, milestone schedule, personnel changes, current action items, assurance problems, safety issues, and inspection and test activities.  Schedule reporting shall include report dates and identification of critical paths to reflect the current status of the effort. 

The Contractor shall provide for managing resources, controlling schedules, managing all engineering, manufacturing, testing, procurement activities, configuration management, quality assurance, documentation control and distribution.  The Contractor is encouraged to make maximum use of his existing procedures in complying with this document.  All Contractor referenced procedures shall be available for information at the Contractor's facility.  

The Contractor shall provide a list identifying all significant milestones and defining all tasks to be performed.  An existing Fabrication & Assembly Flow Plan may be incorporated into or substitute for the plan if sufficient detail exists.  A preliminary version of the plan shall be used to determine points of Government Source Inspections (GSI) at the Contractor's facility.  

1.6 Documentation

The Contractor shall generate and maintain all documentation required to manage the work effort, document the design, and verify that the design and hardware are in accordance with contractual requirements. This includes, but is not limited to, specifications, plans, procedures, drawings, and reports.

The Contractor shall ensure the generation and delivery of all documentation as called for by the delivery schedule of the contract. 

In addition to that documentation specifically called for in the contract, upon request by GSFC, the Contractor shall make available a copy of any document or data generated during this contract performance for review by GSFC at the Contractor's facility. This includes, but is not limited to, technical reports and memorandums, drawings, schematics, studies, analyses, parts and materials data, test data, and alerts. A listing of the documents generated shall be submitted as part of the weekly report.

1.7 DESIGN Reviews

1.7.1 Internal Contractor Reviews

Prior to committing any component design to manufacturing, the Contractor shall conduct a detailed review of the design to ensure that all requirements, such as structural, thermal, outgassing, venting, contamination, fabrication/assembly, and processes requirements are satisfied; all analyses are complete; and that all parts and materials lists, including Non-Standard Parts Approval Requests (NSPARs) and Materials Usage Agreements (MUAs), are approved.  The Contractor shall review and concur in any analyses accomplished by a subcontractor or supplier. 

1.7.2 GSFC Reviews

The Contractor shall organize and present to GSFC personnel the following reviews at the times indicated (or as defined by the contract):

a. The Kick-off Review (one month ADC):  The purpose of the meeting is to review the design and fabrication of the main engine including any proposed trade studies.  The meeting is intended to be a technical working meeting to discuss any open or unclear issues.  The review shall discuss as a minimum the following:

1. general design, components, and assembly of the tank

2. fabrication plan

3. inspection methods and inspection points

4. material acquisition

5. program status

6. Quality Assurance plans

7. process and procedures summary (including proprietary items)

8. acceptance test procedure

b. The Contractor shall prepare and present to the GSFC a Weekly Project Status via teleconference.  The status shall be a brief summary of the week's progress, problem areas, activities on-going and planned, including but not limited to, status of procurements, milestone schedule, personnel changes, current action items, and Reliability and Quality Assurance (R&QA).  Schedule reporting shall include report dates and identification of critical paths to reflect the current status of the effort.  A brief written summary may be e-mailed or faxed to the Technical Officer (TO) prior to the weekly teleconference.  

c. Critical Design Review and Manufacturing Readiness Review (CDR and MRR, 4 to 5 months ADC): The purpose of the CDR is to review any open items from the kick-off review and to review all final fabrication, inspection, and test plans prior to implementation.  A project status of all work completed to date shall be included.

The MRR shall review the readiness of the machine shop to begin fabrication of the tanks.  This review shall discuss the status of all tooling, machines, and equipment necessary for the production of the tanks.

d. Pre-Ship Review (PSR): To be held at the Contractor’s facility after completion of all acceptance testing and prior to shipment of the hardware to GSFC.  The purpose of the review is to compare the propellant tank performance during acceptance testing to the test criteria.

The Contractor shall ensure that the appropriate review documentation is provided. It shall consist of viewgraphs and a data package. The level of detail shall be consistent with the review objectives and permit an assessment of the items under review. The review package shall consist of the following items, as applicable: a comparison of predicted and required performance, analyses and results, reports, drawings, schematics, block diagrams, interface data, parts and materials lists, test results, qualification and acceptance data, analytical models, failure reports and dispositions.  Data presented at the reviews is expected to be as up-to-date as practicable, and consequently need not be totally consistent with the review data package.  Differences, however, shall be explained.

