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1.0 Introduction
1.1 General Information

The Magnetospheric Multiscale (MMS) mission is the fourth mission of the Solar Terrestrial Probe (STP) program of the National Aeronautics and Space Administration (NASA).  The MMS mission will use four identically instrumented observatories to perform the first definitive study of magnetic reconnection in space and will test critical hypotheses about reconnection.  Magnetic reconnection is the primary process by which energy is transferred from the solar wind to the Earth’s magnetosphere and is also fundamental to the explosive release of energy during substorms and solar flares.

 The MMS mission will study magnetic reconnection in the Earth’s magnetosphere.  The four MMS observatories will be required to fly in a tetrahedral formation in order to unambiguously determine the orientation of the magnetic reconnection layer.

This document defines the work to be performed by the Contractor in the design, development, fabrication, and delivery of the MMS Propulsion Subsystem Filters, from here on referred to as the system filter. This document also defines options: Spares Option.  More about the options are detailed in appropriate sections throughout this document.  

1.2 Scope

The contractor shall provide the facilities, personnel, services, tools, equipment, and materials necessary to design, analyze, manufacture, test, and deliver the hardware and data in accordance with the requirements of this SOW and the documents referenced herein.

This SOW defines the contractor tasks, deliverables, responsibilities, and schedule, either within this document or by reference. 
1.3 Applicable Documents

All applicable and reference documentation identified in this document shall apply in the situations where they are specifically referenced.  In the event of a conflict between the SOW and the specification, the SOW shall take precedence.  See Appendix C for referenced documents.
2.0 Management, Reporting, Reviews, and documentation
2.1 Program management
The contractor 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 contractor shall designate and identify by name a single individual who shall serve as a point of contact with the NASA/GSFC Contracting Officer’s Technical Representative (COTR) for all technical aspects of the system filter contract.

The contractor shall establish and apply a program control system for managing all resources, controlling schedules, managing all engineering, manufacturing and procurement activities, configuration management, Quality Assurance, documentation control, and distribution.
2.2 Reporting
The contractor shall prepare and present to the NASA/GSFC COTR monthly technical status reports via telecon and a written report. The report shall be a summary presentation of the period's progress, problem areas, and activities on-going and planned.  
2.3 Advanced Notifications

The contractor shall notify the NASA/GSFC COTR at least seven (7) calendar days in advance of all mandatory hardware inspections, test activities, TIM’s, and deliveries at either the contractor’s or a sub-contractor’s facility to allow timely participation by the NASA/GSFC Quality Assurance representative. Event specific notification requirements (such as failures, anomalies, etc.) are included in the appropriate sections.
2.4 Reviews And Meetings
2.4.1 Kick-off Meeting 
The Contractor shall organize and hold a Kick-off Meeting at the Contractor’s facility prior to any activity identified in this SOW within thirty (30) days after award of the contract. 

The Contractor shall provide to GSFC a Kick-off Presentation Package and all other required deliverables seven (7) calendar days prior to the meeting. The Kick-off Meeting shall address program management, analysis, heritage and quality assurance activities outlined in this SOW, as well as the performance and environmental requirements outlined in the system filter specification in sufficient detail. At minimum, the presentation package should cover the following areas:
· Program Management

· Filter Design Description

· Quality Assurance
· Facilities
· Flight Heritage
· Manufacturing Flow with Government Mandatory Inspection Points (Per Section 6.1.2.3)

2.4.2 Design Conformance Review (DCR)

The contractor shall organize and present a Design Conformance Review to a GSFC Review Team at the contractor’s facility prior to the manufacturing program, on a date defined in the contract.  The contractor shall provide to GSFC a Design Conformance Review Presentation Package and all other required deliverable data fourteen (14) calendar days prior to the review.  The Design Conformance Review shall address all design, analysis, manufacturing, test, and quality assurance activities outlined in this SOW and the Magnetospheric Multiscale Project System Filter Specification 461-PS-SPEC-0068 in sufficient detail to ensure that the proposed design conforms to all requirements and is ready for fabrication to begin. At a minimum, the design package should cover the following areas:

· Qualification Report 
· Verification Test Plan (Including Performance Test Description)
· Verification Matrix  (per Appendix D)

· Materials and Processes
· Mechanical/Structural analyses 
· Computer Models (per Section 3.3)
· Interface Control Drawing
Review minutes shall be prepared and, as a minimum, shall include attendance, action items, action item accomplishment responsibility and agreements.  All items shall be in sufficient detail to be self-explanatory.  A Design Conformance Review Report shall be prepared following the review and, as a minimum, contain the agenda, review meeting minutes described above and responses to all recommendations and action items.   

2.4.3 Pre-Ship Review (PSR)

The contractor shall hold a Pre-Ship Review at the contractor's facility at the completion of verification tests and prior to the shipment of each hardware item to GSFC.  This presentation shall demonstrate completion of all activities required for delivery of any hardware deliverable item to NASA/GSFC, and note any activities that are incomplete. In particular, the contractor shall present the completed verification matrix that shows verification of all requirements and presents actual data (results of tests or analyses) where applicable.  Any requirements that are not met shall be identified in the Deviations/Waivers etc. list and discussed with NASA/GSFC during the review.
A Delivery Data Package shall be made available for review during pre-ship reviews for each of the different hardware deliverables.  This package shall also be delivered with each end item with the level of detail required of that item.  The package should be comprised of, but not limited to, the following data:

· The deliverable item name, serial number, and part number.

· Work orders for the final assembly and associated tests
· As-Built Final Interface Drawing 

· Problem/anomaly reporting (complete copies of report)

· Deviations/Waivers/shortages/open items/non-conformances and their dispositions, with supporting rationale
· Status of all action items from previous reviews

· Class I MRBs (complete copies of reports)

· List of As-Built Materials and Processes used

· Achieved surface cleanliness (when applicable)

· Verification matrix, test data and reports

· Photograph Documentation (Pre-Closure and Closed) 

· Certificate of Conformance, with management signature
· Appropriate approval signatures (e.g., developers quality representative, product design lead, government Representative, etc.)

