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1.0 INTRODUCTION

The Active Aeroelastic Wing (AAW) Program is a joint program between the Air Force Research Laboratory and NASA.  The purpose of the program is to design, develop and demonstrate in flight, the structures and flight controls required to use wing flex for aircraft roll control.  

The AAW is a multi-disciplinary technology that integrates aerodynamics, controls and structures together, to maximize aircraft performance by taking advantage of higher aspect ratio and thinner flexible wings that are aeroelasticaly changed into shapes for optimum performance.  AAW technology uses wing aeroelastic flexibility for a net benefit.  Wing control surfaces are used to promote wing twist instead of the current practice of adding stiffness to negate the twist produced by the control surfaces. The flexible wing will reduce weight while providing performance equal to or better than current approached to roll control.  

Prior to the AAW Program, Active Aeroelastic Wing Technology has been demonstrated through analysis and wind tunnel modeling.  A full-scale flight demonstration utilizing a current high performance jet fighter is required to simulate the applicable Reynolds Numbers and high G acceleration maneuvering effects.  Successful completion of the flight test is required to mature the basic technology and provide aircraft designers with the confidence to use the technology in future designs.  A major goal of this program is to conduct a flight test experiment that validates the full -scale flight characteristics and benefits of Active Aeroelastic Wing Technology.

The AAW goals and objectives will be accomplished in two phases.  Phase I included the planning, aircraft modification, control system development and parameter ID flights. The Phase I flight tests, which used the modified wing with increased flexibility and control laws changes to control the aircraft roll by using wing twist are scheduled to be completed in March 2003 at DFRC. For Phase II, data, which includes aerodynamic effectiveness and loads distribution of each wing surface, will be used to update the aerodynamic and loads models obtained from the Parameter Identification test points in Phase I. These improved models will be used in the development of Phase II flight control laws.  

The Boeing Company is contractually obligated to design and validate and verify (V&V) closed loop flight control laws for Phase II.  The Boeing St Louis and Long Beach control personnel and the DFRC controls and flight systems personnel will constitute a Controls Working Group for the development of flight control laws.  The Dryden members and the Boeing Long Beach team members will independently design closed loop control laws.  The Dryden designed control law will provide a independent backup to the Boeing control law in event that the Boeing control law fails to meet schedule and technical requirements.  This assumes that the Dryden control meets the requirements.

The AAW Project described in this system safety plan is applicable to Phase II only. Phase II will flight evaluate the closed loop control laws for aircraft control through use of aerodynamically induce wing twist.

The program will be accomplished by incorporating AAW technology on a F/A 18 fighter aircraft, NASA 853 and flight testing the aircraft within its existing envelope. The wings are preproduction wings from NASA 840, which have the required structure for modification into the more torsionaly flexible wing needed for the program.

This program is a joint NASA and Air Force program with management approach and objectives, established through an MOA between DFRC, Air Force Research Lab and the Air Force Flight Test Center.  Within NASA, the Active Aeroelastic Wing Project is located in the Vehicle Systems Program. While within the Air Force program system, the AAW technology supports the Future Aircraft Technology Enhancement initiative. 
2.0 Purpose of System Safety Plan
The purpose of this System Safety Plan is to define the approach, criteria, and methods for implementing a comprehensive system safety program for the AAW experiment utilizing the F-18, NASA 853, as a testbed vehicle.  The goal of the System Safety Program is to ensure that all credible potential hazards associated with the baseline vehicle and the AAW experiment are systematically identified and either eliminated or minimized by specific mitigating procedures.  This plan details the methodologies that will be used to advise management of the risk associated with the AAW flight experiment so that Dryden Flight Research Center (DFRC) management is able to make an informed decision during the airworthiness process with regard to the acceptance of residual risk.  Software safety activities are included in this plan and are an integral part of the risk management process on the AAW.

3.0 Scope

This AAW System Safety Plan is written to address Phase II of the AAW project.  The risk management methodologies presented in this plan may be applied regardless of the class of software or overall risk level. This plan builds upon previous hazard analysis, which was performed, on this aircraft. This plan does not preclude the possibility that some future phase may have unique or high-risk safety requirements that the Flight Assurance Office may determine are not covered adequately by this plan.  In that event, an update to this System Safety Plan will be generated; updates will be carefully reviewed to ensure that any changes do not adversely affect the safety processes. The Dryden Flight Research Center is fully responsible for all ground safety, flight safety, and range safety for the AAW experiment. In addition, mission success will be the responsibility of the Dryden Flight Research Center.

