
 

 

 

November  2008 
 

To: Nicholas A. Sabatini cc: Dan Jenkins 

Associate Administrator for Aviation Safety   Manager, Air Carrier Training Branch 

AVS-1  AFS-210 

800 Independence Avenue, SW   800 Independence Avenue, SW 

FOB 10-A, Room 1000 West   FOB 10-A, Room 831  

Washington, DC 20591  Washington, DC 20591  
 

cc: Greg Kirkland  cc: Gloria  LaRoche   

Acting Manager, Air Transportation Division   Aviation Safety Inspector   

AFS-200  Air Carrier Training, AFS-210 

800 Independence Avenue, SW   800 Independence Avenue, SW 

FOB 10-A, Room 831   FOB 10-A, Room 831 

Washington, DC 20591    Washington, DC 20591   
 

Dear Mr. Sabatini: 
 

We are pleased to provide you this “Airplane Upset Recovery Training Aid Revision 2”.  This document 

was developed in response to FAA request for us to convene an industry and government working group 

to develop guidance to flight crews as it pertains to issues associated with operations, unintentional 

slowdowns, and recoveries in the high altitude environment. In the interest of defining an effective 

document, it has been decided to introduce this package as a supplement to the Airplane Upset Recovery 

Training Aid first released in 1998.  While the Airplane Upset Recovery Training Aid specifically 

addressed airplanes with 100 seats or greater, the information in this supplement is directly applicable to 

most jet airplanes that routinely operate in this environment.  This supplemental information has been 

inserted in the Airplane Upset Recovery Training Aid Rev 2 completed October 2008.   
 

As a group of industry experts, we are confident we achieved the goal of defining a reference that will be 

effective to educate pilots so they have the knowledge and skill to adequately operate their airplanes and 

prevent upsets in a high altitude environment. The key point is that no reference material published is of 

value unless it is used. To that end, we implore the FAA to produce language to support implementation 

of this material that will motivate operators to use it. Indeed, the current Airplane Upset Recovery 

Training Aid serves as an excellent example of a collaborative reference produced at the insistence of the 

FAA, with little endorsement or requirement for implementation. The industry result is an assortment of 

products available with no standard reference. This competes against the very motivation for producing  

a collaborative document in the first place.   
 

Several recommendations have been provided to our team from the FAA certification group. We are 

encouraged they continue to look at ways to improve future aircraft. We are confident this supplement 

and the Airplane Upset Recovery Training Aid, for airplanes in service today, are effective references,  

if implemented, to provide flight crews information and skills that respond to the suggestions this FAA 

group are studying.  
 

Your review and agreement to the attached Training Aid will allow us to produce and deliver it to 

industry. 
 

Sincerely, 

 
Captain Dave Carbaugh  

The Boeing Company      

Co-chair Upset Recovery Industry Team  

 
 

 
Bob Vandel 

Flight Safety Foundation 

Co-chair Upset Recovery Industry Team 



August 6, 2004

Dear Sir/Madam:

It is a pleasure to provide to you this “Airplane Upset Recovery Training Aid Revision 1”. Our goal
is to see it implemented within your organization and throughout the aviation industry. This training
tool is the culmination of a painstaking, concentrated effort of an industry and Government working
group representing a broad segment of the aviation community.

The training aid was originally released in 1998 using the same industry and Government process.
These teams were composed of both domestic and international experts representing a wide range of
knowledge and interests. This updated consensus document represents the most recent information
available on upset recovery training. We are providing this training aid to you as a means of
enhancing knowledge of, and recovery from, airplane upset situations.

The information and techniques presented in this training aid are aimed at industry solutions for large
swept-wing turbofan airplanes typically seating more than 100 passengers. Other type airplanes may
have characteristics that are different and guidance from the manufacturers of these types of airplanes
should be followed.

The training recommended in this aid was based on the capabilities of today’s modern airplanes and
simulators. It is hoped that training organizations will find this material easy to adapt to their training
programs and equipment. The modular design of the training allows the individual training
departments to use the segments that provide benefits to their organizations. The industry team
agreed that a training program that stresses academic understanding and practical simulation would
provide the individual pilot the tools necessary to recover should an upset situation occur. Today’s
modern simulators, when kept within the boundaries of valid data, provide an adequate environment
in which to perform the recommended training and exposure to upset recovery.

The incorporation of this Upset Recovery Training Aid into your training programs is strongly
recommended. In order to reduce the number of loss of control accidents we must have a consistent
industry standard of knowledge and training regarding airplane upset recovery. We hope the use of
this training aid will help us all to improve aviation safety.

Sincerely,

Captain Dave Carbaugh
The Boeing Company
Co-Chair Upset Recovery Industry Team

Captain Larry Rockliff
Airbus
Co-chair Upset Recovery Industry Team
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High Altitude Operations
Supplement #1 to the Airplane Upset Recovery Training Aid
Assembled by the Industry Airplane Upset Recovery Training Aid Team, October 5, 2008

Introduction
This document is intended to supplement the Air-
plane Upset Recovery Training Aid Rev 1 that was 
released in August 2004. It addresses the issues as-
sociated with operations, unintentional slowdowns, 
and recoveries in the high altitude environment. 
While the Airplane Upset Recovery Training Aid 
addressed airplanes with 100 seats or greater, the 
information in this document is directly applicable 
to most all jet airplanes that routinely operate in 
this environment. This information has also been 
inserted in the Airplane Upset Recovery Train-
ing Aid Rev 2 completed October 2008. Consult 
the operations manual for your airplane type, as 
that information takes precedent to the following 
guidance.

An industry working group was formed to develop 
this guidance at the request of the U.S. Department 
of Transportation, Federal Aviation Administration. 
The working group consisted, in scope, of both 
domestic and international organizational represen-
tatives from the airline, manufacturer, regulatory, 
industry trade, and educational segments. The goal 
of this group was to educate pilots so they have the 
knowledge and skill to adequately operate their 
airplanes and prevent upsets in a high altitude 
environment. This should include the ability to 

recognize and prevent an impending high altitude 
problem and increase the likelihood of a success-
ful recovery from a high altitude upset situation 
should it occur.

This working group was formed as a result of the 
United States National Transportation Safety Board 
(NTSB) recommendations from a high altitude loss 
of control accident and other recent accidents and 
incidents that have occurred under similar condi-
tions. The NTSB recommendations stated that pilots 
should possess a thorough understanding of the 
airplane’s performance capabilities, limitations, and 
high altitude aerodynamics. The guidance in this 
document is intended to supplement the Airplane 
Upset Recovery Training Aid in these areas. 

There have been other recent accidents where for 
various reasons (e.g. trying to top thunderstorms, 
icing equipment performance degradation, unfamil-
iarity with high altitude performance, etc.) crews 
have gotten into a high altitude slowdown situation 
that resulted in a stalled condition from which they 
did not recover. There have been situations where 
for many reasons (e.g. complacency, inappropri-
ate automation modes, atmospheric changes, etc.) 
crews got into situations where they received an 
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approach to stall warning. Some of the recoveries 
from these warnings did not go well. This supple-
ment is intended to discuss these possible situations, 
and provide guidance on appropriate training and 
recommendations for knowledge, recognition, and 
recovery.

For example, a recent incident occurred where an 
airplane experienced an environmental situation 
where airspeed slowly decayed at altitude. The 
crew only selected maximum cruise thrust, instead 
of maximum available thrust, and that did not arrest 
the slowdown. The crew decided to descend but 
delayed to get ATC clearance. Airplane slow speed 
buffet started, the crew selected an inappropriate 
automation mode, the throttles were inadvertently 
reduced to idle, and the situation decayed into a 
large uncontrolled altitude loss. This incident may 
easily have been prevented had the flight crew acted 
with knowledge of information and techniques as 
contained in this supplement.

In another high altitude situation, the crew decided 
to use heading select mode to avoid weather while 
experiencing turbulence. The steep bank angle that 
resulted from this mode quickly caused slow speed 
buffeting. The crew’s rapid inappropriate response 
to disconnect the autopilot and over-control the 
airplane into a rapid descent in poor weather ex-
acerbated the situation. These real world examples 
provide evidence towards the need for more detailed 
training in high altitude operations.

High Altitude Aerodynamics
To cope with high altitude operations and prevent 
upset conditions, it is essential to have a good 
understanding of high altitude aerodynamics. This 
section represents terms and issues pilots need to 
understand thoroughly in order to successfully 
avoid upset conditions or cope with inadvertent 
encounters.

As a purely practical matter, it is useful to identify 
high altitude operations as those above flight level 
250 (FL250 or 25,000 feet). The great majority 
of passengers and freight is now being carried in 
turbojet-powered airplanes, virtually all of which 
regularly operate at altitudes above FL250 where 
high speeds and best economy are attained. While 
aerodynamic principles and certain hazards apply 
at all altitudes, they become particularly significant 
with respect to loss of control (or upset) at altitudes 
above FL250.  For these reasons and others, this 

training aid defines high altitude as any altitude 
above FL250.

High Altitude Operations -Regulatory Issues
The high altitude environment has a number of 
specific references within regulations. They include: 
criteria defining maximum operating altitude and 
service ceilings, required high altitude training, 
flight crew member use of oxygen, passenger 
briefings, airspace issues, transponder usage, and 
Reduced Vertical Separation Minimum (RVSM) re-
quirements. Although this information is necessary 
knowledge for flight crews, this document will focus 
on the information necessary to prevent and recover 
from upsets in the high altitude environment.

There are a number of aerodynamic principles that 
are necessary to understand to have a good grasp 
of high altitude performance. 

L/D Max
The lowest point on the total drag curve (as indicated 
in figure 1) is known as L/D max (or Vmd-minimum 
drag speed). The speed range slower than L/D max is 
known as slow flight, which is sometimes referred-to 
as the “back side of the power-drag curve” or the 
“region of reverse command”. Speed faster than 
L/D max is considered normal flight, or the “front 
side of the power-drag curve”.

Normal flight (faster than L/D max) is inherently 
stable with respect to speed. When operating in 
level flight at a constant airspeed with constant 
thrust setting, any airspeed disturbance (such as 
turbulence) will result in the airspeed eventually 
returning to the original airspeed when the total 
thrust has not changed.

Slow flight (slower than L/D max) is inherently 
unstable with respect to speed and thrust settings. 
When operating at a constant airspeed with constant 
thrust setting, any disturbance causing a decrease in 
airspeed will result in a further decrease in airspeed 
unless thrust is increased. As in Figure 1, the lower 
speed will subject the airplane to increased drag. 
This increase in drag will cause a further decrease 
in airspeed, which may ultimately result in a stalled 
flight condition. Flight slower than L/D max at high 
altitudes must be avoided due to the inefficiency 
and inherent instability of the slow flight speed 
range. When operating slower than L/D max, and 
where total drag exceeds total thrust, the airplane 
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will be unable to maintain altitude and the only 
remaining option to exit the slow flight regime is 
to initiate a descent.

External factors, such as changing winds, increased 
drag in turns, turbulence, icing or internal factors, 
such as anti-ice use, auto-throttle rollback, or engine 
malfunction or failure can cause airspeed decay. 
Heavily damped auto-throttles, designed for pas-
senger comfort, may not apply thrust aggressively 
enough to prevent a slowdown below L/D max.

Slower cruising speeds are an issue. As airplanes 
are pushed to more efficient flight profiles to save 
fuel, it may dictate high altitude cruising at lower 
Mach numbers. The net result is the crew may 
have less time to recognize and respond to speed 
deterioration at altitude.

At all times, pilots must ensure that flight slower than 
L/D max is avoided in the high altitude environment. 
Proper flight planning and adherence to published 
climb profiles and cruise speeds will ensure that 
speeds slower than L/D max are avoided.

As an airplane climbs and cruises at high altitude, 
flight crews should be aware of terms that affect 
them.

Crossover Altitude 
Crossover Altitude is the altitude at which a speci-
fied CAS (Calibrated airspeed) and Mach value 
represent the same TAS (True airspeed) value. 
Above this altitude the Mach number is used to 

reference speeds. 

Optimum Altitude
Optimum Altitude is defined as an altitude at which 
the equivalent airspeed for a thrust setting will 
equal the square root of the coefficient of lift over 
the coefficient of drag. In less technical terms, it is 
the best cruise altitude for a given weight and air 
temperature. A dramatic increase in temperature 
will lower the optimum altitude. Therefore, when 
flying at optimum altitude, crews should be aware 
of temperature to ensure performance capability.

Optimum Climb Speed Deviations
Airplane manuals and flight management systems 
produce optimum climb speed charts and speeds. 
When increased rates of climb are required, ensure 
speed is not decreased below L/D max. Evidence 
shows that inappropriate use of vertical speed modes 
is involved in the majority of slow speed events 
during high altitude climbs.

Thrust Limited Condition and Recovery
Most jet transport airplanes are thrust limited, 
rather than low speed buffet limited, at altitude, 
especially in a turn. It is imperative that crews be 
aware of outside temperature and thrust available. 
To avoid losing airspeed due to a thrust limit, use 
flight management systems/reduced bank angle as a 
routine for en-route flight if it incorporates real-time 
bank angle protection, or routinely select a bank 
angle limit of 10-15 degrees for cruise flight. If a 

Figure 1. 
Airspeed versus drag 
in level flight
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condition of airspeed decay occurs at altitude, take 
immediate action to recover:

Reduce bank angle•	
Increase thrust – select maximum continuous •	
thrust if the airplane’s auto-throttle system is 
maintaining thrust at a lower limit
Descend•	

If a high drag situation occurs where maximum 
available thrust will not arrest the airspeed decay, 
the only available option is to descend.

Maximum Altitude
Maximum altitude is the highest altitude at which 
an airplane can be operated. In today’s modern 
airplanes it is determined by three basic charac-
teristics which are unique to each airplane model. 
It is the lowest of:

Maximum certified altitude (structural) that is de-•	
termined during certification and is usually set by 
the pressurization load limits on the fuselage.
Thrust Limited Altitude – the altitude at which •	
sufficient thrust is available to provide a specific 
minimum rate of climb.
Buffet or Maneuver limited altitude – the altitude •	
at which a specific maneuver margin exists prior 
to buffet onset.

Although each of these limits is checked by modern 
flight management computers the available thrust 
may limit the ability to accomplish anything other 
than relatively minor maneuvering.

The danger in operating near these ceilings is the 
potential for the speed and angle of attack to change 
due to turbulence or environmental factors that 
could lead to a slowdown or stall and subsequent 
high altitude upset.

In early turbojet era airplanes the capability to reach 
what is called absolute ceiling or “coffin corner” 
could exist. This is where if an airplane flew any 
slower it would exceed its stalling angle of attack 
and experience low speed buffet. Additionally, if it 
flew any faster it would exceed Mmo, potentially 
leading to high speed buffet.

All airplanes are equipped with some form of stall 
warning system. Crews must be aware of systems 
installed on their airplanes (stick pushers, shakers, 
audio alarms, etc.) and their intended function. 
In a high altitude environment, airplane buffet is 
sometimes the initial indicator of problems.

Maneuvering Stability
For the same control surface movement at constant 
airspeed, an airplane at 35,000 ft experiences a 
higher pitch rate than an airplane at 5,000 ft because 
there is less aerodynamic damping. Therefore, the 
change in angle of attack is greater, creating more 
lift and a higher load factor. If the control system is 
designed to provide a fixed ratio of control force to 
elevator deflection, it will take less force to generate 
the same load factor as altitude increases.

An additional effect is that for a given attitude 
change, the change in rate of climb is proportional 
to the true airspeed. Thus, for an attitude change 
for 500 ft per minute (fpm) at 290 knots indicated 
air speed (KIAS) at sea level, the same change in 
attitude at 290 KIAS (490 knots true air speed) at 
35,000 ft would be almost 900 fpm. This character-
istic is essentially true for small attitude changes, 
such as the kind used to hold altitude. It is also 
why smooth and small control inputs are required 
at high altitude, particularly when disconnecting 
the autopilot.

Operating limits of modern transport category 
airplanes are designed so that operations within 
these limits will be free of adverse handling char-
acteristics. Exceeding these limits can occur for 
various reasons and all modern transport airplanes 
are tested to allow normal piloting skill to recover 
these temporary exceedences back to the normal 
operational envelope. It is imperative to not over-
react with large and drastic inputs. There is no need 
to take quick drastic action or immediately discon-
nect a correctly functioning autopilot. Pilots should 
smoothly adjust pitch and/or power to reduce speed 
should an overspeed occur.