· Storage and Transportation Plans and Requirements

2.4.4 Technical Interchange Meetings (TIM)

The contractor shall plan for and facilitate up to five (5) informal, face-to-face technical interchange meetings to be held at the contractor facilities. 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.
If needed, the government or its representative may request additional technical interchange meetings to the Contractor. 
2.5 Documentation

The contractor shall ensure the generation and delivery of all documentation as called for in the contract and listed in the DILS document, 461-PS-LIST-0025.
In addition to that documentation specifically called for in the contract, upon request by the NASA/GSFC COTR, 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, alerts, etc.
2.6 NASA/GSFC Furnished Data, Equipment, And Facilities
N/A
3.0 Design And Analysis
The contractor shall perform analyses of the technical and environmental requirements specified in the Magnetospheric Multiscale Project System Filter Specification (461-PS-SPEC-0068) to ensure compliance of the hardware fabrication and to assemble the documentation necessary to ensure its usability by NASA/GSFC users. 

3.1 Interface Control Documentation

The Contractor shall provide document(s) and/or drawing(s) that define, in detail, all mechanical interfaces including the center of mass relative to an external reference, subject to review and approval by the NASA/GSFC COTR. These documents and/or drawings shall be reviewed and approved at the DCR.
3.2 Drawing Package

The contractor shall make a complete drawing package available for review at the contractor’s facility for DCR. 

3.3 Computer Models

N/A
3.4 Structural Analysis Report
The purpose of the structural analyses is to demonstrate compliance with the mechanical/structural design and test requirements.  Structural analyses verify the structural integrity of the flight hardware by assessing the size and location of applied loads, load paths, and critical failure modes. A Structural Analysis shall be performed on the Flight Unit structure to ensure the capability to withstand and survive launch and ascent loads.  For metallic elements whose strengths are to be qualified by analysis (rather than by test, subject to NASA/GSFC approval), margins of safety will be 2.0 on yield and 2.6 on ultimate.  The effects of any thermal inputs shall be reflected in the analyses as appropriate.  The results of these analyses shall be summarized in a Contractor format Structural Analyses Report that will be provided to the NASA/GSFC COTR for review.
3.5 Stray Light Analysis Report
N/A
3.6 Error Analysis Report
N/A
3.7 Thermal Analysis Report 
N/A
3.8 Worst Case Circuit Analysis Report
N/A
3.9 Parts Stress Analysis Report
N/A
3.10 Radiation Hardness Analysis Report
N/A
3.11 Magnetic Field Analysis Report
N/A
3.12 Reliability Analysis Report
N/A
3.13 Failure Modes And Effects Analysis Report 
The Contractor shall perform a Failure Modes and Effects Analysis (FMEA) in accordance with MIL-STD-1629A, Task 101 “Failure Modes and Effects Analysis”. The FMEA shall identify failures at the functional/component interface level and address attendant consequences.  Each failure mode shall be assigned a severity category according to the table below, based on the most severe effect caused by that failure. The results of these analyses shall be summarized in a Contractor format FMEA Report that will be provided to the NASA/GSFC COTR for review.  
Table 3‑1  FMEA 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


3.14 Safety Analysis Report
N/A
3.15 User/Instruction Manuals

N/A
4.0 Hardware Procurement/Manufacturing
4.1 General Requirements
The contractor shall either procure or manufacture all components required to assemble, integrate, and test the system filter to support the delivery dates as called for in the contract and listed in the DILS document, 461-PS-LIST-0025. 

The contractor shall assemble the quantities of system filter hardware described below. The contractor shall provide a Fabrication, Assembly, and Inspection Flow plan at the DCR that shall include a step-by-step procedure that describes the method of fabrication, assembly, and inspection from piece parts to the completely assembled system filter.
4.2 System filter
The contractor shall provide the following hardware to meet the requirements of the Magnetospheric Multiscale Project System Filter Specification (461-PS-SPEC-0068).  
a) Sixteen (16) system filter flight units, plus one (1) spare.
4.3 Connector Savers
N/A
4.4 Supporting Hardware 
N/A
4.5 Ground Support Equipment
N/A
5.0 Performance Verification And Test
5.1 Qualification 

The Contractor shall provide a qualification report that demonstrates that the system filter design is qualified for all requirements in 461-PS-SPEC-0068.  The data generated by any new qualification tests shall be provided to the NASA GSFC/COTR.  Qualification by similarity shall be approved by the NASA GSFC COTR, and the qualification reports for any similarity items shall also be made available to the COTR.  Any differenced to referenced QBS items shall be documented in this report.
5.2 Acceptance Verification Plan 

An Acceptance Verification Plan shall be generated by the contractor to describe the details of how the analyses, inspections, and verification tests identified in the Magnetospheric Multiscale Project System Filter Specification 461-PS-SPEC-0068 will be performed. 
Acceptance Verification tests shall demonstrate the item meets all of the specified performance requirements over the specified range of environments, measure performance parameters and reveal inadequacies in manufacturing and assembly such as workmanship or material problems. Any requirement that exceeds previous qualification test data shall be presented to the MMS project as part of the planning process for evaluation and a possible delta qualification test.
The plan should state the purpose of each test, state acceptance criteria, describe in detail the test method, set up, instrumentation, data analysis methods (if applicable), and give the sequence of the tests. The plan should include an acceptance verification matrix summarizing how all requirements are verified (analysis, inspection, test, per the definitions in the Spec. and this SOW), and listing all tests that will be performed on the system filter. This document shall be approved by NASA/GSFC COTR before any testing is performed, and shall include the bubble point testing prior to closure.
This plan shall be a contractor controlled document and shall indicate all changes made after the initial approval by the GSFC.  After Verification Plan approval, no changes shall be made without written NASA/GSFC COTR approval.

5.3 verification methods

Verification methods include inspection, analysis, as well as environmental, functional, and performance testing, or a combination of these techniques.

5.3.1 Inspection

Verification by inspection includes (but is not limited to) visual inspection, simple physical manipulation, gauging, measurement, and documentation examination.

5.3.2 Analysis

Verification by analysis will be used to show design margins. Also, when the particular tests required for verification are impractical, risky, unacceptably long, or prohibitively expensive, analysis may be used instead of testing, as noted in the verification matrices.

5.3.3 Test

Verification by test includes, but is not limited to, the evaluation of performance by use of special equipment or instrumentation, simulation techniques, and the application of established principles and procedures to determine compliance with requirements.

5.4 inspection requirements

Verification by inspection includes visual inspection of the physical hardware, a physical measurement of a property of the hardware, or the documentation search demonstrating hardware of an identical design has demonstrated fulfillment of a requirement.

5.4.1 Visual Inspection

Visual inspection of the physical hardware shall be performed by a customer appointed qualified inspector certifying that the hardware has the properties/configuration specified in the requirement.

5.4.2 Physical Measurement

Physical measurement of hardware property (i.e. mass, dimensions, etc.) shall be performed by a customer appointed qualified inspector demonstrating the hardware meets specific requirement.

