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1.0 Purpose
The purpose of this document is to define the Engineering Directorate policies and requirements for Configuration Management (CM) of all Government Furnished Equipment (GFE) flight projects as defined in EA-WI-002, “Project Approval and Implementation Procedure” and to establish the charters and procedures for the Engineering Activities Review Board (EARB) and the Engineering Directorate Systems Engineering & Integration (SE&I) Office.  As such, this document defines configuration management terminology; establishes the Engineering Directorate management structure, roles, and responsibilities for configuration management; and establishes the minimum set of requirements and procedures for implementing configuration management on flight projects.
2.0 Scope

The policies and requirements defined herein are applicable to all Engineering Directorate civil servants and contractors supporting Engineering GFE flight projects as defined in EA-WI-002.  

The policies and procedures established herein are applicable to all Engineering Directorate civil servants and contractors who:

1.  Process items through the EARB and/or the Engineering Directorate SE&I Office.
2.  Review and evaluate Customer/Sponsor requests.
3.  Process change requests to programmatic documents.
3.0 Definitions

This section contains definitions for selected CM terminology.  Refer to Appendix A for a more extensive listing of definitions.
Table 3‑1  Configuration Management Definitions

	Term
	Definition

	Baseline
	Official version of a configuration controlled item that can only be changed through a formal review, evaluation, or approval procedure.  A fundamental element of configuration management is to establish accurately defined baselines (documentation, hardware, software, and firmware) to serve as the point of departure for controlling subsequent requirements, performance, and design changes.  There are three technical baselines that are documented through a collection of controlled documents and drawings: the Requirements Baseline, the Design Baseline (“Design-To”), and the Certified Design Baseline (“As-Built”) - refer to Appendix A for definitions and for timeframe when these baselines are placed under configuration control. 

	Baselined 
	Process by which an item is reviewed, approved, and controlled via configuration management process.  

	Configuration Management
	The task of integrating and accomplishing in an optimal manner the four subtasks of configuration identification: configuration baseline, configuration accounting, configuration change control, and configuration verification.  

	Customer
/ Sponsor

	Anyone requesting project related work from elements of the Engineering Directorate.  

	Lead Division
/ Office

	The Division or Office within the Engineering Directorate assigned to lead a project.

	Waiver
	A written authorization to accept designated items that are found to depart from specified requirements (e.g., during production or after having been submitted for inspection or after delivery).


4.0 Quality Records and Forms

4.1 Quality Records

Documentation and drawings that comprise the technical baseline are controlled and maintained as quality records per SLP 4.4, “Design Control.”  Change requests, dispositions, associated actions, and waivers or deviations are also maintained as quality records.  Internal Engineering Directorate change processes or Customer change processes may be used depending on the type of documentation and the life cycle phase of the project.  
4.2 Forms

Forms referenced herein are shown below along with where they are located.

Table 4‑1  Engineering CM Forms used for GFE Projects
	Form No.
	Title
	Available at

	Form EA-002 
	Project Approval Form
	SE&I Forms

	Form EA-012  
	Request for GFE (RFG) 
	SE&I Forms

	JF114 
	EVA Project Office – EVA Configuration Control Board Change Request/Directive (as defined in XA-ISO-002 EVA Hardware Board WI for EVA Project Office Boards and Procedures)
	JSC Forms

	ISS_CM001
	International Space Station Change Request
	ISS CM Blank Forms

	ISS_CM_008 
	Change Request/Directive Form
	ISS CM Blank Forms

	Forms 4000A & 4000B 
	SSP Change Request (2 pages) (as defined in NSTS O7700, Volume IV Configuration Management Requirements)
	SSP Forms

	Forms 4040 & 4041 
	SSP ICB Change Request (as defined in NSTS O7700, Volume IV Configuration Management Requirements)
	SSP Forms

	Forms 4047A & 4047B 
	Flight Crew Equipment Management Office Flight Crew Equipment Configuration Control Board Change (2 pages)
	SSP Forms

	JSC Form 1480 
	JSC Internal Task Agreement (ITA)
	JSC Forms

	JSC Form 1481 
	Agreement Modification Record (AMR)
	JSC Forms

	JSC Form 2174 
	Failure Investigation Action Report (FIAR)
	JSC Forms


Johnson Space Center forms are available in a searchable database located at http://forms.jsc.nasa.gov/.  

5.0 References
These references were consulted for writing this work instruction.

Table 5‑1  Engineering CM Reference Documents

	Document Number
	Document Title
	Document Location

	JPR 8500.4
	Engineering Drawing System Manual
	EA1 Master List

	NSTS 07700

Volume IV
	Configuration Management Requirements
	MA Master List : 
Space Shuttle PDC

	SSP 50123
	Configuration Management Handbook
	OA Master List : PALS Search Index

	XA-ISO-002
	EVA Hardware Board WI for EVA Project Office Boards and Procedures
	XA Master List

	JSC SLP 4.4*
	Design Control
	SLP Master List

	JSC SLP 4.8
	Product Identification and Traceability
	SLP Master List

	EA-WI-002
	Project Approval and Implementation Procedure
	EA1 Master List 

	EA-WI-023
	Project Management of GFE Flight Projects
	EA1 Master List 

	EA-WI-025
	GFE Flight Project Software and Firmware Development
	EA1 Master List

	JSC 27760
	GFE Flight Projects Home Page Requirements Document
	EA1 Master List

	JSC 28035
	Space Shuttle/Space Station

Program Problem Reporting and Corrective Action Requirements for

Johnson Space Center Government Furnished Equipment
	Joint Program Document List

	LA-CWI-02
	Internal Task Agreements
	EA Master List


* Note: This work instruction is traceable to SLP 4.4, “Design Control.”
6.0 Tools, Equipment, and Materials

None required over and above the JSC standard office automation tools and the Engineering Directorate’s engineering and project management tools.

7.0 Personnel Training and Certification

None.