4.0 Applicable Documents

The AAW project intends to follow standard DFRC airworthiness process procedures. It may be required to tailor the Dryden Control Procedures, Dryden Operating Procedures and Dryden Handbooks. If the need arises, any such tailoring will be documented and clearly communicated to DFRC Management. Reference documents include:


 DCP-S-001 Aircraft Mishap Response Procedure


 DCP-S-002 Hazard Management


 DCP-S-004 System Safety Support


 DCP-S-007 Software Assurance

DCP-X-009 Airworthiness and Flight Safety Review Process

DHB-S-001 System Safety Handbook

DHB-X-001 Airworthiness and Flight Safety Review, Flight Readiness Review, Tech Brief and Mini-tech Brief Guidelines 

DOP-F-101 Western Aeronautical Test Range (WATR) In Flight emergency (IFE) Standard Operating Procedure

DOP-R-202 Flight Mission, Engineering Coordination and Planning

DOP-R-301 Flight Vehicle Systems Development

DOP-S-003 Quality Verification, Rev A, 2/99

DOP-O-305 Aviation Hazard and Incident Reporting

NPG 8715.3 NASA Safety Manual

MIL-STD-882 System Safety Program Requirements 


5.0 SYSTEM SAFETY ORGANIZATION AND RESPONSIBILITIES

The NASA Dryden Flight Research Center is accountable to the Associate Administrator, Office of Aeronautics and Space Technology for all aspects of ground, flight, and range safety associated with the AAW Project.  Therefore, the Dryden AAW Project Manager has the overall responsibility for safe conduct of the AAW Flight Project. The project manager will institute an effective risk management program and implement this system safety plan.  It is the responsibility of ALL project team members, NASA and contractor, to bring any hazards or areas of risk to the attention of the project manager.  The Dryden Flight Assurance Office will provide system safety oversight, insight, and assistance to the project manager in managing the system safety program.

5.1 Project Manager Responsibilities

The AAW Project Manager is responsible for the safe conduct of all test activities on the AAW testbed.  Specifically, the Project Manager shall ensure that the following are performed:

a. Publish, approve, maintain, and implement a formal System Safety Plan (SSP) appropriate for Phase II.   

b. Perform or provide for performing all the analyses required by the System Safety Plan for each experiment, based on the system complexity and level of integration of the experiment.  Implement a team structure with the proper information access and interaction processes between the engineering, integration, and operations activities to ensure that all hazards are identified and addressed as early as possible for each experiment.

c. Assign a software manager to ensure that the appropriate software assurance activities are performed. 

d.
In those cases where a required analysis is performed by a contractor as a contract deliverable, ensure that a thorough DFRC review of the contractor analysis is performed.

e.
Require formal Hazard Reports (HRs) be written for all credible hazards identified by NASA or contractor personnel or resulting from any of the formal hazard analyses.  Follow DCP-S-002 Hazard Management for tracking and reporting the status of project hazards.

f.
Actively manage the risk management/risk mitigation activities for the project.  Take corrective actions as detailed in DCP-S-002 to eliminate or mitigate hazards.

g. Make recommendations to the Dryden AFSRB on the acceptance of residual risks.   Verify that all mitigating actions specified for hazards on the HRs have, in fact, been implemented prior to flight.

h. Chair and utilize the project Configuration Control Board (CCB) to manage the configurations of all hardware and software affecting System Safety on the project.  Utilize the CCB to assist in tracking hazard status, and provide feedback on discrepancies to the appropriate contractors.

5.2 Flight Assurance Office Responsibilities

Personnel from the Dryden Safety and Mission Assurance Office will be assigned to the AAW project, as required.  These personnel will include a System Safety Engineer, Software Assurance and Safety Engineer and Quality Assurance Specialist.  The Flight Assurance Office provides independent insight and oversight of the project relative to all aspects of safety and quality assurance.  Flight Assurance personnel report directly to the Director, Dryden Office of Safety & Mission Assurance, who in turn reports directly to the Center Director.   The responsibilities of the Flight Assurance Office in the system safety discipline are twofold.  First, flight assurance personnel provide an independent assessment of the project hazards and assumed level of risk to senior management.  Secondly, flight assurance personnel serve as project “team members” to assist the project in identifying and managing risks as early in the process as possible, thus avoiding problems later in the airworthiness process.

 The Flight Assurance Office shall perform the following specific system safety responsibilities:

a.
Advise the Project Manager, Chief Engineer, and other team members on system safety processes and procedures, early identification of hazards, hazard mitigation, and final risk acceptance.

b.
Assist the project manager in interpreting and applying the applicable Dryden DCP/DOP/DH requirements.

c.
Participate in project design reviews to ensure hazards and risks associated with a particular experiment have been identified and eliminated or controlled.

d.
Participate in project meetings relating to the airworthiness review process, including FRRs, AFSRBs, and Technical Briefings to ensure the completeness of the risk assessment and acceptance process through the final management approval to proceed.  Provide summary charts and/or give project hazard status presentations, if requested.

e.
Act as a Facilitator to project personnel in performing formal hazard analyses, as required.  Review the results of NASA or contractor hazard analyses at appropriate points in the project schedule.  Assist with assigning hazard severity and probability classifications and preparing the Dryden Hazard Action Matrix and accepted risk list, as required.

f.
Perform audits of project compliance with DCP/DOP/DH procedures and documentation requirements and provide feedback to the Project Manager.

g.
Act as the Document Manager to the project CCB for tracking and disposition of hazards.  Evaluate project CCB processes for compliance with DCP/DOP/DH requirements.

h.
Participate in other project meetings, as required, to stay current on project status and risk management issues.

i.
Assist and advise the project on Software System Safety.  Assist in performing and reviewing software safety analyses, plans, and other documentation required by the DCP/NPD and NASA standards for software assurance for Dryden projects as listed in paragraph 4.0 applicable documents.  

j.
Ensure project processes, including contractor and/or government Validation & Verification (V&V) testing and Configuration Control processes, are in compliance with software system safety and software quality assurance requirements.