5.4.3 Documentation Search

Verification of requirements based on similarity shall include supporting rationale and all referenced documentation and shall be approved by the NASA/GSFC COTR.  Traceability to similar hardware shall document all of the differences between the similar hardware and the deliverable item.
Reference documents shall be provided to the NASA/GSFC COTR.

5.5 Test Requirements
This section provides general test requirements on how testing is to be performed in the process of verifying that the deliverable item meets its requirements. Performance parameter measurements shall be taken to establish a baseline that can be used to assure that there are no data trends established in successive tests that indicate a degradation of performance trend within specification limits that could result in unacceptable performance in flight.

5.5.1 Definitions

Qualification or Prototype Hardware: “Hardware of a new design; it is subject to a design qualification test program; it is not intended for flight”. The purpose of the tests on this hardware is to prove that a new design meets one or more of its design requirements. Qualification testing is performed at maximum expected flight levels plus a margin. Test durations are typically longer than for acceptance tests.

Protoflight Hardware: ”Flight hardware of a new design; it is subject to a qualification test program that combines elements of prototype and flight acceptance verification; that is, the application of design qualification test levels and flight acceptance test durations.”  The purpose of the test on this hardware is to prove that a new design meets one or more of its design requirements.  Protoflight testing is performed at maximum expected flight levels plus a margin.  Test durations are typically the same as for acceptance tests.

Follow-On (Acceptance) Hardware: Flight hardware built in accordance with a design that has been qualified either as prototype or as protoflight hardware; follow-on hardware is subject to a flight acceptance test program.”  The purpose of the test on this hardware is to prove that a particular flight unit has been manufactured properly.  The design has already been proven during a qualification or protoflight test program.  Acceptance testing is performed at maximum expected flight levels.

5.5.2 Environmental Test Factors

The following mechanical test factors and durations, shown in Table 5-1, shall be used for prototype, protoflight, and follow-on flight hardware.

Table 5‑1  Test Factors and Durations
	Test
	Prototype
	Protoflight
	Acceptance

	Structural Loads

Level

Duration

Centrifuge

Sine Burst(1)
	1.25 X Limit Load

1 Minute

5 Cycles Full Level
	1.25 X Limit Load

30 Seconds

5 Cycles Full Level
	Limit Load(2)

30 Seconds

5 Cycles Full Level

	Acoustic

Level

Duration
	Limit Level +3dB

2 Minutes
	Limit Level +3dB

1 Minute
	Limit Level

1 Minute

	Random Vibration 

Level

Duration
	Limit Level +3dB

2 Minutes/Axis
	Limit Level +3dB

1 Minute/Axis
	Limit Level

1 Minute/Axis

	Sine Vibration 

Level

Sweep Rate(3)
	1.25 X Limit Level

2 Octaves/Minute/Axis
	1.25 X Limit Level

4 Octaves/Minute/Axis
	Limit Level

4 Octaves/Minute/Axis

	Shock

Actual Device

Simulated
	2 Actuations

1.4 X Limit Level

2 Actuations/Axis
	2 Actuations

1.4 X Limit Level

1 Actuations/Axis
	1 Actuation

Limit Level

1 Actuation/Axis


(1) Sine burst testing shall be done a frequency sufficiently below primary resonance as to ensure rigid body motion.

(2) All composite structures must be tested to 1.25 x limit loads.  All beryllium structures must be tested to 1.4 x limit loads.

(3) Unless otherwise specified these sine sweep rates shall apply.

5.5.3 Test Tolerances

Tolerances for the various mechanical test parameters are given in Table 5‑2.
Table 5‑2  Test Tolerances 
	Test
	Test Parameter
	Tolerance

	Acoustics
	Overall Level:
	( 1dB

	
	1/3 Octave Band Frequency:
	

	
	f ( 40 Hz
	+ 3, - 6 dB

	
	40 < f < 3150 Hz
	( 3 dB

	
	f ( 3150 Hz
	+ 3, - 6 dB

	Temperature
	
	( 2 (C

	Humidity
	
	( 5% RH

	Loads
	Steady-State (Acceleration):
	( 5%

	
	Static:
	( 5%

	Mass Properties
	Weight:
	( 0.2%

	
	Center of Gravity:
	( 2 mm

	Mechanical 
	Response Spectrum:
	+ 25%, - 10%

	Shock
	Time History:
	( 10%

	Pressure
	>1.3 x 104 Pa (> 100 mm Hg):
	( 5%

	
	1.3 x 104 to 1.3 x 102 Pa (100 mm Hg to 1 mm Hg):
	( 10%

	
	1.3 x 102 to 1.3 x 101 Pa (1 mm Hg to 1 micron):
	( 25%

	
	< 1.3 x 101 Pa (< 1 micron):
	( 80%

	Vibration
	Sinusoidal:
	Amplitude
	( 10%

	
	
	Frequency
	( 2%

	
	Random:
	RMS Level
	( 10%

	
	
	Accel. Spectral Density
	( 3 dB


5.5.4 Test Restrictions

5.5.4.1 Failure During Tests

When a failure (non-conformance or trend indicating that an out-of-spec condition will result) occurs, determination will be made as to the feasibility and value of continuing the test to its specified conclusion. The test shall be stopped if equipment fails during testing in cases where this failure will result in damage to the equipment.  Otherwise, the test shall be completed to obtain as much information as possible.  If corrective action is taken, the test will be repeated to the extent necessary to demonstrate that the test item’s performance is satisfactory.  If corrective action taken as a result of failure affects the validity of previously completed tests (e.g., redesign of a component), prior tests will be repeated. 

If during a test sequence, a test item is operated in excess of design life and wears out or becomes unsuitable for further testing from causes other than deficiencies, a spare will be substituted, and previously completed tests will be repeated to the extent necessary.

No replacement, adjustment, maintenance, or repairs are authorized during testing. This requirement does not prevent the replacement or adjustment of equipment that has exceeded its design operating life during tests, provided that after such replacement, the equipment is tested as necessary to assure its proper operation.  A complete record of any exceptions taken to this requirement shall be included in the test report.

5.5.4.2 Modification of Hardware

Modification and completion of fabrication is allowed after completion of the bubble point testing.
5.5.4.3 External Adjustment

External cleaning is allowed before cleanliness verification

5.5.4.4 Re-Test Requirements

If any event, including test failure, requires that a system filter be disassembled and reassembled, then all tests performed prior to the event must be considered for repeat.  If the unit has multiple copies of the same build, then all units must be examined to determine if the problem is common.  If all copies require disassembly for repair, then each must receive the same test sequence.

