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Appendix A.		Performance AssuranceAssuance Implementation Plan for the ISTP,  WIND, GEOTAIL Magnetic Field Experiments..�
Introduction


Project Overview


The ACE/MAG project will be managed by the University of Delaware - Bartol Research Institute (BRI) with Norman F. Ness as Experiment Manager and Jacques L’Heureux as Instrument Manager.


The MAG instrument is a modified Magnetic Field Instrument (MFI) spare designed for MFI/WIND spare to be furnished and modified by the same NASA/GSFC team that designed and built the MFI. The hardware team will be led by Mario Acuña as Instrument Scientist and the work will be carried out within the Code 695 group at the GSFC.


The integration of MAG with ACE will be a team effort between BRI and GSFC to be led by BRI


For the purpose of this document, the term “MAG Team” refers to the team members at the BRI and at the GSFC.


Purpose of Assurance Plan


The purpose of this document is to assist in the determination of compatibility of Quality Assurance Requirements as applied to the already built WIND/MFI by the GGS and ACE Projects including FMECA and safety analyses. define project requirements to be implemented to assure that performance is verified to be as stated in ACE Functional Requirement Documentation and that the experiment will not jeopardize the performance of the remainder of the spacecraft, pre-launch, launch and orbital operations The “Performance AssuranceAssuance Implementation Plan for the WIND Magnetic Field Experiment” is attached as Appendix A for reference..


The MAG Team maintain and update the GGS Assurance Implementation Plan as negotiated with the ACE project.will implement and maintain this Performance Assurance Plan which encompasses: flight hardware, ground support equipment, software and spares. This program is to be implemented for all work accomplished by the project and his contractors and suppliers, including subtier sources and other division or subsidiaries who provide parts, materials, components, systems and services. Any changes to this plan or departures from the Assurance Program implementation described in this document will be processed in accordance with ACE-CT-100-31, "Configuration Control Plan for the Advanced Composition Explorer (ACE) Science Payload".


Except for a single new interface board, the MAG instrument consists of the spare MFI/WIND instrument built to GGS Project RequirementsGSFC standards. Parts for this interface board will be selected from spare parts of the MFI.


Management of the Assurance Program


The Instrument Manager will also act as Performance Assurance Manager and will have responsibility and authority for managing the assurance activities; have unimpeded access to upper management; and conduct audits. The Instrument Manager shall report to the BRI Experiment Manager on the Assurance Program status. The CalTech PMO will also be informed of significant assurance matters via the Monthly Progress Reports.


Surveillance


The MAG Team may delegate specific in-plant responsibilities and authority to Government Inspection personnel responsible for the subcontractor's facility to: (1) monitor and audit compliance with the contractual plans; (2) participate in MRB activities; and (3) conduct inspections on safety and interface items. Except for the safety and interface items requiring verification by inspection, these activities will be conducted in parallel with subcontractor operations.


Deliverable Data


Deliverable data are as specified in the CalTech/BRI contract.


Assurance Reviews


The MAG Team and the CalTech PMO will conduct the following reviews; reviews may be repeated if a major redesign is experienced.


Inheritance Review (IR)


The purpose is to reviewevaluate the instrument's history and pedigree, planned modifications, retesting any limited lifetime items, and ground support equipment. Emphasis will be on compatibility with the ACE spacecraft design.


Pre-Shipment Review (PSR)


This review will be held at the completion of the acceptance tests and prior to shipment.


Flight Readiness Review (FRR)


At Project discretion, the MAG Team will support observatory level reviews when necessary in the ACE flight program.


Verification Requirements


Functional Testing


Functional testing will be conducted at both the instrument and sub-assembly level to verify that the hardware does indeed perform as designed and intended for ACE. Such functional testing will be carried out in ambient conditions and as appropriate during the application of environmental levels equal to or more severe than those expected during launch and orbit. 240 hours of trouble free operation will be achieved prior to the PSR.


Environmental Testing


The WIND MFI is a fully flight qualified unit already tested to the levels specified for the GGS Project. After the ACE required modifications are completed, a workmanship vibration test will be conducted to verify instrument mechanical integrity. A formal Thermal-Vacuum Test will be conducted only if deemed necessary by the ACE Project.A formal environmental test program will be conducted for the ACE/MAG to qualify the design and to provide assurance that the hardware is capable of surviving the environment of ground handling, transportation, storage, launch and orbital operation without degradation. Test requirements imposed at the instrument and sub-assembly levels will be as outlined in a MAG test plan The plan will be discussed at the IR and PSR. Test levels will be those appropriate for ELV launched payloads, as defined in the ACE-CT-100-22, "Environmental Design and Test Requirements for the ACE Payload".


