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On November 12, 2001, about 0916:15 eastern standard time, American Airlines
flight 587, an Airbus Industrie A300-605R,* N14053, crashed into a residential area of Belle
Harbor, New York, shortly after takeoff from John F. Kennedy International Airport, Jamaica,
New York. Flight 587 was a regularly scheduled passenger flight to Las Americas International
Airport, Santo Domingo, Dominican Republic, with 2 flight crewmembers, 7 flight attendants,
and 251 passengers aboard the airplane. The airplane’s vertical stabilizer and rudder separated in
flight and were found in Jamaica Bay, about 1 mile north of the main wreckage site® The
airplane’'s engines subsequently separated in flight and were found several blocks north and east
of the main wreckage site. All 260 people aboard the airplane and 5 people on the ground were
killed, and the airplane was destroyed by impact forces and a postcrash fire. Flight 587 was
operating under the provisions of 14 Code of Federal Regulations (CFR) Part 121 on an
instrumelgt flight rules flight plan. Visual meteorological conditions prevailed at the time of the
accident.

The National Transportation Safety Board determined that the probable cause of this
accident was the in-flight separation of the vertical stabilizer as a result of the loads beyond
ultimate design that were created by the first officer's unnecessary and excessive rudder pedal
inputs. Contributing® to these rudder pedal inputs were characteristics of the Airbus A300-600

! The A300-605R is one of several variants of the A300-600 series airplane. The “5” refers to the type of
engine installed on the airplane, and the “R” refers to the airplane’s ability to carry fuel in the horizontal stabilizer.

2 The vertical stabilizer is attached to the airplane’s aft fuselage. The vertical stabilizer provides supporting
structure for the rudder, which is an aerodynamic control surface that is used to make the airplane yaw, or rotate,
about its vertical axis. An airplane cannot be flown without its vertical stabilizer.

% For more information, see In-Flight Separation of Vertical Sabilizer, American Airlines Flight 587,
Airbus Industrie A300-605R, N14053, Belle Harbor, New York, November 12, 2001, Aircraft Accident Report
NTSB/AAR-04/04 (Washington, DC: NTSB, 2004).

* Members Carmody and Healing voted against the Vice Chairman’s revision, which reversed the order of
the two contributing factors shown in the staff draft report.
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rudder system design and elements of the American Airlines Advanced Aircraft Maneuvering
Program (AAMP).

Prevention of High L oads Resulting From Pilot Rudder Pedal I nputs

Rudder Pedal Inputs at High Airspeeds

Rudder control systems with a variable ratio® rudder travel limiter may provide better
protection against high loads from sustained rudder pedal inputs at high airspeeds than systems
with a variable stop’ rudder travel limiter because variable ratio rudder travel limiter systems
require more physical effort from a pilot (in terms of force and displacement) to produce cyclic
full rudder inputs. For airplanes with variable stop rudder travel limiter systems, protection from
dangerous structural loads resulting from sustained alternating large rudder pedal inputs can be
achieved by reducing the sensitivity of the rudder control system (for example, by increasing the
pedal forces), which would make it harder for pilots to quickly perform aternating full rudder
inputs.

There is no certification standard regarding rudder pedal sensitivity or any requirement
for the sengitivity to remain constant at all airspeeds. The Safety Board concludes that
certification standards are needed to ensure that future airplane designs minimize the potential for
aircraft-pilot coupling (APC)® susceptibility and to better protect against high loads in the event
of large rudder inputs. Accordingly, the Safety Board believes that the Federal Aviation
Administration (FAA) should modify 14 CFR Part 25 to include a certification standard that will
ensure safe handling qualities in the yaw axis throughout the flight envelope, including limits for
rudder pedal sensitivity. The Safety Board further believes that, after the yaw axis certification
standard has been established, the FAA should review the designs of existing airplanes to
determine if they meet the standard. For existing airplane designs that do not meet the standard,
the FAA should determine if the airplanes would be adequately protected from the adverse effects
of a potential APC after rudder inputs at al airspeeds. If adequate protection does not exist, the
FAA should require modifications, as necessary, to provide the airplanes with increased
protection from the adverse effects of a potential APC after rudder inputs at high airspeeds.