In the high altitude flight area there is normally 
adequate maneuver margin at optimum altitude. 
Maneuver margin decreases significantly as the 
pilot approaches maximum altitude. Flying near 
maximum altitude will result in reduced bank angle 
capability; therefore, autopilot or crew inputs must 
be kept below buffet thresholds. The use of LNAV 
will ensure bank angle is limited to respect buffet 
and thrust margins. The use of other automation 
modes, or hand flying, may cause a bank angle that 
result in buffeting. When maneuvering at or near 
maximum altitude there may be insufficient thrust 
to maintain altitude and airspeed. The airplane 
may initially be within the buffet limits but does 
not have sufficient thrust to maintain the necessary 
airspeed. This is a common item in many high 
altitude situations where airplanes slow down to 
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Units of Measurement
°	 degree (temperature)
deg	 degree (angle)
deg/s	 degrees per second
ft	 feet
ft/min	 feet per minute
ft/s	 feet per second
hPa	 hectoPascal
hr	 hour
in	 inch
inHg	 inches of mercury
kg	 kilogram
kn	 knot
m	 meter
mbar	 millibar
mi	 mile
min	 minute
nm	 nautical mile
sec	 second

Acronyms
ADI	Attitude Direction Indicator
AFM	 Approved Flight Manual
AGL	 above ground level
AOA	 angle of attack
ASRS	 Aviation Safety Reporting System
ATC	air traffic control
CAT	clear air turbulence
CFIT 	 Controlled Flight Into Terrain
CG	 center of gravity
ECAMS	 Electronic Centralized Aircraft Monitoring System
EICAS	Engine Indicating and Crew Alerting System
FAA	Federal Aviation Administration
GA	 general duration
ICAO	 International Civil Aviation Organization
ILS	 Instrument Landing System
IMC	instrument meteorological conditions
MAC	 mean aerodynamic chord
MSL	 mean sea level
NASA	 National Aeronautics Space Administration
NTSB	 National Transportation Safety Board
PF	 pilot flying
PFD	Primary Flight Display
PIO	 pilot-induced oscillation
PNF	pilot not flying
RTO	rejected takeoff
VMC	 visual meteorological conditions
VSI	 Vertical Speed Indicator

REFERENCE
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Airplane Upset Recovery Glossary
Certain definitions are needed to explain the con-
cepts discussed in this training aid. Some of the 
definitions are from regulatory documents or other 
references, and some are defined in the aid. 

Airplane Upset
An airplane in flight unintentionally exceeding the 
parameters normally experienced in line operations 
or training:

Pitch attitude greater than 25 deg, nose up.•	
Pitch attitude greater than 10 deg, nose down.•	
Bank angle greater than 45 deg.•	
Within the above parameters, but flying at air-•	
speeds inappropriate for the conditions.

Altitude (USA)
The height of a level, point, or object measured 
in feet above ground level (AGL) or from mean 
sea level (MSL).

MSL altitude— Altitude expressed in feet a.	
measured from mean sea level.
AGL altitude — Altitude expressed in feet b.	
measured above ground level.
Indicated altitude— The altitude as shown c.	
by an altimeter. On a pressure or barometric 
altimeter, it is altitude as shown uncorrected 
for instrument error and uncompensated  
for variation from standard atmospheric 
conditions.

Altitude (ICAO)
The vertical distance of a level, a point, or an ob-
ject considered as a point, measured from mean 
sea level.

Angle of Attack (AOA)
Angle of attack is the angle between the oncoming 
air or relative wind, and some reference line on 
the airplane or wing.

Autoflight Systems 
The autopilot, autothrottle, and all related 
systems that perform flight management and 
guidance.

Camber
The amount of curvature evident in an airfoil 
shape.

Ceiling
The heights above the Earth’s surface of the lowest 
layer of clouds or obscuring phenomena that are 
reported as “broken,” “overcast,” or “obscuration,” 
and not classified as “thin” or “partial.”

Clear Air Turbulence (CAT)
High-level turbulence (normally above 15,000 ft 
above sea level) not associated with cumuliform 
cloudiness, including thunderstorms.

Controlled Flight into Terrain (CFIT)
An event where a mechanically normally function-
ing airplane is inadvertently flown into the ground, 
water, or an obstacle.

Dihedral
The positive angle formed between the lateral axis 
of an airplane and a line that passes through the 
center of the wing.

Energy
The capacity to do work.

Energy State
How much of each kind of energy (kinetic, poten-
tial, or chemical) the airplane has available at any 
given time.

Flight Crew or Flight Crew Member
A pilot, first officer, flight engineer, or flight navigator 
assigned to duty in an airplane during flight time.

Flight Level
A level of constant atmospheric pressure related 
to a reference datum of 29.92 inches of mercury. 
This is stated in three digits that represent hundreds 
of feet. For example, flight level 250 represents a 
barometric altimeter indication of 25,000 ft; flight 
level 255, an indication of 25,500 ft.

Flight Management Systems
A computer system that uses a large database to 
allow routes to be preprogrammed and fed into 
the system by means of a data loader.  The system 
is constantly updated with respect to position ac-

REFERENCE
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curacy by reference to conventional navigation 
aids.  The sophisticated program and its associated 
database ensures that the most appropriate aids 
are automatically selected during the information 
update cycle.

Flight Path
The actual direction and velocity an airplane 
follows.

Flight Path Angle
The angle between the flight path vector and the 
horizon.

Flight Recorder
A general term applied to any instrument or device 
that records information about the performance of 
an airplane in flight or about conditions encoun-
tered in flight.

Fly-by-Wire Airplanes
Airplanes that have electronic flight control 
systems

Instrument Landing System
A precision instrument approach system that nor-
mally consists of the following electronic compo-
nents and visual aids:

Localizer.a.	

Glideslope.b.	

Outer marker.c.	

Middle marker.d.	

Approach lights.e.	

Instrument Landing System Categories
ILS Category I— An ILS approach procedure 1.	
that provides for approach to a height above 
touchdown of not less than 200 ft and with run-
way visual range of not less than 1800 ft.
ILS Category II— An ILS approach procedure 2.	
that provides for approach to a height above 
touchdown of not less than 100 ft and with run-
way visual range of not less than 1200 ft.
ILS Category III—3.	
IIIA.	 An ILS approach procedure that provides 

for approach without a decision height 
minimum and with runway visual range 
of not less than 700 ft.

IIIB.	 An ILS approach procedure that provides 
for approach without a decision height 	
minimum and with runway visual range 	
of not less than 150 ft.

IIIC.	 An ILS approach procedure that provides 
for approach without a decision height 	
minimum and without runway visual 	
range minimum.

Instrument Meteorological Conditions
Meteorological conditions expressed in terms of 
visibility, distance from cloud, and ceiling less than 
the minimums specified for visual meteorological 
conditions.

International Civil Aviation Organization
A specialized agency of the United Nations whose 
objectives are to develop the principles and tech-
niques of international air navigation and foster 
planning and development of international civil 
air transport.

Load Factor
A measure of the acceleration being experienced 
by the airplane.

Maneuver
A controlled variation of the flight path.

Mean Sea Level (MSL) Altitude 
Altitude expressed in feet measured from mean 
sea level.

Mountain Wave
Severe turbulence advancing up one side of a 
mountain and down the other.

Newton’s First Law
An object at rest will tend to stay at rest, and an object 
in motion will tend to stay in motion in a straight 
line, unless acted on by an external force.

Newton’s Second Law
An object in motion will continue in a straight line 
unless acted on by an external force.

Force = mass x acceleration

REFERENCE
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Operators
The people who are involved in all operations 
functions required for the flight of commercial 
airplanes.

Pitch
Movement about the lateral axis.

Pitch Attitude
The angle between the longitudinal axis of the 
airplane and the horizon.

Roll
Motion about the longitudinal axis.

Sideslip Angle
The angle between the longitudinal axis of the 
airplane and the relative wind as seen in a plan 
view.

Stability
Positive static stability is the initial tendency to re-
turn to an undisturbed state after a disturbance.

Stall
An airplane is stalled when the angle of attack is 
beyond the stalling angle. A stall is characterized 
by any of, or a combination of, the following: 

Buffeting, which could be heavy at times.a.	

A lack of pitch authority.b.	

A lack of roll control.c.	

Inability to arrest descent rate.d.	

Trim
That condition in which the forces on the airplane 
are stabilized and the moments about the center of 
gravity all add up to zero.

Turbulence
Turbulent atmosphere is characterized by a large 
variation in an air current over a short distance.

Visual Meteorological Conditions
Meteorological conditions expressed in terms of 
visibility, distance from cloud, and ceiling equal to 
or better than specified minimums.

VMCA
The minimum flight speed at which the airplane is 
controllable with a maximum of 5-deg bank when 
the critical engine suddenly becomes inoperative 
with the remaining engine at takeoff thrust.

Wake Turbulence
The condition in which a pair of counter-rotating 
vortices is shed from an airplane wing, thus causing 
turbulence in the airplane’s wake.

Windshear
Wind variations at low altitude

Yaw
Motion about the vertical axis

REFERENCE
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3
Example Airplane Upset

Recovery Training Program

3.0  Introduction
The overall goal of the Airplane Upset Recovery 
Training Aid is to increase the ability of pilots to 
recognize and avoid situations that may lead to 
airplane upsets and improve the pilots’ ability to 
recover control of an airplane that has exceeded the 
normal flight regime. This may be accomplished by 
increasing awareness of potential upset situations 
and knowledge of aerodynamics and by applica-
tion of this knowledge during simulator training 
scenarios. Therefore, an academic and training 
program is provided to support this goal.

This “Example Airplane Upset Recovery Training 
Program” is structured to stand alone, but it may 
be integrated into existing initial, transition, and 
recurrent training and check programs, if desired. 
The Academic Training Program is designed to 
improve awareness by increasing the pilot’s ability 
to recognize and avoid those situations that cause 
airplanes to become upset. The academic program 
also provides aerodynamic information associated 
with large, jet, swept- wing airplanes. This informa-
tion provides the basis for understanding aircraft 
behavior in order to avoid upsets and for under-
standing why various upset recovery techniques 
are recommended. Finally, airplane upset recovery 
techniques are provided for pilots to use to return an 
airplane to the normal flight regime once it has been 
upset. Because of the infinite variables that comprise 
upset situations, the Industry group unanimously 
agree that airplane upset recovery education must 
not include simulator testing criteria. By definition, 
testing implies procedure demonstration and objec-
tive assessment of performance. The goal of upset 
recovery is to regain aircraft flight path control. A 
testing environment could lead to similar negative 
learning conclusions that can currently exist with 
approach to stall performance when measured 
against minimum loss of altitude. 

The Simulator Training Program includes a simula-
tor briefing outline and simulator exercises. These 
exercises are designed for pilots to analyze upset 
situations and properly apply recovery techniques. 
A methodical building block approach is used so 
that pilots can learn the effect of each recovery 
technique and develop the required piloting skills 
in applying them. The recommended exercises are 
the minimum that pilots should accomplish. Opera-
tors are encouraged to develop additional exercises 
and scenarios. Recurrent training should, to the 
maximum extent possible, use real-time situation-
integrated presentations with various levels of auto-
mation. Over several recurrent cycles, flight crews 
should be presented with upsets involving various 
levels of pilot and automation interface. Good 
communication, crew coordination, and other skills 
associated with crew resource management should 
be an integral part of recurrent training in upset 
recovery. Use of airplane systems, flight control, or 
engine malfunctions to accomplish these objectives 
is encouraged. However, training scenarios should 
not exceed the limitations of simulator engineering 
data or mechanical operation. Use of simulators 
beyond their mechanical or engineering data ca-
pabilities can lead to counterproductive learning 
and should be avoided. Operators are encouraged 
to assess the capabilities of their simulators and 
improve them, if necessary, to conduct this training. 
Simulator engineering information is provided in 
Appendix 3-D. The purpose of this information is 
to aid operators in assessing simulators.

3.1  Academic Training Program
The Academic Training Program focuses on the 
elements that are important to preventing an air-
plane from being upset and recovery techniques 
available for returning an airplane to the normal 
flight regime.
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Pilot Guide Questions. A set of questions based 
on the material contained in the Pilot Guide is 
contained in Appendix 3-A. These questions are 
designed to test the pilot’s knowledge of each 
section of the Pilot Guide. In an airplane upset 
recovery curriculum, these questions may be used 
in one of two ways:

As part of a pilot’s review of the Pilot Guide.a.	

As an evaluation to determine the effective-b.	
ness of the pilot’s self-study prior to subse-
quent academic or simulator training for upset 
recovery.

Airplane Upset Recovery Briefing. A paper copy 
of viewfoils with descriptive words for each one 
that can be used for a classroom presentation is 
contained in Appendix 3-B. The briefing supports 
a classroom discussion of the Pilot Guide.

Video (optional). Airplane Upset Recovery—This 
video is in two parts. Part One is a review of causes 
of the majority of airplane upsets. It emphasizes 
awareness as a means of avoiding these events. 
Part One also presents basic aerodynamic informa-
tion about large, swept-wing airplanes. This part 
of the video provides the background necessary 
for understanding the principles associated with 
recovery techniques. Part Two presents airplane 
upset recovery techniques for several different upset 
situations. Part Two is excellent as an academic 
portion of recurrent training.

3.1.3  Academic Training Syllabus
All or part of the suggested Academic Training 
Program can be presented. The most effective 
method is a combination of all of the previous 
academic training modules into a comprehensive 
training syllabus. The information provided in this 

3.1.1  Training Objectives
The objectives of the training program are to 
provide the pilot with the following:

Aerodynamic principles of large, swept-wing a.	
airplanes.

The ability to recognize situations that may b.	
lead to airplane upsets so that they may be 
prevented.

Airplane flight maneuvering information and c.	
techniques for recovering from an airplane 
upset.

Skill in using upset recovery techniques.d.	

A suggested syllabus is provided, with the knowl-
edge that no single training format or curriculum 
is best for all operators or training situations. All 
training materials have been designed to “stand 
alone.” As a result, some redundancy of the subject 
material occurs. However, using these materials 
together in the suggested sequence will enhance 
overall training effectiveness.

3.1.2  Academic Training Program  
Modules
The following academic training modules are 
available for preparing an academic training 
curriculum.

Pilot Guide. The “Pilot Guide to Airplane Upset 
Recovery” (Airplane Upset Recovery Training Aid, 
Sec. 2) is a comprehensive treatment of prevention 
and lessons learned from past upset accidents and 
incidents. The pilot guide is designed as a document 
that should be reviewed by an individual pilot at 
any time before formal upset recovery academic 
or simulator training.

Training Module	 Method of Presentation

Pilot Guide (Section 2)	 Self-study/classroom: The pilot can either study 
and review section 2 or a presentation can be given 
using Appendix 3-B.

Pilot Guide Questions (Section 3-A)	 Self-study/classroom: The pilot can study and review 
section 3A or a standup briefing from an instructor 
can be conducted.

Video (Section 3-C)	 Classroom: The video can be presented after or 
before self-study/classroom.

Figure 1 
Suggested Academic 

Training Program
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training guide can be utilized as recommended or 
can be configured into e-based training if desired.  
Figure 1 shows a suggested Academic Training 
Program.

3.1.4  Additional Academic Training 
Resources
The Airplane Upset Recovery Training Aid is 
provided in CD-ROM DOS format. The complete 
document and the two-part video are included in 
this format. This allows for more flexible training 
options and makes the information readily available 
to pilots. For example, the Pilot Guide (Sec. 2 of 
the document) may be printed from the CD-ROM 
format and distributed to all pilots.

3.2  Simulator Training Program
The Simulator Training Program addresses tech-
niques that pilots should use to recover an airplane 
that has been upset. Training and practice are pro-
vided to allow the pilot to, as a minimum, recover 
from nose-high and nose-low airplane upsets. The 
exercises have been designed to meet the follow-
ing criteria:

Extensive simulator engineering modification  a.	
will not be necessary.

All exercises will keep the simulator within b.	
the  mathematical models and data provided 
by the airplane manufacturer.

Exercises will not result in negative or coun-c.	
terproductive training.

To be most effective, simulator training requires the 
pilot-in-training to be familiar with the material in 
the Academic Training Program.

Simulator training exercises are developed so that 
an operator needs only minimum training capability 
to encourage the implementation of an effective air-
plane upset recovery training program. The training 
exercises may be initiated by several means:

Manual maneuvering to the demonstration a.	
parameters.

Automated simulator presets.b.	

Stabilizer trim to induce the demonstration as c.	
best suits the pilot-in-training requirements.

Other appropriate airplane-system, flight-d.	
control, or engine malfunctions.

Instructors may be called on to maneuver the simula-
tor to assist the pilot-in-training in order to obtain 
the desired parameters and learning objectives. 
The instructors need to be properly trained to avoid 
nonstandardized or ineffective training.

3.2.1  Simulator Limitations
Simulator capabilities have evolved to provide ac-
curate duplication of airplane characteristics within 
the normal operating envelope. Since the normal 
working environment of the airline pilot does 
not encompass vertical or lateral load transients, 
simulator limitations in that area are negligible. 
However, airplane upsets often will involve g load 
excursions and these cannot be duplicated within 
the simulator environment. They have not been 
designed for the purpose of replicating upsets, and 
as such, whenever maneuvering involves vertical 
or lateral loading, the realism degrades. This is a 
very important point for both the trainee and the 
instructor. Instructional content must acknowledge 
this limitation and fortify instructional content based 
upon the trainee’s prior flight experience with g 
load excursions. Without this instructional input, 
a positive learning goal can be transformed into a 
negative learning experience.