ENGINEERING AND REQUIREMENTS

1.8 General Requirements

The Contractor shall perform any analyses necessary to demonstrate compliance with the Main Engine specification for each environment to be encountered throughout the SDO program including operating and non-operating conditions during ground operations, the shipping environment, the launch and ascent environments, the orbit transfer environment, and the on-orbit environment. 

The analyses shall provide sufficient data to define and ensure the following:


a. stress versus structural weight


b. thermal analyses versus power requirements


c. contamination and cleanliness considerations

 
d. mass properties

  
e. operational power budget


f.  nodal thermal model


g. performance verification

The contractor shall provide sufficient data to allow GSFC or its representative to perform stress and safe life analyses.  The contractor shall provide the requested information at the CDR.  Any requested information that the contractor deems proprietary shall be reviewed at the contractor’s facility.  For information that shall not be determined until specific tests or processes are completed, expected values and their confidence levels shall be given.  Additional information, inspection results, and updated analyses shall be provided by either the contractor or GSFC as negotiated in the contract.  

To be provided by contractor:

a. Manufacturing drawings to obtain engine geometry and to review notes pertinent to inspection, material, and welding requirements.  

b. Engineering Order (EO) reports

c. Material certifications including coupon test results

d. Test program including pressure levels, environment (temperature and fluid exposure), cleaning liquids, etc for each test

e. Inspection program description

f. Quality Assurance reports

g. Non-Destructive Examination (NDE) results

h. Dimensional inspection results

1.9 Technical Documentation

 The systems engineering analyses and the subsequent design, fabrication and test of the main engine and its elements shall result in the following deliverable technical documentation.  Documents required by the MAR need not be duplicated.  The Contractor is encouraged to supply drawings as CAD files where possible in addition to a printed copy.   

a. Interface Control Drawing(s) - The Contractor shall generate an Interface Control Drawing (ICD) defining the interfaces between the main engine and the propulsion subsystem.  The ICD shall describe in detail the electrical, structural, mechanical, and thermal interfaces. 

b. Drawing(s) – The Contractor shall provide drawings that describe in detail the physical design of the main engine and its elements, i.e. structural, mechanical, electrical/electronic, thermal, and optical alignment devices.  The drawings shall include schematics (both electrical and fluid), block diagrams, and equipment lists.

c. Thermal Model – The Contractor shall provide a nodal thermal model of the main engine.

d. Acceptance Test Procedure(s) - The Contractor shall generate the test procedures to be used during the acceptance testing of all main engines.  The ATP shall be submitted to GSFC at least 30 days before the testing is performed.

e. Acceptance Data Package - The Contractor shall conduct in-process inspections in accordance with his quality assurance program as described in the SDO MAR and shall present a chronological compilation of all significant inspection and test results in the Acceptance Data Package.  The Acceptance Data Package shall be comprised of, but not limited to, the following data:

1.
As-Built Configuration List

2.
List of Parts/Devices used in the hardware

3.
List of Materials and Processes which were used in the hardware

4.
Test Log Book including total operating time and valve cycle records,

5.
List of Open Items with reasons for items being open and plan for closure.

6.   Listing and status of all identified Life-Limited items

7.
Results of the Final Comprehensive Performance (Acceptance) Test. 

8.   All anomalies, nonconformances, failures and their disposition.

9.   Gas flow impedance datalogs.

10. Total burn time logs.

f. Contamination Control Plan
g. Fracture Control Plan
h. Range Safety Compliance Document – The contractor shall document compliance with EWR 127.1.

1.10 Design 

The Contractor shall perform, document, and complete the detailed design of the main engine and its elements (structural and mechanical as required).

1.11 Fabrication, Assembly, and Test

After completion of the kick-off meeting the Contractor shall fabricate, assemble, inspect, and test the thrusters including any specified acceptance testing to demonstrate design margin for the specified environments.  The Contractor shall generate all necessary procedures to test the thrusters.  