8.0 Configuration Management Structure and Responsibilities

Three levels of configuration management apply to Engineering Directorate projects: 
1.  Customer/Sponsor.
2.  Engineering Directorate.
3.  Division/Office.
The documents and other configuration articles such as hardware, software, firmware, and electronic files that are controlled by the three levels are defined in EA-WI-002 and EA-WI-023.  
8.1 Customer/Sponsor Configuration Management

CM activities that relate to the Customer/Sponsor can be categorized in two areas: 
1.  Activities initiated by Engineering Directorate personnel.
2.  Activities initiated by the Customer/Sponsor.  

8.1.1 Engineering Directorate-Initiated Activities

All baselines (and subsequent changes or waivers) of jointly approved documents (those approved by both the Engineering Directorate and the Customer/Sponsor) that are initiated by Engineering Directorate personnel will be reviewed and approved by the Engineering Directorate’s SE&I Office prior to submittal to the Customer/Sponsor. Refer to Section 9.4 for the appropriate procedure.  
Likewise, all changes to Customer/Sponsor-controlled documents (e.g., program specifications) that are initiated by Engineering Directorate personnel are also reviewed and approved by the Engineering Directorate SE&I Office prior to submittal to the Customer/Sponsor.  Refer to Section 9.4. 

8.1.2 Customer/Sponsor-Initiated Activities

Customer/Sponsor-initiated activities that require review by the Engineering Directorate such as requests for GFE (RFGs), change requests (CRs) to GFE, and program change requests including changes to program specifications or to contractor-furnished equipment are coordinated through the Engineering Directorate SE&I Office. Refer to Section 9.2 for appropriate procedure. 

8.2 Engineering Directorate Configuration Management

At the Directorate level, CM is accomplished via the EARB and the Engineering Directorate SE&I Office.
8.2.1 Engineering Activities Review Board (EARB) Charter

The Engineering Activities Review Board (EARB) has been established to review and approve or disposition projects that meet criteria specified in EA-WI-002.  The EARB also reviews or dispositions other topics such as policy as deemed necessary by the Director of Engineering (Director).  
The Director or designee chairs the EARB.  EARB membership is composed of Engineering Deputy Directors, Division Chiefs, and Office Managers.  Minimum attendance at any EARB is determined by the Director based on subject matter.  The EARB is convened at the discretion of the Director based on need or as requested by the Engineering Directorate SE&I Office Manager or at the request of a Division Chief/Office Manager.  As defined in Section 8.2.2, the Engineering Directorate SE&I Office supports the EARB.  The procedures for processing items through the EARB are defined in Sections 9.4 and 9.5. 
8.2.2 Engineering Directorate Systems Engineering and Integration Office 
The Director has delegated the following responsibilities to its System Engineering and Integration Office:
1.   Review and approval or disposition of flight projects as defined in EA-WI-002, “Project Approval Implementation Procedure.”
2.  Review and approval of flight project related documentation (baseline and subsequent changes) as defined in EA-WI-023 including the Project Management Plan (PMP) and Project Technical Requirements Specification (PTRS). 

3.  Review and approval of all Engineering Directorate-initiated changes to documents that are jointly approved by the Engineering Directorate and the Customer/Sponsor.

4.  Review and concur on all other CRs and waivers to Customer/Sponsor-controlled configuration items. 

5.  Review coordination, integration of responses, and concurrence on all Engineering Directorate review comments to Customer/Sponsor-initiated RFGs and CRs. 

6.  Provide administrative support to the EARB.

7.  Propose requirements for and implement an Engineering Directorate SE&I Office Home Page and the Engineering Directorate Flight GFE Home Page.

In order to accomplish these responsibilities, the Engineering Directorate SE&I Office has established a Configuration Management Group (CMG).  

8.2.2.1 Configuration Management Group (CMG)

The CMG is established to support the CM activities of the Directorate including:

1.  Reviewing Division compliance with EA Directorate CM policies.

2.  Identifying CM issues that require EARB review.
3.  Developing and distributing agendas and minutes for the EARB and scheduling meetings as requested.
4.  Maintaining records (hardcopy and electronic) of all items processed by the EARB and the Engineering Directorate SE&I Office.  
5.  Establishing and maintaining a database for tracking the status of all Engineering Directorate-initiated baseline/changes/waivers to jointly controlled items or Customer/Sponsor controlled items, as well as the status of Engineering Directorate responses to Customer/Sponsor-initiated activities such as Form EA-012, CRs, flight rules, etc.  Status is to include:

a.  Where an item is in the review/disposition process (e.g., within EA and the Customer/Sponsor processes).
b.  Customer/Sponsor disposition of: 
i.   Documents submitted for Customer/Sponsor signatures such as Internal Task Agreements (ITAs), PMP, PTRS, or Interface Control Documents (ICDs).
ii.  Engineering Directorate-initiated change requests/waivers submitted to Customer/Sponsor for disposition.

c.  Final disposition of Customer/Sponsor-initiated activities such as change requests.

d.  Metrics of item review/approval. 

6.  Establishing and maintaining a database for tracking actions assigned by the EARB. 
7.  Initial Engineering Directorate review of Customer/Sponsor-initiated activities including Form EA-012, CRs, flight rules, etc., in order to determine completeness and which proposed Engineering Directorate organization should review these activities.  

8. Distribute items for Engineering Directorate review. 
9.  Review all items submitted to EARB for compliance with CM requirements defined or referenced in this work instruction.
8.3 Division/Office Configuration Management

Responsibilities for a Division Chief/Office Manager include the following:
1.  Establish, document, and implement a configuration control process to identify, review, approve, and control those items for which the Divisions/Offices have been given delegated approval authority, meaning that the process is controlled at the Division/Project Manager level as outlined in these references: 
a.  EA-WI-002, “Project Approval and Implementation.”
b.  EA-WI-023, “Project Management of GFE Flight Projects.” 
c.  EA-WI-025, “GFE Flight Project Software and Firmware Development.”  
The minimum requirements for the CM process are defined in Appendix B. 
2.  Review, approve, and control configuration documentation for which the Divisions/Offices have been given delegated approval authority or identify and document the delegation of these responsibilities within the Division/Office.
3.  Review, concur on, and forward to the Engineering Directorate SE&I Office configuration documentation that require EARB or Engineering Directorate SE&I Office Manager approval/concurrence as defined in EA-WI-002, EA-WI-023, and/or EA-WI-025.
4. Identify Points of Contact (POCs) for CM implementation.
5. Review and provide comments to the CMG on items assigned to the Division/Office for review such as Form 012  and Customer/Sponsor-initiated changes.  Where delegated, provide list to the CMG of Division/Office personnel authorized to provide such Division/Office responses.  