6.0 SYSTEM SAFETY PROCESS


The work on the AAW project will be conducted in accordance with the system safety and quality assurance safety requirements set forth in the DFRC Management System.  Hazard classifications and risk management procedures are based on  DCP-S-002 Hazard Management, NPG 8715.3 NASA Safety Manual, and DCP-S-005 System Safety Support.  Software classification for each experiment and software safety management processes will comply with the DCP-S-007, Software Assurance.  The airworthiness review process is detailed in the Airworthiness and Flight Safety Review Process, DCP-X-009. Additionally, to ensure an orderly flow and review of the hazard analyses, a System Safety Working Group (SSWG) will meet as required through out the conduct of the project.

6.1 Airworthiness Process


For each separate step of the AAW program, the project will follow the series of reviews established for the Dryden airworthiness process in the DCP-X-008 (Tech Briefings and Mini-Tech Briefings) and DCP-X-009 (Airworthiness and Flight Safety Review Process).  Specific reviews include the Preliminary Design Review (PDR), Critical Design Review (CDR), Flight Readiness Review (FRR), Airworthiness and Flight Safety Review Board (AFSRB), Technical Briefings, and crew briefings, as appropriate.  

6.2 Analysis Types

Various levels of system safety analyses will be performed for the AAW project.  The level of complexity of each analysis will depend on the risk level and software classification of each part of the program.  Depending on the experiment and the government-customer agreements, these analyses may be performed by either government or contractor personnel.  In the event the contractor performs the analysis, government personnel will thoroughly review the results and work any required corrections or additions with the contractor.  Hazards will be identified throughout the life cycle of the experiment through the performance of these system safety analyses.  The major types of analyses to be performed in Phase II are discussed below:

Preliminary Hazard Analysis (PHA):  The Hazard Analysis for Phase I will be reviewed and updated as it applies to Phase II.  A PHA will be performed on design concepts based on Phase I ground and flight tests and will focus on closed loop flight control laws.   Based on the best available data, including mishap data, from similar systems and other lessons learned, hazards associated with the proposed design or function shall be evaluated for hazard severity, hazard probability, and operational constraints.  Safety provisions and alternatives needed to eliminate hazards or reduce their associated risk to an acceptable level will be included.  Information resulting from the PHA will also be used by designers when performing trade studies and as a starting point for further investigation during the following hazard analyses.



Failure Modes and Effects Analysis  (FMEA): A FMEA will be performed by Boeing and DFRC to verify that failures of the software will not result in significant flight safety problems. The FMEA will be used to design the Failure Modes and Effects Test plan for the design of the software.
 

Operating and Support Hazard Analysis (O&SHA): An O&SHA will be performed by DFRC to evaluate activities for hazards or risks introduced into the system by operational and support procedures and to evaluate adequacy of operational and support procedures used to eliminate, control, or abate identified hazards or risks. The results of this analysis  will be presented during flight readiness briefings.

The extent of the safety analysis effort on the individual subsystems and the total system will depend upon the level of risk identified during the PHA.  In general, the analyses will include the depth necessary to show that an acceptable level of risk exists, a redesign is necessary, or that adequate controls can be applied to mitigate the identified hazards.   Based on the identified hazards and the complexity of the subsystems or interfaces involved, several analysis techniques may be used or analyses may be combined.  These techniques include, but are not limited to, engineering judgment, physical inspections, an operational walk-through, and Failure Modes and Effects Analysis (FMEA).

6.3 Hazard Classifications


Hazards identified from the formal system safety analyses, as well as those identified separately by other means, will be categorized in terms of the severity of the hazard and the probability of that hazard occurring.  Hazard classification will be accomplished in accordance with DCP-S-002 Hazard Management.  The classification of each hazard will determine the level of action required by management to mitigate and/or accept that hazard.  


