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1. Introduction

This is a preliminary assessment and should not be used as a policy statement.  Additional trade studies and analysis are required prior to any policy making decisions. The purpose of this white paper is to describe the results of an analysis of NASA’s current Electrical Electronic and Electromechanical (EEE) parts management systems including databases to determine if a unified “One NASA” approach to EEE parts for all NASA Centers would be viable and beneficial.  The Centers considered in this paper are Goddard Space Flight Center (GSFC), Marshall Space Flight Center (MSFC), Jet Propulsion Laboratory (JPL) and Johnson Space Center (JSC).  The services provided, requirements documentation and databases of each Center were reviewed and conclusions concerning “One NASA” implementation for EEE parts are offered for consideration. 

2. Executive Summary
In the interests of expediency, only the four major EEE parts organizations within NASA (GSFC, MSFC, JPL and JSC) were considered in this study.   Each Center was evaluated for services provided to the customers, requirements documentation and database capabilities for EEE parts information including test and inventory data.  The availability of the information to outside parties and interactions between the Centers was considered.  The information contained in this report is from web site information and interviews with EEE parts engineers at the Centers. 
Each Center also has similar but separate requirements documentation, EEE parts processes and databases with minimal sharing of parts inventory.  Each Center has evolved an EEE parts process to meet the needs of their customers.  The specific services provided by each Center are described later in this report and relate to the diverse needs of their customers. Some Centers are involved in research (GSFC and JPL) and other Centers do little or no research (MSFC and JSC).  Each Center is meeting the needs of the customer group but the interaction and interdependence of the Centers is virtually non-existent.  Common EEE parts tasks are performed by each Center but the methodologies are different and the data from the testing is not generally available or used by the other Centers.  The most surprising finding is that JPL has a massive inventory of parts which is minimally used by other Centers.
It is the opinion of the author that the idea of using a single EEE parts process is not viable for the current programs for the Centers considered due to the diversity of customers and missions.  However, a single parts inventory would be very advantageous to ALL Centers as would a single process for common tasks (destructive physical analysis (DPA), reliability and failure analysis, radiation testing) with the accompanying data collection and archival in a single database.  The cost to develop databases is considerable.  However, significant gains could be realized by developing a single EEE parts process from scratch to support the Exploration Vision and then migrating that across the Agency.
3. EEE Database Capabilities

3.1 Goddard Space Flight Center (GSFC)

3.1.1 Services Provided
GSFC has a robust EEE parts capability.  The main customers for EEE services are satellites and payloads inside and outside of GSFC with limited Shuttle and ISS vehicle hardware.  GSFC is involved in operational and educational as well as research activities in the area of EEE parts.  GSFC uses mainly military parts for most applications but uses commercial parts when properly screened and tested.  GSFC has on-site radiation testing capability at the Radiation Effects Facility (REF) and supports off-site testing.  GSFC defines the testing regime based on the radiation environment the part will encounter and attempts to characterize the performance of the part in the expected environment.  GSFC has the capability to do Total Ionizing Dose (TID) (in-house) and Single-Event Effect (SEE) (out of house) radiation testing and analysis of the test data to determine the usability of the part under consideration.  Destructive Physical Analysis (DPA), failure analysis and reliability analysis can also be performed on-site although outside capabilities are also used.  Appendix A “GSFC Services” provides a more detailed summary of GSFC capabilities.
3.1.2 Requirements Overview

GSFC has well-defined EEE parts requirements that are found in EEE-INST-002.  EEE-INST-002 is intended to be used by all GSFC projects but some contractual situations may require other approaches.  GSFC requires primarily military grade parts but uses commercial parts with appropriate vendor audits and additional testing when required to meet performance objectives.  Three grades of parts are used that carry a corresponding reliability rating.  

The following criteria are used for each level: 

· Reliability (Level) 1 – highest reliability/lowest risk (space flight equipment) applications requiring 5 years of service or more 

· Reliability (Level) 2 – low to moderate risk applications (space flight or critical ground support equipment) requiring 1-5 years of service
· Reliability (Level) 3 – high risk to unknown risk applications (space experiments and ground support equipment) requiring 1-2 years of service

Parts Control Boards (PCBs) are implemented by the developer or Mission Assurance Requirements as required.  A PCB consists of a multi-functional team usually including quality, reliability, design and radiation representatives as well as the Project EEE Parts Engineer.  The PCB controls parts selection and determines appropriate screening, qualification testing and derating.