6.  Identify and disposition discrepant products following the requirements stated in Appendix B. 

7.  Ensure that contracts for products subject to this work instruction include at least the minimum CM requirements defined in Appendix C.

8. Maintain quality records as defined herein.
9.0 Procedures

9.1 Procedures for Division/Office Controlled Items

The CM procedures of items controlled by the Division/Office are documented in the respective Division/Office CM plans as required by Appendix B.   The Lead Division/Office maintains the results of any CR including disposition of the CR and any associated actions as quality records (per SLP 4.4).  Procedures for items controlled by the contractor are documented in the appropriate contractor CM plan as required by Appendix C.
9.2 Procedures for Dealing with Customer/Sponsor-Initiated Changes/Actions

All Customer/Sponsor-initiated requests such as Form EA-012, Customer / Sponsor-initiated change requests, or documents for review will be submitted to the CMG by the Customer/Sponsor.  If a request is submitted directly to someone within the Engineering Directorate, that individual will forward the request to the CMG for logging and distribution.  The CMG will log the request into the database and schedule it for discussion. At the Engineering Directorate SE&I Office-sponsored screening meeting with the Shuttle/Station Engineering Office and the CMG, the mandatory Engineering Directorate evaluator(s) will be determined.  The CMG forwards the material package to the appropriate Division/Office specified POC (e.g., EV CM Receipt Desk mailbox) for review and evaluation with approximately two weeks typically allowed for the evaluation process.  

The Division/Office evaluates assigned material and provides an integrated Division/Office response that is approved by the Division Chief/Office Manager or designee to CMG by the assigned due date.  In cases where the assigned due date cannot be met, the Division Chief/Office Manager or designee coordinates a new due date with CMG. 
The CMG logs, integrates, and provides the Division/Office responses to the Engineering Directorate SE&I Office or to the Shuttle/Station Engineering Office for concurrence.  Concurrence by Engineering Directorate SE&I Office or the Shuttle/Station Engineering Office is determined by the program the material supports: 
· Engineering Directorate SE&I Office (EA2) for GFE changes

· Shuttle Engineering Office (EA4) for non-GFE NSTS changes

· Station Engineering Office (EA4) for non-GFE ISS changes

The CMG logs results in the database and submits the evaluation results to the appropriate Customer/Sponsor (typically a Program/Project Office Board).  The CMG tracks Customer/Sponsor disposition of the item including any actions assigned to Engineering Directorate as a result of final disposition (e.g., Program/Project Office directive actions).  The CMG provides a copy or sends a link to the directive to the Lead Division/Office,  Engineering Directorate SE&I Office, and Shuttle/Station Engineering Office and provides the status of each item until all Engineering Directorate actions and any associated funds transfers to EA are completed.   

If the final disposition requires a change to an Engineering Directorate project’s baseline, the Lead Division/Office prepares a change package for the Division/Office to disposition for implementation as required.

9.3 Procedures for Dealing with Engineering Directorate Initiated Changes/Actions to Jointly Approved or Customer Controlled Items

All items that are approved or controlled external to the Division/Office will be submitted to the CMG for processing per Section 9.4. 
Items that fall in this category include: 

1.  Items reviewed/approved by the Engineering Directorate SE&I Office or EARB (e.g., Form EA-002), per EA-WI-002. 

2.  Engineering directorate initiated baselines, changes, waivers, or deviations to items that are jointly approved by the Engineering Directorate and the Customer/Sponsor (e.g., PMP, PTRS, ICDs, ITAs), per EA-WI-002. 

3.   Engineering Directorate initiated changes to Customer/Sponsor-controlled items (e.g., program specifications, contractor furnished equipment documentation).

Customer/Sponsor-initiated requests (e.g., Form EA-012, CRs) are likewise reviewed and processed by Engineering Directorate SE&I Office per Section 9.2. 
9.3.1 Engineering Directorate Initiated Baselines, Changes or Waivers to Jointly Approved or Customer/Sponsor Controlled Items

The approving authority for documents and data products is specified in EA-WI- 023.  All baselines (or changes) to jointly approved documents are submitted to Engineering Directorate SE&I Office for review and approval (per Section 9.4) prior to processing through the appropriate Customer/Sponsor configuration control process.  Customer/Sponsor configuration control processes are established by the approving authority organizations.  For ISS boards/panels and their respective procedures, refer to SSP 50123-01 “Space Station Configuration Management Handbook, Vol. I”.  For Shuttle boards and their respective procedures, refer to NSTS 07700 Vol. IV - Book 1, “Space Shuttle Configuration Management Requirements.”  For EVA Project Office boards and procedures, refer to XA-ISO-002, “EVA Hardware Board WI.”  Unique processes and forms are required for changes to ITAs and for processing waivers to Customer/Sponsor approved or controlled requirements.  
9.3.1.1 Internal Task Agreements (ITAs)
The format for Internal Task Agreements (ITAs) and ITA changes is documented in LA-CWI-02, “Agreements.”  

