
WHERE ARE WE TODAY WITH  
UPSET RECOVERY MODELING AND 

SIMULATION?




OUTLINE




MOTIVATIONS




A HISTORICAL PERSPECTIVE OF 
SIMULATION IN EXTENDED ENVELOPES


Category
 60ʼs
 70ʼs
 80ʼs
 90ʼs
 2000


Military 
Fighter


Light GA


Regional 
transport


Large 
transport


Spin resistant

wing design


Upset training


Stall warning / 
spin training


High alpha airframe/controls 
technology


Envelope 
protection


Envelope 
protection


Stall awareness training


Tail-plane Icing 
simulation




ADVANCES OVER THE PAST DECADE
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NASA WIND TUNNEL TESTS

•  Static

  - 23,400 data points

  - α: -30 to 90º, β: -45° to +45º

  - Control and flap effects

  - Landing gear effects

  - Component effects

  - Failure conditions


•  Forced Oscillation

  - 3600 data points

  - α : -10° to 90º, β : -45° to +45º

  - Frequency and amplitude effects

  - Control and flap effects

  - Landing gear effects

  - Component effects


•  Rotary Balance

  - 16,000 data points

  - α : 0° to 90º, β : -45° to +45º

  - Rotational rate effects

  - Control and flap effects

  - Landing gear effects


3.5% model on rotary balance rig

NASA LaRC 20 Ft Vertical Spin Tunnel


5.5% model on static mount

NASA LaRC 14x22 Ft Tunnel 


5.5% model on yaw forced oscillation rig

NASA LaRC 14x22 Ft Tunnel


Smoke/laser flow  visualization in 

NASA LaRC 12 Ft Tunnel


•  Free-Spin

  - 45 test conditions

  - 4 configurations




LIMITATIONS OF CURRENT TRANSPORT 
DATABASES


Current transport simulations not designed for upset conditions


Flight validated  




IMPORTANT AERODYNAMIC 
CHARACTERISTICS FOR UPSETS


Static pitch stability


Roll asymmetries


Roll damping


Static roll stability


Enhanced

Baseline


Stick shaker


Stick shaker


Stick shaker


Unstable


Stick shaker




DAMAGE/FAILURE TESTING


Tail Loss/Damage


Wing Tip/Flap Loss/Damage




ADVANCED MODELING IMPROVES FIDELITY
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1g stall
 Spin Dynamics




BASELINE MODEL 
NASA Langley IFD




ENHANCED MODEL 
NASA Langley IFD




 LESSONS LEARNED




CHALLENGES




Subscale flying models


Flight test stalls


Accident data


Upset encounter data


MODEL VALIDATION REMAINS A CHALLENGE


Flight validated




TRAINING NEEDS WILL INFLUENCE 
SIMULATION RESEARCH




MOVING FORWARD


Enabling research is in progress!





