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Executive Summary

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 Part 121 on an instrument flight rules flight
plan. Visual meteorological conditions prevailed at the time of the accident.

The National Transportation Safety Board determines 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 rudder system design and elements of the American Airlines Advanced
Aircraft Maneuvering Program.

The safety issues discussed in this report focus on characteristics of the A300-600
rudder control system design, A300-600 rudder pedal inputs at high airspeeds,
aircraft-pilot coupling, flight operations at or below an airplane’s design maneuvering
speed, and upset recovery training programs. Safety recommendations concerning these
issues are addressed to the Federal Aviation Administration and the Direction Général de
I’ Aviation Civile.
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1. Factual Information

1.1 History of Flight

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
(JFK), 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 instrument flight rules
flight plan. Visual meteorological conditions prevailed at the time of the accident.

The accident airplane arrived at JFK about 2231 on the night before the accident.
The airplane had been flown from San Jose, Costa Rica, to JFK with an intermediate stop
in Miami International Airport, Miami, Florida. During postaccident interviews, the pilots
of the flight leg from MIA to JFK indicated that the flight was smooth and uneventful.

Flight 587 was the first leg of a 1-day roundtrip sequence for the flight crew.
American Airlines records indicated that the captain checked in for the flight about 0614
and that the first officer checked in about 0630. The gate agent working the flight arrived
at the departure gate about 0645. She stated that the flight attendants were already aboard
the airplane at that time and that the captain and the first officer arrived at the gate about
0700.

1 Unless otherwise indicated, all times in this report are eastern standard time based on a 24-hour
clock.

2 The A300-605R is one of several variants of the A300-600 series airplane. The“5” refersto the type
of engine installed on the airplane (see section 1.6.3 for information), and the “R” refers to the airplane's
ability to carry fuel in the horizontal stabilizer.

3 Of the 251 passengers, 5 were lap children under 2 years of age.

4 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.

® Section 1.12 provides additional information about the wreckage area.
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About 0710, the airplane fueling process began.® The airplane fueler indicated that,
during the fueling process, he saw one of the pilots perform an exterior inspection of the
airplane. He finished the fueling process about 0745 and stated that he saw nothing
unusual regarding the airplane.

Statements provided to the Port Authority of New York and New Jersey Police
Department by American Airlines maintenance and avionics personnel indicated that,
sometime between 0730 and 0800, the captain reported that the number 2 pitch trim and
yaw damper system would not engage. Two avionics technicians were sent to the airplane
to investigate the problem. They performed an auto flight system (AFS) check, which
indicated afault with the number 2 flight augmentation computer. The circuit breaker was
then reset, another AFS check was performed, and no fault was detected. In addition, an
autoland system check was performed, and that test also did not detect a fault. The
avionics technicians estimated that they were in the cockpit for 5 to 7 minutes.

The cockpit voice recorder (CVR) recording began about 0845:35. The CVR
indicated that, about 0859:58, the airplane was cleared to push back from the gate. About
0901:33, the ground controller provided the flight crew with taxi instructions to
runway 31L, and the first officer acknowledged these instructions. About 0902:05, the
captain told the first officer, “your leg, you check the rudders.” (The first officer was the
flying pilot, and the captain was the nonflying pilot.) Data from the flight data recorder
(FDR) showed that, about 0902:07, the rudder pedal check began. The FDR data also
showed that a maximum right rudder pedal deflection of about 3.7 inches was recorded
about 0902:11 and that a maximum left rudder pedal deflection of 3.6 inches was recorded
about 0902:19. About 0902:23, the first officer responded, “rudders check.” The FDR
data showed that the rudder pedals returned to their neutral position about 0902:25.

About 0906:53, the ground controller provided the pilots of Japan Air Lines
flight 47, a Boeing 747-400, with taxi instructions to runway 31L. About 0908:01, the
ground controller instructed the Japan Air Lines pilots to contact the local (tower)
controller. About 0908:58, the ground controller instructed the flight 587 pilots to follow
the Japan Air Lines airplane and to contact the local controller. The first officer
acknowledged this instruction.