The Contractor shall verify and document through appropriate tests, inspections, analyses, and/or demonstrations as described in the Verification Test Plan that the components and subassemblies have been fabricated and assembled in accordance with the controlling documentation and that the performance is in accordance with applicable specifications.  The Contractor shall document all anomalies, nonconformances and failures, and their disposition on nonconformance reports. The nonconformance reports shall be dispositioned in a timely fashion.  Hardware with open items cannot be moved to its next scheduled activity unless the open item(s) is (are) closed or is understood to have no impact on the next events.

Appropriate controlling documentation for the item, e.g., drawings and specifications, must reflect the as-designed, as-built, as-inspected, as-tested configurations of hardware before the hardware is moved to its next scheduled station.

During all functional testing of the main engine, the Contractor shall track and document critical parameters trend data in a chronological log.  The cumulative critical parameter trend data will be delivered as part of the Acceptance Data Package.

The Contractor shall fabricate any necessary test cables or equipment.  If unique test cables, connectors, or nozzle plugs are used to test the hardware, they shall be delivered with the flight hardware to the GSFC to allow for module level electrical and gas flow impedance testing prior to system integration.

The Contractor shall supply a nozzle alignment tool which will be used to align the thrusters on the spacecraft.  The alignment tool shall have a mirror that is perpendicular to the nozzle centerline.  Further details of the alignment tool are provided in the Thruster Specification.

The Contractor shall supply a protective non-flight Ground Support Equipment (GSE) cover to be used during ground handling.  The GSE covers shall protect the thrusters from incidental contact and shall be removed prior to flight.  Further details of the GSE covers are provided in the Thruster Specification.

The Contractor shall use existing equipment to the maximum extent possible.  He shall purchase and maintain sufficient spare parts, especially long lead items, so that repairs can be made quickly when required.
1.12 Test Requirements

Each production unit shall be tested in accordance with the acceptance requirements of SDO-PROP-SPEC-0018.  The tests shall be conducted in accordance with an approved ATP.  The inspections and tests shall be completed without any adjustments or repairs.  In the event of failures or modifications subsequent to any inspection or test, the inspections or tests to be repeated shall be approved by GSFC.  

1.13 Acceptance Test Procedures

The Contractor shall provide the ATP for the production units.  GSFC approval of the ATP is required prior to its use.  These procedures shall include at least the following data:


a.
Test configuration diagram and/or schematics


b.
Test equipment list including type, range, and accuracy for each item


c.
Test parameters to be measured


d.
Acceptable test values and tolerances


e.
Specific data to be taken


f.
Test methods


g. 
Test data sheets

QUALITY ASSURANCE 

1.13.1 QUALITY ASSURANCE PLAN/MANUAL

The contractor shall implement a Quality Management System that meets the intent of the requirements of American National Standards Institute (ANSI)/ISO/ American Society for Quality (ASQ) Q9001 (1994 or 2000 version) or equivalent. The contractor shall provide their Quality Assurance Plan for approval as per the contract schedule. The plan shall identify the Contractor’s management, policies, standard practices, job instructions, and work instructions.  The plan shall describe requirements for quality, including failure reporting, throughout all areas of contract performance, including procurement, fabrication, processing, assembly, inspection, test, packaging, storage, and shipping.  The plan should detail the complete flow of material from receipt to final shipment and may include flowcharts if available.

The Contractor is required to implement and maintain a performance assurance program, as described in the MAR (TBD) that encompasses all flight equipment, including flight spares.  The program applies to all work accomplished by the Contractor and his subcontractors and suppliers who provide flight hardware and support.  The documentation requirements for the MAR are given in Appendix C for reference.  Documents required by this SOW and the SDO MAR need not be duplicated.

Practices and procedures used by the Contractor shall be made available to GSFC upon request.  Proprietary items will be reviewed at the Contractor's facility.

The Contractor shall provide the documentation necessary to substantiate "qualification by similarity" to previously designed, fabricated, or flown hardware.  Copies of the documentation shall be provided to the GSFC for review prior to the PSR.