System Safety


Hazard analyses and other system safety functions affecting the ACE/MAG shall be performed under the direction of the Experiment and Instrument Managers.


TheA system safety hazard analysis alreadyshall be conducted for the GGS/MFIACE/MAG is directly applicable to ACE as required for ACE modification. All hazards affecting either personnel and/or hardware have beenshall be identified. The analysis shall be updated as the hardware progresses through its stages of design, fabrication, assembly and test.


Requirements


A system safety plan will be generated by the PMO. The Experiment Manager will verify compliance with the requirements of the plan. The review of system safety will be included as part of the project reviews.


Electrical, Electronic and Electromechanical Parts Control


The following sections are provided only for historical reference. No additional parts or materials control efforts are required.


Only parts whose performance and reliability have been proven shall be used in the ACE/MAG and shall be demonstrated acceptable for the application.


Standard Parts


EEE Parts selected from the listing in section 5.2.1 of ACE-CT-100-020 are standard and are acceptable for this application providing they are applied in accordance with the derating guidelines of MIL-STD-975 and or the GSFC/PPL and are procured to the specification listed in MIL-STD-975 and/or the GSFC PPL. Parts procured to MIL-S-19500E, MIL-M-38510, and MIL-STD-883C shall be considered acceptable for this application without further re-screening except in those cases where existing reliability data requires further testing of individual parts. Radiation dose part/hardness and tolerability to single event effects will be considered.


Non-Standard Parts


Any part not included in the Grade 2 listing of MIL-STD-975 (NASA), the JPL PPL or the GSFC PPL, the GGS Common Buy List or the GSFC approved sub-contractor's PPL, or any part not applied or procured to the specifications prescribed herein, is considered non-standard.


Non-Standard Parts Approval


 The rationale for selection and the supporting data attesting to the acceptability of the non-standard part for the application (both performance and reliability) shall be documented by the Instrument Manager.


Verification and Acceptability


 The verification of acceptability of a non-standard part for a particular application shall be demonstrated on the basis of similarity, existing data, analysis, test or inspection.


Hybrids 


Selection and approval of hybrid microcircuits not included in MIL-STD-975 (NASA) or the GSFC PPL shall comply with the GSFC Specification S-311-74, Hybrid Microcircuit Requirements, Grade 2 or equivalent MIL-STD specification to the extent negotiated with the ACE Project.


Destructive Physical Analysis (DPA)


 When deemed necessary, DPAs will be performed in accordance with GSFC specification S-311-M-70.


Materials and Processes


The following sections are provided only for historical reference. No additional parts or materials control efforts are required.


General


The designer shall only use materials and processes whose performance and reliability have been proven or demonstrated acceptable for the application. Materials selected from NASA SP-3904, TND-7362, and MIL-STD referenced documents in the project documentation, are considered suitable for the application providing the materials are: (1) applied to meet payload unique requirements such as outgassing, flammability, toxicity, corrosion, strength and physical properties, hydrogen embrittlement, wear and thermal expansion; and (2) procured to project controlled specifications. Materials shall be: (1) Non-combustible or self extinguishing and not generate toxic vapors as determined by tests described in NASA NHB 8060.1A; and (2) resistant to excessive outgassing as determined by tests described in ASTM E595-77. Any material with unknown properties, or properties that might jeopardize performance or reliability of the payload shall be verified to be acceptable for the application on the basis of similarity, analysis, test, inspection or existing data. Documentation supporting the selection, application, evaluation and acceptance criteria for all materials shall be prepared by the design engineer. GSFC and Project approval is required prior to the procurement of all materials not meeting the safety and cleanliness requirements.


Preliminary and final materials lists are required; the preliminary lists shall be updated as changes occur. The lists shall: (1) reflect materials usage at the sub-assembly level; (2) specifically identify non-standard materials; and (3) identify procurement sources, and (4) specify materials used in conjunction with flight equipment during fabrication phase, testing and shipment. Processes shall not: (1) degrade the integrity of the materials; or (2) cause other failures to occur. A processes list is required; each process shall be identified in terms of the purpose of the process, such as thermal control, heat treatment, corrosion prevention. Matching end processes lists will be provided to the PMO prior to the inheritance and preshipment reviews. 