Hazard Severity Categories:

CATEGORY I (CATASTROPHIC) – Death, permanent disability, life threatening injury, or loss of system. Cost > $1M

CATEGORY II (CRITICAL) – Lost time injury/occupational illness, or substantial damage/unintended loss of system. $250K < cost < $1M 

CATEGORY III (MARGINAL) – Minor injury (medical attention), minor system damage, system failure, or loss of mission critical data. $25K< cost < $250

CATEGORY IV (NEGLIGIBLE) – No adverse safety impact (first aid only), cost or schedule impact only, loss of non-mission critical data. Cost < $25K


Hazard Probability Definitions:

A - Likely to occur frequently

B - Likely to occur several times in life of program (in this case, the experiment)

C - Likely to occur at some time during program (the experiment)

D - Unlikely but possible to occur

E - Extremely improbable

6.4 Hazard Action Matrix


A Hazard Action Matrix will be developed for the AAW flight experiment, and will be utilized to assist in the hazard management process.  Each hazard will be classified according to the numbering system in the previous section, and a two-part classification number will be assigned to each hazard.  This number simply consists of the combination of severity and probability numbers for the hazard (i.e. “II-D”, etc.).  Hazard Probability should reflect the mitigations currently listed on the Hazard Report. Probability may change as mitigations are added or removed. Hazard mitigations cannot be used to reduce the severity of the hazard. The standard Dryden Hazard Action Matrix is shown in Table 1:
TABLE 1 Dryden Hazard Action Matrix
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6.5 Risk Acceptance Using the Hazard Action Matrix


The Hazard Action Matrix will be used by the Project Manager to determine the overall level of risk of the experiment and the level of management approval required to accept the project residual risk.  The Hazard Action Matrix is divided into three areas, as shown by the shading in Table 1.  The area into which each hazard falls determines the management action to be taken.

6.6 Mitigating Procedures


The following Hazard Reduction Precedence Sequence  shall apply when corrective action is required to mitigate a hazard.  This sequence is an accepted industry-standard system safety engineering practice, and should be utilized by the project in reducing the risk level of hazards. 

(1) Design for minimum risk - From the first, design to eliminate hazards.  If an identified hazard cannot be eliminated, reduce the associated risk to an acceptable level, as defined by the managing activity, through design selection.

(2) Incorporate safety devices - If identified hazards cannot be eliminated or their associated risk adequately reduced through design selection, that risk will be reduced to a level acceptable to the managing activity through the use of fixed, automatic, or other protective safety design features or devices.  Provisions shall be made for periodic functional checks of safety devices when applicable.

(3) Provide warning devices - When neither design nor safety devices can effectively eliminate identified hazards or adequately reduce associated risk, devices shall be used to detect the condition and to produce an adequate warning signal to alert personnel of the hazard.  Warning signals and their application shall be designed to minimize the probability of incorrect personnel reaction to the signals and shall be standardized within like types of systems.

(4) Develop procedures and training - Where it is impractical to eliminate hazards through design selection or adequately reduce the associated risk with safety and warning devices, procedures and training shall be used.  However, without a specific waiver from the managing activity, no warning, caution, or other form of written advisory shall be used as the only risk reduction method for Category I or II hazards.  Procedures may include the use of personal protective equipment.  Precautionary notations shall be standardized as specified by the managing activity.  Tasks and activities judged to be safety critical by the managing activity (projects or operations) may require certification of personnel proficiency, along with development of specialized checklists and procedures.


7.0 SOFTWARE ASSURANCE PROCESS

7.1 Software Classification


Each distinct software subsystem installed on the AAW will be assigned an overall classification according to the following definitions:

Level A - Software failure could cause loss of life, life-threatening injury, compromise public safety, or result in loss of or substantial damage to the vehicle/system/facility.

Level B - Software failure could cause loss of flight research mission/test.

Level C - Software failure could cause inaccurate results or inefficient use of resources.

7.2 The AAW System

Figure 1 shows the research flight control computer system for the AAW aircraft. For Phase I, the HARV flight control computers were modified by BAE Systems under subcontract to Boeing.  The existing I/O interface for the thrust vectoring paddles were changed to control the outboard(O/B) leading edge flaps. In addition, two new asymmetry detectors were installed on the O/B flap drives.  These monitor flap drive performance and provide a safety lock if the flap malfunctions.  

Each channel of the AAW computer  consists of the standard F-18 701E processor augmented with a Motorola 68040 CPU.  The design of the 68040 card was performed by BAE Systems under its F-18 Technical Support contract with Dryden.  The 68040 CPU is ADA programmable and carries the AAW control laws.  The 68040 CPU communicates with the 701E CPU through dual port RAM, see Figure 1.  When the system is engaged, the 701E CPU selects the actuator commands computed by the research flight control laws in the 68040 CPU but continues to perform all input and output signal management (see Figure 2). The 701E control laws continue to run in parallel so that in the event of any aircraft or system fault, the command transition logic will automatically disengage and revert to the baseline control laws without adverse transients.  

In Phase 1,shortcomings were found in the AAW flight control computers during V&V.  Although these shortcomings were acceptable for Phase I, they required fixing for Phase II.  These changes are to be performed by a DFRC task order to BAE Systems. 