1.13.2 GROUND SUPPORT EQUIPMENT

Mechanical and electrical Ground Support Equipment (GSE) that directly interfaces with flight deliverable items shall be assembled and maintained to the same standards as the deliverable flight items, especially calibration control and configuration management.  Parts and materials selection and reporting requirements are exempted as long as deliverable flight item contamination requirements are not compromised. However, all GSE interfaces to flight hardware shall be flight quality (i.e. connectors, etc.).  This shall include shipping containers.

1.13.3 Surveillance of the Contractor

The work activities, operations, and documentation performed by the contractor and its subcontractors shall be subject to evaluation, review, audit, and inspection by government-designated representatives, Government Inspection Agencies or an independent assurance contractor. The evaluation shall be consistent with the allowance to make maximum use of existing practices and procedures to verify meeting the intent of this Statement of Work.  If practical, the Contracting Officer may delegate in-plant responsibilities and authority to specifically designated organizations or representatives via a letter of delegation or letter of assignment.

The contractor, upon notification, shall provide government-designated representatives (or designee) an acceptable work area within the facility, access to Contractor work areas, equipment, documents, and records necessary to perform their assurance and safety activities.

1.13.4 CONFIGURATION MANAGEMENT (CM)

The contractor’s configuration management system shall control the design and hardware by means of drawings, specifications, and other documents and shall ensure all applicable changes are reviewed in a systematic manner to determine the validity and impact on performance schedule and cost.  The contractor’s Configuration Management (CM) system shall have a change classification and impact assessment process that ensures Class I changes (Waivers, Deviations, and MRBs) are submitted to the Contracting Officer for approval prior to release/incorporation.  Class I changes are defined as changes that affect form, fit, function, external interfaces, or requirements stated either in the Performance Specification or this SOW.

All other changes are considered as Class II changes and shall be controlled and dispositioned by the contractor. All Class II changes shall be provided monthly to the COTR for review.  The Government reserves the right to review all Class II changes for technical content to ensure the proper classification has been assigned.  Any flight item that is found to be non-compliant with the quality, workmanship and performance requirements of the contract shall be dispositioned via a waiver or MRB unless the affected item is reworked to restore compliance or is replaced with a fully compliant item.  The developer shall submit Waivers/Deviations, and MRBs to the Contracting Officer for final approval.  

The contractor shall submit their CM Plan for review and approval as defined in the contract.

1.13.5 Anomaly Reporting 

Reporting of anomalies to the COTR shall begin as early in the ETU and FU lifecycles as possible, but no later than the first power application or the first cycle/actuation for mechanical items at the start of acceptance testing. The COTR shall be notified within 24 hours of the initial anomaly.

The Contractor’s processes for review, disposition and approval of anomaly reports shall be described in their quality plan or provided, as a supplement document (requires review and approval). In addition, the contractor’s anomaly reporting document shall describe the members of the MRB and FRB review boards  (including Government participation). These processes shall ensure that positive corrective action has been taken to preclude recurrence and that appropriate audits and tests are performed to verify the implementation of the corrective action. 

The contractor shall routinely inform the COTR of MRB and FRB meeting schedules and agendas with sufficient notice to permit the Government participation if desired.  

At the contractor’s facility, Government representatives may participate in MRB/FRB activities as deemed appropriate by the Government.


The Contractor shall provide, as part of the monthly report, a list of all open anomaly reports and a separate list of the anomaly reports closed during the month.   For each reported anomaly or nonconformance, there shall be a report that documents the investigation and engineering analysis needed to determine the cause and corrective actions to disposition the nonconformance. Reports shall be submitted to the COTR for review and approval of the disposition. 

The Contractor shall establish and maintain a documented procedure(s) to ensure product that does not conform to specific requirements is prevented from unintended use or installation. This control shall provide for identification, documentation, evaluation, segregation (when practical), disposition of nonconforming product, and for notification to the functions concerned.

The contractor shall provide the Government on-line access to their SDO discrepancy-reporting database(s).  The COTR reserves disapproval rights on FRB or MRB decisions.

1.13.6 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.