About 0911:08, the local controller cleared the Japan Air Lines airplane for
takeoff. About 0911:36, the local controller cautioned the flight 587 pilots about wake
turbulence and instructed the pilots to taxi into position and hold for runway 31L. The
first officer acknowledged the instruction. About 0913:05, the local controller instructed
the Japan Air Lines pilotsto fly the bridge climb’ and to contact the departure controller at
the New York Termina Radar Approach Control (TRACON). About 0913:21, the
flight 587 captain said to the first officer, “you have the airplane.”®

® The Port Authority of New York and New Jersey collected samples of fuel from the fuel truck that
serviced the accident airplane and from the two tanks that supplied fuel to the truck. The fuel samples were
sent to a New Jersey laboratory for analysis and were determined to conform to specifications.

" The bridge climb is one of several standard instrument departure routes from JFK.
8 According to FDR data, the autopilot was not engaged at any time during the accident flight.
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About 0913:28, the local controller cleared flight 587 for takeoff, and the captain
acknowledged the clearance. About 0913:35, the first officer asked the captain, “you
happy with that [separation] distance?’® About 3 seconds later, the captain replied, “we'll
be al right once we get rollin’. He's supposed to be five miles by the time we' re airborne,
that'stheidea.” About 0913:46, the first officer said, “so you’ re happy.”

The National Transportation Safety Board's airplane performance study for this
accident'® determined that flight 587 started its takeoff roll about 0913:51 and lifted off
about 0914:29, which was about 1 minute 40 seconds after the Japan Air Lines airplane.!
About 0914:43, the local controller instructed the flight 587 pilots to turn left, fly the
bridge climb, and contact the New York TRACON departure controller. About 5 seconds
later, the captain acknowledged this instruction. Radar data indicated that the airplane
climbed to 500 feet above mean sealevel (msl) and then entered a climbing left turn to a
heading of 220°. About 0915:00, the captain made initial contact with the departure
controller, informing him that the airplane was at 1,300 feet md and climbing to
5,000 feet msl. About 0915:05, the departure controller instructed flight 587 to climb to
and maintain 13,000 feet msl, and the captain acknowledged this instruction about
5seconds later. About 0915:29, the CVR recorded the captain’s statement “clean
machine,” indicating that the gear, flaps, and dlats had all been retracted.

About 0915:35, flight 587 was climbing through 1,700 feet msl with its wings
approximately level. About 1 second later, the departure controller instructed flight 587 to
turn left and proceed direct to the WAVEY navigation intersection (located about 30 miles
southeast of JFK). About 0915:41, the captain acknowledged the instruction. The
controller did not receive any further transmissions from flight 587.

FDR dataindicated that, about 0915:36, the airplane experienced a0.04 G drop in
longitudinal load factor, a 0.07 G shift to the left in lateral load factor, and about a 0.3 G
drop in normal (vertical) load factor.*? The airplane performance study found that these
excursions were consistent with a wake turbulence encounter. Between 0915:36 and
0915:41, the FDR recorded movement of the control column, control wheel, and rudder
pedals. Specifically, the control column moved from approximately 0° (neutral) to 2° nose
up, 2° nose down, and back to 0° the control wheel moved a total of seven times, with
peaks at 18° right, 30° left, 37° right, 34° left, 5° left, 21° |eft, and 23° right, before moving
to between 5° and 6° left;*® and the rudder pedals moved from about 0.1 inch left (the
starting point for the pedals) to about 0.1 inch right and 0.2 inch left before moving to

® Federal Aviation Administration (FAA) Order 7110.65, “Air Traffic Control Handbook,”
paragraphs 3-9-6, “ Same Runway Separation,” and 5-5-4, “Minima,” indicate that the separation for a heavy
airplane behind another heavy airplane is 2 minutes or 4 nautical miles (nm), respectively.

10 See section 1.16.2 for detailed information from the airplane performance study.

1 Japan Air Lines flight 47 and American Airlines flight 587 were separated at all times by at least
4.3 nm horizontally and 3,800 feet vertically.