The Safety Board notes that some rudder control system designs incorporate features
(such as hinge moment capacity limits or yaw damper characteristics) that can help attenuate the

® According to American Airlines, AAMP is “advanced training for experienced aviators involving upsetsin
aircraft attitude.” AAMP consists of ground school and simulator flight training.

® The variable ratio design allows a constant range of pedal travel but reduces the rudder deflection at
increasing airspeeds.
" The variable stop design limits rudder pedal travel and rudder deflection as airspeed increases.

8 In @ 1997 report, the National Research Council (NRC) described APC events as “rare, unexpected, and
unintended excursions in aircraft attitude and flight path caused by anomalous interactions between the aircraft and
the pilot.” APC excursions can be oscillatory or divergent (non-oscillatory) and can be catastrophic. They occur
when the dynamics of the airplane and the dynamics of the pilot combine to produce an unstable system. For more
information, see National Research Council, Aviation Safety and Pilot Control — Understanding and Preventing
Unfavorable Pilot-\ehicle Interactions (Washington, DC: National Academy Press, 1997).



hazardous buildup of sideslip® and/or vertical stabilizer loads resulting from aternating rudder
pedal inputs at high airspeed, even though these features may not have been designed for this
purpose. However, because aternating peda inputs are not considered in the airplane
certification standards, the absence of rudder system features that, in addition to their primary
function, mitigate the hazards posed by such inputs does not necessarily constitute a design
deficiency.

Some airplanes have hinge moment restrictions to limit the hydraulic force that the rudder
actuator can apply.’® With this design feature (also called a blowdown limit), the hydraulic
power available to move the rudder is limited and cannot overcome high vertical stabilizer
aerodynamic loads regardless of the pilot’s commands. This feature adds an extralevel of safety
to prevent high vertical stabilizer aerodynamic loads.

In addition, the yaw damper can provide an additional level of protection against
inappropriate aternating full rudder inputs commanded by the pilot. Most transport-category
airplanes have yaw damper systems that automatically input a small amount of rudder deflection
to dampen lateral-directiona oscillations. These yaw damper systems, including the one on the
A300-600, typicaly act independently of pedal commands, so the yaw damper may add to or
subtract from the rudder commanded by the pilot.

The yaw damper is not intended to correct for or contain inappropriate oscillatory rudder
pedal inputs commanded by the pilot. However, because the yaw damper can suppress al
lateral-directional oscillations, it will tend to have such an effect and will consequently delay the
buildup of the sidedlip angle that can result from such pedal commands.

The Safety Board notes that the A300-600 yaw damper system allows a pilot input to
override a yaw damper command when the rudder is at the full deflection limit permitted by the
rudder travel limiter system for a particular airspeed. Under these conditions, a pilot input can
override a yaw damper command in the opposite direction and keep the rudder at the full
deflection limit by providing increasing pressure on the rudder pedals. Simulation and flight data
recorder data indicated that the first officer’s rudder pedal inputs during the flight 587 accident
sequence were consistent with a suppression of yaw damper inputs at the rudder deflection limits.
The simulations indicated that, if the yaw damper inputs had not been suppressed, the yaw
damper would have moved the rudder partially back toward neutral, thereby lessening (but not
preventing) the buildup of the sideslip angle and aerodynamic loads on the vertical stabilizer.
Such a delay could have provided an additional level of safety because the initial response of the
airplane to a sustained rudder pedal input would not have been as severe and could have reduced
the chance of pilot surprise or confusion.

The Safety Board concludes that, because of its high sensitivity (that is, light pedal forces
and small peda displacements), the Airbus A300-600 rudder control system is susceptible to

° Sideslip is the angle between the longitudinal stability axis of the airplane and the direction of motion that
produces an airspeed component along the airplane’s lateral axis;, simply stated, sidedlip is a measure of the
“sideways’ motion of the airplane through the air.