5.6 Acceptance Verification Requirements

5.6.1 Acceptance Tests 
Per Acceptance Verification Matrix in Appendix D of this document, the Contractor shall verify each performance requirement in the specification.  At minimum, the following tests are required for each filter.  Each test or demonstration is described below:

· Bubble Point

· Mass Properties

· Leakage

· Proof Pressure

· Flow Rate/Pressure Drop

· Internal Volume
· Sine Sweep Survey

· Sine Vibration

· Random Vibration

· Thermal Cycling

5.6.1.1 Performance Tests

5.6.1.1.1 Comprehensive Performance Test

N/A

5.6.1.1.2 Functional Test

N/A
5.6.1.1.3 Abbreviated Functional Test

N/A

5.6.1.1.4 Life Testing

N/A

5.6.1.2 Mass Properties Measurement

Measurement of the weight and center of gravity of each flight hardware component will be made to show compliance with requirements and to provide accurate data for the observatory mass properties control program.  Center of gravity at the component level will be referenced to the component to spacecraft mounting interface.

5.6.1.3 Leakage

The Contractor shall demonstrate the leakage requirements per Section 4.1 of the Magnetospheric Multiscale Project Propulsion Subsystem Filter Specification (461-PS-SPEC-0068).

5.6.1.4 Flow Rate/Pressure Drop 

The Contractor shall demonstrate the pressure drop requirement per Section 4.2.4 of the Magnetospheric Multiscale Project Propulsion Subsystem Filter Specification (461-PS-SPEC-0068).

5.6.1.5 System Filter Size (Filter Rating)

The Contractor shall demonstrate the required absolute filter rating per Section 4.4 of the Magnetospheric Multiscale Project Propulsion Subsystem Filter Specification (461-PS-SPEC-0068) with a bubble point test prior to closure.
5.6.1.6 Internal Volume Test

The Contractor shall demonstrate the internal volume requirement per Section 5.3 of the Magnetospheric Multiscale Project Propulsion Subsystem Filter Specification (461-PS-SPEC-0068) by performing a water capacity test.
5.6.1.7 Static Loads/Strength Test

N/A 

5.6.1.8 Sine Sweep Survey

The Sine Sweep shall be conducted on each filter before and after vibration testing in each axis.  A low-level sine sweep is used to determine the modal signature of the flight item to verify compliance with fundamental frequency requirements, and to verify no change in structural integrity from testing.  Test parameters will be as follows:

· Frequency: 5 - 2000 Hz

· Acceleration: 0.25 g

· Sweep Rate: 2 octaves/minute

This test will be performed immediately preceding the sine/random vibration tests and will be repeated after the sine/random vibration tests to verify that the modal signature of the unit under test (first resonant frequency) is within 5% of the pre-test frequency. In this case, the unit has passed and the test can continue. If the post-test frequencies are between 5% and 10% of the pre-test frequencies, the cause of the shift should be investigated (test bolt torques, etc.) before determining whether failure has occurred or success has been achieved and whether the test can continue. A shift of greater than 10% indicates failure, and the test should be terminated, and the failure documented. In either case when the shift is greater than 5%, NASA/GSFC shall be notified.

Frequencies shall be verified and reported up to 200 Hz. Any component which fails to meet the specified fundamental frequency must supply a finite element model, correlated to modal survey test results up to 50 Hz, to be used in coupled loads analyses.

5.6.1.9 Sine Vibration

If fundamental frequency of the system filter is less than Fundamental Launch Frequencies per Section 6.3.1 of the system filter specification, the system filter shall be subjected to swept sine vibration testing to the appropriate levels and durations shown in the mechanical requirements section.
Sine vibration test is intended to verify workmanship quality and to simulate launch vehicle loading conditions.  The test will consist of a low frequency sine transient or sustained sine environment that would be present in launch by minimum modal frequency in each of three mutually perpendicular axes, one of which is normal to the mounting surface.

For the sine vibration tests, the unit under test will be attached to the vibration table using the same configuration, attachment points, preloads, and attachment hardware that will be used during launch and flight.  Cross-axis responses of the fixture will be monitored to preclude unrealistic levels.  During the test, the test input level will be reduced (notched) at critical frequencies, if required, to limit the vibration loads and/or acceleration responses to 1.25 times design limit levels.    

5.6.1.10 Random Vibration

The system filter shall be subjected to a random vibration test in each of three orthogonal axes of the unit under test, one axis being perpendicular to the mounting surface to the appropriate levels and durations shown in the environmental requirements section.  Random vibration test is intended to demonstrate workmanship quality and to simulate launch vehicle aerodynamic environmental levels.  During the test, the test input level will be reduced (notched) at critical frequencies, if required, to limit the random vibration loads and/or acceleration responses to 1.25 times design limit levels.   Notching will be limited to -12 dB of the original input and to a bandwidth of less than 100 Hz (notching beyond these limits will require MMS project approval).

For the random vibration test, the unit under test will be attached to the vibration table using the same configuration, attachment points, preloads, and attachment hardware that will be used during launch and flight.  Prior to the test, a survey of the test fixture/exciter combination will be performed to evaluate the fixture dynamics and the proposed choice of control accelerometers. Cross-axis responses of the fixture will be monitored during the test to preclude unrealistic levels.  

A leakage and pressure drop tests shall be performed before and after the random vibration test.

5.6.1.11 Acoustic Test

N/A

5.6.1.12 Proof Pressure Test

Proof pressure testing shall be performed per the test requirements of AFSPCMAN 91-710, “Range Safety User Requirements” which applies to pressure vessels, lines and fittings. The proof pressure test will verify internal pressure containment to 1.5 times the Maximum Expected Operating Pressure (MEOP) per AFSPCMAN 91-710.  Following the proof pressure test, a leak test will be performed to verify that the proof pressure test did not damage or degrade the components.
5.6.1.13 Shock

N/A
5.6.1.14 Thermal Bake-out

N/A
5.6.1.15 Thermal Vacuum Test

N/A

5.6.1.16 Thermal Cycling Test

The filter shall be subjected to a Life-cycle thermal testing per Section 2.6.2.4 of GEVS-SE Rev. A.  If it is decided not practical to perform a very large number of cycles in vacuum, the Contractor may conduct a thermal cycling test on acceptance units at ambient pressure upon review and approval by the NASA/GSFC COTR.  Leakage and pressure drop tests will be performed periodically during these cycles to detect problems early.
5.6.1.17 Harness Tests
N/A
5.6.1.18 EMI/EMC Tests
N/A
5.6.1.19 Electrostatic Cleanliness Verification

N/A
5.6.1.20 Magnetic Tests

N/A
5.7 Acceptance Verification Test Procedures 

The contractor shall generate Acceptance Verification Test Procedure.  The verification procedures shall be step‑by‑step instructions for performing tests outlined by the Acceptance Verification Test Plan.  The procedures shall define the environmental conditions for the tests, required equipment and facilities, test constraints, use of diagnostic or performance test software, operating conditions, tolerance on all input stimuli, data to be recorded and pass/fail limits. 