Simulator fidelity relies on mathematical models 
and data provided by the airplane manufacturer. 
The simulator is updated and validated by the 
manufacturer using flight data acquired during the 
flight test program. Before a simulator is approved 
for crew training, it must be evaluated and qualified 
by a regulatory authority. This process includes a 
quantitative comparison to actual flight data for 
certain test conditions, such as those specified 
in the International Civil Aviation Organization 
(ICAO) Manual of Criteria for the Qualification of 
Flight Simulators. These flight conditions represent 
airplane operation within the normal operating 
envelope.

When properly accomplished, the training recom-
mended in this training aid should be within the 
normal operating envelope for most simulators. 
However, operators must assess their simulators 
to ensure their ability to support the exercises. 
This assessment should include, at a minimum, 
aerodynamic math models; their associated data 
tables; and the performance capabilities of visual, 
flight instrument, and motion systems to support 
maneuvers performed in the simulator.
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Appendix 3-D, “Flight Simulator Information,” was 
developed to aid operators and training organiza-
tions in assessing their simulators. The information 
is provided by airplane manufacturers and based on 
the availability of information. Simulator manufac-
turers are another source for information.

The simulation may be extended to represent regions 
outside the typical operating envelope by using 
reliable predictive methods. However, flight data 
are not typically available for conditions where 
flight testing would be very hazardous. From an 
aerodynamic standpoint, the regimes of flight that 
are not generally validated fully with flight test data 
are the stall region and the region of high angle of 
attack with high-sideslip angle. While numerous 
approaches to a stall or stalls are flown on each 
model (available test data are normally matched 
on the simulator), the flight controls are not fully 
exercised during an approach to stall, or during 
a full stall, because of safety concerns. Training 
maneuvers in this regime of flight must be carefully 
tailored to ensure that the combination of angle of 
attack and sideslip angle reached in the maneuver 
do not exceed the range of validated data or ana-
lytical/extrapolated data supported by the airplane 
manufacturer. The values of pitch, roll, and heading 
angles, however, do not affect the aerodynamics of 
the simulator or the validity of the training as long 
as angle of attack and sideslip angles do not exceed 
values supported by the airplane manufacturer. For 
example, a full 360-deg roll maneuver conducted 
without exceeding the valid range of the angle of 
attack and sideslip angle will be correctly replicated 
from an aerodynamic standpoint. However, the 
forces imposed on the pilot and the ratio of control 
forces to inertial and gravity forces will not be 
representative of the airplane.

Simulator technology continues to improve, which 
allows more training opportunities. However, 
trainers and pilots must understand that simula-
tors still cannot replicate all things. For example, 
sustained g forces, both negative and positive, 
are not replicated. This means that a pilot cannot 
rely on complete sensory feedback that would be 
available in an actual airplane. Additionally, such 
things as loose items that would likely be floating 
in the cockpit during a negative-g situation are 
clearly not replicated in the simulator. However, 
a properly programmed simulator should provide 
accurate control force feedback (absent any sus-
tained g loading), and the motion system should 
provide airframe buffet consistent with the aerody-
namic characteristics of the airplane which could 

result from control input during certain recovery 
situations.

The importance of providing feedback to a pilot 
when control inputs would have exceeded airframe, 
physiological, or simulator model limits must be 
recognized and addressed. Some simulator operators 
have effectively used a simulator’s “crash” mode 
to indicate limits have been exceeded. Others have 
chosen to turn the visual system red when given 
parameters have been exceeded. Simulator opera-
tors should work closely with training departments 
in selecting the most productive feedback method 
when selected parameters are exceeded.

3.2.2 Training Objectives
The objective of the Simulator Training Program 
is to provide pilots with the necessary experience 
and skills to

Recognize and confirm airplane upset.a.	

Gain confidence and understanding in maneu-b.	
vering the airplane during upsets.

Successfully apply proper airplane upset c.	
recovery techniques.

3.2.3 Simulator Training Syllabus
The training given during initial, transition, and 
recurrent phases of training should follow a building 
block approach. The first time an upset is introduced, 
it should be well briefed and the pilot should have 
general knowledge of how the airplane will react. 
Since full limits of control forces may be necessary 
during a recovery from an upset, it may be appropri-
ate to allow the pilot opportunity for maneuvering 
using all flight control inputs.

Exercises are initiated by the instructor pilot. Once 
the desired upset situation is achieved, the pilot-
in-training then applies appropriate techniques to 
return the airplane to its normal flight regime or 
to maneuver the airplane during certain demon-
strations, depending on the exercise. It may take 
several iterations before the pilot-in-training has the 
required skills for recovering the airplane.

3.2.4 Pilot Simulator Briefing
Pilots should be familiar with the material in the 
Ground Training Program before beginning Air-
plane Upset Recovery Training. However, a briefing 
should be given to review the following:
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Situation analysis process:a.	
Callout of the situation.1.	
Location of the bank indicator.2.	
Determination of the pitch attitude.3.	
Confirmation of attitude by reference to other 4.	
indicators.
Assessment of the energy.5.	

Controlling the airplane before determining b.	
the cause of the upset.

Use of full control inputs.c.	

Counter-intuitive factors.d.	

G-force factors.e.	

Use of automation.f.	

Recovery techniques for nose-high and  g.	
nose-low upsets.

Limitations of simulatorh.	
Angle of attack, sideslip, and fidelity1.	
Forces experienced2.	

3.2.5  Simulator Training
The following is a sample lesson description and 
instructor notes that can be used by an operator 
to conduct airplane upset recovery training in the 
simulator.

Before flying the simulator training exercises, it is 
highly recommended that the pilot be exposed to the 
handling characteristics and airplane responses to 
the primary and secondary flight control and thrust 
inputs that will be used to effect recovery from an 
airplane upset. The sample lesson describes the 
preexercise preparation. The proficiency and skill 
of the pilot-in-training should be considered in 
determining the amount of preexercise preparation. 
Operators may select the events described or may 
develop others, depending on airplane model.

During simulator training exercises for upset rec-
ognition and recovery, it is recommended that the 
instructor be in a position to fully view the control 
inputs applied during recovery. This ensures the 
instructor has the ability to assess the control inputs 
being used and likewise the ability to make timely 
and relevant critique of the recovery event. Should 
the necessity arise, the instructor should be capable 
of demonstrating proper recovery technique.
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3
Airplane Upset Recovery Training Syllabus

Lesson Summary
This lesson is a flight from Grant County International Airport. The crew does not perform a complete 
preflight. Overhead panel, MCP, IRS alignment, and engines are the responsibility of the IP. The student(s) 
will load the FMC. A normal takeoff will be conducted, followed by exercises in handling characteristics, 
airplane responses to primary and secondary flight control, and thrust inputs that will be used to effect 
recovery from an airplane upset. The preexercise preparation events are flown with the pilot-in-training 
at the controls. The intent is to allow the pilots to gain confidence in their ability to fly the airplane when 
it is outside its normal flight regime.  This preparation provides the opportunity for pilots to develop 
recovery decision-making skills and become familiar with the use of operator procedures. This in turn 
prepares the pilot for completing the nose-high and nose-low follow-on exercises. During recovery 
practice, the student will experience three nose-high and three nose-low airplane upsets. Each of these 
maneuvers requires the pilot to return the airplane to a normal flight condition. The expectation is that 
the student learns to manage the energy, arrest the flight path divergence, and recover to a stabilized 
flight path. A random nose high and nose-low exercise will be given after the training maneuvers.

The nose-high recovery will be set up so that at least a 40-deg noseup condition is reached. For the 
nose- low recovery, at least a 20-deg nose-low attitude will be reached. In all cases the instructor will 
attempt to maintain the airplane within the fidelity of the simulator motion and capability. 

Lesson Objectives

Attain better understanding of the aerodynamic principles of large, swept-wing airplanes.•	

Have a thorough understanding of application of flight controls in reference to roll rate, pitch rate, and •	
the interrelationship with thrust, particularly for underwing-mounted engines.

Be able to recognize situations that may lead to airplane upsets so that they may be prevented.•	

Recognize and confirm airplane upset.•	

Gain confidence and understanding in maneuvering the airplane during upsets.•	

Develop skill for recovery from a nose-high airplane upset.•	

Demonstrate low-speed and high-speed accelerated stall recovery.•	

Develop skill for recovery from a nose-low airplane upset.•	

Route of Flight
ORIGIN	 KMWH, Hold Short of Runway	

ROUTE	 EPH, direct ELN, direct MWH

DEPARTURE	 Radar Vectors

DESTINATION	 Grant County International Airport (KMWH)

ALTERNATE	 Spokane International Airport (KGEG)

FLIGHT NUMBER	 TRAINER XX
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Performance
GROSS WT:	 Max Landing Weight	 FLAPS	 Appropriate for runway (use 
					    average operational flap setting).

CG:	 Mid-Range								      
		

FUEL:	 2+ hours			    

ZFW:	 Appropriate for conditions	 WIND	 230/10

RESERVES:	 1 Hour	 SLOPE	 0

CRZ ALT	 3000 ft	 EO	 ACCEL HT	 1000 ft

COST INDEX  	Appropriate for conditions	 ACCEL HT	 1000 ft

THRUST LIM	 TO 2 or 49°C	 THR REDUCTION	 1500 ft

Weather
MWH	 Clear / 20 miles // Temperature 59°F (15°C) / D.P. 50°F (10°C) // Wind 230 / 10 // QNH 29.92 

HG (1013 MB) // ILS RWY 32R in use / Landing and departing RWY 32R.

Clearance
Trainer xx is cleared to the Grant County International Airport, Direct EPH, Direct ELN, Direct MWH, 
Departure control frequency 128.5 squawk 1444.

Preflight
Student and Instructor should setup through the after start checklist. Begin with Before Takeoff  
Checklist.

T/O
Climb initially to 3000 ft, stabilize at a speed and configuration the aircraft would have just prior to 
gear lowering on approach.  It is recommended not accomplish these exercises at high altitude because 
pitch attitudes may be unachievable.

controls.

Roll rate with rudder input: Student should 2.	
roll using only rudder to 15 deg of bank, neu-
tralize the controls at 15 deg, then rapidly roll 
in the opposite direction to 15 deg of bank, 
neutralize the controls at 15 deg, and then 
return to level flight. Maintain approximately 
level flight and constant airspeed. Large 
swept-wing transport aircraft are normally not 
maneuvered with the rudder except for non-
normal flight control conditions, takeoff and 
landing crosswinds, or when there are asym-
metric thrust requirements.  It is very easy for 
the airplane to exceed normal bank conditions 

Roll rate with full aileron/spoiler input: 1.	
Student should roll to 60 deg of bank, neutral-
ize the controls at 60 deg, then rapidly roll 
in the opposite direction to 60 deg of bank, 
neutralize the controls at 60 deg, and then 
return to level flight. Maintain approximately 
level flight and constant airspeed. During the 
training exercise, the student will practice us-
ing full rates of aileron authority. A common 
student error is trying to be too smooth or 
not using full control authority when needed. 
With large roll rates the student should notice 
the increased drag.  The student should note 
the rate of roll and the controllability. Do not 
let the student do rapid cyclic reversals of the 

Handling Characteristics/Airplane Response
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when rudder is used to roll the airplane during 
these conditions. The instructor may suggest 
that the student put his hands on the column 
only to maneuver in pitch. In this exercise, 
the student will practice using the rudder at 
different amounts of rudder displacement and 
rates to see how the airplane reacts.  The stu-
dent should note the roll rate and the control-
lability difficultly. The student should note the 
delay of roll and nose movement when rudder 
is applied and then the roll due to sideslip. 
Do not allow the student to reverse the rudder 
inputs in a cyclic manner.

Pitch change with use of only stabilizer trim: 3.	
Adjust stabilizer trim nose high and nose low 
and note the rate of pitch change and forces. 
Pitch rate change occurs slowly because the 
stabilizer trim change is slow. Column forces 
can be considerable after large stabilizer 
movements. During a low speed condition, 
or a very high-speed condition, there may not 
be enough elevator authority to recover the 
airplane to a stable condition.

Pitch change with the use of thrust adjust-4.	
ments: From a stabilized power setting, 
rapidly add full power and note the pitch 
change at  
this low speed. From a stabilized power  
setting, reduce thrust rapidly to idle. Under-
wing-mounted engines will induce a signifi-
cant  
noseup pitch with power addition on most  
models. This pitch up would be even more 
significant at an even lower speed and less 
significant at higher speeds.

Pitch change with the use of speedbrakes: 5.	
From a stabilized condition, rapidly deploy 
the flight spoilers. Normally, deployment of 
speedbrakes will cause the airplane to pitch 
up. This usually becomes more pronounced as 
speed increases.

Yaw motion and resultant roll due to asym-6.	
metric thrust with autopilot: From a stabilized 
condition with the autopilot on, reduce thrust 
rapidly to idle on one engine. Note the yaw 
and resultant roll. Note the autopilot’s attempt 
to control roll and the decaying condition 
with airspeed reducing. Note the forces and 
necessary inputs to recover after disconnect-
ing autopilot.

Yaw motion and resultant roll due to asym-7.	
metric thrust without autopilot: From a stabi-

lized condition, rapidly retard one engine to 
idle. Recover when reaching 30 deg of bank. 
Note the rapid onset of roll without autopilot 
input.

Approach to stall recovery (PLI/Stick Shaker) 8.	
using only pitch control: Reduce thrust from 
a stabilized condition and maintain altitude 
until stick shaker or airplane buffet is noted. 
Recover to previous stabilized airspeed using 
pitch control only. Although not a recom-
mended technique for recovery, the student 
will note the importance of controlling the 
angle of attack in order to recover. Note re-
covery pitch attitude and altitude loss.

Fly-by-wire qualities (if applicable): Demonstrate 
fly-by-wire safety features that enhance control-
lability and help prevent upsets.

Exploring Jet Upset Parameters: In this exercise 
the student will fly the airplane beyond the defined 
upset parameters (e.g., pitch attitude greater than 
25 deg, nose up; pitch attitude greater than 10 deg, 
nose down, bank angle greater than 45 deg). This 
familiarizes the pilot-in-training with the picture of 
an upset situation. It allows practice in recogniz-
ing an upset and applying the correct maneuver to 
return to normal flight regime, helps to incorporate 
proper control inputs, including primary and sec-
ondary controls and thrust, as well as integrate the 
procedural steps for upset recovery (e.g., recogniz-
ing and confirming the situation, disengaging the 
autopilot and autothrottle, etc.)

Accelerate to within 25 kn of Vmo while maintaining 
3000 ft. Repeat the above conditions as necessary 
and within high-speed maneuvering limitations. 
Note the differences that exist at the high-speed 
condition.

The instructor should identify common pilot-
in-training errors during the preexercise prepa-
ration. Examples of these errors include the 
following:

Initiating the roll in the wrong direction.a.	

Applying elevator backpressure when over  b.	
90 deg of bank.

Failure to use up to full control inputs when c.	
required.

Failure to use established operator techniques d.	
or procedures.
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3
Simulator Training Exercises

Exercise 1.  Nose-High Characteristics
Objective

Develop skills for recovery from a nose-high airplane upset.•	

Exercise 2.  Nose-Low Characteristics
Objectives

Demonstrate low-speed and high-speed accelerated stalls.•	
Develop skills for recovery from a nose-low airplane upset.•	

Exercise 3.  Optional Practice Exercise
Objectives

Develop skills for recovery from a nose-high, low-energy airplane upset.•	
Expose the pilot to a realistic airplane upset that requires disengaging the autopilot and autothrottle.•	

Exercise 4.  High Altitude Stall Warning Exercise
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Exercise 1. Nose-High Characteristics (Initial Training)
Objective
Develop skills for recovery from a nose-high airplane upset.

General Description
This exercise should be used for initial training. The pilot is exposed to airplane nose-high aerodynamic 
characteristics. The exercise is designed to allow the pilot-in-training to develop proficiency in techniques 
for recovering from a nose-high airplane upset. Specifically, the pilot-in-training is required to recover 
from a minimum of a 40-deg, nose-high upset by recognizing and confirming the situation, verifying 
that the autopilot and autothrottle are disengaged, and applying appropriate recovery techniques. The 
first iteration requires the pilot-in-training to use up to full nose-down elevator. The second iteration 
requires the pilot-in-training to roll the airplane as a technique for reducing the pitch. The third itera-
tion requires the pilot-in-training to use thrust reduction as a pitch-reduction recovery technique, if the 
airplane model has underwing-mounted engines. All iterations require the pilot to complete the recovery 
by rolling to wings level, if necessary, and, at the appropriate time, checking airspeed and establishing 
a final recovery pitch attitude.