3.1.3 Databases
The GSFC Parts Analysis Lab database contains data on the screening and analysis performed on parts in GSFC projects.  The following items are components of their body of knowledge:  
· Parts Analysis Lab database – This contains data on the screening and analysis performed on parts in GSFC projects. The database is written in Macromedia Coldfusion.

· GSFC EEE Parts Database – Parts lists from GSFC projects. Software is web-based.
· NASA Parts Selection List – NASA funded web-based listing of parts derived from past NASA experience such as MIL-STD-975, the NASA Standard Parts List (canceled) and the GSFC Preferred Parts List and augmented with more current parts on an on-going basis.  The NPSL also documents lessons learned through its application notes.  The NPSL is publicly available over the Web and is written in Macromedia Coldfusion.

· GIDEP database – This is a database listing GIDEP information. Software is web-based.

· 311Specification Document database – This is a database with specification information on specific parts. Software is web based.

· GSFC NASA Advisory database – This is a database of NASA advisories. Software is web-based.

· GSFC Plastic Encapsulated Microcircuit (PEM) database – This is a database of parts information on PEMs. Software is web based. 
· NASA/GSFC TID test report database – web-based listing of results for tests performed at GSFC for total ionizing dosage.  Language is HTML.
· The GSFC Common Parts Selection List (CPSL) is in development.  The CPSL will be a partnership of NASA and industry to facilitate common buys between projects and to determine upcoming part needs and stocking of residuals.  It is also planned to use commercial distributors to establish local stocks of frequently used parts on the CPSL to reduce procurement time.  The CPSL is being developed in Microsoft Access.

· EEE Parts Inventory – There is no central parts inventory database. EEE parts are found via searching existing stockrooms and contacting project engineers.
3.2 Marshall Space Flight Center (MSFC)
3.2.1 Services Provided
Marshall Space Flight Center provides EEE parts capability to payloads and vehicle hardware.  The requirements are well defined in MSFC-STD-3012.  MSFC is mainly involved in operational hardware with minimal research in the EEE parts field.  MSFC is in the process of upgrading the flight hardware development database to capture more information about flight projects including project related EEE parts data.
3.2.2 Requirements Overview

The EEE parts requirements for MSFC are found in MSFC-STD-3012.  The requirements are tailored to each project by the project manager based on the hardware requirements.  The requirements apply to space hardware and critical ground equipment.  MSFC generally uses military parts with some commercial parts allowed after additional testing.  MSFC-STD-3012 has four categories of EEE parts: 
· Grades 1-3 are similar to the definitions in EEE-INST-002 defined above in the GSFC section 
· Grade 4 is defined as low reliability applications on hardware such as space flight experiments and ground support equipment

Each project is required to produce a EEE Parts Plan to assess the level of the EEE parts application (1-4). The plan must consider screening, qualification of parts, parts configuration control, parts application, commercial-off-the-shelf (COTS) usage, parts data, manufacturing, derating and quality assurance and is produced and enforced by the Project Manager.  The details of each of the sections of the EEE Parts Plan (as described above) are considered in detail in the requirements.  Appendix B “Marshall Services” provides a more detailed summary of MSFC capabilities.
3.2.3 Databases

The following are components of the MSFC body of knowledge:  

· Flight Hardware database – This database includes parts lists of projects and other project information.  This database includes some existing EEE parts inventory. The database is written in Microsoft Access.
· DPA/Failure analysis – Some newer tests and failure analyses are available electronically with some older tests available in paper format.  The database is written in Microsoft Excel.
· EEE Parts Inventory – There is no central parts inventory database. EEE parts are found via searching the Flight Hardware database, existing stockrooms and contacting project engineers.
3.3 Jet Propulsion Laboratory (JPL)
3.3.1 Services Provided
JPL has the most comprehensive EEE parts program of any of the NASA Centers.  JPL provides engineering support as well as procurement support for mainly satellite and payloads customers.  All customer needs for parts from design and procurement to flight are accommodated at JPL.  JPL can provide EEE parts engineering to the project to assist them in choosing the proper parts for the mission and will then procure the parts for the project.  The project purchases the parts and the unused parts become part of JPL inventory.  JPL makes extensive use of commercial parts and is much more involved in the research aspects of EEE parts than the other Centers.  JPL performs radiation testing defined by the environment the part will encounter. They perform testing at the part level to characterize the performance of the part.  They do TID and SEE testing.  They are also able to do DPA, failure analysis, radiation testing support and reliability analysis on-site.  JPL uses a sophisticated Oracle database to do financial planning which includes EEE parts data including current EEE parts inventory. Appendix C “JPL Services” provides a more detailed summary of JPL services.