The AAW research flight software developed for the 68040 CPU and the 701E CPU is flight critical and is classified as level A software. Therefore, the project will comply with flight critical level A standards (tailored) of the DCP-S-007. 
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Figure 1



Figure 2

7.3 Software Verification & Validation


Software system safety and software quality assurance requirements are specified in detail in  DCP-S-007, Software Assurance. DCP-S-007, Section 9, gives detailed requirements for responsibilities, formal analyses, reviews, formal plans, and processes required to verify the safety of flight software.  The level of review and documentation required for an individual software component depends on the software classification level. Table 2, column 1, shows the safety requirements for Level A and B software as specified by DCP–S–007(requires same scope of effort for both levels). The project has examined DCP–S–007 and has tailored, as shown in columns 2&3 the tasks to ensure both mission success and flight safety for 68040 and 701E software.  This tailoring takes into account the software complexity, the number of participants in software design, development and test, and the nature of implementation of the software in a one-of-a kind R&D flight program. Column 4 indicates the minimum tasks (tailored) needed for mission success for mission computer (MC) software changes. 

Table  2 – AAW Project Testing Vs. DCP-S-007

	Level A&B 

DCP-S-007
	      Level A

       68040

     Software
	        Level A

         701E

       Software
	       Level B

          MC

       Software

	Verification
	
	
	

	Requirements check
	Yes
	Yes
	Yes

	Code walk though
	Yes
	Yes
	No

	Unit/ Component  test
	Formal 

Unit/Component
	Formal

Unit/Component 
	Formal

Component

	Integration test
	Yes
	Yes
	Yes

	Closed Loop testing
	Yes
	Yes
	Yes

	Validation
	
	
	

	Off nominal tests
	Yes
	Yes
	Yes

	FMET
	Yes
	Yes
	Yes

	Piloted evaluation
	Yes
	Yes
	Yes

	Aircraft tests
	Yes
	Yes
	Yes




7.4  Software Assurance and Safety Project Documentation

AAW Software Development effort  complies with the NASA Software Assurance Document, DCP-S-007 and follows the NASA Project Life Cycle Guidelines.

Project documentation for the AAW Software development effort includes:

Software Development/Assurance Plan (including configuration management)


Interface Control Document


Failure Mode and Effects Analysis


Software Requirements Specification


Software Test Plan


Software Design and Test Description


Software Test Report (including verification and validation report)

Version Description Document

7.5 Independent Verification and Validation (IV&V)

The participation by the West Virginia Independent Verification and Validation Group will be established by discussions with the group and the cognizant project personnel.  The level of participation by IV&V Group will be based on the software complexity and the risk assessment.


8.0 HAZARD REPORTING AND RESOLUTION


Individual hazards will be documented and tracked using Hazard Report (HR) Form DFRC 319 See Figure 3.  This form will also used to record analysis results and hazard risk reduction actions.  Each Hazard Report will be reviewed by the Configuration Control Board (CCB), which will approve mitigating actions and assign a two-part classification number to the hazard.  The hazard will be placed on the experiment Hazard Action Matrix (HAM) based on the severity and probability.  The probability of the hazard should take into account all the mitigating actions listed on the form at that time. Hazard probability will be reevaluated any time mitigating actions are either added or deleted from the Hazard Report. Note that mitigating actions can only lessen the probability of a hazard, not the severity. The Accepted Risk List must be approved by the Center Director and will be briefed at each Technical Briefing. 

A hazard will be considered open until each of the mitigating actions have been completed and closed out. Once this is done, the hazard will be considered closed. All hazards should be closed prior to flight. In the event a hazard is resolved (no longer considered a hazard), and the resolution accepted by the CCB, the HR is considered closed.  Once a HR has been closed, it shall not be re-opened.  If the hazard is later found to still exist, a new HR will be submitted.  Hazard reports will be numbered and will be retained by CCB administrative personnel for the life of the program.   Any hazards on the Accepted Risk List either closed out or cancelled between Technical Briefings must be presented to DFRC management, along with the closing action, at the next Technical Briefing.

Any project member, government employees, or contractors may submit hazards.  It is the responsibility of the Project Manager to ensure that all credible hazards identified during all analyses, beginning with the Preliminary Hazard Analysis, are carried forward and included on HRs if not resolved.  The Project Manager also has the responsibility of ensuring that all mitigating actions documented on the HRs are, in fact, implemented prior to flight, and the hazards are closed.

FIGURE 3
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         9.0 SAFETY TEST AND VERIFICATION

Review of analysis results pertaining to hazards will be conducted by systems safety engineering, flight systems engineering, operations engineering, project engineer and project manager. This will usually be done within the context of a CCB. Special project engineering reviews will be held as required to review hazards with potentially catastrophic consequences.

Test plans, procedures, and test results will be reviewed by  systems safety engineering, flight systems engineering, operations engineer, project engineer and project manager to assure that operational and safety requirements will be satisfied. Monitoring and evaluation of the test activities will assure compliance with requirements and objectives. Each on-site test will be evaluated for hazards by the project team. Off-site test evaluation will be conducted under the cognizance of the performing organization safety team.