Initial Conditions
Altitude:	 1000 to 5000 ft above ground level.

Center of gravity:	 Midrange.

Airspeed:	 Maneuvering plus 50 kn.

Autopilot:	 Disengaged.

Autothrottle:	 Disengaged.

Attitude:	 40-deg, noseup pitch, wings level.

Exercise 1. Iteration One—Use of Nosedown Elevator
Instructions for the Instructor Pilot

Establish initial conditions. Briefly point out or discuss the pitch-angle scale for various pitch at-1.	
titudes. Have the pilot-in-training note the pitch attitude for the initial conditions.

Initiate the exercise by the following means:2.	

Manual maneuvering to the demonstration parameters. a.	 Add full power and slowly pitch up 
wings level to slightly greater than 40 deg nose up. The instructor should add noseup trim as 
much as possible during the pitch up so that the airplane will want to pitch up further upon the 
exchange of control to the pilot-in-training. Slightly reduce power just prior to exchange  
of control.

Automated simulator presets.b.	

Transfer airplane control to the pilot-in-training.3.	

As the airplane pitch attitude passes approximately 40 deg, instruct the pilot-in-training to initiate 4.	
recovery by simulating disengaging the autopilot and autothrottle and countering pitch: by use of 
up to full nosedown elevator and, if required, by using stabilizer trim to relieve elevator control 
pressure. A steady nosedown pitch rate should be achieved and it should be noted that the airplane 
would be near zero g and the associated characteristics of such.

The pilot-in-training completes the recovery when approaching the horizon by checking airspeed, 5.	
adjusting thrust, and establishing the appropriate pitch attitude and stabilizer trim setting for level 
flight.
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Common Instructor Pilot Errors
Achieves inadequate airspeed at entry.a.	

Attains stall angle of attack because of a too aggressive pull-up.b.	

Does not achieve full parameters before transfer of airplane control to the pilot-in-training.c.	

Common Pilot-in-Training Errors
Fails to simulate disengaging the autopilot and autothrottle.a.	

Hesitates to use up to full control input.b.	

Overtrims nosedown stabilizer.c.	

Fails to induce noseup stablilizer trim.d.	

Exercise 1. Iteration Two—Use of Bank Angle
Instructions for the Instructor Pilot

Establish initial conditions.1.	

Initiate the exercise by the following means:2.	

Manual maneuvering to the demonstration parameters. a.	 Add full power and slowly pitch up 
wings level to slightly greater than 40 deg nose up. The instructor should add noseup trim  
as much as possible during the pitch up so that the airplane will want to pitch up further upon 
the exchange of control to the pilot-in-training. Slightly reduce power just prior to exchange  
of control.

Automated simulator presets.b.	

Slowly release the control column.3.	

Have the pilot-in-training roll the airplane until a nosedown pitch rate is achieved. Some forward 4.	
column pressure may be required. 30 to 60 deg roll should be sufficient to establish a nosedown 
pitch rate. Avoid bank angles in excess of 60 deg.

Common Instructor Pilot Errors
Too low of speed at entry (not enough energy).a.	

Stalls the airplane before pull-up is completed.b.	

Fails to induce noseup stablilizer trim.c.	

Common Pilot-in-Training Errors
Achieves the required roll too slowly, which allows the nose to drop too slowly and airspeed to a.	
become excessively low.

Continues the roll past what is required to achieve a nosedown pitch rate; therefore, the difficulty b.	
of recovery is unnecessarily increased.

Rolls out at a pitch attitude that is too high for conditions and encounters an approach to stall.c.	
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Exercise 1. Iteration Three—Thrust Reduction (Underwing-Mounted Engines)
Instructions for the Instructor Pilot

Establish initial conditions.1.	

Initiate the exercise by the following means:2.	
Manual maneuvering to the demonstration parameters. a.	 Add full power and slowly pitch up 
wings level to slightly greater than 40 deg nose up. The instructor should keep the airplane 
neutrally trimmed up to the exchange of control to the pilot-in-training.

Automated simulator presets.b.	

Slowly release the control column.3.	

Transfer airplane control to the pilot-in-training.4.	

Instruct the pilot-in-training to initiate recovery by reducing thrust to approximately midrange 5.	
until a detectable nosedown pitch rate is achieved.

The pilot-in-training completes the recovery when approaching the horizon by checking airspeed, 6.	
adjusting thrust, and establishing the appropriate pitch attitude and stabilizer trim setting for level 
flight.

Common Instructor Pilot Errors
Fails to keep trim neutral.a.	

Fails to achieve entry parameters.b.	

Stalls the airplane before pull-up is completed.c.	

Common Pilot-in-Training Errors
Fails to simulate disengaging the autopilot and autothrottle.a.	

Fails to reduce thrust sufficiently to obtain nosedown pitch.b.	

Reduces thrust excessively.c.	

Exercise 1—Practice Using All Techniques
If training time permits, the instructor should allow the pilot-in-training to use all three techniques to 
effect a recovery. The instructor should place the airplane in a position similar to the previous iterations 
with some small bank angle already achieved. Stabilizer trim should be as much nose up as possible. 
Allow the student to use all available techniques to recover the airplane.
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Exercise 2. Nose-Low Characteristics (Initial Training)
Objectives

Demonstrate low-speed and high-speed accelerated stalls.•	
Develop skills for recovery from a nose-low airplane upset.•	

General Description
This exercise should be used for initial training. Selected iterations should also be used for recurrent 
training as determined by the operator. The pilot is exposed to airplane nose-low aerodynamic char-
acteristics. The exercise is designed to demonstrate what an approach to accelerated stall is and how 
to recover from it. The pilot-in-training is required to recover from a minimum of a 20-deg nose-low 
upset. High-bank-angle (up to inverted flight), nose-low upset iterations are used. To recover, the 
pilot-in-training recognizes and confirms the situation and verifies that the autopilot and autothrottle 
are disengaged. Thrust is adjusted for the appropriate energy condition. For a satisfactory nose-low 
recovery, the pilot-in-training  must avoid ground impact and accelerated stall and respect g-force and 
airspeed limitations. The pilot-in-training is required to recover to stabilized flight with a pitch, thrust, 
and airplane configuration that corresponds to the desired airspeed.

Initial Conditions

Altitude:	 5000 to 10000 ft above ground level.

Center of gravity:	 Midrange.

Airspeed:	 Flaps up  maneuvering speed.

Autopilot:	 Disengaged.

Autothrottle:	 Disengaged.

Attitude:	 Level flight.

Exercise 2. Iteration One—Nose Low Recovery
Instructions for the Instructor Pilot

Begin the exercise while in level unaccellerated flight at flaps up maneuver speed.1.	

Have the pilot-in-training pull up gently to 20 deg nose up and then start to slowly roll the aircraft 2.	
while allowing the nose to drop.

Have the pilot-in-training observe the nose drop and airspeed increase and the outside view         3.	
change to mostly ground with just a 10- to 20-deg nose-low altitude.

Shoot for approximately 20 deg nose low and 60 to 70 deg of bank before initiating recovery.4.	

Instruct the pilot-in-training to recover by recognizing and confirming the situation; verifying that 5.	
the autopilot and autothrottle are disengaged; rolling to approaching wings level, then applying 
noseup elevator; applying stabilizer trim, if necessary; and adjusting thrust and drag as necessary.

Common Instructor Pilot Errors
Allowing airplane to exceed limits of the simulator or past the airspeed limits of the airplane thus •	

causing negative training.
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Common Pilot-in-Training Errors

Forgets to disengage the autopilot and or autothrottle.a.	

Fails to use full control inputs.b.	

Initiates pull-up before approaching wings level.c.	

Attempts to precisely obtain wings level and delays pull-up.d.	

Enters secondary stall.e.	

Exceeds positive g force during pull-up.f.	

Fails to reduce thrust to idle for high speed.g.	

Fails to use speedbrakes, if required.h.	

Achieves inadequate pull-up to avoid ground impact.i.	

Exercise 2. Iteration Two—Accelerated Stall Demonstration
Instructions for the Instructor Pilot

Establish initial conditions.1.	

Initiate the exercise by the following means: 2.	
The instructor should apply noseup elevator and some small amount of noseup stabilizer trim 
to slowly achieve approximately a 20-deg noseup pitch. Do not change the entry thrust. Upon 
reaching approximately a 20-deg noseup pitch, roll the airplane to approximately 90 deg of bank 
and allow the nose to fall. Tell pilot-in-training to maintain this bank for the first accelerated stall 
recovery.

Have the pilot-in-training note the reduced ability to visually detect the horizon once below 3.	
10 deg, nose low.

Transfer airplane control to the pilot-in-training.4.	

When slightly nose low and at minimal airspeed, have the pilot-in-training apply sufficient 5.	
backpressure until achieving stick shaker. Note the airspeed then unload to eliminate stick shaker. 
Emphasis should be that recovery should then be conducted but for demonstration purposes (to 
show both high- and low-speed accelerated stalls) the bank will be maintained and airspeed al-
lowed to increase. At a high airspeed, once again have the student apply sufficient backpressure 
until achieving stick shaker. Note the airspeed, then unload and initiate recovery.

Recovery is accomplished by recognizing and confirming the situation and verifying that the au-6.	
topilot and autothrottle are disengaged. The pilot-in-training rolls to approaching wings level and 
then recovers to level flight by applying noseup elevator and noseup stabilizer trim, if necessary, 
and adjusting thrust and drag as necessary.

Common Instructor Pilot Errors
Allows airspeed to become excessive for final recovery.a.	

Allows the pilot-in-training to pull to stick shaker too quickly, and angle of attack b.	
exceeds simulator fidelity. 

Allows the pilot-in-training to reduce bank angle and pitch before final recovery.c.	

Common Pilot-in-Training Errors

Too aggressive of a pull results in aggravated stall and lack of simulator realism.a.	
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Fails to sufficiently unload the aircraft. b.	

Rolls to wings level while simultaneously applying large amounts of backpressure.c.	

Adjusts bank angle when near wings level to achieve wings level and delays pull-up. d.	

Fails to retard thrust and deploy speedbrakes as needed.e.	

Exercise 2. Iteration Three—High Bank Angle/Inverted Flight
Instructions for the Instructor Pilot

Establish initial conditions.1.	

Initiate the exercise by the following means:2.	

Manual maneuvering to the demonstration parameters.a.	

Automated simulator presets.b.	

Note: For manual maneuvering to the demonstration parameters, the instructor pilot applies noseup 
elevator assisted with small amounts of noseup stabilizer trim to slowly achieve approximately  
a 20-deg noseup pitch. Do not change entry thrust.

Instructor should roll the airplane slowly to achieve approximately 110 to 120 deg of bank and 3.	
approximately 20 deg nose low.

Transfer airplane control to the pilot-in-training.4.	

Have the pilot-in-training note the reduced ability to visually detect the horizon.5.	

When approximately 20 deg below the horizon, the pilot-in-training recovers by recognizing and 6.	
confirming the situation and verifying that the autopilot and autothrottle are disengaged. The pilot-
in-training must unload and roll. The pilot-in-training, when approaching wings level, recovers 
to level flight by applying noseup elevator and noseup stabilizer trim, if necessary, and adjusting 
thrust and drag as necessary.

Common Pilot-in-Training Errors
Forgets to disengage the autopilot or autothrottle.a.	

Fails to unload.b.	

Fails to use sufficient control inputs.c.	

Initiates pull-up before approaching wings level.d.	

Attempts to precisely obtain wings level and delays pull-up.e.	

Exceeds positive g-force limits during pull-up.f.	

Fails to reduce thrust to idle for high speed.g.	

Fails to use speedbrakes, if required.h.	

Achieves inadequate pull-up to avoid ground impact.i.	

Common Instructor Pilot Errors
Allows airspeed to become excessive for final recovery.a.	

Allows the pilot-in-training to pull to stick shaker too quickly b.	
and exceed stall angle of attack or g-force limit.

Fails to notice improper control inputs.c.	
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Exercise 3. Optional Practice Exercise
Objectives

Develop skills for recovery from a nose-high, low-energy airplane upset.•	
Expose the pilot to a realistic airplane upset that requires disengaging the autopilot and autothrottle.•	

General Description
This exercise may be used for initial training modified for the airplane model. It is a good example for a 
recurrent training scenario. The instructor pilot is not required to occupy a pilot position. No additional 
training time is required, since a normal takeoff and departure is continued. The pilots are exposed to 
a nose-high, low-energy situation. It allows the pilot-in-training to experience a challenging airplane 
upset recovery. The focus of this exercise is on the entry and recovery from an airplane upset, not on 
the engine thrust reduction. Malfunction analysis or nonnormal procedure accomplishment should not 
be done. A normal takeoff is made. During the second segment climb with the autopilot and autothrottle 
engaged at 1000 ft above ground level, thrust is reduced to idle on one engine (the outboard engine for 
airplanes with more than two engines). The intent is to create a nose-high, significant yaw and roll con-
dition with decreasing airspeed. The instructor should be the one who reduces the throttle and informs 
the crew to wait to react to the condition. When the bank angle is approximately 45 deg, the instructor 
pilot informs the pilot-in-training to recover by using appropriate recovery techniques. After recovery, 
normal thrust is restored.

Initial Conditions
Altitude:	 1000 ft above ground level and climbing.

Center of gravity:	 Midrange.

Airspeed:	 Second segment climb airspeed.

Autopilot:	 Engaged.

Autothrottle:	 Engaged.

Thrust:	 As required.

Target parameters:	 45-deg bank angle.
	 Autopilot and autothrottle engaged. 
	 Minimum of 1000 ft above ground level.

Exercise 3. Instructions for the Simulator Instructor

Establish initial conditions.1.	

Maintain thrust on other engine(s). Instructor may have to hold throttle in idle against autothrottle 2.	
commands until recovery initiated. In certain envelope protected airplanes, certain features may 
have to be disabled to allow this scenario to work.

Have the pilot-in-training observe the developing yaw and roll condition and decreasing airspeed.3.	

Upon passing 45 deg of bank, instruct the pilot-in-training to recover by assessing the energy, dis-4.	
engaging the autopilot and autothrottle, and applying appropriate recovery techniques. Roll control 
may require as much as full aileron and spoiler input and use of coordinated rudder.

After recovery, normal thrust is used and training continues.5.	
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Common Instructor Pilot Errors
Autopilot and autothrottle are not engaged at 1000 ft above ground level.a.	

Has the pilot-in-training initiate recovery before allowing the autopilot to fly to 45 deg of  b.	
bank angle.

Common Pilot-in-Training Errors
Forgets to disengage the autopilot or autothrottle.a.	

Fails to unload.b.	

Fails to use full control inputs.c.	

Fails to complete the recovery before ground impact.d.	

Common Student Errors
Student fails to/or is slow to disconnect autopilot and autothrottle.a.	

Student fails to use full roll control during recovery.b.	

Student fails to manage pitch during roll upset, resulting in ground contact or approach to stall.c.	

Student fails to input rudder after recovery for asymmetric thrust condition.d.	



SECTION 3

3.23

Exercise 4.  High Altitude Stall Warning

Lesson:
Lesson Type:

Minimum Device:

High Altitude Stall Warning
Train to Proficiency
Full Flight Simulator

Performance Package:
Pre-Brief Time:

Preparation Time:
Sim Time

Preparations Time:
De-Brief Time:

TBD
TBD
TBD
TBD
TBD
TBD

Introduction: The purpose of this LOFT training aid is to assist operators of high altitude 
jet airplanes.  The high altitude slowdown to an approach to stall represents 
a threat that has resulted in accidents and incidents when mismanaged.  This 
simulator training is to assist crews in managing this threat. The exercise is not 
intended to train an actual jet upset or full stall, it only has the airplane reach 
the indications of an approach to stall before a recovery is initiated.  Operators 
should consider a number of factors to determine how realistic their simulator 
will respond to this training scenario.  Operators should determine the optimum 
manner to set up this scenario to achieve the goals of the training.