9.3.1.2 Waivers and Deviations to Customer/Sponsor Approved Requirements

Waivers and deviations are requested for use or acceptance of an article that does not meet specified requirements.  In general, waivers to Program/Project Office approved or controlled requirements are submitted on JF84, “Waivers/Deviation Approval Request” or via a Program CR (refer to Customer/Sponsor for form requirements).  A waiver requires formal processing by a Program/Project Office board and requires Engineering Directorate SE&I Office review and approval prior to submittal to the appropriate configuration control board (refer to Section 9.4).  Deviations that have been documented and approved by the Customer/Sponsor in a requirements document [e.g., PTRS or Project Requirements Verification Document (PRVD)] are listed on the Government Certification Approval Request (GCAR).  All other deviations require formal processing by a Program/Project Office board and require Engineering Directorate SE&I Office review and approval prior to submittal to the Program/Project Office Board (refer to Section 9.4).  
9.3.1.3 Submittal of Material to the Engineering Directorate Systems Engineering and Integration Office’s Configuration Management Group (CMG)

The Lead Division Chief/Office Manager or designee will concur on the material (per Division/Office processes) and provide an electronic copy of documents, change requests, and/or presentation material needing Engineering Directorate SE&I Office and/or EARB disposition (e.g., Form EA-002 with attached Feasibility Assessment, PMP; PTRS) to the EA CM Receipt Desk (eacmrecpt@ems.jsc.nasa.gov ) or on the JSC global as JSC-CM-Receipt-Desk-(EA).  The EA CM Receipt Desk will assign a tracking number to all items and track item in a database.  

The Engineering Directorate SE&I Office will convene a screening meeting with Shuttle/Station Engineering Office and the CMG to review all items submitted to Engineering Directorate SE&I Office in order to determine if material is complete, if review at the CMG or EARB is deemed appropriate, or to disposition the item.  The CMG records decisions/actions and informs the Lead Division/Office of status.  Depending on disposition, the CMG proceeds to Sections 9.4 or 9.5.    

9.4 EARB Procedures

9.4.1 Scheduling the EARB

If an EARB is required, the  Engineering Directorate SE&I Office will schedule the EARB on the Director of Engineering’s calendar and notify the required EARB board members of the EARB agenda topics, date, time, and location.  The Director of Engineering will identify membership of an EARB board based on who is impacted by the proposed activity.  

9.4.2 EARB Meeting

The Lead Division/Office will present the material that addresses the agenda topic.  

The EARB will review and disposition agenda topics (e.g., Form EA-002).  The CMG will record the decisions and actions of the EARB as part of the minutes, and submits them to the Engineering Director for approval.  Once approved, the EA CM Receipt Desk submits the decisions and minutes to the webmaster for posting on the EARB Home Page, distributes a link to the minutes to the EARB members via e-mail, provides the original signed Form 002 to the Lead Division/Office as applicable, and submits the EA Form 002 to the webmaster for posting on the EA Projects Home Page.  

9.4.3 Documentation of EARB Decisions and Actions

The EA CM Receipt Desk will assign a tracking number to all EARB agenda topics.  The decisions and actions of the EARB will be recorded in the minutes for each uniquely identified agenda topic and tracked in a database for easy reference.  The identification number of the Form EA-002 will also be tracked in the EARB agenda database.  
NOTE: If the EARB review determines it is not feasible or not desirable for the Directorate to meet the Customer/Sponsor’s request, the Engineering Directorate SE&I Office will notify the Customer/Sponsor of said decision.  
The original signed Form EA-002 with attached feasibility assessment is maintained by the Lead Division/Office in the project file.  

The Lead Division/Office for the project is responsible for implementing the decisions reached in the EARB with all supporting organizations, completing actions in a timely manner, and submitting action status/closure rationale to the EA CM Receipt Desk.  The EA CM Receipt Desk will obtain Engineering Director’s approval to close actions and update action status and/or closure in the database.    

9.5 Submittal of Items to Customer/Sponsor for Disposition

The EA CM Receipt Desk will submit documents, changes, waivers, or deviations that require Customer/Sponsor approval to the appropriate Customer/Sponsor organization or board for disposition.  The EA CM Receipt Desk will track the progress of the document, CRs, or waiver through the appropriate Customer/Sponsor organization or board as appropriate, inform the EA board representatives and presenters when the CR is scheduled for disposition, and track status in the data base until the item is dispositioned.  The EA CM Receipt Desk will provide weekly status of all open items to the  Engineering Directorate SE&I Office, the Shuttle/Station Engineering Office, and the Lead Division/Office until the item is dispositioned 
NOTE: For an ITA this function includes tracking through and including funds transfer to the Division/Office.  The EA CM Receipt Desk will provide copy of the Customer/Sponsor signed document, AMR, or directive to the Lead Division/Office.  

Appendix A - Glossary of Terms and Acronyms

Baseline – Official version of a configuration controlled item; can only be changed through a formal review, evaluation, or approval procedure.  A fundamental element of configuration management is to establish accurately defined baselines (documentation, hardware, software, and firmware) to serve as the point of departure for controlling subsequent requirements, performance, and design changes.  The following are the minimum required technical baselines to be documented by the Project Manager through a collection of controlled documents:

a)  The Requirements Baseline is formally documented in a Project Technical Requirements Specification (PTRS), or other appropriate controlled requirements document such as the Project Requirements and Verification Document (PRVD), and placed under configuration management after the System Requirements review (SRR).  During the follow on preliminary and detailed design phases, the End Item Specification, Interface Control Documents, and Software Requirements Specification further detail the Requirements Baseline, and are also placed under configuration management.  

b)   The Design Baseline (or “Design-To” baseline) consists of the drawings and specifications (e.g., Software Design Document) that define the configuration of the end item as it starts through the certification process.  The certification process verifies the appropriateness of the design.  The certification process is based on the Design Baseline.  Any changes that must be made to the Design Baseline due to the certification process are processed through the appropriate change process.  All changes to the Design Baseline must address any new or modified certification or acceptance requirements.  The Design Baseline, with any approved changes resulting from the certification process, becomes the Certified Design Baseline. 

c)  Certified Design Baseline: The Certified Design Baseline is established upon the successful completion of certification of the end items and reflects any approved changes to the Design Baseline that had to be processed due to the certification process.  There will be an individual as built configuration for each production unit.  This allows the configuration for any production unit that varies from the production unit that preceded it to be captured; thus providing an exact configuration definition for each unit

Configuration Accounting – The task of maintaining, correlating, reporting, and storing configuration documentation for program hardware/software.