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

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

By executing the act of product shipment, the Contractor certifies that the product complies with all contract requirements.  Prior to shipping, quality assurance personnel shall ensure that:

a. Fabrication, inspection, and test operations have been completed and accepted.

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

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

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

e. 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.

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

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

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

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

The contractor’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 contractor shall ship freight on board (F.O.B.). Destination.

1.13.6.1 Government Acceptance

Prior to acceptance by GSFC, the Government shall ensure that deliverable end-items including the Acceptance Data Package are in accordance with contract requirements. A copy of the data package shall be submitted to GSFC in accordance with the contract and a copy shall accompany each end-item. Final acceptance of the units shall be performed by the GSFC technical officer at GSFC and shall be based on an inspection of the units.  The units will be conditionally accepted at the Contractor's facility following the successful completion of the acceptance test, the approval of the acceptance test data by the technical officer, and the satisfactory close-out of all open items and failure reports.  The units shall be delivered to GSFC as directed in the contract.

1.13.7 Reliability Requirements

The contractor shall prepare and conduct the following set of reliability analyses.

1.13.7.1   Failure Modes and Effects Analysis 

The Contractor shall perform a Failure Modes and Effects Analysis (FMEA) in accordance with MIL-STD-1629, “Procedures for Performing an FMEA”.  The FMEA shall identify failures at the functional level, including external interfaces, and address attendant consequences. This analysis shall be provided to the COTR for review and approval.

1.13.7.2   Reliability Predictions 

The contractor shall provide, for review, numerical reliability predictions of the tank design and any design options using reliability prediction techniques consistent with MIL-STD-756, “Reliability Modeling and Prediction”.
1.14 Design Verification Requirements

1.14.1 Verification Requirements

1) The contractor shall implement a program to verify all requirements specified in the Solar Dynamics Observatory Project Performance Specification 464-PROP-SPEC-0001.    

2) The contractor shall provide a verification matrix defining the method of verification for each specific requirement of this document.  Verification methods shall include:

a. Inspection: Designated as (I) and represents inspection of the physical hardware by a customer appointed qualified inspector for compliance.
b. Analysis: Designated as (A) and represents documentation of performance or function through detailed analysis using all applicable tools and techniques.
c. Test: Designated as (T) and represents a detailed test of performance and/or functionality throughout a properly configured test setup where all critical data taken during the test period is captured for review. 
3) In-process production evaluation tests, and environmental stress screening tests shall also be considered to be verification tests.

1.14.2 Analysis / Trending / Reporting Of Test Data

The contractor 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 contractor 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. 

All test data collected, as necessary, to verify the performance of the system shall be analyzed.  The contractor shall document the data and analysis performed in the respective test report or trend analysis report prepared after the conclusion of the test. The reports shall be delivered as part of the Data Delivery Package. 

1.15 Workmanship Standards and Processes

1.15.1 Workmanship: Use Of Alternate Workmanship Standards

GSFC recognizes that the contractor may have an established workmanship program equivalent to the specific standards cited herein. In these instances, the developer may use existing standards upon review and approval by the COTR.  It must be established that the developer’s workmanship program fully encompasses the specific requirements of this chapter.  Where deficiencies exist in the developer’s program, the specific requirements of this chapter shall apply.

1.15.2 Training and Certification of Contractor Personnel

All personnel performing work on flight hardware requiring a prerequisite set of skills and competency shall be certified as having completed the required training, appropriate to their involvement.  The required training and certification shall be determined from applicable workmanship standards or as deemed necessary by the contractor that the criticality of the specific operations require unique skills and that training or certifiable experience is a necessary prerequisite to performing the work.

1.15.3 Hardware Handling, Cleaning and Packaging

The handling of flight hardware shall be performed by qualified personnel in accordance with approved procedures that address cleaning, handling, packaging, tent enclosures, shipping containers, bagging, and purging.  Compatible packaging shall be selected so that hardware is not contaminated or otherwise degraded during shipping or storage.  All personnel working on flight hardware shall be certified as having completed the required training and competency certifications prior to handling any flight hardware. This includes, but is not limited to, workmanship, clean room and ESD awareness courses.