Goals of Training: Reinforce understanding of applicable high altitude characteristics1.	
Assess how to determine cruise altitude capability2.	
Reinforce acceptable climb techniques and acknowledge the risks associ-3.	
ated with various climb scenarios and in particular vertical speed
Recognize cues of an approach to stall and indications observable prior to 4.	
that point
Discuss automation factors such as mode protections, hazards of split 5.	
automation (where either autopilot or autothrottle is disconnected) and 
inappropriate modes 
Address intuitive and incorrect reactions to stall warning indications6.	
Develop procedures that are widely accepted to recover from impending 7.	
high altitude stall conditions with and without auto-flight systems

Introductory 
Notes:

The crew begins this lesson in cruise flight with an airplane at an altitude of 
FL250 or above in a near maximum altitude situation.  The airplane weight 
should be at or near the maximum for that altitude based upon company or 
manufacturer’s procedures.  The crew should discuss performance capability 
and reference applicable resources to determine what the maximum altitude is 
for the weight and environmental conditions. These references could include 
cruise charts, FMS optimum and FMS maximum altitudes with various mode 
protections (lateral and vertical) available.  Buffet margins should be referenced 
and discussed based on the altitude.  Alternative climbing modes and their as-
sociated hazards should be understood. Common errors include complacency 
with climb and cruise procedures as well as a lack of knowledge with cruise 
charts. 
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Setup and  
Limitations:

The simulator will then be either positioned or flown inappropriately to a situation where 
with an increase in ISA temperature will cause the airplane to be behind the power curve 
due to changing ambient conditions.  The early addition of maximum available thrust 
should be discussed as a necessity to prevent this situation from occurring.  However, in 
this situation maximum thrust is not enough to keep from slowing down while maintaining 
altitude.  Certain airplane features, either with automation or without, may prevent an 
approach to stall from occurring.  However, indications of such an impending situation 
should be discussed.  These include airspeed trends, symbology/warning changes, low 
speed indications, trim changes, etc.    Auto thrust or autopilot may have to be discon-
nected to provide the approach to stall indications, but the goal should be to keep those 
modes in operation if possible to simulate a real scenario.  Instructors should discuss the 
system degradation that results in this situation and the associated hazards.  If unable to 
produce desired effect, reducing thrust may be necessary.

Recognition and 
Recovery

Brief interactive discussions of impending stall warning recovery methods followed 
by an actual stall warning recovery.  Instructors should ensure the crews recover at the 
first indication of an approach to stall (mode reversions, aural; shaker, pusher warnings, 
buffet, etc).  Do not allow the airplane to stall or the situation to progress to an upset 
situation because simulator realism may be compromised in this condition.  Emphasis 
should be placed that the recovery requires maximum thrust and the reduction of pitch 
to lower the angle of attack and allowing the airplane to accelerate.  At these altitudes 
and weight/temperature combinations, a descent will be required.  If the autoflight sys-
tems are used, appropriate modes should be used that meet the objectives of maximum 
thrust and a smooth decrease in pitch and a descent to an appropriate altitude that allows 
acceleration to normal and sustainable cruise speed.  If manual flight is used, smooth 
control inputs avoiding abrupt control actions and maximum thrust are necessary.  Pilots 
should be aware that with the increased true airspeed larger changes will occur for the 
same amount of pitch change as used at lower altitudes.  Common errors include incor-
rect recovery technique.  Repeat scenario as necessary time permitting.
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The crew begins this lesson in cruise flight with an airplane at an altitude of FL250 or above. The 
airplane weight should be at or near the maximum for that altitude based upon company or manufac-
turer’s procedures. Ensure crew references applicable cruise charts to determine what the maximum 
altitude is for the weight and environmental conditions. IOS: Instructor operating system or simulator 
control panel

IOS»POSITION SET»FL 250 or ABOVE1.	

IOS»AIRPLANE SET» 2.	
Gross weight: MAX appropriate

IOS»ENVIRONMENT SET»3.	
Weather: As desired 
DAY or NIGHT 
29.92 or STANDARD 
Winds: As desired 
OAT»ISA or as initially required for scenario

Element Information / Check for

Cruise Flight

Ask crew if they can take the next higher flight level (take note of VNAV max •	
altitude)
Review the use of vertical speed/ other climb modes in climbs and what are the •	
caveats
Ensure crew understands how to determine MAX cruise altitude from Flight •	
Management System (if applicable) as well as supporting documents or manuals 
(e.g. Performance Manual, QRH, FCOM, etc.)
Ensure crew understands what their buffet margin is for the current altitude and •	
weight combination.
Review different scenarios leading to high altitude stalls and upset conditions. For •	
each scenario, review recovery procedures.
Set or maneuver simulator to situation that is behind the power curve such that a •	
slowdown will occur regardless of thrust setting, with increased ISA

IOS» Take a “snap shot” or save the current phase and position of flight  
if available to permit repetition of conditions and training

IOS»Increase OAT as appropriate to simulate flight into warmer conditions

Airspeed 
Decay

Ask crew to disengage auto thrust (only if applicable/required).•	
Instructor may have remove power from certain aircraft specific systems (e.g. •	
flight computers) to permit aircraft to encounter a stall warning.  Autopilot use 
may be lost.
Instructor may have to set thrust that produces, along with temperature increase, •	
a slow loss in airspeed.
Explain to crew how the aircraft reacts with the Autopilot on and its attempt to •	
maintain altitude.
Point out airspeed trend and instrument indications (low speed indications/sym-•	
bology if applicable)
Explain what the aircraft specific threats that will be encountered with various •	
automation situations (split automation, LNAV vs. heading select modes, etc.)

Stall Warning
Explain to crew what the stall warning system uses to set off warning and in what •	
progression the alerts will take place (visual, aural, shaker, pusher, buffet, etc.).
Make sure crew understands that recovery will begin at first level of warning.•	
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Recovery 
(Autoflight)

Crew should command a desirable (down) vertical speed into the auto-flight  •	
system. E.g. (-1000ft/min)
Speed should be crew selected to avoid any thrust reduction by auto-flight system•	
Ensure thrust DOES NOT reduce to idle or below desired setting•	
Monitor TCAS and SCAN for traffic conflicts•	
Notify ATC•	
Crew should determine appropriate new cruising altitude (a descent of at least •	
1000 feet is recommended to achieve adequate acceleration).

Recovery 
(Manual)

Crew should disengage auto-flight systems (if applicable)•	
Pitch aircraft down smoothly to establish descent, AVOID ABRUPT CONTROL •	
INPUTS, Pilots should be aware that with the increased true airspeed larger changes 
will occur for the same amount of pitch change as used at lower altitudes
Set thrust to MAX (MAX appropriate to aircraft) •	
Accelerate to appropriate airspeed•	
Monitor TCAS and SCAN for traffic conflicts•	
Notify ATC•	
Crew should determine appropriate new cruising altitude•	

Recurrent Training Exercises
The pilot-in-training should be given the opportu-
nity to review the airplane handling characteristics. 
Those events identified as pre-exercise practice are 
appropriate for this review. The length of review 
should depend on pilot-in-training experience and 
skill level.

Recurrent upset training should be given as non-
jeopardy training and not be evaluated. The unique 
variations of each individual situation a pilot starts a 
recovery from, and the wide variations in successful 
recoveries, make evaluations difficult to measure. 
Furthermore, variations in simulator fidelity make 
measures not accurate and quite difficult on both a 
qualitative and quantitative basis. Upset recurrent 
training should emphasize recognition and skill 
development.

Recurrent training should incorporate a nose-high  
situation. This situation can be induced by the pilot-
in-training, or by the pilot-not-flying (PNF) (with 

perhaps the pilot-in-training closing his or her eyes 
to force an assessment of the situation and energy), 
or by conditions available to the instructor by the 
use of simulator engineering. The pilot-in-training 
should recover by using appropriate techniques 
discussed in the initial training.

Recurrent training should incorporate a nose-low, 
high-bank-angle situation. This situation can be 
induced by the pilot-in-training, or by the PNF (with 
perhaps the pilot-in-training closing his or her eyes 
to force an assessment of the situation and energy), 
or by conditions available to the instructor by the 
use of simulator engineering. The pilot-in-training 
should recover by using appropriate techniques 
discussed in initial training.
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104.	CUT back to 3D ANIMATION 
SEQUENCE #18.

	 We see plane starting to bank.

	 Replay this sequence as needed. 
Highlight deflection of ailerons and 
spoilers.

105.	CUT back to Capt. Cashman. He 
addresses the camera.

106.	DISSOLVE to 3D ANIMATION 
SEQUENCE #19.

	 Highlight engine thrust.

107.	DISSOLVE back to 3D ANIMA-
TION SEQUENCE #20.

	 Highlight rudder input.

the situation and the airplane con-
trol characteristics.”

PILOT VOICE-OVER: You may also 
control the pitch by rolling the air-
plane to a bank angle which starts 
the nose down—normally not to 
exceed approximately 60 degrees. 
Maintaining continuous nosedown 
elevator pressure will keep the 
wing angle of attack as low as pos-
sible, making the normal roll con-
trols as effective as possible. With 
airspeed as low as stick shaker 
onset, normal roll controls—up to 
full deflection of the ailerons and 
spoilers—can be used. The rolling 
maneuver changes the pitch rate 
into a turning maneuver, allowing 
the pitch to decrease.

“In most situations, the steps 
we’ve just outlined should be 
enough to recover. Other tech-
niques may also be employed to 
achieve a nosedown pitch rate.”

PILOT VOICE-OVER: If altitude 
permits, flight tests have shown 
that an effective method to get a 
nosedown pitch rate is to reduce 
the power on underwing-mounted 
engines. This will reduce the up-
ward pitch moment.

PILOT VOICE-OVER: If the control 
provided by the ailerons and spoil-
ers is ineffective, rudder input may 
be required to induce a rolling ma-
neuver for recovery.
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108.	CUT back to Capt. Cashman. Cover 
with continuation of animation as 
needed.

109.	CUT back to 3D ANIMATION 
SEQUENCE #20A.

	 We see plane returning to normal 
flight.

110.	DISSOLVE to a scene of Capt. 
Cashman in the simulator, from 
behind, wide. KEY on-screen text 
over this scene.

	 1/15/98—text change.

	 ON-SCREEN TEXT:
	 Nose High, Wings Level:
	 •	 Recognize and Confirm the 		

	 Situation

110A.	 CUT to a close-up of EICAS dis-
play indication disconnection of 
autothrottle and autopilot. KEY 
on-screen text over this scene.

	 ON-SCREEN TEXT:
	 •	 Disengage Autopilot and 		

	 Autothrottle

110B.	 CUT to Capt. Cashman applying 
nosedown elevator. KEY on-
screen text over this scene.

	 ON-SCREEN TEXT:
	 •	 Apply as Much as Full  

	 Nosedown Elevator

“Only a small amount of rudder is 
needed—too much rudder applied 
too quickly—or held too long—
may result in loss of lateral and 
directional control. Because of the 
low-energy condition, use caution 
when applying rudder.”
 
PILOT VOICE-OVER: To complete 
the recovery, roll to wings level as 
the nose approaches the horizon. 
Recover to a slightly nose-low at-
titude, check airspeed, and adjust 
thrust and pitch as necessary.

MUSIC comes up.

MUSIC continues...

MUSIC continues...
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110C.	 CUT back to animation. KEY on-
screen text over this scene.

	 ON-SCREEN TEXT:
	 •	 Use Appropriate Techniques: 		

	 – Roll to obtain nosedown 		
	    pitch rate

		  – Reduce thrust (underwing 		
	    mounted engines)

110D.	 CUT to a scene from animation 
of airplane recovering. KEY on-
screen text over this scene.

	 ON-SCREEN TEXT:
	 •	 Complete the Recovery:
		  – Approaching horizon, roll to 	

	    wings level
		  – Check airspeed, adjust thrust
	 – Establish pitch attitude

110E.	 DISSOLVE to GRAPHIC 
BACKGROUND. On-screen text 
appears over background, high-
lighting 2nd review of recovery 
steps.

	 ON-SCREEN TEXT:
	 Nose High, Wings Level:
	 •	 Recognize and Confirm the 		

	 Situation
	 •	 Disengage Autopilot/Autothrottle
	 •	 Apply as Much as Full    

    Nosedown Elevator
	 •	 Use Appropriate Techniques:
		  – Roll to obtain nosedown pitch 	

	    rate
		  – Reduce thrust (underwing-		

	     mounted engines)
	 •	 Complete the Recovery
		  – Approaching horizon, roll to 	

	    wings level
		  – Check airspeed, adjust thrust
		  – Establish pitch attitude

MUSIC continues...

MUSIC continues...

MUSIC continues....
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111.	DISSOLVE to FREEZE-FRAME 
from 3D COMPUTER ANIMA-
TION SEQUENCE #21.

	 1/15/98—text change.

	 On-screen text appears over the 
lower third of the screen, then fades 
out as narration begins.

	 ON-SCREEN TEXT:
	 •	 Nose Low, Wings Level

	 Airbus test pilot begins voice-over.

	 Animation transitions from 
FREEZE-FRAME to FULL MO-
TION. We see the airplane pitching 
down.

112.	CUT to Airbus Capt. William 
Wainwright in the flight deck of an 
Airbus airplane. He turns to address 
the camera.

	 He applies nosedown elevator.

.
112A.	 CUT back to COMPUTER ANI-

MATION SEQUENCE #21A. 
We see the airplane returning to 
normal flight.

113.	CUT to 3D ANIMATION SE-
QUENCE #22.

MUSIC bump...
VOICE-OVER: Now imagine an 
upset situation where the airplane 
pitch attitude is unintentionally 
more than 10 degrees, nose low. 
Recognize and confirm the 
situation. 

“In a nose-low, low-speed situa-
tion, remember, the aircraft may 
be stalled at a relatively low pitch, 
and it is necessary to recover from 
the stall first. This may require 
nosedown elevator, which may not 
be intuitive.”

PILOT VOICE-OVER: Once recov-
ered from the stall, apply thrust. 
The nose must be returned to 
the desired pitch, avoiding a sec-
ondary stall, as indicated by stall 
warning or buffet. Respect the 
airplane limitations of g forces and 
airspeed.

PILOT VOICE-OVER: In a nose-
low, high-speed situation, apply 
noseup elevator. Then, it may be 
necessary to cautiously apply sta-
bilizer trim, to assist obtaining the 
desired noseup pitch rate. Reduce 
thrust and, if required, extend 
speedbrakes.
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114.	CUT back to Capt. Wainwright in 
the flight deck. He addresses the 
camera.

115.	CUT close on the column. Pull back 
to reveal Capt. Wainwright.

116.	DISSOLVE to a scene of Capt. 
Wainwright in the Airbus flight 
deck. On-screen text appears over 
background, highlighting review of 
recovery steps.

	 ON-SCREEN TEXT:
	 Nose Low, Wings Level:
	 •	 Recognize and Confirm the 		

	 Situation

116A.	 CUT to Capt. Wainwright disen-
gaging autopilot and autothrot-
tles. KEY on-screen text over this 
scene.

	 ON-SCREEN TEXT:
	 •	 Disengage Autopilot and 		

	 Autothrottle

116B.	 CUT to a scene from the anima-
tion. KEY on-screen text over 
this scene.

	 ON-SCREEN TEXT:
	 •	 Recover From Stall if Necessary

“Complete the recovery by estab-
lishing a pitch, thrust, and con-
figuration that corresponds to the 
desired airspeed.”

“A question naturally arises: How 
hard do I pull? Here are some con-
siderations. Obviously, you must 
avoid impacting the terrain. But 
also avoid entering into an accel-
erated stall. And respect the air-
craft’s limitations of g forces and 
airspeed.”

MUSIC up...

Music continues...

Music continues... 
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116C.	 Continue with scene from the 
animation (new angle). KEY on-
screen text over this scene.

	 ON-SCREEN TEXT:
	 •	 Recover to Level Flight
		  – Apply noseup elevator
		  – Apply stabilizer trim if 		

	    necessary
		  – Adjust thrust and drag as 		

	    necessary

116D.	 DISSOLVE to GRAPHIC 
BACKGROUND. On-screen text 
appears over background, high-
lighting 2nd review of recovery 
steps.

	 ON-SCREEN TEXT:
	 Nose Low, Wings Level:
	 (High and Low Speeds)
	 •	 Recognize and Confirm the 		

	 Situation
	 •	 Disengage Autopilot/Autothrottle
	 •	 Recover From the Stall if 

	 Necessary
	 •	 Recover to Level Flight:
		  – Apply noseup elevator
		  – Apply stabilizer trim if
	        necessary
		  – Adjust thrust and drag as 		

	    necessary

117.	DISSOLVE to FREEZE-FRAME 
from 3D COMPUTER ANIMA-
TION SEQUENCE #23.

	 On-screen text appears over the 
lower third of the screen, then fades 
out as narration begins.

	 ON-SCREEN TEXT:
	 •	 High Bank Angles

	 Animation transitions from 
FREEZE-FRAME to FULL MO-

Music continues...

MUSIC bump...
VOICE-OVER: We’ve defined 
a high bank angle for upset as 
more than 45 degrees; however, 
it is possible to experience bank 
angles greater than 90 degrees. 
In high-bank-angle situations, the 
primary objective is to roll in the 
shortest direction to near wings 
level, but if the airplane is stalled, 
you must first recover from the 
stall. Recognize and confirm the 
situation.
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“At high bank angles, you may be 
in a nose-high attitude, or a nose-
low attitude. Let’s look at a nose-
high situation first.”

PILOT VOICE-OVER: A nose-high, 
high-angle-of-bank attitude re-
quires deliberate flight control in-
puts. A large bank angle is helpful 
in reducing excessively high-pitch 
attitudes. Unload and adjust the 
bank angle to achieve a nosedown 
pitch rate while keeping energy 
management and airplane roll-rate 
in mind. To complete the recovery, 
roll to wings level as the nose ap-
proaches the horizon. Recover to 
a slightly nose-low attitude, check 
airspeed, and adjust thrust and 
pitch as necessary.