Configuration Change Control – The task of insuring that each engineering change waiver, or deviation is properly defined, coordinated, and evaluated before being formally dispositioned.

Configuration Documentation – Documentation that controls or changes hardware, software, or firmware configuration.

Configuration Identification – The task of determining the manner in which each unit of hardware/software is to be described and of placing these descriptions on configuration documentation.

Configuration Management (CM) – The task of integrating and accomplishing in an optimal manner the four subtasks of configuration identification, configuration accounting, configuration control, and configuration verification.  The fundamental concept of Configuration Management is to utilize an established process for:
a)  Baselining a set of product requirements documentation (the Requirements Baseline described above).

b)  Controlling subsequent changes to the baselined product Requirements Baseline.

c)  Baselining a design to which deliverable hardware and software products are to be built and certified (the Design Baseline described above).

d)  Establishing a Certified Design Baseline (as described above)

e)  Utilizing an accounting (status) system that identifies the baseline and tracks changes.

f)  Documenting the “as-built” hardware or software configuration for each final product (captures the exact configuration definition for each unit including any approved unit specific deviation from the Certified Design Baseline described above.

Configuration management is comprised of four basic functions:

1)  Configuration identification

2)  Configuration control

3)  Configuration accounting (status)

4)  Configuration verification

Configuration Management Group:  The element of the EA/ SE&I Office responsible for the configuration management activities of the Directorate.  
Configuration Verification – The task of assuring that the program hardware/software has been designed, built, and tested to the correct configuration baselines.

EARB - Engineering Activities Review Board

Engineering Directorate SE&I Office – Engineering Directorate Systems Engineering and Integration Office 

Firmware – Computer instructions and data that, when imprinted on a hardware component cannot be altered without physically removing the hardware component from the target system

Interchangeable Part – Two or more parts are interchangeable when they possess such physical and functional characteristics as to be equivalent in performance and durability, and are capable of being exchanged one for another without alteration of the items themselves or adjoining items.  Functional and physical characteristics, which would constitute interchangeability, are:

· Parts must have the same design envelope and have no limitations imposed on use.

· Parts must utilize the same attachments, mountings or mating surfaces.  Attachments, connectors, wiring, ground support equipment, and tubing must be the same to the extent that no re-work is required on installation.

· Parts must meet all baselined design requirements for performance and durability.  Performance or durability design requirements include the same safety, strength, electrical, mechanical, reliability, maintainability, tolerance, and weight and center of gravity requirements.

· Parts must have the same adjustments, testing, operations, and maintenance requirements and design to the extent that the same test procedures, specifications, and operating procedures have been and/or may be utilized.

Waiver – A written authorization to accept designated items which, during production or after having been submitted for inspection, are found to depart from specified requirements.

Appendix B - Minimum Requirements for a Division/Office Configuration Management Process

10.0 Introduction

The fundamental concept of Configuration Management is to utilize an established process for:
a)  Baselining a set of product requirements documentation (the Requirements Baseline).

b)  Controlling subsequent changes to baselined product  

c)  Baselining a design to which deliverable hardware and software products are to be built and certified (the Design Baseline).

d)  Establishing a Certified Design Baseline (as described above)

e)  Utilizing an accounting (status) system that identifies the baseline and tracks changes.

f)  Documenting the “as-built” hardware or software configuration for each final product (captures the exact configuration definition for each unit including any approved unit specific deviation from the Certified Design Baseline described above.

Configuration management is comprised of four basic functions:
1)  Configuration identification

2)  Configuration control

3)  Configuration accounting (status)

4)  Configuration verification

The term “baseline” is used throughout this document.  A baseline is the official version of a configuration-controlled item (documentation, hardware, software, and firmware), which can only be changed through a formal review, evaluation, or approval procedure.  A fundamental element of configuration management is to establish accurately defined baselines to serve as the point of departure for controlling subsequent requirements, performance, and design changes.  There are three technical baselines that are documented through a collection of controlled documents and drawings: the Requirements Baseline, Design Baseline (“Design-To”), and the Certified Design Baseline refer to Appendix A of this work instruction. 

Each Engineering Directorate Division/Office shall develop, maintain, and implement a configuration management plan that, as a minimum, contains the requirements herein for identifying, reviewing, controlling, and auditing configuration articles for which they have been delegated configuration management responsibility, as defined in EA-WI-002, “Project Approval and Implementation” and EA-WI-023, Project Management of GFE Flight Projects” Table 7.2.5-1.
11.0 Configuration Item Identification

Configuration item identification consists of the physical identification of project deliverables (hardware, software, firmware, electronic files, and documentation).

11.1 Document Identification

All configuration management (CM) controlled documents will be identified via a unique document number.  For JSC generated documents, a JSC document number will be obtained from the JSC Scientific and Technical Information (STI) center (the JSC library).  Refer to http://stic.jsc.nasa.gov/services/jscdocs.html  for the process of obtaining JSC document numbers.  

11.2 Drawing Identification

The Engineering Drawing System will be used for all drawings that baseline the design.  Requirements for drawing identification for JSC-developed hardware, firmware, and software are defined in JPR 8500.4, "Engineering Drawings System Manual.”  Specific requirements for using serial numbers are defined in Section 2.3 of Appendix B in this work instruction.  Correlation of software/firmware installation into hardware items is defined in Section 2.4 below. 