Mechanical Parts


General


Mechanical parts such as nuts, bolts and fasteners will be selected in accordance with GSFC-S-313-100 standards on equipment specification from another NASA center.


Devices


Items that do not fall within the part type categories listed in the MIL-STD-975 the JPL PPL and the GSFC PPL are not normally subject to further subdivision or disassembly without destruction of designed use shall be considered devices. There are no standard selection or application criteria for devices.


Parts and Devices List


Preliminary and final parts and devices lists shall be maintained; preliminary lists shall be updated as changes occur. The EEE parts list shall: (1) reflect parts usage on a sub-assembly level; (2) highlight those parts used on safety critical and interface circuits; (3) specifically identify non-standard parts; and (4) identify procurement sources. Parts and devices lists will be provided to the PMO prior to the inheritance and preshipment reviews.


Design Assurance and Reliability


The ACE/MAG design was fully  qualified and tested for the GGS Project. The following sections are provided for historical reference only.


General


The MAG Team will demonstrate that: (1) the design has adequate margins; (2) the hardware has been manufactured properly, and (3) the software has been assembled properly. This will be accomplished by conducting analyses, tests and/or inspections on flight and ground hardware and the associated software, as detailed in subsequent paragraphs. In order that verification is accomplished with the balanced objectives of performance, cost and schedule effectiveness in mind, the verification methods of analysis, test or inspection can be applied individually or in combination. Compliance shall be verified at design and readiness reviews and acceptance.


The MAG Team shall establish design criteria and standardize and control design practices to ensure the designs are capable of: (1) supporting the required mission life; (2) minimizing or eliminating potential sources of human induced failures; (3) permitting ease of assembly, test, fault isolation, repair, servicing and maintenance without compromising safety, reliability, quality of performance; (4) allowing for access requirements which might arise during assembly, test and prelaunch checkout.


Specifications and drawings shall be prepared in accordance with the GSFC aforementioned specification and requirements therein (DOD-D-1000B). The Instrument Manager shall use standard design and packaging criteria in accordance with the applicable NASA and military specifications. Hand and machine soldering shall comply with the requirements of NASA Document NHB-5300.4(3A-1).


The quality assurance personnel shall participate in the design activity to assure that: (1) the quality, reliability, and safety considerations are factored into the design; (2) the design is capable of being inspected and tested; (3) the detailed design is in accordance with controlling design criteria; and (4) the performance, safety and interface characteristics requiring verification and analysis, inspection and/or test are identified and reflected in appropriate lower tier documentation; and (5) all processes and operations in which uniform quality cannot be assured by inspection alone are identified and controls established to ensure hardware integrity.


Failure Mode Effects Analysis


An instrument level failure mode effect analysis (FMEA) shall be performed on the magnetometer/spacecraft interface. The FMEA shall include all electrical, thermal and mechanical flight hardware; interfacing GSE and test equipment. No single point failure shall affect the performance of the remainder of the payload and shall not preclude successfully removing power. The FMEA shall also identify safety critical items and single point failures whose failure or degradation could jeopardize the mission. Results of this effort shall be discussed during the IR.


EEE Parts Circuits Stress Analysis


Parts used in critical circuits/operations (e.g. affecting safety or the interfaces) shall be subject to a stress analysis. The analyses shall consider all expected environmental stresses, use the derating guidelines of the GSFC Preferred Parts List or applicable MIL-STD specification, and be updated as part of every affected design change. Results of these efforts shall be discussed during the IR.


Quality Assurance


The ACE/MAG design was fully  qualified and tested for the GGS Project. The following sections are provided for historical reference only.


Procurement Quality Assurance


Procurement Controls


The project quality assurance personnel shall assure that procurements are processed in accordance with the controlling documentation. The project shall evaluate the documentation for determining the need of source inspection on items affecting safety and interfaces.


Procurement Documentation


The instrument quality assurance personnel shall review and approve procurement specifications prior to release for adequacy of requirements. parts, materials, devices and components for flight hardware shall be procured to MIL-STD or NASA controlled specifications for the MAG experiment. These specifications shall fully identify the item being procured and shall include the necessary physical, electrical, environmental and screening requirements, together with the quality assurance provisions controlling the manufacture and acceptance. Standard EEE parts shall be procured in accordance with the specifications designated for the part. EEE parts screening requirements, which may be included in the procurement specification, shall specify test conditions, failure criteria and lot rejection criteria, where applicable.