19 The A300-600 does not have this design feature.



potentially hazardous rudder peda inputs at higher airspeeds. Therefore, the Safety Board
believes that the FAA should review the options for modifying the Airbus A300-600 and the
Airbus A310™ to provide increased protection from potentially hazardous rudder pedal inputs at
high airspeeds and, on the basis of this review, require modifications to the A300-600 and A310
to provide increased protection from potentially hazardous rudder peda inputs a high
airspeeds.*?

Alternating Full Control Inputs

Alternating full inputs on the control wheel and rudder pedals, such as those made by the
first officer, should not be necessary to control a transport-category airplane under any
circumstance.’® Industry literature (that is, the NRC report and Advisory Circular [AC] 25-7A)"
indicates that an effective way to stop an APC event is to cease the inputs.’®> Recognition of an
APC event by either the pilot making the inputs or the nonflying pilot before structural damageis
crucial. However, according to the NRC report, pilots are not trained to recognize the initial
indications or to understand that APC does not necessarily imply poor airmanship.

The Safety Board concludes that, to minimize the potential for APC events, transport-
category pilots would benefit from training about the role that alternating full control inputs can
play in such events and training that emphasizes that alternating full rudder inputs are not
necessary to control a transport-category airplane. Therefore, the Safety Board believes that the
FAA should develop and disseminate guidance to transport-category pilots that emphasizes that
multiple full deflection, alternating flight control inputs should not be necessary to control a
transport-category airplane and that such inputs might be indicative of an adverse APC event and
thus should be avoided.

Pilot Guidance on Design Maneuvering Speed

During this accident investigation, the Safety Board learned that many pilots might have
an incorrect understanding of the meaning of the design maneuvering speed (V) and the extent
of structural protection that exists when the airplane is operated below this speed.

1 The A310 vertical stabilizer is structurally identical to that of the A300-600.
12 This safety recommendation was also made to the Direction Général de |’ Aviation Civile (A-04-63).
13 As aresult of the flight 587 accident, the industry-devel oped Airplane Upset Recovery Training Aid now

states, “it is important to guard against control reversals. There is no situation that will require rapid full-scale
control deflections from one side to the other.”

4 AC 25-7A, “Flight Test Guide for Certification of Transport Category Airplanes” was issued in
March 1998 and was revised in June 1999. AC 25-7A provided guidelines for flight test methods and procedures,
including APC testing guidance, to show compliance with the regulations contained in subpart B (airplane
performance and handling characteristics) of 14 CFR Part 25.

> Wwithin the AC, see chapter 2, “Flight,” and section 3, “Controllability and Maneuverability.”



From an engineering and design perspective, maneuvering speed is the maximum speed
a which, from an initiadl 1 G flight condition,’® the airplane will be capable of sustaining an
abrupt, full control input limited only by the stops or by maximum pilot effort. In designing
airplanes to withstand these flight conditions, engineers consider each axis (pitch, roll, and yaw)
individually and assume that, after a single full control input is made, the airplane is returned to
stabilized flight conditions. Full inputs in more than one axis at the same time and multiple
inputs in one axis are not considered in designing for these flight conditions.

The American Airlines managing director of flight operations technical told the Safety
Board, during a postaccident interview, that most American Airlines pilots believed that the
airplane would be protected from structural damage if alternating full rudder pedal inputs were
made at an airspeed below maneuvering speed. The American Airlines A300 fleet standards
manager confirmed this belief during public hearing testimony at the Board's public hearing for
this accident. The Board notes that the American Airlines A300 Operating Manual contained
only one reference to design maneuvering speed, which indicated that it was the turbulence
penetration speed (270 knots). However, as evidenced by flight 587, cyclic rudder pedal inputs,
even when made at airspeeds below maneuvering speed, can result in catastrophic structural
damage.