         10.0 SAFETY DATA

At a minimum, engineers identifying hazards and mitigations will review NASA Headquarters’ lessons learned databases (http://llis.nasa.gov.llis/), previous F-18 hazard analysis, and USN F-18 safety publications and information, as appropriate, to assist in hazard identification and mitigation.


11.0 CONFIGURATION MANAGEMENT


The AAW Project shall conduct configuration management in accordance with the procedures outlined in the DCP-P-016 Configuration Management of Flight Research Projects and DCP-P-017 Configuration Change for Flight Projects Critical Systems.

The project CCB will be conducted in accordance with the standard procedures. Specific details of the AAW CCB process may be found in the AAW Configuration Control Plan.


Mitigating actions taken to resolve a hazard or to reduce the probability may require a change in configuration. All Configuration Change Requests (CCRs) shall be submitted to the CCB after the baseline system has been placed under configuration control. Each CCR will be reviewed by the CCB for identification of hazards associated with the change.

         12.0 REVIEWS AND AUDITS


The NASA AAW Project Manager (or designee) is responsible for reviewing all hazard reports and verifying that the appropriate risk reduction actions have been implemented.  All operational procedures, checklists, and test plans for each experiment will also be reviewed to verify safety requirements have been met and to ensure safe test conduct.

The NASA AAW Project manager (or designee) may request audits of project safety related activities, as required. These audits will be assigned to the most appropriate organization or individual depending upon the issues and topics to be audited.


13.0 QUALITY INSPECTION AND ASSURANCE
 

Quality Inspection and assurance will be performed in accordance with  the Quality Assurance Plan  in appendix A.

Appendix B contains the Boeing Aircraft Company’s Quality Plan which establishes the quality procedures that the company intends to follow for both Phase I&II of the program.

Appendix A

DFRC AAW QUALITY PLAN

APRIL 2003
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No item, (part, component, software) can be installed and placed into service on any aircraft or critical support facility for the purpose of Flight, without the proper verification and or documentation that will satisfy the appropriate Dryden Management System Process. 

The assigned Quality Assurance Representative (QAR) will be involved in any Memorandum of Agreement, Contract, Purchase Request or Credit Card transaction pertaining to the above, so that Quality Attachments, Surveillance, Witnessing and In Process Inspection needs can be identified. 

The project will implement the actions necessary to provide adequate confidence that the product will conform to the established requirements. The assigned QAR will review the project specifications, and perform surveillance of the development processes to ensure the project utilizes the quality management system governed by the Dryden Management System (DMS) standard, throughout all project phases. The review will consider mandatory inspection points, process surveillance, source inspection, test witnessing, test requirements, and other appropriate quality-related actions deemed necessary to make certain that the resulting product meets the project goals.  

Key elements of this quality program plan include; Government Contracted Vendors, Project Management, Safety and Mission Assurance, Dryden Flight Research Center Flight Operation’s Project Personnel, Research Engineering, Procurement: “Parts/Materials”, Processes Control: “Written Instructions” (Procedures), Contamination Allowance and Control: Software Assurance: Design Review: and Configuration Management: and Performance Verification (Audits) per DCP-S-006.

Additionally, the Quality Assurance Representative, (code SQ) will verify that the necessary “approved authority” to achieve desired serviceability, reliability and functionality via waivers, deviations or acceptable methods techniques and practices in accordance with the Dryden Management System where such conditions would apply, are documented.  Inspection and Quality Assurance personnel are active team members, and a source of information necessary to meet the project objectives. It must be emphasized that no policy or program will succeed unless there is an exceptional effort made by everyone concerned to cooperate with all others.

Of the 477 IDMS documents maintained to date, the following list of 107 is extracted and recommended for familiarization by all project personnel.  Although some do not apply to each and every professional collectively; the list is divided by category or discipline for convenience. It is highly encouraged however, that knowing a process / procedure does exists may aid your input to assist a fellow co-worker. Please read and become intimate with their content.  The success of the project depends on it.
ALL = PROJECT MANAGER, CHIEF ENGINEER,

            ENGINEERING, TECHNICIANS, AIR CREW & QUALITY       

            ASSURANCE.