“A nose-low, high-angle-of-bank 
attitude requires prompt action 
because altitude is rapidly being 
exchanged for airspeed. Even if 
the airplane is at an altitude where 
ground impact is not an immedi-
ate concern, airspeed can rapidly 
increase beyond airplane design 
limits. Simultaneous application of 
roll and adjustment of thrust may 
be necessary.”

PILOT VOICE-OVER: Again, dis-
engage the autopilot and auto-
throttle. In this situation, it may be 
necessary to unload the airplane 
by decreasing backpressure or 
even pushing to obtain forward 
elevator pressure.

TION. We see the airplane in high 
bank angle attitude (60 degrees).

118.	CUT to Boeing Douglas Products 
Division Capt. Tom Melody in the 
flight deck of a McDonnell Douglas 
airplane. He addresses the camera.

119.	CUT back to 3D ANIMATION 
SEQUENCE #24.

	 We see the airplane recover.

	 CUT to a scene of Capt. Melody in 
the simulator, unloading the air-
plane.

120.	CUT back to Capt. Melody.

	 CUT back to 3D ANIMATION 
SEQUENCE #25.

121.	CUT to a close-up: disconnection of 
autopilot/autothrottle.

	 CUT back to 3D ANIMATION 
SEQUENCE #25B. 

	 We see the airplane roll to recovery.
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122.	CUT back to Captain Melody.

	 Continue animation.

123.	CUT to 3D ANIMATION SE-
QUENCE #26.

	 CUT close on the rudder as it 
moves.

124.	Continue animation. We see the 
airplane returning to normal flight.

125.	DISSOLVE to on-camera narrator.

	 CUT to a series of wrap-up 
scenes—scenes we have seen dur-
ing the video.

“Use full aileron and spoiler input, 
if necessary, to smoothly estab-
lish a recovery roll rate toward the 
nearest horizon.”
PILOT VOICE-OVER: It is impor-
tant to not increase g force or use 
noseup elevator or stabilizer until 
approaching wings level.

PILOT VOICE-OVER: If full lateral 
control application is not satisfac-
tory, you may need to apply rudder 
in the direction of the desired roll.

PILOT VOICE-OVER: As the wings 
approach level, use the proce-
dures we discussed earlier for a 
nose-low situation. Adjust thrust 
and drag devices as required.

MUSIC bump...
“As you’ve seen, there are spe-
cific techniques you can use if 
your airplane becomes upset. No 
matter the type of upset—nose-
high, wings level...nose-low, wings 
level...high angle of bank—you 
must take control of the situation, 
and you must react quickly and 
correctly.” 

VOICE-OVER: Let’s review the 
nose-high and nose-low recover-
ies one more time, incorporating 
bank angles.
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126.	DISSOLVE to GRAPHIC BACK-
GROUND. On-screen text appears 
over background, highlighting 
review of recovery steps.

	 ON-SCREEN TEXT:
	 Nose High:
	 •	 Recognize and Confirm the 		

	 Situation
	 •	 Disengage Autopilot/Autothrottle
	 •	 Apply as Much as Full  

    Nosedown Elevator
	 •	 Use Appropriate Techniques:
		  – Roll (adjust bank angle) to 		

	    obtain a nosedown pitch rate
		  – Reduce thrust (underwing-
		     mounted engines)
	 •	 Complete the Recovery:
		  – Approaching the horizon, roll 	

	    to wings level
		  – Check airspeed/adjust thrust
		  – Establish pitch attitude 

127.	DISSOLVE to GRAPHIC BACK-
GROUND. On-screen text appears 
over background, highlighting 
review of recovery steps.

	 ON-SCREEN TEXT:
	 Nose Low:
	 •	 Recognize and Confirm the 		

	 Situation
	 •	 Disengage Autopilot/Autothrottle
	 •	 Recover From Stall, if Necessary
	 •	 Roll in the Shortest Direction to 	

	 Wings Level
		  – Bank angle more than 90
		     degrees: unload and roll
	 •	 Recover to Level Flight:
		  – Apply noseup elevator
		  – Apply stabilizer trim, if 

	    necessary
		  – Adjust thrust and drag as
		     necessary

MUSIC up...

MUSIC up...
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128.	DISSOLVE to a series of wrap-
up scenes: scenes we have seen 
throughout the parts of the video.

129.	CREDIT RUN OF PROGRAM 
PARTICIPANTS.

FADE out.

VOICE-OVER: Remember, the 
sequence of application of these 
techniques will vary, depending 
upon the situation encountered. 
Thorough review of the causes of 
airplane upsets...and the recom-
mended actions you should take, 
will help prepare you to act quick-
ly and decisively should an upset 
occur.

MUSIC up...
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Flight Simulator Information

3-D
General Information

The ability of the simulators in existence today to 
adequately replicate the maneuvers being proposed 
for airplane upset recovery training is an important 
consideration. Concerns raised about simulators 
during the creation of the Airplane Upset Recovery 
Training Aid include the adequacy of the hardware, 
the equations of motion, and the aerodynamic 
modeling to provide realistic cues to the flight crew 
during training at unusual attitudes.

It is possible that some simulators in existence 
today may have flight instruments, visual systems 
or other hardware that will not replicate the full 
six-degree-of-freedom movement of the airplane 
that may be required during unusual attitude train-
ing. It is important that the capabilities of each 
simulator be evaluated before attempting airplane 
upset training and that simulator hardware and 
software be confirmed as compatible with the 
training proposed.

Properly implemented equations of motion in 
modern simulators are generally valid through the 
full six-degree-of-freedom range of pitch, roll, and 
yaw angles. However, it is possible that some exist-
ing simulators may have equations of motion that 
have unacceptable singularities at 90, 180, 270, or 
360 deg of roll or pitch angle. Each simulator to be 
used for airplane upset training must be confirmed 
to use equations of motion and math models (and 
associated data tables) that are valid for the full 
range of maneuvers  required. This confirmation 
may require coordination with the airplane and 
simulator manufacturer.

Operators must also understand that simulators 
cannot fully replicate all flight characteristics. For 
example, motion systems cannot replicate sustained 
linear and rotational accelerations. This is true of 
pitch, roll, and yaw accelerations, and longitudinal 
and side accelerations, as well as normal load fac-
tor, “g’s.” This means that a pilot cannot rely on 
all sensory feedback that would be available in an 
actual airplane. However, a properly programmed 
simulator should provide accurate control force 
feedback and the motion system should provide 
airframe buffet consistent with the aerodynamic 

characteristics of the airplane which could result 
from control input during certain recovery situa-
tions.

The importance of providing feedback to a pilot 
when control inputs would have exceeded airframe, 
physiological, or simulator model limits must be 
recognized and addressed. Some simulator operators 
have effectively used a simulator’s “crash” mode 
to indicate limits have been exceeded. Others have 
chosen to turn the visual system red when given 
parameters have been exceeded. Simulator opera-
tors should work closely with training departments 
in selecting the most productive feedback method 
when selected parameters are exceeded.

The simulation typically is updated and validated 
by the airplane manufacturer using flight data 
acquired during the flight test program. Before a 
simulator is approved for any crew training, it must 
be evaluated and qualified by a national regulatory 
authority. This process includes a quantitative com-
parison of simulation results to actual flight data 
for certain test conditions such as those specified 
in the ICAO Manual of Criteria for the Qualifica-
tion of Flight Simulators. These flight conditions 
represent airplane operation within the normal 
operating envelope.

The simulation may be extended to represent regions 
outside the typical operating envelope using wind 
tunnel data or other predictive methods. However, 
flight data are not typically available for conditions 
where flight testing would be very hazardous. From 
an aerodynamic standpoint, the regimes of flight 
that are usually not fully validated with flight data 
are the stall region and the region of high angle of 
attack with high sideslip angle where there may 
be separated airflow over the wing or empennage 
surfaces. While numerous approaches to stall or 
stalls are flown on each model (available test data 
are normally matched on the simulator), the flight 
controls are not fully exercised during an approach 
to stall or during a full stall, because of safety con-
cerns. Also, roll and yaw rates and sideslip angle 
are carefully controlled during stall maneuvers to 
be near zero; therefore, validation of derivatives 
involving these terms in the stall region is not 
possible. Training maneuvers in this regime of 
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flight must be carefully tailored to ensure that the 
combination of angle of attack and sideslip angle 
reached during the maneuver does not exceed the 
range of validated data or analytical/extrapolated 
data supported by the airplane manufacturer.

Values of pitch, roll, and heading angles, however, 
do not directly affect the aerodynamic characteristics 
of the airplane or the validity of simulator training 
as long as angle of attack and sideslip angles do not 
exceed values supported by the airplane manufac-
turer. For example, the aerodynamic characteristics 
of the upset experienced during a 360-deg roll ma-
neuver will be correctly replicated if the maneuver 
is conducted without exceeding the valid range of 
angle of attack and sideslip.

Simulator Alpha-Beta Data Plots
The aerodynamic model for each simulation may 
be divided into regions of various “confidence lev-
els,” depending on the degree of flight validation 
or source of predictive methods if supported by 
the airplane manufacturer, correctly implemented 
by the simulator manufacturer and accurately sup-
ported and maintained on an individual simulator. 
These confidence levels may be classified into three 
general areas:

1. High:	 Validated by flight test data for a 
variety of tests and flight conditions.

2. Medium:	 Based on reliable predictive 
methods.

3. Low:	 Extrapolated.

The flaps up data represent the maximums achieved 
at low speeds flaps up and do not imply that these 
values have been achieved at or near cruise speeds.  
For flaps down, the maximums were generally 
achieved at landing flaps, but are considered valid 
for the flaps down speed envelope.
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A300/A310 Flaps Up Alpha/Beta Envelope
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747 Flaps Up Alpha/Beta Envelope
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757 Flaps Up Alpha/Beta Envelope
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767 Flaps Up Alpha/Beta Envelope

767 Alpha/Beta Envelope

Flight validated
Wind tunnel/analytical
Extrapolated for simulator

-10

-40 -30 -20 -10 0 10 20 30 40
0

10

20

30

40

Sideslip (deg)

W
in

g 
an

gl
e 

of
 a

tta
ck

 (
de

g)

Flight validated
Wind tunnel/analytical
Extrapolated for simulator

-10

-40 -30 -20 -10 0 10 20 30 40
0

10

20

30

40

Sideslip (deg)

W
in

g 
an

gl
e 

of
 a

tta
ck

 (
de

g)



App. 3-D.9

APPENDIX 
3-D

777 Flaps Up Alpha/Beta Envelope
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MD-90 Flaps Up Alpha/Beta Envelope

MD-90 Alpha/Beta Envelope Flaps Deflected
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MD-11 Flaps Up Alpha/Beta Envelope

MD-11 Alpha/Beta Envelope Flaps Deflected
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Airplane Upset Recovery – A paper copy of the presentation with descriptive words for each one that can 
be used for a classroom presentation is contained in this Appendix.

Presentation

Airplane Upset Recovery
High Altitude Operations
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Upset.1

Airplane Upset Recovery

High Altitude Operations 

Airplane Upset Recovery Training Aid Team
Rev. 2, November 2008

 

• This document is intended to supplement the Airplane Upset Recovery Training Aid Rev 1 that 
was released in August 2004. It addresses the issues associated with operations, unintentional 
slowdowns, and recoveries in the high altitude environment. While the Airplane Upset Recovery 
Training Aid addressed airplanes with 100 seats or greater, the information in this document is 
directly applicable to most all jet airplanes that routinely operate in this environment. This 
information has also been inserted in the Airplane Upset Recovery Training Aid Rev 2 completed 
November 2008. Consult the operations manual for your airplane type, as that information takes 
precedent to the following guidance. 

  



 

Airplane Upset Recovery Training Aid 

High Altitude Operations App. 3-E.2 

APPENDIX 

3-E 

Upset.2

Introduction

● National Transportation Safety Board (NTSB) tasking 
following high altitude loss of control accidents and 
other incidents:

– Need to address operational issues - unintentional 
slowdowns and recoveries in the high altitude 
environment 

● Industry working group - formed at the request of FAA

● Team Members:

– Airlines, safety organizations, manufacturers, 
regulatory bodies, industry groups, and educational 
representatives 

– International in scope

High Altitude Operations 

 

• This working group was formed as a result of the United States National Transportation Safety Board (NTSB) 
recommendations from a high altitude loss of control accident and other recent accidents and incidents that 
have occurred under similar conditions. The NTSB recommendations stated that pilots should possess a 
thorough understanding of the airplane’s performance capabilities, limitations, and high altitude aerodynamics. 
The guidance in this document is intended to supplement the Airplane Upset Recovery Training Aid in these 
areas. 

• There have been other recent accidents where for various reasons (e.g. trying to top thunderstorms, icing 
equipment performance degradation, unfamiliarity with high altitude performance, etc.) crews have gotten into a 
high altitude slowdown situation that resulted in a stalled condition from which they did not recover. There have 
been situations where for many reasons (e.g. complacency, inappropriate automation modes, atmospheric 
changes, etc.) crews got into situations where they received an approach to stall warning. Some of the 
recoveries from these warnings did not go well. This supplement is intended to discuss these possible 
situations, and provide guidance on appropriate training and recommendations for knowledge, recognition, and 
recovery. 

• For example, a recent incident occurred where an airplane experienced an environmental situation where 
airspeed slowly decayed at altitude. The crew only selected maximum cruise thrust, instead of maximum 
available thrust, and that did not arrest the slowdown. The crew decided to descend but delayed to get ATC 
clearance. Airplane slow speed buffet started, the crew selected an inappropriate automation mode, the 
throttles were inadvertently reduced to idle, and the situation decayed into a large uncontrolled altitude loss. 
This incident may easily have been prevented had the flight crew acted with knowledge of information and 
techniques as contained in this supplement. 

• In another high altitude situation, the crew decided to use heading select mode to avoid weather while 
experiencing turbulence. The steep bank angle that resulted from this mode quickly caused slow speed 
buffeting. The crew’s rapid inappropriate response to disconnect the autopilot and over-control the airplane into 
a rapid descent in poor weather exacerbated the situation. These real world examples provide evidence 
towards the need for more detailed training in high altitude operations. 
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Training Aid Purpose

Address operational issues, 

unintentional slowdowns, and recoveries 

in the high altitude environment

High Altitude Operations - Introduction 

 

• An industry working group was formed to develop this guidance at the request of the U.S. 
Department of Transportation, Federal Aviation Administration. The working group consisted, in 
scope, of both domestic and international organizational representatives from the airline, 
manufacturer, regulatory, industry trade, and educational segments. 
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Goal

“ Our goal is to educate pilots so they 
have the knowledge and skill to 
adequately operate their airplanes 
and prevent upsets in a high altitude 
environment.” 

- The Airplane Upset Recovery 
Training Aid Team

High Altitude Operations - Introduction 

 

• The goal of this group is to educate pilots so they have the knowledge and skill to adequately 
operate their airplanes and prevent upsets in a high altitude environment. This should include the 
ability to recognize and prevent an impending high altitude problem and increase the likelihood of 
a successful recovery from a high altitude upset situation should it occur. 
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High Altitude Upsets

The upset - startle factor

● When not properly avoided, managed, or flown

– Assures a self-induced upset 

High Altitude Operations - Introduction 
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High Altitude Basics

At altitudes where the operational envelope is reduced:

● Be alert!! No time for complacency

● Recognize and confirm the situation

● Do not over control…Do not use large 
control movements – use small control 
pressures

● Be smooth with pitch and power to correct 
speed deviations

High Altitude Operations – Introduction 
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Presentation

● High Altitude Aerodynamics – Principles

● High Altitude Operations – Flight Techniques

● High Altitude Operations – Additional Considerations

● High Altitude LOFT Training – Overview

High Altitude Operations 

 

This presentation will cover three main topics 

1. High Altitude Aerodynamics – Understanding the Principles  
2. Discussion of High Altitude Operations – Flight Techniques, and  
3. Additional considerations and 4) an overview of High Altitude LOFT Training 

 
High Altitude Aerodynamics 

• To cope with high altitude operations and prevent upset conditions, it is essential to have a good 
understanding of high altitude aerodynamics. This section represents terms and issues pilots 
need to understand thoroughly in order to successfully avoid upset conditions or cope with 
inadvertent encounters. 
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Principles

High Altitude Aerodynamics

 

The Issue Today 

• Recently, the industry has witnessed a number of accidents involving commercial and air 
transport-rated pilots who seem to lack fundamental knowledge of high altitude operations. The 
NTSB has asked the FAA to fix this problem. The high altitude environment has a number of 
specific references within regulations. They include: criteria defining maximum operating altitude 
and service ceiling, high altitude required training, flight crew member use of oxygen, passenger 
briefings, airspace issues, transponder usage, and RVSM requirements, Although this 
information is necessary knowledge for flight crews, this presentation will focus on the 
information necessary to prevent and recover from upsets in the high altitude environment. 