Acceptance Verification Test Procedures shall be contractor controlled documents and shall indicate all changes made after the initial release for review to NASA. 
5.8 Acceptance Verification Test Results
The contractor shall generate Acceptance Verification Test Results. These reports shall document the results of the each test that was performed, what test levels were achieved, what performance requirements were verified, what anomalies were seen, and how they were resolved.
6.0 Quality Assurance
6.1 General Requirements 

6.1.1 Quality Assurance Plan/Manual

The contractor shall have a Quality Management System that is compliant with the requirements SAE AS9100 Quality Systems - Aerospace - Model for Quality Assurance in Design, Development, Production, Installation and Servicing or equivalent, as documented in a Quality Assurance Plan. The Plan shall be delivered to the NASA/GSFC COTR, and GSFC shall be notified of any changes to the QA program.

6.1.2 Surveillance of the Contractor 

The work activities and operations of the contractor, subcontractors, and suppliers are subject to evaluation, review, survey, and inspection by GSFC representative.

The contractor shall provide the GSFC representative with documents, records, equipment, and workings areas within their facilities that are required by the representative to perform their overview activities.

6.1.2.1 Government Source Inspection

The Government may elect to perform inspections at a supplier's facilities. The following statement shall be included on all procurement documents: “All work on this order is subject to inspection and test by the Government in accordance with the inspection clauses in the contract.” 

The Government quality representative who has been delegated NASA quality assurance functions on this procurement shall be notified immediately upon contractor receipt of any supplier/subcontractor orders.  The Government representative shall also be notified 48 hours in advance of the time that articles or materials are ready for inspection or test.

6.1.2.2 Contractor Source Inspection

The contractor shall ensure that its procurement documents impose the applicable requirements on subcontractors and other suppliers.  The subcontractor and other suppliers shall in turn impose the requirements on their procurement sources.

The contractor shall perform source inspection at the subcontractor's or supplier's facilities in accordance with the procurement documentation or when one or more of the following conditions exist: 

· In process, end item controls, or tests that are destructive in nature prevent the developer from verifying quality after delivery to the developer's facility.

· It is not feasible or economical for the contractor to determine the quality of procured articles solely by inspections or tests performed at the contractor’s facility. 

· Qualification tests are to be performed by the subcontractor or supplier. 

· Products are shipped directly from the source to NASA, by-passing the contractor's inspection facilities.

6.1.2.3 Government Mandatory Inspection Points (MIPs)

The government or its representative will inform the Contractor of the MIPs at the Kick-off Meeting. The government may request additional MIPs if a specific process prohibits inspection at a later time. 
6.1.3 Anomaly Reporting 

Reporting of hardware anomalies to the NASA/GSFC COTR shall begin no later than the first power application or the first cycle/actuation for mechanical items at the start of acceptance testing. The NASA/GSFC COTR shall be notified within 24 hours of each anomaly.

The contractor’s processes for review, disposition and approval of anomaly reports shall be described in their quality plan/manual or provided as a supplemental document.  In addition, the contractor’s anomaly reporting document shall describe the members of the Material Review Board (MRB) and Failure Review Board (FRB).  The MRB and FRB shall include MMS GSFC 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 MMS Project of MRB and FRB meeting schedules and agendas with sufficient notice to permit MMS Project participation if desired by MMS.  

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

The NASA/GSFC COTR reserves disapproval rights on MRB and FRB decisions. To assure process consistency, the contractor shall provide the MMS Project on-line access to their MMS anomaly-reporting database.

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, and identify any closed problem reports that do not have a definitive cause or corrective action.   Reports shall be submitted to the NASA/GSFC COTR for review and approval of the disposition. 

The supplier shall establish and maintain documented procedures 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.

6.1.4 Configuration Management 

The contractor’s Configuration Management (CM) system (available for review on request) shall control the design and hardware/software 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.  The contractor’s Configuration Management system shall have a change classification and impact assessment process that ensures Class I changes are forwarded to the CO for approval prior to release/incorporation.  Class I changes are defined as changes that affect form, fit, function, external interfaces, or requirements as stated within this document and the MMS Propulsion Subsystem Filter specification.  

All other changes are considered to be Class II changes and shall be controlled and dispositioned by the contractor.  All Class II changes shall be provided monthly to the NASA/GSFC COTR for review purposes.  NASA/GSFC 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 contractor shall submit Waivers and MRB’s to the NASA/GSFC COTR for final approval.

A contractor QA representative shall be a member of the Configuration Control Board. The QA activities shall be defined in the Configuration Management Plan and described in detail in the QA Plan. Related portions of the plans shall be cross-referenced.

6.1.5 Ground Support Equipment Interfaces

N/A
6.2 System Safety Requirements 

The contractor 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, systems, operations, handling and materials.  For all identified hazards, the contractor shall also document hazard controls, verifications and tracking methods.

The contractor shall provide technical support to the MMS Project for safety working group and technical meetings as necessary in conjunction with TIMs.
6.3 Reliability Requirements 
The contractor shall show that the design reliability is consistent with mission design life requirements. This will primarily consist of the contractor performing the reliability analyses previously listed concurrently with design activities, in order to optimize system configurations, and identify and promptly correct potential problems per MIL-STD-756B. 
6.3.1 Stability Trending
N/A
6.3.2 Limited-Life Items 
N/A
6.3.3 Control of Sub-Developers and Suppliers
N/A 

6.4 Software Quality Requirements
6.4.1 General Requirements
N/A 

6.4.2 Software Safety
N/A 

6.4.3 Software Reliability
N/A  

6.4.4 Software Management Reviews
N/A  

6.4.5 Software Peer Reviews
N/A
6.4.6 Software Configuration Management
N/A  
6.5 Design Verification Requirements

6.5.1 Verification Requirements

N/A
6.5.2 Analysis, Trending, and Reporting of Test Data

N/A
6.5.3 Demonstration of Failure-Free Operation

N/A
6.6 Workmanship Standards And Processes
The Contractor’s workmanship program shall fully encompass the specific requirements of this chapter. It is the contractor’s responsibility to list all deviations from the baseline workmanship standards and to provide data supporting their position/rationale. 

