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	[bookmark: SPBookmark_Description_x0020_of_x0020_th]Description of the Requirement
	Problem/need:  Loss-of-control is the number-one cause of fatalities in the worldwide commercial jet fleet.  Flight simulator improvements are needed to mitigate this number-one cause through better awareness, recognition, avoidance, as well as teaching appropriate recovery techniques if loss-of-control occurs.

	
	R&D Gap:  Presently, flight simulators are used to train pilots in approach-to-stall maneuvers and not for full stalls or significant upset situations.  This is primarily because the aircraft models in flight simulation lack accuracy in the pitch, roll, and yaw axes at the high angles-of-attack where stall occurs.  In fact, the simulator is usually easier to fly than the aircraft in these environments.  Some data exist to improve the models to make them more representative of the aircraft; however, the possible improvements have received limited evaluation and better alternatives may exist.

	
	Requirement:  Develop and validate improvements to flight simulator mathematical models to make their dynamic response representative of the aircraft in full aerodynamic stalls.

	[bookmark: SPBookmark_Sponsor_x0020_Outcome_x0020__]Sponsor Outcome & Implementation Plan
	Outcome:  Reduced accident rate due to loss of control, as well as reduced incident rate of stall warnings and unintended upset attitudes.

	
	Implementation plan:  Specifications for satisfactory simulation responses will be added to 14 CFR Part 60 for future simulator qualification.  Notice of proposed rulemaking for Part 60 revision is December 2013.  Enactment of upset recovery training rule is August 2014.
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	N/A

	[bookmark: SPBookmark_Metrics_x002c__x0020_Mileston]Metrics, Milestones, and Project Phases
	Metrics:  Simulator versus flight time histories of pitch, roll, and yaw responses to pilot input at stall; aircraft buffet response at stall; autoflight characteristics at stall.

	
	Milestones:  A. -- Determine data requirements to improve models (Jan. 2014)
B. -- Develop modeling techniques that result in changes to the math model structure to allow matching of flight data (July 2014)
C -- Change and verify math model changes to the FAA's 737-800 simulator (Nov. 2015)
D -- Validate flight simulator stall response with type-rated test pilots (Feb. 2016).

	
	Project phases --

	
	Phase 1:  Data requirements;

	
	Exit criteria: Damping values and control effectiveness in the roll and yaw axis match the in-flight values to within 20%.

	
	Phase 2:  Math model modification;

	
	Exit criteria:  Model incorporates variables determined from Phase 1 and can be implemented in real-time without increasing the frame rate.

	
	Phase 3:  Software changes and verification in flight simulator;

	
	Exit criteria:  Flight simulator results overlay analysis results.

	
	Phase 4:  Model validation with test pilots

	
	Exit criteria:  Subjective evaluation from six or more test pilots reveals that simulator characteristics near stall are representative of the aircraft. 

	[bookmark: SPBookmark_Backgroud]Background
	P.L. 111-216 requires the FAA to "conduct a rulemaking proceeding to require part 121 air carriers to provide flight crewmembers with ground training and flight training or flight simulator training -- (A) to recognize and avoid a stall of an aircraft or, if not avoided, to recover from the stall; and (B) to recognize and avoid an upset of an aircraft or, if not avoided, to execute such techniques as available data indicate are appropriate to recover from the upset in a given make, model, and series of aircraft."

	
	Both NASA Langley and Bihrle Applied Research have been evaluating promising approaches toward improving simulator models near stall.  Coordination with their efforts will occur through quarterly phonecons with individuals at both organizations.  The sponsor has developed professional contacts with both organizations via the International Committee for Aviation Training in Extended Envelopes.
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	14 CFR Part 60 

	[bookmark: SPBookmark_Output]Output
	Specific criteria for qualifying flight simulators at or near the stall condition.   AVS would use this output to revise 14 CFR Part 60.  The final rulemaking for the enactment of P.L. 111-216 is Aug. 2014; however, it is expected that the rulemaking can refer to the specific outcomes of this requirement.
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	1=Essential 

	[bookmark: SPBookmark__x0031_a_x0029__x0020_Rationa]Evidence Justification
	Evidence: High.    The Boeing's Statistical Summary of Commercial Jet Airplane Accidents lists loss-of-control in-flight as the number-one cause of fatalities in the worldwide commercial jet fleet.

	
	Impact: High.  Flight simulators are the principal way air carriers are trained, and the belief is that better training will reduce the associated accident and incident rate, as required by P.L. 111-216.
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	9=None 

	[bookmark: SPBookmark__x0032_a_x0029__x0020_Rationa]2a) Rationale for Ranking
	This research is developing solutions for a known risk, namely loss-of-control in-flight.
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	1=Essential 

	[bookmark: SPBookmark__x0033_a_x0029__x0020_Rationa]3a) Rationale for Ranking
	Evidence:  High.    Existing requirements in 14 CFR Part 60 do not satisfactorily address mathematical model behavior past the approach-to-stall flight regime.  This was also confirmed by an industry survey developed by the stall/stick-pusher working group.

	
	Impact: High.   The outputs of this research will specify the 14 CFR Part 60 modeling requirements.
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	1=Essential 

	[bookmark: SPBookmark__x0034_a_x0029__x0020_Rationa]4a) Rationale for Ranking
	Evidence: High.   The evaluation of the new stall models will develop and improve our understanding of the new model technologies that are required to enable stall training.

	
	Impact:  High.  The evaluations will have a timely impact on the development of the new stall modeling regulations.
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	Evidence: High.  P.L. 111-216, NTSB A-97-47 (Status: Closed, unnacceptable response), and NTSB A-07-003 (Status: Open, acceptable response) all state that the existing regulations and standards need to be enhanced for stall and upset recovery training.   The outputs of this project address these enhancements directly.

	
	Impact: High.  The output of having specific stall model response criteria addresses the issues raised by external organizations.
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	None
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	$561 
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