3.3.2 Requirements Overview

EEE parts requirements are found in D-20348 “JPL Institutional Parts Program Requirements” (IPPR).  These requirements are used for all JPL projects.  The document covers the technical and project aspects of EEE parts and supports the end-to-end EEE parts process at JPL.  The document uses mainly military specifications to define parts criteria including testing and derating.  EEE parts processes are defined including the process for parts non-conformance adjudication.  The requirements define a Parts Control Board which  considers EEE parts issues such as non-conformances with signature authority for JPL projects.
3.3.3 Databases

The following are components of the JPL body of knowledge:  

· Integrated Inventory and Planning System (INIX) – comprehensive database used for planning that includes EEE parts information. The INIX has current inventory but some of the functionality of the previously used database (Electronic Parts Information Network System (EPINS)) is still in work. This database searchable by JPL only.  The database is written in Oracle.
· RadData database – test results for TID and SEE tests done by JPL. The database was written by a graduate student using a non-commercial package.
3.4 Johnson Space Center (JSC) 
3.4.1 Services Provided

Johnson Space Center provides EEE parts engineering support for manned space flight projects for Space Shuttle, International Space Station, payloads and Government Furnished Equipment (GFE).  JSC uses commercial parts and other OTS hardware in many non-critical applications.  JSC has the on-site capability for DPA and failure analysis.  JSC supports Radiation testing by defining requirements and supporting projects during testing at Indiana University.  EEE parts processes are well defined with requirements documents for Space Shuttle (MF0004-400 “Orbiter Project Parts Requirements (OPPR)”), Space Station (SSP 30312 – “Electrical, Electronic, and Electromechanical (EEE) Parts Management and Implementation Plan for the Space Station Program Volume I”) and Government Furnished Equipment (JSC 61360 – “Engineering Directorate Certified Parts Approval Process (EDCPAP)”).  JSC is mainly an operational Center with minimal research capability or focus.  JSC is developing an extensive flight hardware database that will include EEE parts information and will incorporate parts data from the existing EEE parts database. Appendix C “JSC Services” provides a more detailed summary of JSC capabilities.

3.4.2 Requirements Overview

JSC uses three different EEE requirements documents and one guideline.  They are as follows: 

· Space Shuttle – MF0004-400 – This document houses the formal process for all EEE parts on the Shuttle vehicle equipment.  This requirements document is similar to the previously described documents with requirements for purchase, test, screening and usage of EEE parts.  The projects require formal approval for parts or processes not meeting requirements.
· Space Station - SSP 30312 – This document houses the formal process for EEE parts on the ISS vehicle.  This requirements document is similar to previous requirements described in the paper and along with the Space Shuttle document above requires a formal approval for deviation from the requirements via a Parts Control Board.
· EDCPAP – This is an engineering directorate process/requirements document for EEE parts for GFE  at JSC. This document allows the use of Best In Class commercial parts.
· Payloads – This is a EEE parts guideline developed by JSC engineering for use by the payloads community.
3.4.3 Databases

The following are components of the JSC body of knowledge:  

· Parts Inventory – There is no central parts inventory database.  EEE parts are found via searching existing bond rooms and contacting project engineers for access to spares.
· Parts lists database – This database includes parts lists, and historical project information available to JSC EEE parts group. The database was built using  Microsoft Access.  Government Industry Data Exchange Program (GIDEP) searches are performed on this database.
· Parts suppliers – This is a web based listing with links to vendors.
4. Benefits/Challenges to Implementation for EEE Parts
4.1 Benefits

· A single, easily accessible inventory of EEE parts across the agency would be advantageous to ALL Centers and potentially outside organizations as well.

· NASA’s costs would be reduced by better utilization of procured parts. Currently, several projects across the Agency could be buying the same minimum purchase quantities of a given part when one minimum quantity probably exceeds the number of parts needed by all the projects combined.
· A single listing of all EEE parts lists including historical usage would be advantageous to ALL Centers and potentially outside organizations as well.