DCP-A-001  USING THE PROCUREMENT SYSTEM

DCP-O-001   AIRCRAFT MAINTENANCE & SAFETY

                       MANUAL

DCP-O-002   WORK ORDER PROCESS

DCP-O-006   PROCESS SPECIFICATION SYSTEM

DCP-O-011  AIRCRAFT SYSTEM TEST PROCEDURES 

                      PREPARATION AND RELEASE

DCP-P-003   PROJECT PLAN

DCP-P-007   PROGRAM PLAN

DCP-P-018   DISCREPANCY REPORT PROCESS FOR 

                      FLIGHT PROJECT CRITICAL SYSTEMS

DCP-S-001   AIRCRAFT MISHAP RESPONSE PROCEDURE

DCP-S-003   QUALITY ASSURANCE REVIEW FOR 

                      PURCHASE REQUESTS

DCP-S-004   SYSTEM SAFETY SUPPORT

DCP-S-006   QUALITY ASSURANCE AUDIT

DCP-S-007   SOFTWARE ASSURANCE

DCP-S-008   DFRC CLOSE CALL REPORT PROCESSING

DCP-S-034   FIRE SAFETY

DCP-S-037   HEARING CONSERVATION

DCP-S-038   HAZARD COMMUNICATION AND MATERIAL 

                      SAFETY DATA SHEET (MSDS) INSTRUCTION 

                      GUIDE AND DICTIONARY

DCP-X-003   MANAGEMENT SYSTEM OPPORTUNITY FOR 

                       IMPROVEMENT

DOC-S-012   DRYDEN ORGANIZATIONAL CHAPTER FOR 

                      OFFICE OF SAFETY AND MISSION

                      ASSURANCE

DOP-S-021   SAFETY, HEALTH, AND ENVIRONMENTAL EVALUATION

DHB-S-002    QUALITY ASSURANCE SPECIALIST PROGRAM/ PROJECT 

                       SAFETY AND MISSION SUCCESS

                      GUIDELINES

DOP-F-101   WESTERN AERONAUTICAL TEST RANGE (WATR) IN FLIGHT 

                      EMERGENCY (IFE) STANDARD OPERATING PROCEDURE

DOP-O-007   AIRCRAFT COCKPIT REVIEW

DOP-O-019   AIRCRAFT MAINTENANCE STANDARD OPERATING PROCEDURE

DOP-O-024   FORMAL AIRCRAFT RELATED TRAINING

DOP-O-305   AVIATION HAZARD AND INCIDENT REPORTING

DOP-O-402   REDLINE CHANGES TO DRAWINGS/WORK ORDERS

DOP-R-403   THE FABRICATION AND INSTALLATION OF A FLIGHT

                       INSTRUMENTATION SYSTEM

DOP-S-022   SAFETY, HEALTH, AND ENVIRONMENTAL COMPLIANCE 

                      SERVICES

DOP-S-024   SAFETY, HEALTH, AND ENVIRONMENTAL URGENT AND 

                      EMERGENCY RESPONSE

DPD-1610.1  PERSONNEL IDENTIFICATION-BADGES AND PASSES

DPD-1680.3  COORDINATION OF VISITS

DPD-5330.2   TRAINING AND CERTIFICATION OF PERSONNEL FOR 

                        FABRICATION AND INSPECTION PROCESSES

DPD-5339.2   METROLOGY/CALIBRATION RECALL SYSTEM

PROJECT MANAGER, OPERATIONS, SYSTEMS ENGINEERING, CHIEF ENGINEER & QUALITY ASSURANCE

DCP-P-006   OBJECTIVES AND REQUIREMENTS DOCUMENTS (ORD)

DCP-X-008   TECH BRIEF (T/B) AND MINI-TECH BRIEF 

                       (MINI-T/B)

DCP-X-009  AIRWORTHINESS AND FLIGHT SAFETY 

                      REVIEW BOARD

DCP-X-020   FLIGHT OPERATIONAL READINESS REVIEW 

                       (ORR) AND OPERATIONAL READINESS 

                       REVIEW PANEL (ORRP)