6.6.1 Workmanship Requirements for Printed Circuit Boards, Soldered Assemblies, Harnessing, and Fiber Optics

N/A
6.6.2 New or Advanced Packaging Technologies

N/A
6.6.3 Electrostatic Discharge Control Requirements

N/A
6.6.4 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. 

6.6.5 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 and clean room.

6.6.6 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 contractor may use existing standards upon review and approval by the NASA/GSFC COTR.  It must be established that the developer’s workmanship program fully encompasses the specific requirements of this chapter. It is the contractor’s responsibility to list all deviations from the baseline workmanship standards and to provide data supporting their position/rationale.
6.7 Eee Parts Requirements
6.7.1 General 

N/A
6.7.2 Custom Devices

N/A
6.7.3 Plastic Encapsulated Microcircuits

N/A
6.7.4 Radiation Hardness 

N/A 

6.7.5 Parts Age Control

N/A
6.7.6 GIDEP Alerts and Problem Advisories

Contractors shall keep sufficient selection and usage records for all flight parts and materials adequate to determine applicability of any issued Government Industry Data Exchange Program (GIDEP) alerts relevant to items used on MMS. The contractor shall review and disposition all GIDEP Alerts for relevancy and impact.  In addition, the contractor shall review and disposition any NASA Alerts and Advisories provided to the developer by the MMS Project.  Alert applicability, impact, and corrective actions shall be documented and status provided to the MMS Project on a monthly basis.

6.7.7 Reuse of Parts and Materials

Materials that have been installed in an assembly and removed for any reason shall not be used again for flight.

6.7.8 Part Notification of Failure

The contractor shall provide failure-reporting data to NASA/GSFC COTR within 72 hours of part failure determination. 

6.7.9 FPGA Programming Stations

N/A
6.8 Materials, Processes Requirements

6.8.1 Materials Selection Requirements 

To qualify material for flight use, the material must have a satisfactory flight heritage relevant to MMS requirements or meet the following applicable selection criteria as defined herein for: 

· Stress corrosion cracking (SCC) 

· Manufacturing process selection 

The contractor shall create and maintain a Materials and Processes Identification List (M&P) using the forms in the Appendix B or an equivalent form. The contractor shall review proposed materials and processes with the NASA/GSFC COTR.  An As-Built Materials List (ABML) shall be included as part of the end item data package, using the form in the Appendix B or an equivalent form. Pure Tin, Zinc, and Cadmium are not acceptable for flight use.

6.8.1.1 Vacuum Outgassing of Polymeric Materials 

N/A
6.8.1.2 Stress Corrosion Cracking of Inorganic Materials 

Materials used in structural applications shall be highly resistant to stress corrosion cracking (SCC) as specified in MSFC-STD-3029.  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 MSFC-STD-3029 SCC requirements.

6.8.1.3 Process Selection Requirements 

Materials and manufacturing process information shall be provided on the M&P and A BML list. 

6.8.1.4 Fasteners 

N/A
6.8.1.5 Lubricants

N/A
6.8.2 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 NASA/GSFC COTR for review.

6.8.3 Dissimilar Metals

To avoid electrolytic corrosion, dissimilar metals should not be used in direct contact unless protection against corrosion has been provided in accordance with MIL-STD-889.  Variances from this policy must be submitted to the NASA/GSFC COTR for approval.
6.9 Contamination Control Requirements
6.9.1 Contamination Control Plan
The contractor shall prepare a Contamination Control Plan (CCP) that describes the procedures that will be followed to control contamination. The CCP shall establish the implementation and describe the methods and procedures that will be used to measure and maintain the levels of cleanliness required during each of the various phases of the item’s lifetime. The contamination potential of material and equipment used in cleaning, handling, packaging, tent enclosures, shipping containers, bagging (e.g., anti-static film materials), and purging shall be described in detail at each phase of assembly, integration, test, and launch. The CCP shall define the use of protective covers and purges, vent locations and paths, and environmental constraints. The contractor shall submit their CCP to the MMS Project for review and approval.
6.9.2 External Cleanliness
All hardware cleanliness shall be verified to meet the requirements of the specification 461-PS-SPEC-0068, prior to delivery to GSFC.

6.9.3 Material Outgassing
N/A
6.9.4 Thermal Vacuum Bakeouts

N/A
7.0 Handling, Storage, Packaging, Preservation, and Delivery

Products shall be stored, preserved, marked, labeled, and packaged 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.

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

While in a shipping container, the system filter shall be wrapped in a non-ESD-generating vapor barrier with redundant maximum humidity indicators. Packaging materials and methods shall not degrade the molecular or particulate cleanliness of the item.
The shipping container shall also include shock and humidity indicators and shall be capable of prolonged shipping conditions.  The contractor 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 supplier 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 (developer'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.

· Shipping documentation and containers shall contain appropriate measures (signs/warnings)  to ensure that the item’s packaging is only removed or opened inside of a cleanroom. 

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 Free On Board (F.O.B.) destination to NASA/GSFC Greenbelt, Maryland. The contractor has the responsibility for any damage incurred during shipment.
Appendix A. Abbreviations and Acronyms

	Abbreviation/ Acronym
	Definition

	ABML
	As-Built Materials List

	ANSI
	American National Standards Institute

	CCB
	Configuration Control Board

	CCP
	Contamination Control Plan

	CCR
	Configuration Change Request

	CO 
	Contracting Officer

	COTR                                
	Contracting Officer's Technical Representative                                                                                                                                                                                                          

	CVCM
	Collected Volatile Condensable Mass

	DCR
	Design Conformance Review

	DILS
	Deliverable Items List and Schedule

	EEE
	Electrical, Electronic, and Electromechanical

	ESD
	Electrostatic Discharge

	FMEA
	Failure Modes and Effects Analysis

	F.O.B.
	Free On Board

	FRB
	Failure Review Board

	GIDEP
	Government Industry Data Exchange Program

	GSFC
	Goddard Space Flight Center

	I&T
	Integration & Testing

	M&P
	Materials and Processes Identification List

	MMS
	Magnetospheric Multiscale 

	MIP
	Mandatory Inspection Point

	MRB
	Material Review Board

	MUA
	Materials Usage Agreement

	NASA
	The National Aeronautics and Space Administration

	PSR
	Pre-Ship Review

	QA
	Quality Assurance

	SCC
	Stress Corrosion Cracking

	SCM 
	Software Configuration Management

	SOW
	Statement of Work

	STP
	Solar Terrestrial Probe

	TBD
	To Be Determined

	TBR
	To Be Resolved

	TML
	Total Mass Loss

	TIM
	Technical Interchange Meeting

	TPL
	Trended Parameters List


Appendix B. MMS Material Selection Forms
	



MATERIAL USAGE AGREEMENT (MUA)