1.16 Parts Requirements

1.16.1 Parts Lists

The contractor shall create and maintain Parts Identification List (PIL) for the configured ETU, and FU articles.  The PIL shall be submitted for review and approval.  Each parts list shall be an itemization based on the configured non-flight or flight article.  As a minimum, the PIL shall contain the following information:  

a) Part number;

b) Description;

c) System used;

d) Part specification control drawing number;

e) Common designator or generic number;

f) Drawing number of component to which the list pertains.

An As-Built Parts List (ABPL) shall also be prepared for the configured flight articles and submitted to the COTR for review and acceptance.  The ABPL is typically the final PIL with additional as-built information incorporated (Final PIL shall reflect “As Built vs. As Design Record”). As a minimum, the ABPL shall contain the following additional information: 

g) Next assembly;

h) Trace ID;

i) Quantity issued/used;

j) Serial Number;

k) Order Type;

l) P.O. Number;

m) Name or Commercial and Government Entity (CAGE) Code of the part manufacturer;

n) Manufacturing lot date code;

o) Vendor ID

1.16.2 GIDEP Alerts and Problem Advisories

The contractor shall participate in the Government/Industry Data Exchange Program (GIDEP).  Procedures shall be put in place for preparing and handling aerospace industry wide Alerts, Safe Alerts and Advisories that effect or potentially affect the suitability of electronic parts and materials for use in SDO hardware.   Contractor dispositions shall be submitted to the COTR for review.

1.17 Materials, Processes And Lubrication Requirements

1.17.1 General Requirements

1.17.2 materials selection requirements

To qualify as a material compliant with intended use in the Flight Unit, a material must have a satisfactory flight heritage, be approved by NASA and meet the following applicable selection criteria as defined herein for: 

1. Vacuum outgassing 

2. Stress corrosion cracking (SCC)

3. Lubrication requirements 

4. Manufacturing process selection 

5. Fastener Integrity

The selection and use of material with hazardous properties (such as flammability and toxicity) shall meet the requirements specified in NASA-STD-6001.   A material that has limited space flight heritage or does not meet the applicable selection requirements shall be considered non-compliant.  If there are no alternatives available to select a compliant material, the material’s usage shall be justified and approved prior to use for the desired application on the basis of test, similarity, analyses, inspection, existing data, or a combination of those data.  A Materials Usage Agreement (MUA) shall be submitted to the COTR for approval for use of the proposed non-compliant material.  Refer to Appendix A for an example of the SDO MUA form.  The Contractor may use their own forms provided they contain sufficient information and justification.

The contractor shall create and maintain a Materials Identification List (MIL) of all materials planned for use in the configured Flight Unit hardware.  The MIL shall be submitted for review and approval.  An As-Built Materials List (ABML) shall also be prepared and submitted   for review.  The ABML is generally the final MIL that includes all materials, processes, and lubrication being used in the as-built configured flight article.

Pure Tin, Zinc, and Cadmium are not acceptable for flight use.

1.17.3 Stress Corrosion Cracking of Inorganic Materials

Materials used in structural applications shall be highly resistant to stress corrosion cracking (SCC) as specified in NASA-STD-6004. A Material Usage Agreement (MUA) and a SCC evaluation form shall be submitted, contractor format acceptable, for each material usage that does not comply with the NASA-STD-6004 SCC requirements.

1.17.4 Vacuum Outgassing Of Polymeric Materials

Only materials that have a total mass loss (TML) less than 1.00% and a collected volatile condensable mass (CVCM) less than 0.10% shall be approved for use in a vacuum environment.  Material vacuum outgassing shall be determined in accordance with ASTM E-595.  If a material exceeds these maximum limits, the developers shall be required to either replace with a compliant material or bring it into compliance via a vacuum bakeout, or to submit an MUA for its usage.  

Contamination control requirements are listed in the tank specification 464-PROP-SPEC-0001.

1.17.5 Lubrication Systems 

The contractor’s material list shall include lubrication usage. Lubricants shall be selected for use with materials on the basis of flight heritage and valid test results that confirm the suitability of the composition and the performance characteristics for each specific application, including compatibility with the anticipated environment and contamination concerns.