• There are a number of aerodynamic principles that are necessary to understand to have a good 
grasp of high altitude performance.  
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This training aid defines high altitude as -
Altitudes above FL250 

Note: The training aid will focus on the information 

necessary to prevent and recover from upsets 

in the high altitude environment

High Altitude Operations

● Knowledge of high altitude aerodynamics

● Pilot Training consists of:

1. Knowledge and Familiarization

2. Prevention - Avoidance Awareness 

3. Techniques - High altitude upset 
recovery

High Altitude Aerodynamics - Principles

 

Overview 

• High altitude operations requires: 
1. A comprehensive understanding of high altitude aerodynamics. 
2. The pilot must translate that knowledge into a skill base that will provide a good margin of 

safety in the high altitude environment. 

• This is accomplished through Training. This training should focus on knowledge, preventive 
measures by avoidance awareness, and the correct application of flight techniques during an 
upset conditions. The following section represents terms and issues pilots need to understand 
thoroughly in order to successfully avoid upset conditions or cope with inadvertent encounters. 

High altitude begins above FL250 

• As a purely practical matter, it is useful to identify high altitude operations as those above flight 
level 250 (FL250 or 25,000 feet). The great majority of passengers and freight are now being 
carried in turbojet-powered airplanes, virtually all of which regularly operate at altitudes above 
FL250 where high speeds and best economy are attained. While aerodynamic principles and 
certain hazards apply at all altitudes, they become particularly significant with respect to loss of 
control (or upset) at altitudes above FL250. Among the more obvious examples are “coffin 
corner” and a pilot’s extremely short time of useful consciousness when deprived of oxygen at 
high altitude. For these reasons and others, this training aid defines high altitude as any altitude 
above FL250. 
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Icing

● Icing Conditions
Know anti-ice equipment limitations (flight manual requirements) 

– Temperature limitations 

– SAT (Static Air Temperature) 

– Changing environmental conditions 

● Thermal anti-ice – bleed penalty
Negative effect on the ability to recover from decaying airspeed 

– Airplane may not maintain cruise speed or cruise altitude 

Pilot Tip

The bleed penalty for anti-ice results in a reduction of available thrust -

increase in specific fuel consumption.

High Altitude Aerodynamics – Flight Techniques

Use of Anti-Ice on Performance

 

ICING – Use of Anti-Ice on Performance 

• Icing conditions, as defined by the Airplane Flight Manual, determine when anti-icing equipment 
must be operated. Failure to do so would be a violation of AFM or company procedures. Pilots 
must be cognizant of all anti-ice equipment limitations and flight manual requirements and must 
be particularly aware of maximum and minimum temperature limitations and use anti-ice 
appropriately. Flight in changing temperature conditions may require different use of anti-ice 
equipment based on the SAT (Static Air Temperature) and changing environmental conditions. 
While some texts and aircraft manuals state that there is minimal chance of icing conditions 
occurring above 30,000 feet, pilots must understand that occasionally icing does occur at high 
altitudes and they must be prepared to use anti-ice. Careful monitoring of flight conditions is 
critical in this decision making.  

• It must be remembered that thermal anti-ice robs the engine of bleed air. While bleed air is 
available at any time the engine is operating, it comes at a price. Power is required from the 
turbines to heat and compress the high pressure air that is bled from the engines. The penalty for 
air taken from the engine before going into the combustion chambers is a reduction in available 
thrust and an increase in specific fuel consumption.  

• Appropriate and judicious use of anti-ice equipment at high altitude is very important. One must 
be aware of the fact that the use of anti-ice has a negative effect on the ability of an airplane to 
recover from a decaying airspeed situation. In some cases, it may not be possible to maintain 
cruise speed or cruise altitude at high altitude with anti-ice on. Pilots should also be aware of the 
specific flight planning parameters for their particular flight.  
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In-Flight Icing Stall Margins

● Ice accumulation increases aircraft 
weight / drag 

● Airplane may exhibit stall onset 
characteristics before stick 
shaker activation 

● Automation during icing encounters

– Autopilot and Auto-throttles can mask
the effects of airframe icing 

– Autopilot can trim the airplane up to a stall 

– upset thus masking heavy control forces

– Pilots have been surprised when the autopilot 
disconnected just prior to a stall

Pilot Tip In-flight icing - Serious Hazard - stalls at much higher speeds and lower 
angles of attack. If stalled, the airplane can roll / pitch uncontrollably.

High Altitude Aerodynamics – Flight Techniques

 

In-flight Icing Stall Margins 

• In-flight icing is a serious hazard. It destroys the smooth flow of air on the airplane, increasing 
drag, degrading control authority and decreasing the ability of an airfoil to produce lift. The 
airplane may stall at much higher speeds and lower angles of attack than normal. If stalled, the 
airplane can roll or pitch uncontrollably, leading to an in-flight upset situation. 

• Even with normal ice protection systems operating properly, ice accretion on unprotected areas 
of the airplane may significantly increase airplane weight and drag. 

• Activation of an artificial stall warning device, such as a stick shaker, is typically based on a pre-
set angle of attack. This setting gives a warning prior to actual stall onset where buffeting or 
shaking of the airplane occurs. For a clean airplane, the pilot has adequate warning of impending 
stall. However, with ice, an airplane may exhibit stall onset characteristics before stick shaker 
activation because of the effect of ice formations on reducing the stall angle-of-attack. In this 
case, the pilot does not have the benefit of a stick shaker or other stall warning. 

• Flight crews must be especially wary of automation during icing encounters. Autopilots and auto-
throttles can mask the effects of airframe icing and this can contribute to ultimate loss of control. 
There have been several accidents in which the autopilot trimmed the airplane right to a stall 
upset situation by masking heavy control forces. If the autopilot disengages while holding a large 
roll command to compensate for an asymmetric icing condition (or other similar problem causing 
roll), an immediate large rolling moment ensues for which the pilot may not be prepared, resulting 
in a roll upset. Pilots have been surprised when the autopilot automatically disconnected with the 
airplane on the brink of a stall.  
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In-Flight Icing Stall Margins (continued)

● Adverse Weather Conditions: Stay Alert – Avoidance/Monitor

● Thunderstorm, clear air turbulence, and icing 

Avoid potential upset conditions

– Monitor significant weather 

– Update weather information 

– Important - Trend monitoring 
of turbulence

– Review turbulence charts

Pilot Tip Adverse weather avoidance is crucial. It is most important that proper 

airspeed is maintained. Keep an adequate margin above stall, remember 

that indicated stall speed is increasing and stall alpha is lowering. There 

are no reliable rules of thumb for icing speeds.

High Altitude Aerodynamics – Flight Techniques

 

In-flight Icing Stall Margins 

• Wing ice accretion sometimes causes the wing to stall before stick shaker activation. Some 
autopilots are designed with control laws that enable them to continue to operate until they get to 
stick shaker. Alternatively, the autopilot may disconnect early because of excessive roll rates, roll 
angles, control surface deflection rates, or forces that are not normal. These autopilots are not 
malfunctioning; they are conforming to design parameters. 

• It is most important that proper airspeed is maintained. It is important to keep an adequate 
margin above stall, remembering that indicated stall speed is increasing and stall alpha is 
lowering. Unfortunately, there are no reliable rules of thumb for icing speeds.  

• High altitude weather can cause favorable conditions for upsets. Thunderstorm, clear air 
turbulence, and icing are examples of significant weather that pilots should take into 
consideration in flight planning. Careful review of forecasts, significant weather charts, turbulence 
plots are key elements to avoiding conditions that could lead to an upset. 

• Once established in cruise flight, the prudent crew will update weather information for the 
destination and enroute. By comparing the updated information to the preflight briefing, the crew 
can more accurately determine if the forecast charts are accurate. Areas of expected turbulence 
should be carefully plotted and avoided if reports of severe turbulence are received. Trend 
monitoring of turbulence areas is also important. Trends of increasing turbulence should be noted 
and if possible avoided. Avoiding areas of potential turbulence will reduce the risk of an upset. 
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Primary Flight Display Airspeed Indications

● Modern aircraft are equipped with 
a primary flight display (PFD)

– Help you maintain a safe 
airspeed margins 

– Airspeed trending

Important
These displays do not indicate 
if adequate thrust is available 
to maintain the current 
airspeed and altitude

High Altitude Aerodynamics – Flight Techniques

 

Primary Flight Display Airspeed Indications 

• Modern Aircraft airplanes that are equipped with a primary flight display (PFD) typically provide 
information that will help you maintain a safe airspeed margin between the low and high speed 
limits. Most of these airplanes have an indication of airspeed trending. This is important because 
these displays do not indicate that adequate thrust is available at that altitude to maintain the 
current airspeed. Older airplanes had charts in the performance section that depicted adequate 
speed ranges for a given altitude and weight. 
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● Automation during cruise

– Attempts to maintain altitude and airspeed

– Thrust will increase to selected cruise limit 

– Select MCT (Max Cont Thrust) - to increase available thrust 
and stop airspeed decay 

● Airspeed continues to deteriorate - the only option is to descend

High Altitude Aerodynamics – Flight Techniques

Flight Techniques of Jet Aircraft

Pilot Tip Pilot must take action before excessive airspeed loss 

● The pilot’s action - pitch down - increase the airspeed while being in an automation 
mode that keeps the throttles at maximum thrust

● Autopilot engaged - select a lower altitude - use an appropriate mode to descend

● If the aircraft is not responding quickly enough you must take over manually

● Re-engage autopilot once in a stable descent and the commanded speed has 
been reestablished

Automation During High Altitude Flight

 

Automation During High Altitude Flight 

• During cruise at high altitude the autopilot will be engaged with the pitch in an altitude hold mode 
and the throttles in a speed mode. However, it is possible that due to changing conditions 
(increasing temperature, mountain wave, etc.) or poor planning, an airplane could be thrust 
limited and not be able to maintain the desired altitude and/or airspeed. Regardless, the 
airplane’s automatic control system will try to maintain this altitude by increasing thrust to its 
selected limit. When the thrust is at the maximum limit the pitch may continue to increase to 
maintain altitude and the airspeed then continues to decay. The only option then is to descend. 
The pilot’s action should be to pitch down and increase the airspeed while being in an 
automation mode that keeps the throttles at maximum thrust. If the autopilot is still engaged, 
select a lower altitude and use an appropriate mode to start the aircraft down. However, if the 
aircraft is not responding quickly enough you must take over manually. Pilots must assess the 
rate at which vertical speed and airspeed increase is occurring to make this determination. This 
does not imply that aggressive control inputs are necessary. The autopilot can then be 
reengaged once the airplane is in a stable descent and the commanded speed has been 
reestablished. Do not attempt to override the autopilot, it is always better to disconnect it before 
making manual control inputs. Due to RVSM considerations and large altitude losses, crews 
should consider turning off course, avoiding large bank angles during descent, and monitoring 
TCAS to reduce the potential for collisions. Crews should also inform ATC of their altitude 
deviations.  
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Flight Techniques of Jet Aircraft

● Vertical Speed Mode (VS) at high altitude - must be clearly 
understood 

– Energy management, available thrust is reduced at high altitude 

– Manage speed on either elevator or with thrust

– VS mode, airplane speed controlled by thrust

– Use of VS has considerable risk during high altitude climb 

– VS mode prioritizes the commanded VS rate

– Speed can decay, thrust available is less than thrust required 

– Improper use of VS can result in speed loss

High Altitude Aerodynamics – Flight Techniques

Automation During High Altitude Flight (continued)

Pilot Tip General guideline - VS mode should not be used for climbing at high altitudes

Pilot Tip VS can be used for descent - selecting excessive vertical speeds can result in 
airspeed increases into an overspeed condition 

 

• The consequences of using Vertical Speed (VS) at high altitude must be clearly understood. Most 
autoflight systems have the same logic for prioritizing flight path parameters. The fundamental 
aspect of energy management is to manage speed by either elevator or with thrust. When using 
the VS mode of the Auto Flight System (AFS), airplane speed is normally controlled by thrust. If a 
too high vertical descent rate is selected the autothrottle will reduce thrust to idle and the 
airspeed will start to increase above the commanded airspeed. The reverse situation can occur 
with considerable risk if an excessive climb rate is selected. In that case, if the thrust available is 
less than the thrust required for that selected vertical speed rate the commanded speed will not 
be able to be held and a speed decay will result. On some airplanes, improper use of VS can 
result in speed loss and eventually a stall. 

• Pilots must understand the limits of their airplanes when selecting vertical modes. As a general 
guideline, VS should not be used for climbing at high altitudes. Reduced thrust available at high 
altitudes means that speed should be controlled through pitch and not with thrust. VS can be 
used for descent; however, selecting excessive vertical speeds can result in airspeed increases 
into an overspeed condition. Using a mode that normally reduces thrust, when the need arises to 
descend immediately, may not be appropriate for a low speed situation. Either disconnect 
autothrottles, or use a mode that keeps the throttles at maximum available thrust in these 
situations. 
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Human Factors and High Altitude Upsets

● The Startle Factor 

– Dynamic buffeting and large changes in airplane attitude

High Altitude Aerodynamics – Flight Techniques

 

Human Factors and High Altitude Upsets 

• The flightcrew may be startled by unexpected low airspeed stall warnings, dynamic buffeting and 
large changes in airplane attitude (design dependent) especially when the airplane is on 
autopilot. While flightcrews receive training on systems such as stick shakers to alert the pilots of 
impending stall, normally they do not receive training in actual full stall recovery, let alone stall 
recovery at high altitudes. 
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Human Factors and High Altitude Upsets

● Pilot training – conventional

– Typical crew training

– Trained to respond to stall warnings – “Approach to Stall”

– Usually limited to low altitude recovery

● High altitude - stalls 

– Low speed buffet mistaken 
for high speed buffet 

– Actual full “Stall Recovery” 

– Higher altitudes

Available thrust is insufficient

Reduce the angle of attack 

Trade altitude for airspeed. 

● Recognition for recovery is sometimes delayed 

High Altitude Aerodynamics – Flight Techniques

(continued)

 

Human Factors and High Altitude Upsets 

• Flight crews are inclined to respond to high altitude stalls like they have been trained to respond 
to stall warnings, but the procedures for the latter are neither effective nor proper for stall 
recovery. Furthermore, unlike the conditions for which the flightcrew is trained to respond to stall 
warnings at lower altitudes, at the higher altitudes the available thrust is insufficient, alone, to 
recover from a stall. The only effective response is to reduce the angle of attack and trade 
altitude for airspeed. Pilots have also reported that low airspeed buffet was mistaken for high 
speed buffet which prompts an incorrect response to reduce airspeed when approaching a low 
airspeed stall. As in any emergency situation, if the airplane is designed with effective alerting 
(actual and/or artificial) and the flightcrew is adequately trained to recognize the indicators of the 
stall, these will lead to appropriate flight crew recovery actions as discussed in the next 
paragraph. Equally important is that crews be familiar with stall warning and recognition devices, 
such as stick pushers, in order to understand their operation. 
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Human Factors and High Altitude Upsets

Reasons for delayed recovery

1. Concern for passenger and crew safety following large 
control movements 

2. Previous training emphasized altitude loss 

3. Anxiety associated altitude violations and other ATC concerns

4. Less experience with manual flight control at high speed / 
altitude 

5. Lack of understanding - Unaware of the magnitude of altitude 
loss as it relates to the recovery from the upset condition

High Altitude Aerodynamics – Flight Techniques

(continued)

 

Human Factors and High Altitude Upsets 

• Once the pilot recognizes the airplane is in full aerodynamic stall, immediate corrective actions 
and decisions required for airplane recovery are sometimes delayed by the flightcrew. Some of 
the reasons for the delay include 1) legitimate concern for passenger and crew safety following 
large control movements, 2) previous training emphasizing altitude loss of only a few hundred 
feet even for high altitude stalls 3) anxiety associated altitude violations and other air traffic, 4) 
less experience with manual flight control and 5) even the de facto acknowledgement of loss of 
control represented by loss of altitude. While the magnitude of required flight control input will 
vary by airplane design for recovery, flightcrews should be trained to expect a longer recovery 
time and greater altitude loss while the airplane accelerates to gain airspeed following high 
altitude stall. 

• Also, since there is no detailed checklist or procedure telling the pilot when to start the stall 
recovery and how much back pressure should be used for return to level flight after stall 
recovery, these techniques need to be adequately trained. For example during stall recovery, 
pilots gauge how assertively they can pull back by using stick shaker activation to indicate when 
to reduce back pressure. Other pilots may use angle of attack limit indications on the attitude 
indicator (if equipped) to aid in the stall recovery. Pilots should also be aware that an aggressive 
stall recovery and subsequent altitude recapture can result in a secondary stall during stall 
recovery as the pilot discovers the correct level of control inputs required to recover the airplane. 
On the other side there is the concern of accelerating into high speed buffet during the recovery if 
the airplane is allowed to accelerate too much.  
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High Altitude Operations
Additional Considerations
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Multi-Engine Flame Out

● Prompt recognition of the engine failures – utmost importance

● Immediately accomplishment of the recall items and/or checklist 
associated with loss of all engines

– Establish the appropriate airspeed (requires a manual pitch 
down) to attempt a windmill relight

– Driftdown will be required to improve windmill starting 
capability

– Inflight start envelope is provided to identify proper windmill 
start parameters 

Pilot Tip Regardless of the conditions and status of the airplane - strict adherence to 
the checklist is essential to maximize the probability of a successful relight.