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

3 The control wheel can be moved to amaximum of 78° either |eft or right.
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0.1inch left. The airplane performance study indicated that, during this time, the rudder
moved from 0° (neutral) to about 2° |eft, about 0.6° right, and back to 0°.4

During the wake turbulence encounter, the airplane’s pitch angle increased from 9°
to 11.5°, decreased to about 10°, and increased again to 11°. The airplane’s bank angle
moved from 0° (wings level) to 17° left wing down, which was consistent with the turn to
the WAVEY navigation intersection.

At 0915:44.7, the captain stated, “little wake turbulence, huh?’ to which the first
officer replied, at 0915:45.6, “yeah.” At 0915:48.2, the first officer indicated that he
wanted the airspeed set to 250 knots, which was the maximum speed for flight below
10,000 feet mdl. At that point, the airplane was at an altitude of about 2,300 feet mdl.

FDR data indicated that, about 0915:51, the load factors began excursions that
were similar to those that occurred about 0915:36: the longitudinal load factor dropped
from 0.20 to 0.14 G, the lateral load factor shifted 0.05 G to the left, and the normal load
factor dropped from 1.0 to 0.6 G The airplane performance study found that these
excursions were also consistent with awake turbulence encounter. According to the FDR,
the airplane’s bank angle moved from 23° to 25° left wing down at 0915:51.5, the control
wheel moved to 64° right at 0915:51.5, and the rudder pedals moved to 1.7 inches right at
0915:51.9.

At 0915:51.8, 0915:52.3, and 0915:52.9, the CVR recorded the sound of a thump,
aclick, and two thumps, respectively. At 0915:54.2, the first officer stated, in a strained
voice, “max power.”™> At that point, the airplane was traveling at 240 knots. About
0915:55, the captain asked, “you all right?’ to which the first officer replied, “yeah, I'm
fine” One second later, the captain stated, “hang onto it. Hang onto it.” The CVR
recorded the sound of a snap at 0915:56.6, the first officer’s statement “let’s go for power
please” at 0915:57.5, and the sound of a loud thump at 0915:57.7. According to the
airplane performance study, the vertical stabilizer’s right rear main attachment fitting
fractured at 0915:58.4,%% and the vertical stabilizer separated from the airplane
immediately afterward. At 0915:58.5, the CVR recorded the sound of aloud bang.™” At
that time, the airplane was traveling at an airspeed of about 251 knots.

14 These rudder movements are within the authority of the yaw damper, which can move the rudder
without a pilot or autopilot input. (Section 1.6.2 provides information about the A300-600’s rudder control
system, including the yaw damper.) Between 0915:41 and 0915:48, the rudder oscillated twice between 0°
and 1° |left and then moved to 0.5° left until 09:15:51. These rudder movements are also within the authority
of the yaw damper.

* The FDR indicated that the captain did not subsequently change the airplane’s power setting.

16 For information about the vertical stabilizer’s attachment fittings, see section 1.6.1. For information
about the fracture of the right rear main attachment fitting, see sections 1.16.2.3 and 1.16.4.

171t took 0.14 second for the sound of the vertical stabilizer separation to travel from the back of the
airplane to the front to be recorded on the CVR.
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According to the FDR, the rudder pedals moved from 1.7 inchesright to 1.7 inches
left, 1.7 inchesright, 2.0 inchesright, 2.4 inchesleft, and 1.3 inches right between 0915:52
and 0915:58.5.1 Also, the FDR showed that the control wheel moved 64° to the right at
0915:51.5, 78° (full) to the left at 0915:53.5, 64° to the right at 0915:55.5, and 78° to the
left at 0915:56.5.2° Figure 1 shows these cockpit control movements.

The airplane performance study estimated that, at 0915:53.2, the rudder was
deflected 11° to the left,® and the sideslip angle at the airplane’s center of gravity (cg) was
about 4° to the left (after peaking temporarily at 5° to the left).?! At 0915:56.8, the rudder
was deflected 10.2° to the | eft, and the sideslip angle was about 7° to the left. At 0915:58.4
(the time that the right rear main attachment fitting fractured), the rudder was deflected
between 10° and 11° to the right, the sideslip angle was between 11° and 12° to the right,?
and the airplane experienced a 0.2 G shift to theright in lateral load factor.