Existing regulations and guidance pertaining to maneuvering speed may have contributed
to the misunderstanding regarding the degree of structural protection provided by operating
below maneuvering speed. Title 14 CFR 25.1583, “Operating Limitations,” lists maneuvering
speed among the airspeed limitations that must be furnished to the pilots of transport-category
airplanes and states that, aong with maneuvering speed, pilots must aso be furnished “with a
statement that full application of rudder and aileron controls, as well as maneuvers that involve
angles of attack near the stall, should be confined to speeds below thisvalue.” Although it istrue
that full control inputs should be confined to airspeeds below maneuvering speed, the statement
in Section 25.1583 could also be read to incorrectly imply that an airplane could withstand any
such inputs so long as they were made below maneuvering speed. The explanation of design
maneuvering speed in AC 61-23C, “Pilot’'s Handbook of Aeronautical Knowledge,” may be even
more misleading, stating that, “any combination of flight control usage, including full deflection
of the controls, or gust loads created by turbulence should not create an excessive air load if the
airplane is operated below maneuvering speed.” This statement strongly—and incorrectly—
suggests that, if multiple control inputs were made below maneuvering speed, the airplane would
be protected against structural damage.

The Safety Board has no reason to believe that the misunderstanding about maneuvering
speed is limited to A300-600 pilots. As a result, the Safety Board concludes that there is a
widespread misunderstanding among pilots about the degree of structural protection that exists
when full or abrupt flight control inputs are made at airspeeds below the maneuvering speed.
Therefore, the Safety Board believes that the FAA should amend all relevant regulatory and
advisory materials to clarify that operating at or below maneuvering speed does not provide

* G is a unit of measurement that is equivalent to the acceleration caused by the earth's gravity
(32.174 feet/second?).



structural protection against multiple full control inputs in one axis or full control inputsin more
than one axis at the same time.

Upset Recovery Training

In October 1996, the Safety Board issued Safety Recommendation A-96-120, which
recommended that the FAA “require 14 CFR Part 121 and 135 operators to provide training to
flight crews in the recognition of and recovery from unusual attitudes and upset maneuvers,
including upsets that occur while the aircraft is being controlled by automatic flight control
systems, and unusual attitudes that result from flight control malfunctions and uncommanded
flight control surface movements.”*’

More than 8 years have passed since the issuance of Safety Recommendation A-96-120.
Although the FAA has expressed agreement with the intent of the recommendation, it has not yet
taken the necessary regulatory action to require unusual attitude training for air carrier pilots. In
contrast, the air carrier industry has recognized the need for such training by voluntarily
developing programs, such as the American Airlines AAMP, and issuing the Airplane Upset
Recovery Training Aid. There is widespread agreement among operations and training managers
that unusual attitude training helps prepare flight crews for such unusual situations. However,
without a regulatory requirement and published guidance from the FAA, the design and adoption
of such programs has been voluntary, and approval of the principal operations inspector assigned
to the individual operators has been without the benefit of broader guidance from training experts
within the FAA.

The Safety Board's investigation found deficiencies in the American Airlines AAMP,
including the following:

» ground school training that encouraged the use of rudder for roll control,

» a simulator exercise in which pilots were encouraged to employ large rudder
inputs without being fully trained in the operating properties of the specific rudder
control system or fully understanding the structural loads that might be imposed
on the airframe by certain inputs,

» asmulator exercise that provided unrealistic portrayals of an airplane response to
wake turbulence and significantly suppressed control input effectiveness to induce
alarge rolling potential that was unlikely to occur with an airplane as large as an
A300-600, and

* a simulator exercise that encouraged the use of rudder in a highly dynamic
situation without portraying the large buildup in sideslip angle and sideload that
would accompany such rudder inputsin an actual airplane.

" This recommendation was classified “Open—Acceptable Response” on December 20, 1999.



The Safety Board's review of other carriers’ upset recovery programs indicated that the
shortcomings in the AAMP are not unique and that inconsistencies exist among programs,
especialy regarding ssimulator use. The Safety Board concludes that FAA standards for unusual
attitude training programs that take into account industry best practices and are designed to avoid
inaccurate or negative training™ would lead to improvement and standardization of industry
training programs. Accordingly, the Safety Board urges the FAA to take expeditious action to
require such unusual attitude training, as recommended in Safety Recommendation A-96-120.