11.3 Hardware and Firmware Platform Identification

11.3.1 Hardware Identification

The need for hardware control is determined on hardware classification (refer to Section 2.3.1.1.) and commences with the Design Baseline.  Controlled hardware is identified with a nameplate or marking containing the drawing number (top-level assembly and serial number).  A JSC Project Parts Tag (JSC Form 911) is affixed to all controlled hardware in accordance with JPD 5335.1, "Lyndon B. Johnson Space Center Quality Manual.”  The nameplate and product markings are in accordance with MIL-STD-130, paragraph entitled "General Marking Requirements and Detailed Marking Requirements.”  Markings must remain legible for the service life of the flight item.  Marking techniques must not degrade the structural integrity of the item.

11.3.1.1 Hardware Classification

Hardware is classified per SLP 4.8, “ Product Identification and Traceability” into the following:

Class I equipment
Class II equipment
Class III equipment
Class IIIW equipment
Ground Support Equipment (GSE)
Special Test Equipment/Devices (STE/D)
Once classified, hardware classification changes must be approved per the following:

	Change
	Approval authority

	Changing Class I Flight to 
any non-flight category
	Division Chief/Office Manager (or designee) pre delivery; Program/Project Office post delivery

	Changing non-flight to Class I Flight
	Concurrence by Division Chief/Office Manager (or designee) 

Concurrence by  Engineering Directorate SE&I Office
Approval by Program/Project Office 

	All other changes
	Project Manager


11.3.1.2 Interface Control

Uncontrolled equipment shall not be used in a direct interface with controlled equipment.
a.  Hardware or software assigned a flight part number shall not be classified as STE/D.  

b.  Class III and Class IIIW equipment shall not be directly interfaced with controlled hardware.  

c.  Special Test Equipment/Devices (STE/D) may be used in support of Class I, II, III, IIIW, and GSE checkout but will not be directly interfaced with controlled hardware unless the following activities have been accomplished prior to each use:

1.  Acceptance testing

2.  Materials review

3.  Configuration verification

These activities shall be documented on a Type A TPS, and the TPS number  shall be annotated on the JSC 911 tag.

11.3.1.3 Serializing Hardware 

Hardware is serialized if it needs to meet any of the following requirements:   

1.  Ability to track the part or assembly to the work authorization or performance documentation.

2.  Ability to trace to the source manufacturer. (Lot traceability may be used if it is unnecessary to identify individual production units.)
3.  Part or assembly contains lower level parts or sub-assemblies that are serialized or lot traceable. 

4.  Need to differentiate one item from the others that are currently the same (i.e., need to incorporate changes or rework on one item versus the rest of the same item; need to process discrepancy reports (DR) or material reports (MR) against the part or assembly with dispositions other than "return to print" or "scrap".

5.  Ability to locate part or assembly for the purpose of responding to alerts.

Serial numbers will be assigned and certified by NASA/JSC Engineering Drawing Control Center.

11.3.2 Firmware Platform Identification

The identification of the firmware platform is performed via engineering drawings, which are produced in accordance with JPR 8500.4, "Engineering Drawings System Manual.”
11.4 Software and Firmware Code and Tool Identification

Flight software and firmware code identification is documented through the contents of the Version Description Document (VDD) (refer to EA-WI-025, “Flight Project Software and Firmware Development Work Instruction” for the VDD template, details on the use of the VDD).  Refer to EA-WI-025, “Flight Project Software and Firmware Development Work Instruction” for information on the integration of the VDD content with the Engineering Drawing System for both software and firmware. 

11.4.1 Software Identification

Software identification uniquely identifies and names all source code files, header files, data files, derived products (e.g., object code, executable, libraries, etc.).  Each file contains a version specific name that uniquely identifies it to the user and allows for ease in configuration management of these items.  Software identification standards and guidelines are project specific and will be determined (typically by the Software Lead) and documented in the Software Development Plan (refer to EA-WI-025, “Flight Project Software and Firmware Development Work Instruction”).

For software, a K-type drawing (document format or “book-form”), per JPR 8500.4, "Engineering Drawings System Manual,” is created (if one does not already exist) to document the certified versions of each CSCI that may be loaded on the end item, by serial number (refer to Table B-1 for the relationship of VDD to drawings).  

The hardware assembly drawing (i.e., top level E-type drawing) for the end item containing the software will include a reference to the K-type drawing for tracking software versions to the end item (refer Table B-2‑2 for a sample call out).  The K-type drawing will reference, in table format, the VDD(s) that describe the configuration of the certified versions(s) of the CSCI(s) for that end item.  The K-type drawing also documents, or inventories, the actual configuration of software loaded on individual end items by serial number.  The K-type drawing is updated each time a new version of a CSCI is certified and released by pointing to the new VDD.  

Table B-2‑1  VDD Relationship to Engineering Drawings
	
	E-Type Drawing Required
	K-Type Drawing Required
	VDD Requirement

	Software
	No
	Yes
	K-type drawing will reference the software VDD(s) to document certified software and the version(s) of software loaded on end item hardware. 

	Firmware
	Yes
	No
	Part level E-type drawing will reference the VDD or incorporate the VDD as part of the drawing to document the configuration and function of the firmware.


Table B-2‑2  Sample of Software K-Drawing Callout on Hardware Assembly Drawing
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11.4.2 Firmware Identification

For firmware, the E-type drawing for the firmware component (e.g., chip) is created and annotated with a reference to the VDD (see EA-WI-025, “Flight Project Software and Firmware Development Work Instruction, Appendix D”) or the VDD content is incorporated within the component’s E-type drawing to document the firmware’s configuration (see JPR 8500.4, “JSC Engineering Drawing System Manual”).  Note that a programmable memory chip is treated as hardware.

11.4.3 Tools Identification

Environment identification uniquely identifies all computers, peripheral hardware, hardware and software tools (e.g., processor probe, compiler, linker, etc.), and make file/build scripts used in the development, build, test and installation of the flight software.  Each item has a version specific name that uniquely identifies it to the user and allows for ease in configuration management of these items.  

The configuration of the environment for GFE flight software development, build, test and installation is uniquely identified for each version of the flight software and documented in the VDD (see EA-WI-025, “Flight Project Software and Firmware Development Work Instruction, Appendix D”).  