· Every Center could know what has and has not been used in the past.  This would be especially good for Centers using similar parts and supporting similar missions; GSFC and JPL science missions for example.
· A single process including data collection and archival for common EEE parts activities: DPA, radiation testing, failure and reliability analysis would be advantageous to ALL Centers.

· Costs would be reduced through elimination of redundant DPAs.

· Lessons learned from failure analyses would be better shared helping to avoid repeats of the same problems.

· Using a single process could develop a common skill set for EEE parts engineers NASA wide so that resources could be shared.  It would also ensure the needed talent is available for critical missions.
· A database of current EEE parts inventory could be an important tool in the development of a EEE parts process and tool set for the Exploration mission.
· Exploration will likely require a combination of the existing EEE parts processes and tools.
4.2 Challenges
· Each Center has different mission and the processes have successfully evolved to meet the needs of the specific customers. 
· Each Center has developed slightly different EEE parts programs. They all seem to be effective and have similar content just different structures.
· Money transfers between NASA Centers for EEE parts are difficult which minimizes part sharing between Centers.
· Interviews with numerous parties at each Center verified this information.

· Distributed databases connected after development are technically challenging and depend on significant resources to develop.

· The interconnection of a set of aging databases into a single database has been considered numerous times and inevitably the decision is to use new database technology and software.  The cost to develop new versus distributed is generally outweighed by the superior performance and future capability of the new database.
· The cost of a new database and maintenance of that database is substantial.
· Ingenuity in the construction of the database could offset some costs. Developing the database as a resource for the Exploration Vision and then migrating Center-specific databases may be one approach.

· Commercial parts pose many challenges to NASA. For use in spaceflight applications, their typically short life cycle of two or three years reduces the potential value of a comprehensive “use” database.

· By the time a part is tested and used in a design, the manufacturer has often improved the part due to changing needs in the industry. When the part is updated, the previous testing is not valid and no longer useful.

· Typically, the most difficult challenge is to get people to adapt to a new tool or way of doing things.
· Establishing a NASA EEE parts database as an underpinning of the Exploration Vision would make it part of a new community rather than a challenge to the old.

· Once the benefits of the “One NASA” database become apparent, the Centers will be more willing to migrate over their systems.

· The Oracle based system being adopted by the JPL represents a major challenge of compatibility with non-Oracle systems.

· Oracle is not readily compatible with web based or Microsoft databases. 

5. Conclusions 

This is a preliminary assessment and should not be used as a policy statement.  Additional trade studies and analysis are required prior to any policy making decisions. The conclusions reached in this white paper are that each Center has a EEE parts capability and mission that are currently successful from the Center’s perspective. However, the lack of commonality and the potential for overlap, duplication and inefficient use of resources increase costs and reduce effectiveness from a NASA perspective.  In general, there is little interaction between Centers to share information or materials except for the weekly NEPAG telephone conferences.  The inventory of flight parts held by JPL is underutilized.  The difficulty in transferring funds and overcoming ownership issues between JPL and the Centers is certainly a factor but if NASA wanted it to happen it would happen.  There are similar functions performed by all Centers: radiation testing, failure analysis, vendor evaluation, parts list tracking, but each Center controls its own data and it is not easily accessible by other Centers..  The databases considered in this study are mainly used by the respective Center only.  Radiation testing data is the exception and is easily available to all Centers via the Internet for a wide variety of parts.  Otherwise, Center-to Center interchange of EEE parts information is still largely human to human. 
A single EEE parts inventory database and a generic process for common tasks (including database maintenance) would be enormously advantageous to NASA, however, the cost of developing such a new database is substantial and a carefully studied approach is necessary to maximize benefit while keeping cost manageable. 
If a “One NASA” approach to EEE parts management is pursued it will require Headquarters leadership to help persuade Centers to abandon their long held, individual approaches and adopt a new common one. 