	USAGE AGREEMENT NO.:
	PAGE
OF

	PROJECT:


	:
	ORIGINATOR:
	ORGANIZATION:

	DETAIL DRAWING
	NOMENCLATURE
	USING ASSEMBLY
	NOMENCLATURE

	
	
	
	

	MATERIAL & SPECIFICATION
	MANUFACTURER & TRADE NAME

	
	

	USAGE
	THICKNESS
	WEIGHT
	EXPOSED AREA
	ENVIRONMENT

	
	
	
	
	PRESSURE
	TEMPERATURE
	MEDIA

	
	
	
	
	
	
	

	APPLICATION:



	RATIONALE:



	ORIGINATOR:
	PROJECT MANAGER:
	DATE:





[image: image1.emf]System Subsystem

Company Contractor Address

Prepared by Phone & Fax #

GSFC MAE Project CSO

Date Prepared Revision No. 

SCC COR FLAM TOX

%TML %CVCM %WVR

2066480 Rev A Assy, PCAS-ESP3 - -  -  - - - - - - - - -

Frame, PCAS-ESP3 2066480 50669 7075-T7351

ASTM B209 or

SAE-AMS-QQ-A-250/12

- - - A B - - N/A N/A N/A 603, 610

Anodic Coating - 10277 Coating Anodic Type-2 - MIL-A-8625

Type II, Class 1, 

Color Clear

- N/A A - - N/A N/A N/A N/A

Chemical Conversion Coating - 00666 Coating Corrosion - MIL-C-5541

Class 3

Color Gold

nonmetallic - - A K N/A N/A N/A N/A

Plating Nickel Electroless - 10046 Plating Nickel Electroless - SAE-AMS-26074

Class 1

Grade B

same as

MIL-C-26074

N/A A - - N/A N/A N/A N/A



GSFC Spacecraft Metals, Ceramics and Processes List



MMS



Kamili Jackson John Blackwood



Part 

Number

Rev Nomenclature

Next

Assy

MAPTIS

Material  Code

Material Name

Material

Specification

Process Specification

2066481

Rev B  ,

EO 01

EXAMPLE

Type/ Class/ 

Grade/ Color

Comments 

MAPTIS Ratings ASTM-E-595 Outgassing Data

MUA No.

EXAMPLE
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Company Contractor Address

Prepared by Phone & Fax #

GSFC MAE Project CSO

Date Prepared Revision No. 

%TML      %CVCM      %WVR    FLAM    TOX     



GSFC Spacecraft Polymers List

MMS



Kamili Jackson John Blackwood



Part

 Number

RevNomenclature

Next

 Assy

MAPTIS    

Material  Code

Material

 Name

Amount

 Code

Expected 

Environment

ASTM-E-595 Outgassing Data MAPTIS Ratings

Material

Specification

Process Specification

Type/ Class/ 

Grade/ Color

Comments Mix FormulaCure Details

Amount Code

Area, cm2 Vol, cc    wt, gm

1. 0-1       A. 0-1     a. 0-1

2. 2-100     B. 2-50    b. 2-50

3. 101-1000  C. 51-500  c. 51-500

4. > 1000    D. > 500   d. > 500     
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Part NumberRevNomenclature

Next 

Assy

Component Type, 

Size, and Material

Proposed Lubricant and 

Amount

Type and # of 

Wear Cycles

Speed, Temp, & Atm 

of Operation

Type of Loads 

and Amount

John Blackwood

GSFC Spacecraft Lubrications List

MMS



Kamili Jackson

Wear Codes

Type                                        # Cycles      Speed

CUR continuous unidirectional rotation          A 1-102  rpm rev/min

CO continuous oscillation                                    B 102-104 opm osc/min

IR intermittent rotation                                           C 104-106 vs variable

IO intermittent oscillation                                       D >106 cpm cm/min

SO small oscillation (<30)

LO large oscillation (>30)

CS continuous sliding

IS intermittent sliding

 

Appendix C. List of Applicable Documents

All referenced documentation identified in the SOW shall apply in the situations where they are specifically referenced.  

	Sections
	Document Number
	Title
	Revision/Date

	Many
	461-PS-SPEC-0068
	Magnetospheric Multiscale Project System Filter Specification
	11/09/2009

	Many
	461-PS-LIST-0025
	MMS Project System Filter Deliverable Items List and Schedule
	11/09/2009

	3.13
	MIL-STD-1629A
	Procedures for Performing a Failure Mode, Effects and Criticality Analysis
	11/28/1984

	6.1.1
	SAE AS9100
	Quality Systems Aerospace - Model for Quality Assurance in Design, Development, Production, Installation, and Servicing
	11/1999

	6.8.1.2
	MSFC-STD-3029
	Multiprogram/project common-use document guidelines for the selection of metallic materials for stress corrosion cracking resistance in sodium chloride environments
	05/22/2000

	6.8.3
	MIL-STD-889
	Dissimilar Metals
	07/07/1976

	
	
	
	


Appendix D. Acceptance Verification Matrix
I: inspection; A: analysis; D: demonstration; T: acceptance test; NA: not-applicable
	Spec. Sec.
	Requirement
	I
	A
	D
	T
	NA

	1.0
	Introduction
	 
	 
	
	 
	X

	1.1
	General Information
	 
	 
	
	 
	X

	1.2
	Scope
	 
	 
	
	 
	X

	2.0
	Applicable Documents
	 
	 
	
	 
	X

	3.0
	Contract Description
	 
	 
	
	 
	X

	3.1
	System Filter Description
	 
	 
	
	 
	X

	3.2
	Ground Support Equipment Description
	 
	 
	
	 
	X

	4.0
	Functional/Performance Requirements
	 
	 
	
	 
	X

	4.1
	System Filter Flight Unit Functional/Performance Requirements
	 
	 
	
	 
	X

	4.1.1
	External Leakage
	 
	 
	
	 X
	 

	4.1.2
	System Pressures
	 
	 
	
	 
	X 

	4.1.2.1
	MEOP
	
	
	