11.5 Electronic File Identification

Identification of electronic files will be performed by annotating the file with a unique title (can be same as file name) and date.  

12.0 Configuration Control and Accounting

Configuration control and accounting consists of tracking and managing all changes to documents, drawings, hardware, software, firmware, and electronic file products.  The timeframe for placing items under configuration management occurs during various phases in the life cycle: Requirements Baseline, the Design Baseline, and the Certified Design Baseline (refer to Appendix A for the definitions and to EA-WI-023 for life cycle definition and timing of product approvals).

12.1 Control, Release, and Accounting of Documentation

All controlled documents initiated by Engineering Directorate Projects will be developed using JSC approved products in the standard load (typically Microsoft product or approved form).  The baseline hard copy master (signed original) of controlled documents will be stored in a CM controlled repository along with all the approved changes.  Three copies of the baseline will be provided to the JSC STI Center upon release.  

Formal change tracking is required for documents controlled at the Division/Office level using the Division/Office CM process that identifies each change, the reason for the change, and the impacts to documents, costs, and schedule.  Changes that affect the jointly approved documents must be processed through the Engineering Directorate SE&I Office and approved by the Customer/Sponsor (refer to section 9.4 of this work instruction).  
NOTE:  At completion of the System Acceptance Review or the first delivery to the Customer/Sponsor ( whichever occurs first), changes to the delivered end-item require approval by the Customer/Sponsor (and Engineering Directorate SE&I Office per section 9.4 of this Work Instruction).
Once baselined, the controlled documents for flight GFE projects will be listed and released (distributed) electronically via the Flight GFE Projects Home page.  If available electronically, all other controlled documents initiated outside the Engineering Directorate will also be posted to the Flight GFE Projects Home page for easy access.

12.2 Control, Release, and Accounting of Drawings

The control, storage, and release of drawings for JSC developed hardware, firmware, and software will be in accordance with the policies and procedures documented in JPR 8500.4, "Engineering Drawing System Manual.”  The JSC Engineering Drawing Control Center (EDCC) is responsible for control of drawings, for ensuring that changes to release drawings are documented and approved, and for releasing drawings.  Changes to JSC engineering drawings, after original drawing release, are documented using drawing revision or drawing change notice (DCN), per JPR 8500.4, “Engineering Drawing System Manual.”  

Drawings changes that affect requirements documents (e.g., PTRS, PRVD, ICD,) and specifications (e.g., SDD) require the processing of changes (per section 3.1 of this appendix) to the affected documents through the appropriate approving authority prior to approval of the DCN. 

NOTES: 

1.  Approving authority of said documents is defined in EA-WI-023, “Project Management of GFE Flight Projects.”  Changes that affect the Customer/Sponsored-approved documents must be processed through the Engineering Directorate SE&I Office and approved by the Customer/Sponsor (refer to section 9.4 of this work instruction. 

2.  At completion of the System Acceptance Review (or the first delivery to the Customer/Sponsor, whichever occurs first), changes to the delivered end-item require approval by the Customer/Sponsor (and Engineering Directorate SE&I Office per section 9.4 of this work instruction) prior to incorporation of the change in the drawings.  Based on Customer/Sponsor approval, the Division/Office then has the authority to process changes to affected drawings/documents.

3.  Changes to the Design Baseline (e.g., due to certification process) or the Certified Design Baseline will necessitate the creation and tracking of a discrepancy against each production item affected until the disposition of each item is determined (refer to section 5 of this Appendix).

12.3 Control, Release, and Accounting of Hardware and Firmware Platform

After final fabrication acceptance, in order to preserve historical records and to ensure traceability, items detailed on final approved JSC drawings will be assigned new identifying dash numbers when a part or assembly is changed in such a manner that any of the following conditions occur:

· Parts, subassemblies, or complete articles are changed to an extent that previously built parts, or newly designed parts items are not interchangeable.  

Notes: 
1. If parts are deleted, added, or substituted without the drawing calling out both the old and the substituted part as being acceptable, the items are not interchangeable (by definition)

2. Items will be assigned new identifying dash numbers even though the change is incorporated into all existing units.

· Performance or durability is affected to such an extent that previously built items must be discarded or designated “for restricted use” for reasons of safety or malfunction 

· Use of previously built parts, or newly designed parts, are limited to specific articles and the other part does not have the same limitations.

The physical control, storage, and release of hardware and firmware platform will be in accordance with the policies and procedures documented in the JPD 5335.1, "Lyndon B. Johnson Space Center Quality Manual.”  Per the requirements of NPR 4200.1E, “NASA Equipment Management Manual,”  the property custodian controls all property.  The property custodian control will be in accordance with the  NPR 4200.2B, “NASA Equipment Management Manual for Property Custodians.”
NOTE: The above-listed NPR’s can be accessed at the following web address:  http://nodis.hq.nasa.gov/Library/Directives/NASA-WIDE/Procedures/Property_Supply_and_Equipment/contents.html)

12.4  Control, Release, and Accounting of Software and Firmware Code

Configuration control and accounting of software configuration items begins no later than the delivery of the Certification Release (part of the Design baseline; refer to EA-WI-025) and continues throughout the operations phase of the project lifecycle.  Prior to the Design Baseline, software configuration control is at the discretion of the Software Lead.  Changes to software and/or firmware code after the Design Baseline, are identified, tracked, and processed through the Division/Office change process.

After the software is placed under configuration control the following must be performed:

1.  A minimum of two copies of the software and the environment is maintained in separate locations in order to recover from damage or loss.  
2.  A unique software release or version number is used to identify each version or revision of the software.  Copies of each version are maintained throughout the life of the project.  
3.  Any modifications to the flight software are approved by the appropriate controlling authority.  Prior to delivery to the Customer/Sponsor or completion of the SAR (whichever comes first), the software is controlled via the internal Division/Office process.  After delivery to the Customer/Sponsor or completion of the SAR, all changes to the software require approval by Engineering Directorate SE&I Office and the Customer/Sponsor (refer to Section 9.4 this work instruction) as long as the Engineering Directorate has design accountability of the software.  
4.  Changes to baseline will necessitate the creation and tracking of a discrepancy against each production item affected until the disposition of each item is determined (refer to Section 5 of this Appendix).
Software configuration control tools and processes are project (and often organization) specific.  They will be determined by the Software Lead and documented in the SDP.  Configuration control and accounting of the environment and tools begins no later than configuration control of the software configuration items.  The same configuration control processes that are defined for software configuration items should apply to environment configuration items as well.  