All lubricated mechanisms shall be life tested unless it can be established and documented that a valid flight heritage exists to an identical mechanism used in an identical flight application or to an identical mechanism that has been separately qualified by suitable life testing. 

1.17.6 Process Selection Requirements 

Manufacturing processes (e.g., conformal coating, adhesive bonding, lubrication, heat treatment, welding, chemical or metallic coatings, etc.) shall be carefully selected to preclude unacceptable material property changes during exposure to flight environments that could cause adverse effects to the material and/or to the intended applications.  Materials process information shall be provided on the material list. 

1.17.7 Fasteners 

The contractor shall comply with the procurement and test requirements for flight hardware and critical ground support equipment fasteners contained in 541-PG-8072.1.2, Goddard Space Flight Center Fastener Integrity Requirements.  Material certification and test reports for fastener lots shall be on file and available for review upon request.

Fasteners made of plain carbon or low alloy steel shall be protected from corrosion. When plating is specified, it shall be compatible with the space environment.  On steels harder than RC 33, a plating process that does not embrittle the steel shall be utilized. 

1.17.8 Materials Procurement Requirements

Raw materials purchased by the Contractor and its developers shall be accompanied by a Certificate of Compliance and, where applicable, the results of nondestructive, chemical and physical tests.  When requested, this information shall be made available to the COTR   for review. 

1.17.9  Shelf-Life-Control Requirements For Polymeric Materials 

Polymeric materials that have a limited shelf life shall be controlled by a process that identifies the start date (manufacturing date, shipment date, or date of receipt, etc.), the storage conditions associated with a specified shelf life, and expiration date.  Materials such as o-rings, rubber seals, tape, uncured polymers, lubricated bearings and paints shall be included.  When a limited-life piece part is installed in a subassembly, the subassembly item shall be included in the Limited-Life Items List. 

Materials usage beyond the expiration date requires that the developer demonstrate by means of appropriate testing that the material’s properties are not compromised for the intended use.  In these situations, a waiver shall be written and submitted to the COTR for approval prior to use of the material beyond the expiration date.  

1.17.10  Limited-Life Items 

The contractor shall identify and manage limited-life items. .  Limited-life items include all hardware that is subject to degradation because of limited shelf life or expected operating times or cycles such that their expected useful life is less than twice the required life when fabrication, test, storage, and mission operation are combined.

The list of limited-life items should include devices or components susceptible to aging, wear, fatigue, lubricant loss, or other types of degradation that limits operating life.  Records shall be maintained that allow evaluation of the cumulative effect (time and/or cycles) for limited-life items, starting when useful life is initiated and indicating the conditions, environments, or activity that degrade the performance of the items.  The COTR shall approve the use of an item whose expected life is less than twice the mission design life.

APPENDIX A:  SDO Material Usage Agreement Form
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APPENDIX C: DOCUMENTATION REQUIREMENTS LIST

1.18 INTRODUCTION, DEFINITIONS AND DISTRIBUTION INSTRUCTIONS

1.18.1 INTRODUCTION

This appendix defines the requirements for deliverable documentation to be provided by the propellant tank Contractor. Except where specifically indicated to the contrary, the formats and drawing standards used shall be those normally used by the Contractor.

1.18.2 DEFINITION OF DUE DATES

The following definitions apply to the "Due Date" column in Part II:

a. CDR and PSR - Documentation required at the GSFC 10 days prior to that specific review.

b. As Generated - After each initial edition, revision, addition, etc. Items that are critical to schedule, performance or interface shall be transmitted to the GSFC within 48 hours after generation.

c. Days - Calendar days.

1.18.3 MAILING AND/OR DISTRIBUTION

All documentation shall be delivered to the COTR.  The COTR has the responsibility of forwarding documents to the CO, etc.

1.18.4 DEFINITION OF CATEGORIES

The following definitions apply to "category" column in Part II and Part III.

A) 
Approval.  Documents in this category require written GSFC approval prior to use. Receipt by the GSFC shall occur within the time specified in the contract. The approval shall not exceed 30 calendar days. Requirements for resubmission shall be as specified in letter(s) of disapproval.