DHB-S-001   SYSTEM SAFETY HANDBOOK

DHB-X-001   AIRWORTHINESS AND FLIGHT SAFETY

                       REVIEW, INDEPENDENT REVIEW, MISSION

                       SUCCESS REVIEW, TECHNICAL BRIEF AND 

                       MINI-TECH BRIEF GUIDELINES

TECHNICIANS & QUALITY ASSURANCE

DCP-F-607    STORES STOCK ISSUE AND TURN-IN

DCP-F-608    PROGRAM STOCK ISSUE AND TURN-IN

DCP-S-013   REVIEW AND CLOSURE OF MANUAL WORK 

                      ORDERS

DCP-S-018   TECHNICAL LIBRARY ORDERING

DCP-S-019   QUALITY WITNESSING AND IN-PROCESS 

                      AND FINAL INSPECTION OF HARDWARE

DCP-S-022   CONFINED SPACE

DCP-S-026   ELECTRICAL SAFETY

DCP-S-027   SHOP SAFETY

DCP-S-030   PRESSURE VESSELS AND PRESSURIZED

                      SYSTEMS

DCP-S-039   CRYOGEN SAFETY

DEI-O-016    C-BAND RADAR TRANSPONDER PREFLIGHT 

                      CHECKLIST

DEI-O-020    ANTENA ACCEPTANCE TEST CHECKLIST

DOP-O-010   LIFE SUPPORT SYSTEMS STANDARD OPERATING PROCEDURE

DOP-O-017  LIFE SUPPORT TECHNICIAN & AUGMENTEE QUALIFICATION 

                       AND CERTIFICATION

DOP-O-018   CERTIFICATION TRAINING

DOP-O-121   MATERIAL CONTROL

DOP-O-122   MANUFACTURING WITH HAZARDOUS MATERIAL

PROJECT MANAGER & QUALITY ASSURANCE

DCP-A-007  CREDIT CARD PURCHASES BY NON-       

                      CONTRACTING AND CONTRACTING

                      OFFICE PERSONNEL

DCP-P-016   CONFIGURATION MANAGEMENT OF FLIGHT 

                      RESEARCH PROJECTS

DCP-P-017   CONFIGUATION CHANGE PROCESS FOR 

                      FLIGHT PROJECT CRITICAL SYSTEMS

DHB-P-002   PROJECT MANAGER'S HANDBOOK

DOP-A-010   PROCUREMENT PROCESS REVIEWS AND SURVEYS

DCP-P-009   RESEARCH PROJECT FLIGHT REQUEST
OPERATIONS ENGINEERING & Q A

DHB-O-001  OPERATIONS ENGINEER'S HANDBOOK
DCP-P-019   TECH BRIEF & MINI-TECH BRIEF 

                      SCHEDULING

DOC-O-009   DRYDEN ORGANIZATIONAL CHAPTER FOR 

                       THE FLIGHT OPERATIONS DIRECTORATE

DOP-O-006   FACT SHEET PREPARATION & UPDATE

DOP-O-023   AIRCRAFT WEIGHT AND BALANCE (W&B)

DOP-O-300   FLIGHT OPERATIONS MANUAL

SYSTEMS ENGINEERING &  Q A

DOP-O-404   AVIONICS BRANCH SYSTEMS DESIGN AND DEVELOPMENT

DOP-O-406   PRINTED CIRCUIT BOARD (PCB)DESIGN

DOP-R-301   FLIGHT VEHICLE SYSTEM DEVELOPMENT

DOP-R-401   RESEARCH INSTRUMENTATION DESIGN

DOP-R-402   INSTRUMENTATION CONSTRUCTION

OPERATIONS, SYSTEMS ENGINEERING & QA

DCP-O-003   MISSION CONTROL PROCESS

DCP-O-004   ENGINEERING DRAWING CONTROL

DCP-F-200   WESTERN AERONAUTICAL TEST RANGE

                      CONFIGURATION CONTROL BOARD

DCP-F-201    RESEARCH AIRCRAFT INTEGRATION 

                       FACILITY CONFIGURATIONCONTROL 

                       BOARD

DCP-F-300    DATA ANALYSIS FACILITY CONFIGURATION 

                       CONTROL BOARD

DOP-F-102   WESTERN AERONAUTICAL TEST RANGE (WATR) PROGRAM 

                      OPERATING PLAN (POP)

DOP-F-208   SIMULATION HARDWARE DRAWING CONTROL

DOP-O-001   AIRCRAFT ENGINEERING DESIGN

DOP-O-011   AIRCRAFT MAINTENANCE OPERATIONS

DOP-R-201   FLIGHT CONTROL SYSTEM DESIGN, DEVELOPMENT AND TEST

DOP-R-202   FLIGHT MISSION, ENGINEERING COORDINATION AND 

                      PLANNING

TECHNICIANS, SYSTEMS, OPERATIONS & QA

DCP-O-005   PARTS CONTROL TAG

DCP-O-007   METROLOGY SYSTEM

DCP-S-011   AIRCRAFT ACCEPTANCE INSPECTION

DCP-S-012   EXPLOSIVE DEVICES ACQUISITION, 

                      CONTROL, AND DISPOSITION

DOP-O-003   RECEIPT AND STORAGE OF NASA EXPLOSIVES

DOP-O-004   ENGINE MAINTENANCE

DOP-O-508   AIRCRAFT ACCEPTANCE INSPECTION

DOP-R-406  FLIGHT INSTRUMENTATION PREFLIGHT / POSTLFIGHT TEST

DOP-R-409   REDLINE CHANGES TO DRAWINGS AND WORK ORDERS

APPENDIX B

BOEING AIRCRAFT COMPANY

QUALITY PLAN
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• 68040 Motorola Processor Added to Each Channel 


    (Ada, 32K EEPROM, *K RAM)


• 701E Retains Control of All External Box Interfaces 


    (Sensors, Actuators, 1553, etc.)


• System is identical to standard F/A-18 FCC when not in 


    Research Mode except for the addition of separate outboard 


    leading edge flap control.


• Research Mode can be manually engaged/disengaged by Pilot 


    and Automatically Disengaged by 701E or 68040 
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• All Production FCC Safety Monitors Remain Active


• Additional Research Monitors Can Be Added 


• Baseline Control Laws Control ISM, ASM and Command Fading 


• Any Aircraft or System Fault Causes Reversion to Baseline Control Laws 





AAW FCC Architecture Overview
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