12.5 Control, Release, and Accounting of Electronic Files

Controlled electronic files will be saved on a file server in an area where only the configuration manager has access to update the file.  Release of files will be accomplished by saving the latest approved copy on the server.

13.0 Configuration Audit

Configuration audit is the process of ensuring that the baseline requirements are implemented, the documentation is current, and the as-built products meet the design.  

The configuration audit is performed for the SAR via an audit of the paper trail that shows all the “shalls” have been verified and that the documentation and drawings are current.  For flight GFE projects, the audit is performed by the project team and quality assurance (who provide witness and approval of tests/inspections, concurrence with the disposition of any discrepancy reports, and approval of the acceptance data package and GCAR, form 1296).  The results/status of the configuration audit are presented by the SR&QA project personnel and approved by the Program/Project Office sponsor at the SAR.  
NOTE:  Space Station GFE configuration audit is also documented via JF1276 (FCA/PCA form).  

14.0 Non-Conforming Product

Non-conforming products, as defined in JSC SLP 4.13, “Control of Non-conforming Product,” are those that do not conform to specified requirements.  Non-conformances against GFE flight project related hardware, software, or firmware are tracked via Discrepancy Reports (DRs, per NT-CWI-003, “Quality Assurance Record Center Discrepancy Reporting and Tracking”) whenever there is a problem during Flight Production and Certification, Deployment, and Operations Phases.  Use of DRs during these phases will cover problems experienced during testing, fabrication, handling, or operating the qualification or flight hardware and the certification release or flight release software.

Quality Engineering (QE) or project personnel will generate a DR anytime there is a nonconformance as defined in NT-CWI-003, “Quality Assurance Record Center Discrepancy Reporting and Tracking.”  A DR is also used to track end-items (hardware or software) that are out of configuration due to a drawing change that affects a production unit.  The Project Manager is responsible for ensuring timely analysis of the DR and providing DR resolution.  The resolution will include any required stress and material approval in accordance with NT-CWI-003.  Official closure of DR’s require signature by the Division Chief/Office Manager (or designated representative - typically the Project Manager) and the quality engineer.

Non-conformity dispositions are actions to be taken to resolve the non-conformity.  They are uniquely defined for hardware and software in 
JSC SLP 4.13.  The outcome of a disposition may result in the following:

1.  A design change: A “design change” DR disposition that affects the baseline will require changes to the appropriate documents and drawings through the CM processes described above.  Examples:

a. Baselined requirements (specifications, ICDs, contract)

b. Interchangeability of an item

c. Certification

2.  A waiver or deviation request.  Refer to Section 9.3.1.2 for waivers or deviations to Customer/Sponsor-approved requirements.  Waiver or deviations to Division/Office-controlled requirements will be documented via a Division Configuration Control Board Change Request form and approved by the appropriate Division/Office controlling entity.

3.  A Materials Review Board (MRB) disposition.  The MRB dispositions discrepancies that do not affect baselined requirements (specifications, ICDs, life cycle, or life requirement), interchangeability of an item, or certification.  
      NOTE: A formal meeting of the MRB is not required as long as the signatures of all MRB functions are obtained (as defined per NT-CWI-003, “Quality Assurance Record Center Discrepancy Reporting and Tracking”).  

A "return to print" or "retest" or “scrap” disposition- requires only Project Manager disposition.

In addition to DRs, a FIAR (JF2174) is generated to document problems that meet the criteria of JSC 28035.  All FIARs are tracked in the JSC Problem Reporting and Corrective Action (PRACA) system.  Refer to JSC 28035 for definition of the PRACA process for approval of interim and final dispositions.  
Appendix C -  Minimum Configuration Management Requirements for Contracts

15.0 Introduction

All contracts for flight products defined by EA-WI-002, “Project Approval and Implementation” will at a minimum include the requirements defined in this appendix.

16.0 Configuration Management Plan

The contractor shall develop, maintain, and implement a configuration management plan that addresses how the contractor will identify, review, control, and audit the configuration articles (documents, hardware, software, and firmware) for which they have been delegated configuration management responsibility.  The CM plan shall meet the intent of the following sections of Appendix B: 2.3, 2.4, 3.0, and 5.0.

17.0 Documentation 

The contract or task order must identify the documents to be prepared/delivered by the contractor and the approval requirements prior to implementation.  There are three types of documents:

	Type
	Approval Requirements
	Examples

	Type 1 Documents
	Must be approved by the government
	SOW, Configuration Management Plan, Software Development Plan, Design Requirements Baseline, and all changes to Certified Design n Baseline after delivery

	Type 2 Documents
	Contractor approved but must be provided to the government for review and which the government may disapprove within a set time as provided in the contract.
	Certified Design Baseline and changes prior to delivery. 

NOTE: Changes that affect requirements, performance, limited life, or inter-changeability will require NASA approval. 

	Type 3 Documents
	Contractor approved; does not have to be submitted to the government for review. Note that the government may request an information copy.
	Results of contractor MRB prior to delivery


18.0 Contractor Notification and Disposition of Discrepant Product

The contractor shall have a documented process for the identification, tracking, and disposition of discrepant products after the Design Baseline.  Included in the process is the contractor’s Material Review Board (MRB).  Where feasible, the NASA Project Manager participates as a NASA representative on the contractor’s MRB for insight to assure discrepancy dispositions do not impact NASA requirements. 

Verify this is the correct version before use