Pending the completion of such regulatory action by the FAA, the Safety Board
reclassifies Safety Recommendation A-96-120 “Open—Unacceptable Response.” Further, the
Safety Board believes that the FAA should adopt and disseminate written guidance for use in
developing and accepting upset recovery programs, such guidance could take the form of an AC
and should reflect the industry’s best practices and be designed to avoid inaccurate or negative
training.

Regarding smulator training, the Safety Board recognizes that some members of the
training community advocate the introduction of upset situations in simulators by having pilots
close their eyes or look away as the upset is established, rather than by attempting a simulated
context for the onset. The Board also recognizes that some members of the training community
believe that advanced simulators should not be used in upset training because the range of
simulator fidelity is relatively narrow and the portrayal of accelerations is not comparable with
what could occur during an aggressive upset.'® Therefore, the Safety Board concludes that the
use of lower levels of automation, such as simulators without motion or simple computer screen
displays, may be more appropriate to provide the necessary awareness training with less danger
of introducing incorrect information. Accordingly, the Safety Board believes that, along with
developing upset recovery program guidance, the FAA should evaluate issues concerning the
level of automation appropriate to teaching upset training and develop and disseminate guidance
that will promote standardization and minimize the danger of inappropriate simulator training.

Therefore, the National Transportation Safety Board recommends that the Federal
Aviation Administration:

Modify 14 Code of Federal Regulations Part 25 to include a certification standard
that will ensure safe handling qualities in the yaw axis throughout the flight
envelope, including limits for rudder pedal sensitivity. (A-04-56)

18 Negative training is a situation in which training leads to less effective performance in the operational
environment than would have occurred if no training had been conducted.

% For example, see the testimony of the vice president of training for Airbus North America customer
services at the Safety Board's public hearing (p. 232 of the public hearing transcript).



After the yaw axis certification standard recommended in Safety
Recommendation A-04-56 has been established, review the designs of existing
airplanes to determine if they meet the standard. For existing airplanes designs
that do not meet the standard, the FAA should determine if the airplanes would be
adequately protected from the adverse effects of a potential aircraft-pilot coupling
(APC) after rudder inputs at all airspeeds. If adequate protection does not exist,
the FAA should require modifications, as necessary, to provide the airplanes with
increased protection from the adverse effects of a potential APC after rudder
inputs at high airspeeds. (A-04-57)

Review the options for modifying the Airbus A300-600 and the Airbus A310 to
provide increased protection from potentially hazardous rudder pedal inputs at
high airspeeds and, on the basis of this review, require modifications to the
A300-600 and A310 to provide increased protection from potentialy hazardous
rudder pedal inputs at high airspeeds. (A-04-58)

Develop and disseminate guidance to transport-category pilots that emphasizes
that multiple full deflection, aternating flight control inputs should not be
necessary to control a transport-category airplane and that such inputs might be
indicative of an adverse aircraft-pilot coupling event and thus should be avoided.
(A-04-59)

Amend all relevant regulatory and advisory materiasto clarify that operating at or
below maneuvering speed does not provide structural protection against multiple
full control inputs in one axis or full control inputs in more than one axis at the
sametime. (A-04-60)

Adopt and disseminate written guidance for use in devel oping and accepting upset
recovery programs, such guidance could take the form of an advisory circular and
should reflect the industry’s best practices and be designed to avoid inaccurate or
negative training. (A-04-61)

Along with developing the guidance recommended in  Safety
Recommendation A-04-61, evaluate issues concerning the level of automation
appropriate to teaching upset training and develop and disseminate guidance that
will promote standardization and minimize the danger of inappropriate simulator
training. (A-04-62)

Charman ENGLEMAN CONNERS, Vice Charman ROSENKER,

Members CARMODY, HEALING, and HERSMAN concurred in these recommendations.
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