R) 
Review.  Documents in this category require receipt by the GSFC prior to use and within the time period specified in the contract. They are subject to evaluation by the GSFC or its designated representatives to determine Contractor effectiveness in meeting contract objectives. The GSFC review shall not exceed 30 calendar days. When government evaluation reveals inadequacies, the Contractor will be requested to correct the documents.

I)
Information.  Documents in this category require receipt by the GSFC within the time period specified in the contract for the purpose of current status and future planning requirements.

 SOW REQUIREMENTS

Table 1: SOW Document Requirements, Reports (0xx series)

	No.
	Document
	Para. No.
	Due Date
	Categ.

	001
	Weekly Telecon
	3.3.2b
	Weekly 
	I

	002
	Review Presentation Packages
	3.3.2

 REF _Ref64865517 \r \h 
a
3.3.2

 REF _Ref64865556 \r \h 
c
3.3.2

 REF _Ref64865556 \r \h 
c
3.3.2

 REF _Ref64865577 \r \h 
d
	Kick-off

CDR

MRR

PSR
	R

R

R

R

	003
	Configuration Reporting, Class I Change Requests
	5.1.4
	As generated Prior to Implementation
	A

	004
	Nonconformance Reports
	5.1.5
	As generated
	R


Table 2: SOW Document Requirements, Procedures and Plans (1xx series)

	No.
	Document
	Para. No.
	Due Date
	Categ.

	101
	Configuration Management Plan
	5.1.4
	CDR
	A

	102
	Verification Plan

  Preliminary

  Final

  Updates
	5.2.1
	CDR

45 days after CDR

As generated
	A

A

A

	103
	Contamination Control Plan

  Preliminary

  Final

  Updates
	4.2

 REF _Ref64866161 \r \h 
e
	CDR

45 days after CDR

As generated
	A

A

A

	104
	Approved Assurance Implementation Plan (AIP)
	5.1.1
	CDR

Proposed changes, updates as generated
	A



	105
	Fracture Control Plan 

  Preliminary

  Final


	4.2

 REF _Ref64866198 \r \h 
f

	CDR

45 days after CDR
	A

A

	106
	Acceptance Test Procedure
	4.2

 REF _Ref64865863 \r \h 
c, 4.6
	30 Days Prior to Activity
	A


Table 3: SOW Document Requirements, Drawings and Lists (2xx series)

	No.
	Document
	Para. No.
	Due Date
	Categ.

	201
	Interface Control Drawing

  Preliminary

  Final

  Updates
	4.2

 REF _Ref64866235 \r \h 
a
	CDR

PSR

per CCB Action
	A

A

A

	202
	Drawing

  Preliminary

  Final
	4.2

 REF _Ref64866259 \r \h 
b
	CDR

PSR
	R

I

	203
	Parts Idfentification List (PIL)
	5.4.1
	CDR
	R

	204
	As Built Parts List
	5.4.1
	PSR
	R

	205
	Materials Identification List (MIL)
	5.5.2
	CDR
	R

	206
	As-Built Materials List (ABML)
	5.5.2
	PSR
	R


Table 4: SOW Document Requirements, Packages (3xx series)

	No.
	Document
	Para. No.
	Due Date
	Categ.

	301
	EWR Compliance
	4.2h
	CDR
	A

	304
	FMEA
	5.1.7.1
	CDR
	R

	305
	Reliability
	5.1.7.2
	CDR
	R


Table 5: Quality Assurance (5xx Series)

	No.
	Document
	Para. No.
	Due Date
	Categ.

	301
	Acceptance Data Package
	4.2e
	PSR
	A


APPENDIX D

Table 6: Hardware and Materials Deliverables List
	Item No.
	Deliverable Item
	Qty
	SOW

Para. No.
	Due

Date
	Delivery Location

	1
	Main Engine (with GSE cover)
	1
	1.3
	14 days After PSR
	GSFC

	2
	Nozzle Alignment Tool
	2
	4.3
	14 days after PSR
	GSFC

	3
	Test Cables and Equipment


	1

set
	4.3
	14 days after PSR
	GSFC



	4
	Shipping Container


	1
	6.0


	14 days after PSR
	GSFC
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