Government Source Inspection


The project shall process procurement documents through the designated assurance representative to ensure compliance with controlling documentation and for the determination for the need of government surveillance.


All procurements for items destined to become part of a flight end-time deliverable, and for which there is no current plan to involve Government Source Inspection (GSI), will have included, as a minimum, the following statement on the purchase order: "The Government has the right to inspect any or all of the work included in this order at the supplier's plant."


Procurements for items intended for use in deliverable flight end-items, and for which it is planned to involve GSI, will have the following alternative statement on the purchase order: "All work on this order is subject to inspection and test by the government at any time and place. The government quality representative who has been delegated NASA quality assurance functions on this procurement shall be notified immediately upon receipt of this order. The government representative shall also be notified 48 hours in advance of the time that articles or materials are ready for inspection or test."


Source inspection performed by and for the convenience of the purchaser on procured articles and materials shall not, in any way, replace the purchaser source inspection or release him of his responsibilities for ensured product reliability, quality and safety.


Project Inspection and Acceptance


A controlled, documented receiving inspection and acceptance system covering all purchased material parts, hardware and software is required. Procured items shall indicate evidence of inspection and tests to verify that the item is in accordance with requirements, and that all supportive data is available. When sampling is performed, the requirements of MIL-STD-105 or other applicable military specifications shall be used. Sample inspections are not permitted for mission critical hardware. The project quality assurance personnel shall participate in the inspection and acceptance.


EEE parts which are normally screened by the manufacturer under applicable military specifications, need not be rescreened unless receiving inspection results, alerts, radiation hardness or other factors, such as special design drift tolerances, indicate the need for such rescreening. An internal inspection shall be performed on a de-capped sample of each procured lot or lot-date code for non-standard semiconductor devices, including hybrid circuits.


Non-Conformance Control


The instrument manager is required to implement a non-conformance control system which is a closed loop system for recording, reporting, analyzing, correcting, verifying, and feeding back data on all non-conformance and includes: maintaining records; conducting appropriate analyses and examinations to determine the true cause; accumulating non-conformance data in summary reports; and ensuring the non-conformance has been properly disposed of.


A nonconformance is a condition of any article, material, hardware, or software in which one or more characteristics do not conform to drawing, specification, or contract requirements.


Nonconformances are subdivided into the categories of discrepancies and failures.


A discrepancy is: (1) a missed inspection; (2) an out of sequence inspection; or (3) a workmanship type item which can be reworked, repaired or used as is, so that performance of the instrument is


A failure is an operation outside the limits of specified requirements at the assembled sub-assembly level for electric, electronic, electromechanical, or mechanical hardware. The documenting of nonconformances shall start with the initiation of manufacturing operations, or the receipt of procured parts or materials, whichever occurs first. Nonconformances shall immediately be documented by the persons uncovering the same. Nonconformances shall be disposed of by the Instrument Manager or quality and engineering personnel except for those items affecting form, fit and function which shall be submitted to the Material Review Board (MRB), or GSFC for final approval.


Material Review Board


GSFC - The MRB shall be comprised of the Project Manager, Project Engineer and the Product Assurance Representative and shall review all nonconformances.


Subcontractor - The MRB shall be comprised of subcontractor representatives from engineering and quality assurance and a GSFC designated representative and shall review nonconformances submitted by the subcontractor.


The MRB shall: determine dispositions, ensure remedial and preventive actions; verify implementation of all dispositions; and ensure accurate records are maintained. MRB dispositions require the unanimous agreement of all the board members, and shall specify on of the following:


Waiver: To use or accept hardware at the spacecraft interfaces which does not meet contract requirements; this action requires PMO Approval prior to implementation


Repair: The MRB shall approve repairs. Although standard repair procedures may be approved on a one-time basis, the MRB shall track the number of standard repairs on a per unit basis to insure that reliability or quality are not compromised by excessive repairs


Use-as-is


Scrap


The Instrument Manager shall limit the MRB authority of subcontractors and suppliers to those actions not requiring a waiver.


MRB reports will be provided to the PMO following disposition and implementation.


Failure Reporting


Failure reporting shall commence with the initiation of sub-system integration and continue through the formal acceptance by GSFC. Failure reporting prior to start of acceptance testing shall be documented on GSFC Malfunction Report (MR) Form 4-2. Close out and disposition of the MR is performed by GSFC. Failures occurring during acceptance testing of the instrument shall be documented on the GSFC Problem Failure Report (PFR). Preliminary close out will be performed by GSFC personnel; final close out will be performed in coordination with PMO personnel.