	X
	

	4.1.2.2
	Proof Pressure
	
	
	
	X
	

	4.1.2.3
	Burst Pressure
	
	
	
	
	X

	4.1.2.4
	Flow Rate/Pressure Drop
	
	
	
	X
	

	4.1.2.5
	Interface Tube Design Pressure
	
	
	
	
	X

	4.1.2.5.1
	Proof Pressure
	
	
	
	X
	

	4.1.2.5.2
	Burst Pressure
	
	
	
	
	X

	4.1.3
	Filter Type
	X
	
	
	
	

	4.1.4
	System Filter Size
	
	
	
	X
	

	4.1.5
	System Filter Capacity
	
	
	
	
	X

	4.2
	Resource Allocations
	 
	 
	
	 
	X

	4.2.1
	Mass Allocation
	 X
	 
	
	
	 

	4.2.2
	Nominal Power Allocation
	 
	 
	
	 
	X

	4.2.3
	Peak Power Allocation
	 
	 
	
	 
	X 

	4.2.4
	Deployment Power Allocation
	 
	 
	
	 
	X

	4.2.5
	Telemetry
	 
	 
	
	 
	X

	4.3
	Power
	 
	 
	
	 
	X

	4.4
	Electrical Grounding
	 
	 
	
	 
	X

	4.5
	Signal And Data Interfaces
	 
	 
	
	 
	X

	4.6
	Operating Modes
	 
	 
	
	 
	X

	4.7
	Command and Data Services
	 
	 
	
	 
	X

	4.8
	Flight Software
	 
	 
	
	 
	X

	4.9
	NEA/EED Design
	 
	 
	
	 
	X

	5.0
	Physical Requirements
	 
	 
	
	 
	X

	5.1
	Interface Documentation
	 
	 
	
	 
	X

	5.2
	Mechanical Interface Requirement
	X
	
	
	
	

	5.2.1
	Interface Tube Dimension
	X
	
	
	
	

	5.2.2
	Interface Tube Material
	X
	
	
	
	

	5.3
	Mass Properties
	 
	 
	
	 
	X

	5.3.1
	Component Masses
	 
	 
	
	 
	X

	5.3.2
	Center of Mass Location
	X
	 
	
	 
	 

	5.3.3
	Center of Mass Accuracy
	 
	 
	
	 
	X

	5.3.4
	Moments of Inertia
	 
	 
	
	 
	X

	5.3.5
	Products of Inertia
	 
	 
	
	 
	X

	5.3.6
	Determination of Moments and Products of Inertia
	 
	 
	
	 
	X

	5.4
	Maximum Length
	X 
	 
	
	 
	

	5.5
	Internal Volume Requirement
	X
	 
	
	 
	 

	5.6
	Mounting
	 
	 
	
	 
	X

	5.7
	Fields of View
	
	
	
	
	X

	5.8
	Alignment
	 
	 
	
	 
	X

	6.0
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Lubrication

		GSFC Spacecraft Lubrications List

						System		MMS				Subsystem

						Company						Contractor Address

						Prepared by						Phone & Fax #

						GSFC MAE		Kamili Jackson				Project CSO		John Blackwood

						Date Prepared						Revision No.

		Part Number		Rev		Nomenclature		Next Assy		Component Type, Size, and Material		Proposed Lubricant and Amount		Type and # of Wear Cycles		Speed, Temp, & Atm of Operation		Type of Loads and Amount
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Wear Codes
            Type                                        # Cycles      Speed
 CUR continuous unidirectional rotation          A 1-102                  rpm rev/min
  CO continuous oscillation                                    B 102-104             opm osc/min
  IR intermittent rotation                                           C 104-106              vs variable
  IO intermittent oscillation                                       D >106                  cpm cm/min
  SO small oscillation (<30)
  LO large oscillation (>30)
  CS continuous sliding
  IS intermittent sliding
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Polymers

		GSFC Spacecraft Polymers List

										System		MMS				Subsystem

										Company						Contractor Address

										Prepared by						Phone & Fax #

										GSFC MAE		Kamili Jackson				Project CSO		John Blackwood

										Date Prepared						Revision No.

		Part
 Number		Rev		Nomenclature		Next
 Assy		MAPTIS    
Material  Code		Material
 Name		Material
Specification		Process Specification		Type/ Class/ 
Grade/ Color		Comments		Mix Formula		Cure Details		Amount
 Code		Expected 
Environment		ASTM-E-595 Outgassing Data						MAPTIS Ratings

																														%TML		%CVCM		%WVR		FLAM		TOX
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Amount Code
 Area, cm2   Vol, cc    wt, gm
1. 0-1       A. 0-1     a. 0-1
2. 2-100     B. 2-50    b. 2-50
3. 101-1000  C. 51-500  c. 51-500
4. > 1000    D. > 500   d. > 500
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Metals, Ceramics and Processes

		GSFC Spacecraft Metals, Ceramics and Processes List

										System		MMS				Subsystem

										Company						Contractor Address

										Prepared by						Phone & Fax #

										GSFC MAE		Kamili Jackson				Project CSO		John Blackwood

										Date Prepared						Revision No.

		Part 
Number		Rev		Nomenclature		Next
Assy		MAPTIS
Material  Code		Material Name		Material
Specification		Process Specification		Type/ Class/ 
Grade/ Color		Comments		MAPTIS Ratings								ASTM-E-595 Outgassing Data						MUA No.

																						SCC		COR		FLAM		TOX		%TML		%CVCM		%WVR

		EXAMPLE

		2066480		Rev A		Assy, PCAS-ESP3		-		-		-		-		-		-		-		-		-		-		-						-

		2066481		Rev B  ,
EO 01		Frame, PCAS-ESP3		2066480		50669		7075-T7351		ASTM B209 or
SAE-AMS-QQ-A-250/12		-		-		-		A		B		-		-		N/A		N/A		N/A		603, 610

						Anodic Coating		-		10277		Coating Anodic Type-2		-		MIL-A-8625		Type II, Class 1, 
Color Clear		-		N/A		A		-		-		N/A		N/A		N/A		N/A

						Chemical Conversion Coating		-		00666		Coating Corrosion		-		MIL-C-5541		Class 3
Color Gold		nonmetallic		-		-		A		K		N/A		N/A		N/A		N/A

						Plating Nickel Electroless		-		10046		Plating Nickel Electroless		-		SAE-AMS-26074		Class 1
Grade B		same as
MIL-C-26074		N/A		A		-		-		N/A		N/A		N/A		N/A

		EXAMPLE

																																85
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