Pilot Tip Recognition tip – autopilots and A/T may disconnect or indications of 
electrical problems may exist with a multi-engine flameout. 

High Altitude Operations – Additional Considerations

Demands Immediate Action

 

Additional Considerations  
Multi-Engine Flame Out 

• At high altitudes, as a result of very low airspeed, stall conditions, or other occurrences an all 
engine flameout may occur. This is easily detected in cruise but may be more difficult to detect 
during a descent. The all engine flameout demands prompt action regardless of altitude and 
airspeed. After recognition, immediate accomplishment of the recall items and/or checklist 
associated with the loss of all engines is necessary to quickly establish the appropriate airspeed 
(requires a manual pitch down) and to attempt a windmill relight. It should be noted that loss of 
thrust at higher altitudes (above 30,000 feet) may require driftdown to a lower altitude to improve 
windmill starting capability. Additionally, even though the inflight start envelope is provided to 
identify the region where windmill starts can occur, it is often demonstrated during certification 
this envelope does not define the only areas where a windmill start may be successful. 
Regardless of the conditions and status of the airplane, strict adherence to the checklist is 
essential to maximize the probability of a successful relight. 
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Corelock

● Turbine engine – abnormal thermal event (e.g flameout at low 
airspeed)
Result - the “core” of the engine stops or seizes

● Insufficient airspeed - insufficient airflow through the engine

● Engine – restart capability only when seized engine spools begin to 
rotate

High Altitude Operations – Additional Considerations

Pilot Tip After all engine flameouts 
• The first critical consideration is to obtain safe descent speed
• Determine engine status 
• If engine spools indicate zero - core lock may exist/mechanical 

engine damage
• Crews must obtain best L/DMax airspeed instead of accelerating 

to windmill speed 

● Critical: The crew must follow the approved flight manual 
procedures, maintain sufficient airspeed to maintain core rotation

 

Corelock 

• Core lock is a phenomenon that could, in theory, occur in any turbine engine after an abnormal 
thermal event (e.g. a sudden flameout at low airspeed) where the internal friction exceeds the 
external aerodynamic driving forces and the “core” of the engine stops. When this occurs, 
differential contraction of the cooler outside case clamps down on the hotter internal components 
(seals, blade tips etc.) preventing rotation or “locking the core.” This seizure may be severe 
enough to exceed the driving force available by increasing airspeed or from the starter. If 
differential cooling locks the core, only time will allow the temperature difference to equalize, 
reduce the contact friction caused by differential contraction and allow free rotation. 

• After all engine flameouts, the first critical item is to obtain safe descent speed. Then flight crews 
need to determine engine status. If any of the engine spools indicate zero RPM then a situation 
of core lock may exist or mechanical engine damage could have occurred. If this case applies to 
all engines, crews must obtain best L/D airspeed instead of accelerating to windmill speed, to 
obtain an optimum glide ratio. Crews then should consider their forced landing options. In the 
event the seized spool(s) begin to rotate a relight will be contemplated and windmill airspeed may 
be necessary. 
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Rollback 

• Turbine engine rollback is an uncommon anomaly consisting of an uncommanded loss of thrust 
(decrease in EPR or N1), which is sometimes accompanied by an increase in EGT. Rollback can 
be caused by a combination of many events including moisture, icing, fuel control issues, high 
angle of attack disrupted airflow, and mechanical failure and usually results in flameout or core 
lockup. Modern airplanes alleviate most rollback issues with auto-relight. Additionally, updated 
progressive maintenance programs identify potential problems and help to decrease rollback 
events. It is conceivable that pilots would recognize the results of rollback rather than the rollback 
event itself depending on workload and flight experience. If airspeed stagnation occurs, checking 
of appropriate thrust levels is important as well as increasing airspeed in the case where an 
engine has rolled back.  

  

Upset.48

Rollback

● Turbine engine rollback - uncommanded loss of thrust 

– Reduced N1 RPM - increase in EGT

– Many causal factors:

– Moisture

– Icing

– Fuel control issues

– High angle of attack disrupted airflow

– Mechanical failure 

Pilot Tip If airspeed stagnation occurs, check appropriate thrust level. This is 
important as well as increasing airspeed in the case of an engine has 
rollback.

High Altitude Operations – Additional Considerations

Upset.48

Rollback

● Turbine engine rollback - uncommanded loss of thrust 

– Reduced N1 RPM - increase in EGT

– Many causal factors:

– Moisture

– Icing

– Fuel control issues

– High angle of attack disrupted airflow

– Mechanical failure 

Pilot Tip If airspeed stagnation occurs, check appropriate thrust level. This is 
important as well as increasing airspeed in the case of an engine has 
rollback.

High Altitude Operations – Additional Considerations
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High Altitude Loft Training
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Overview

● Recommendation
A high altitude loft is recommended by industry 

● Purpose
To familiarize crews with high altitude slowdowns and 
approach to stall 

● Training Imperatives

– Crews should always recover at the first 
indication of an impending stall 

– Operators may modify this scenario for specific 
airplane models within their operation

High Altitude Loft

 

High Altitude Loft Scenario 

• The following loft scenario is recommended by industry as a way of familiarizing crews with high 
altitude slowdowns and approach to stall. Crews should always recover at the first indication of 
an impending stall.  
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Purpose

Purpose of the High Altitude LOFT training:

1. Train crews to recognize the high altitude threat due to 
airplane slowdown and approach to stall

2. Assist crews in how to manage this threat

3. The exercise is not intended to train an actual jet upset 
or full stall

4. Train only to the indications of an approach to stall
before a recovery is initiated 

Operators Should consider all the scenario factors that will lead 
to realistic recovery techniques. Operators should 
determine the optimum conditions in setting up this 
scenario.

High Altitude Loft

 

• The purpose of this LOFT training aid is to assist operators of high altitude jet aircraft. The high 
altitude slowdown to an approach to stall represents a threat that has resulted in accidents and 
incidents when mismanaged. This simulator training is to assist crews in managing this threat. 
The exercise is not intended to train an actual jet upset or full stall, it only has the airplane reach 
the indications of an approach to stall before a recovery is initiated. Operators should consider a 
number of factors to determine how realistic their simulator will respond to this training scenario. 
Operators should determine the optimum manner to set up this scenario to achieve the high 
altitude training goals. 
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Training Goals 

• Reinforce understanding of high altitude characteristics 

• How to determine cruise altitude capability 

• Reinforce acceptable climb techniques and – understand the risks associated with various  
climb techniques – ie. vertical speed (VS) 

• Recognize an approach to stall and apply proper recovery techniques 

• Discuss automation factors - ie. mode protections, hazards of split automation and  
inappropriate modes  

• Address intuitive and incorrect reactions to stall warning indications 

• Develop procedures that are widely accepted to recover from impending high altitude stall 
conditions with and without auto-flight systems 

  

Upset.52

Training Goal

● Reinforce understanding of high altitude characteristics

● How to determine cruise altitude capability

● Reinforce acceptable climb techniques and – understand the risks 
associated with various climb techniques – ie. vertical speed (VS)

● Recognize an approach to stall and apply proper recovery 
techniques

● Discuss automation factors - ie. mode protections, hazards of split 
automation and inappropriate modes 

● Address intuitive and incorrect reactions to stall warning indications

● Develop procedures that are widely accepted to recover from 
impending high altitude stall conditions with and without auto-flight 
systems

High Altitude Loft

Upset.52

Training Goal

● Reinforce understanding of high altitude characteristics

● How to determine cruise altitude capability

● Reinforce acceptable climb techniques and – understand the risks 
associated with various climb techniques – ie. vertical speed (VS)

● Recognize an approach to stall and apply proper recovery 
techniques

● Discuss automation factors - ie. mode protections, hazards of split 
automation and inappropriate modes 

● Address intuitive and incorrect reactions to stall warning indications

● Develop procedures that are widely accepted to recover from 
impending high altitude stall conditions with and without auto-flight 
systems

High Altitude Loft
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High Altitude Loft

Summary

Purpose of this training module

● Present an overview of operational issues and how they 
may contribute to unintentional slowdowns in the high 
altitude environment

● Discuss aerodynamic principles relating to flight in high 
altitude environment

● Present pilot tips and techniques for high altitude upset 
recovery and slowdowns

● Identify factors to aid in early recognition of unintentional 
slowdowns 

● Discuss the training goals for simulator high altitude loft 
training
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4
References for Additional Information

4.0 	 Introduction
The overall goal of the Airplane Upset Recovery 
Training Aid is to increase the ability of pilots to 
recognize and avoid situations that can lead to 
airplane upsets and improve the pilots’ ability to 
recover control of an airplane that has exceeded the 
normal flight regime. Several primary references 
used during the research and development of this 
training aid provide excellent additional information 
that is beyond the scope of this training aid. The 
references listed in this section are intended to assist 
those responsible for development of classroom 
material in locating additional material. These refer-
ences may also be used as a resource for answering 
questions raised in the training process.

4.1 	 References
Aerodynamics For Naval Aviators•	 , H. H. Hurt, 
Jr., University of Southern California, United 
States Navy NAVAIR 00-80T-80: January 1965, 
The Office of the Chief of Naval Operations, 
Aviation Division.

Airplane Performance, Stability, and Control•	 , 
Courtland D. Perkins and Robert E. Hage, John 
Wiley & Sons, Inc., New York: January 1967

Handling the Big Jets•	 , D. P. Davis, Brabazon 
House, Redhill, Surrey, England, third edition, 
December 1971.

Instrument Flight Procedures•	 , United States Air 
Force Manual 11-217, Volume I, 1 April 1996, 
Department of the Air Force, HQAFFSA/CC, 
Publishing Distribution Office.

Instrument Flying Handbook•	 , U.S. Department of 
Transportation, Federal Aviation Administration, 
Superintendent of Documents, U.S. Government 
Printing Office, Washington, DC 20402.

Turbulence Education and Training Aid,•	  U.S. 
Department of Transportation, Federal Aviation 
Administration, Air Transport Association of 
America, The Boeing Company, National Techni-
cal Information Service, 5285 Port Royal Road, 
Springfield, VA 22161.

Van Sickle’s Modern Airmanship, 6th edition,•	  
edited by John F. Welsh, TAB Books, division 
of McGraw-Hill, Inc.

Wake Turbulence Training Aid•	 , U.S. Depart-
ment of Transportation, Federal Aviation 
Administration, DOT/FAA/RD-95/6, DOT- 
VNTSC-FAA-95-4, Final Report April 1995, 
National Technical Information Service, 5285 
Port Royal Road, Springfield, VA 22161.

Windshear Training Aid,•	  U.S. Department of 
Transportation, Federal Aviation Administration, 
Boeing Commercial Airplane Group, National 
Technical Information Service, 5285 Port Royal 
Road, Springfield, VA 22161.
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A
Academic Training Program, 1.2, 3.1–3.3
Accident statistics, 1.1, 2.2, 2.3
Aeronautical Information Manual, 2.4
Air temperature, 2.27, 2.34, 2.37
Air traffic control (ATC), 2.41
Airplane upset

causes, 1.1, 2.2–2.12, 3-A.3, 3-A.15
conditions, 1.1, 2.1
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frequency, 2.2
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3-B.8–3-B.9, 3-B.16–3-B.17, 3-B.28
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3-A.11
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3-A.3, 3-A.13, 3-B8, 3-B.17–3-B.19,  
3-B.28

recovery from, 1.2, 2.12, 2.44, 3.7, 3-A.3, 
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Bank Indicator, 2.45, 3.4, 3-A.9, 3-A.23, 3-B.57
Buffet boundaries, 2.35, 2.43, 3-B.45
Buffet Boundary charts, 2.39
Buffeting, 2.20, 2.35, 2.38, 2.40, 2.41, 2.47, 

3-A.5, 3-A.9, 3-A.19, 3-A.23, 3-B.37, 
3-B.45, 3-B.64, 3-C.24
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Camber, 2.18, 2.21, 2.28, 3-B.38
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Chord line, 2.18–2.19, 2.21, 3-B.36, 3-B.38, 
Control surfaces, 2.22, 2.30, 2.34, 3-B.39– 

3-B.40, 3-B.49, 3-B.53, 3-C.16–3-C.17
Counter-intuitive factors, 3.5, 3-B.58,  

3-B.62
Crossover speed, 2.26, 3-B.44, 3-C.16
Crosswind landing, 2.25, 2.32–2.33, 3-B.51
Cruise Maneuver Capability charts, 2.35

D
Dihedral, 2.25, 2.33, 3-A.5, 3-A.17, 3-B.42, 

3-B.43
Dihedral effect, 2.25, 2.35, 3-A.5, 3-A.17, 

3-B.43
Dive speeds, 2.18
Dutch roll, 2.33, 3-A.11, 3-A.27, 3-B.51

E
Energy, 2.9, 2.13–2.14, 2.29, 2.31, 2.42, 2.44–

2.45, 2.47–2.49, 3.4, 3.7, 3.11, 3.14, 3.17, 
3.21, 3.23, 3-A.3, 3-A.9, 3-A.11, 3-A.15,  
3-A.23, 3-A.25, 3-B.29–3-B.32, 3-B.50,  
3-B.54–3-B.55, 3-B.57, 3-C.11–3-C.12,  
3-C.28, 3-C.33

Energy management, 2.13, 2.42, 3-C.12, 3-C.33
Engine performance, 2.11, 2.46
Environmental factors, 1.2, 2.3, 3-A.3, 3-A.15, 

3-B.4, 3-C.22

F
Field of view, 2.44
Flight envelope, 2.13, 2.17–2.18, 2.32, 2.34–

2.35, 2.45, 3-B.25, 3-B.29, 3-B.35, 3-B.52,  
3-B.55

Flight instruments, 2.9–2.11, 2.44, 3-B.18,  
3-B.20, 3-B.23, 3-B.25–3-B.26, 3-B.28,  
3-B.57, 3-D.1

Flight path angle, 2.19, 3-B.36
Fly-by-wire, 2.46–2.47, 3.9, 3-C.13, 3-C.20,  

3-C.25
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G
G force, 2.45, 2.48–2.49, 3.5, 3.17–3.19, 3-A.9,  

3-A.23, 3-A.25, 3-B.50, 3-b.58, 3-B.60,  
3-C.34

Graveyard Spiral, 2.30
Ground Training Program, 3.4

H
High Altitude Operations, App. 3-E.i
High Altitude Stall Warning, 3.23-3-25

I
Icing, 2.3, 2.8, 3-A.3, 3-A.15, 3-B.9, 3-B.17,  

3-B.26, 3-B.28
Inattention, 2.10, 3-B.23, 3-B.25, 3-B.28, 3-C.28
Incapacitation, 2.10–2.11, 3-C.10
Instrument cross-check, 2.10, 2.11, 3-B.23, 

3-B.24, 3-B.28
International Civil Aviation Organization 

(ICAO), 3.3, 3-D.1

J
Jet stream, 2.3–2.4, 2.43

L
Lateral control, 2.26, 2.31, 2.49, 3-B.50, 3-C.15, 

3-C.16, 3-C.18
Lateral stability, 2.25, 3-A.5, 3-A.17, 3-B.42,  

3-B.43
Load factors, 2.14–2.16, 2.20, 2.27, 2.43, 3-B.29,  

3-B.33–3-B.25, 3-B.37, 3-B.55
Logitudinal axis, 2.19, 2.24, 2.29, 2.30–2.31, 

3-A.3, 3-A.5, 3-A.17, 

M
Mach number, 2.17, 2.21, 2.27, 2.33–2.34, 2.37, 

2.39–2.40, 2.43, 3-A.5, 3-A.15, 3-A.17, 
3-A.19, 3-B.36,  
3-B.49, 3-C.15

Mach trim, 2.27
Manual of Criteria for the Qualification of Flight 

Simulators, 3.3, 3-D.1
Microburst, 2.3, 2.6, 3-A.3, 3-A.15, 3-B.9,  

3-B.13, 3-B.15, 3-B.28 
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NASA ASRS reports, 2.2
National Technical Information Service, 2.3, 2.7, 
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National Transportation Safety Board, 1.3, 2.2, 
3-B.2

Newton’s first law, 2.13, 3-B.30
Newton’s second law, 2.14, 3-B.33, 3-B.48

P
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Pitch angle, 2.13, 3-B.36, 3-C.12, 3-D.1
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