Recommendations
This is a preliminary assessment and should not be used as a policy statement.  Additional trade studies and analysis are required prior to any policy making decisions. It is recommended that a single NASA database be developed for EEE parts inventory. It is also recommended that a single process guideline for common EEE tasks be developed.  These developments will be the beginning of a single EEE parts process to be used by all of NASA for the Exploration Vision.  Using the research and ingenuity of the manned and unmanned Centers, a strategy should be pursued that facilitates the development of needed technologies, allows for sharing of information and processes and spearheads the development of tools to achieve success in the Exploration Vision.  Once the databases are developed, historical information should be imported to be used by all NASA Centers and where possible to contractors and outside organizations.
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Appendix A - GSFC Services

· EEE parts Engineering

· Project support for parts selection and testing

· Parts Analysis Lab

· Screening/qualification of parts

· Failure analysis

· Destructive Physical Analysis

· Database of historical parts data

· NASA Electronic Parts and Packaging Program (NEPP)

· Research into emerging technologies

· Clearinghouse for parts information for all NASA Centers

· Regular training and seminars on EEE subjects of interest

· NASA EEE Parts Assurance Group (NEPAG)

· Electronic Parts Area of Emphasis

· Emerging technologies
· PEMS
· Radiation testing

· On-site radiation testing

· GSFC Radiation Database

· Testing results for parts

· Radiation Total Dose (RTD) list on the Internet

· RTD test results for parts

· Radiation environments modeling
Appendix B - MSFC Services

Services at MSFC include;

· EEE parts engineering group
· Project support for definition of requirements and compliance verification

· Support inhouse design for part selection and problem resolution

· Member of Defense Supply Center Columbus parts manufacturer sourcing and qualification audit team

· Review of military specification changes as an advocate for issues critical to space applications

· Parts Analysis
· Screening/ qualification of parts - Particle Impact Noise Detection (PIND), radiography, hermeticity testing, electricals (at temperature), and construction analysis.

· Failure Analysis

· Destructive Physical Analysis

· Database of historical parts data

· Radiation test support and analysis
· Environmental engineering support for parts selection and testing
· Part Package Reliability

· Thermal testing of daisy chained packages

· Analysis
Appendix C - JPL Services

· EEE parts Engineering

· Project support for parts selection and testing

· Parts Analysis Lab

· Screening/qualification of parts

· Failure analysis

· Destructive Physical Analysis

· Database of historical parts data

· NASA Electronic Parts and Packaging Program (NEPP)

· Research into emerging technologies

· Clearinghouse for parts information for all NASA Centers

· Regular training and seminars on EEE subjects of interest

· NASA EEE Parts Assurance Group (NEPAG)

· Electronic Parts Area of Emphasis

· Emerging technologies

· Radiation testing

· On-site radiation testing

· GSFC Radiation Database

· Testing results for parts

· Radiation Total Dose (RTD) list on the Internet

· RTD test results for parts

The process is shown below:
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Appendix D - JSC Services

Services at JSC include:

· Flight project support

· Review of parts lists

· Review of non-conformances

· Support of Parts Control Board for ISS

· Review/generation of test plans for electronic parts

· Reliability assessments

· Receiving, Inspection and Test Facility

· Screening of electronic components

· DPA

· Failure analysis

· Qualification of electronic parts on a limited basis

· Radiation testing group (TID and SEE)

· Test support at Indiana University

· Review of test results

· Modeling of the Low Earth Orbit environment for TID and SEE
· Principle areas of participation in NEPP

· Parts obsolescence

· Micro-Electro-Mechanical Systems (MEMS)

· Board level testing and analysis for LEO
Appendix E - Acronym Listing

	COTS
	Commercial-off-the-shelf

	DPA
	Destructive Physical Analysis

	EDCPAP
	Engineering Directorate Certification Parts Approval Process

	EEE
	Electrical, Electronic, and Electromechanical

	EPINS
	Electronic Parts Information Network System

	GIDEP
	Government-Industry Data Exchange Program

	GRC
	Glenn Research Center

	GSFC
	Goddard Space Flight Center

	ISS
	International Space Station

	IU
	Indiana University

	JPL
	Jet Propulsion Lab

	JSC
	Johnson Space Center

	LEO
	Low Earth Orbit

	LRC
	Lewis Research Center

	M
	Million

	NASA
	National Aeronautics and Space Administration

	NEPAG
	NASA EEE Parts Assurance Group

	NEPP
	NASA Electronic Parts and Packaging Program

	OPPR
	Orbiter Project Parts Requirements

	OTS
	Off the Shelf

	PDF
	Portable Document Format

	RTD
	Radiation Total Dose

	SEE
	Single Event Effect

	TID
	Total Ionizing Dose
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