Failure Analysis


All failures occurring during acceptance shall be investigated to establish the true cause. Malfunction reports will be provided to the PMO following initial disposition and also following closeout.


Alert Reports


Alert reports, documenting problems with parts, materials and safety, will be made available to all subcontractors for their determination regarding any impacts on the hardware.


Metrology


A documented metrology activity shall be used to control: tools used for inspection; measurement processes; fabrication and assembly jigs and fixtures; test equipment; and tools subject to wear out, such as strippers and crimpers. The system shall meet the requirements of MIL-C-45662A.


Manufacturing Assurance


A system of controls is required to ensure that characteristics and design criteria specified in technical documents are maintained in all fabricated articles. Controls shall be implemented for those processes where uniform, high quality cannot be assured by inspection of articles alone. The project quality assurance personnel shall ensure that manufacturing operations are in compliance with the controlling documentation.


Inspection


Operations shall be subjected to those inspections necessary to prove that drawing or specification requirements have in fact been satisfied. Inspections must be conducted to verify those parameters or events which cannot be verified at a later time without destructive disassembly of the hardware. Documented evidence is required for those inspections used to verify safety, interface or performance items. Flight PCB coupons will be provided to the GSFC project office for evaluation. Verification by inspection is mandatory for: pre and post test operations; repair and rework. Integration and test operations may be verified on the basis of sample inspections. Stored hardware shall be periodically inspected. The inspection system shall employ a control method which signifies unauthorized hardware entries which thereby result in a break-of-inspection.


Electrostatic Discharge Control


Electrostatic discharge will be controlled by implementation of the procedures contained in GSFC Procedure 303-PROC-018.


Stamp Control


Stamps traceable to the individual performing the inspection, are required.


Integration and Test Assurance


Assurance personnel shall ensure that the instrument is integrated and tested in accordance with controlling documentation. The status, configuration, and integrity of the hardware must be maintained and documented. Integration and test activities shall be conducted in a clean area consistent with the cleanliness and level required by the hardware. Functional test procedures are required for contract end item acceptance tests. Retesting is required whenever: the hardware does not meet contract or specification requirements; failures occur; modification repairs, replacements or rework occur after test start; or as specified by the MRB.


Configuration Verification


The PMO assurance personnel may conduct configuration verification inspections to assure that the as-built configuration is in accordance with the approved documentation that defines the configuration. The project manager shall assure that this configuration is maintained and controlled throughout all fabrication and testing activities.


Acceptance Data Package


The Acceptance Data Package for the MAG instruments end-item shall contain the following:


As-built configuration list


Sub-assembly History Form


Experiment Testing Log Book


Listing of open items with reasons for items being opened


EEE Parts, Materials, Processes and Limited Life Lists.


Trend data


Results of the Final Comprehensive Performance Test


A copy of the Acceptance Data Package shall be shipped with the instrument.


Handling, Storage, Preparation and Shipping


The instrument assurance personnel shall ensure that the integrity of the experiment is maintained in accordance with the controlling documentation for handling, storage, preparation for and during shipping activities and for launch site activities.


Ground Support Equipment


The instrument assurance personnel are required to inspect for general workmanship after completion of fabrication and/or assembly and to verify the functional test of the GSE.


�
Cleanliness and Contamination Control


The design shall be such to preclude the generation of contaminants which could compromise performance of the hardware itself or other hardware in close proximity.


Facility cleanliness requirements shall be consistent with the cleanliness level required to maintain the integrity of the hardware. Contamination sensitive articles and materials fabricated in controlled environments shall be opened, inspected, tested, repaired or modified in an environment equal to or cleaner than the levels in which the equipment was fabricated or processed. Testing and monitoring equipment used in conjunction with the flight hardware, as well as handling an packaging materials shall not serve as a source of contamination. The project quality assurance personnel shall ensure compliance with cleanliness and contamination control requirements. Inputs will be provided to assist with the generation of ACE-CT-100-23, “Contamination Control Plan”.


Software Assurance


The ACE/MAG design was fully  qualified and tested for the GGS Project. The following sections are provided for historical reference only.


The project quality assurance personnel shall assure the integrity and control of flight and ground checkout software is maintained after the software has been developed and debugged. The system shall provide for the detection, reporting, analysis and correction of software deficiencies, verification, validation and regression testing, and that operations are executed properly during acceptance tests


�
.
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