The CVR recorded, at 0916:00.0, a sound similar to agrunt and, 1 second later, the
first officer’s statement, “holy [expletive].” At 0916:04.4, the CVR recorded a sound
similar to astall warning repetitive chime, which lasted for 1.9 seconds. At 0916:07.5, the
first officer stated, “what the hell are we into...we're stuck in it.” At 0916:12.8, the
captain stated, “get out of it, get out of it.” The CVR recording ended 2 seconds later. The
airplane was located at 40° 34' 37.59" north latitude and 73° 51' 01.31" west longitude.
The accident occurred during the hours of daylight.

Figures 2 and 3 show flight 587’s radar track based on JFK Airport Surveillance
Radar-9 (ASR-9) information. Figure 2 shows flight 587’s flightpath, from takeoff to
impact, in relation to the flightpath for Japan Air Lines flight 47, and figure 3 shows
flight 587’s flightpath overlaid on a topographical map, along with key events.

18 After 0915:58.5, the rudder pedals moved briefly to 0.7 inch right and then to 3.9 inches right, where
they remained for the remainder of the FDR recording. (The FDR stopped recording 13.6 seconds before
impact.)

% The directional movements of the control wheel between 0915:51.5 and 0915:58.5 mostly paralleled
those of the rudder pedals. The only control wheel movements with directions that did not parallel those of
the rudder pedals occurred between 0915:53.5 and 0915:56.0, when the pedals moved to 1.7 inches right and
then 2.0 inches right; the control wheel showed a right-to-left movement between 0915:53.5 and 0915:54.5
and aleft-to-right movement between 0915:54.5 and 0915:55.5. Also, between 0915:51 and 0915:53.5, the
rudder pedal movements lagged behind the control wheel movements by about 0.2 second; after 0915:55.5,
the pedal movements lagged behind the wheel movements by 0.5 second.

2 The rudder angle data detected by the rudder position sensor at the vertical stabilizer were filtered
before they were recorded on the FDR. As a result, the rudder angles during the second set of load factor
excursions had to be reconstructed using the recorded FDR data, the characteristics of the filter (as
determined from atest performed during this investigation), and constraints imposed by the rudder control
system and the recorded motion of the airplane. See section 1.11.2 for information about the data filter and
section 1.16.2 for information about the reconstruction of rudder angles.

2L Sidedlip isthe 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, sideslip is a measure of
the “sideways’ motion of the airplane through the air. The sideslip angle was not recorded on the FDR but
was calculated using FDR parameters, including heading, roll, and pitch angles and longitudinal, lateral, and
normal load factors. See section 1.16.2 for more information.

2 Afterward, the sideslip angle continued to increase and reached 31° at the end of the FDR recording.
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Figure 1. Control Wheel and Rudder Pedal Movements During the Second Wake
Encounter
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Figure 3. Flight 587’s Flightpath and Key Events
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1.2 Injuries to Persons

Table 1. Injury chart

Injuries Flight Crew Cabin Crew Passengers Other Total
Fatal 2 7 251 5 265
Serious 0 0 0 0 0
Minor 0 0 0 0 0
None 0 0 0 - 0
Total 2 7 251 5 265

Note: Five fatalities occurred on the ground.

1.3 Damage to Airplane

The airplane was destroyed by impact forces and a postcrash fire.

1.4 Other Damage

In the immediate vicinity of the impact area, four homes were destroyed, three
homes received substantial damage, and three homes received minor damage. In addition,
the in-flight separation of the engines resulted in property damage where the engines came
torest. A gas station received minor damage as a result of the impact of the left engine,
and ahome and a boat (parked in the driveway) received severe damage as a result of the
impact of the right engine.

1.5 Personnel Information

1.5.1 The Captain

The captain, age 42, was hired by American Airlines in July 1985. He held an
airline transport pilot (ATP) certificate and a Federal Aviation Administration (FAA)
first-class medical certificate dated June 5, 2001, with no limitations. The captain received
a type rating on the A300% in September 1988 while serving as a first officer®* and

2 The A300 is designated as the A310 on pilot certificates.

2 Title 14 CFR Section 121.543, “Flight crewmembers at controls,” (b) (3) (i), states, in part, that a
second-in-command can act as a pilot-in-command during the en route portion of the flight if the pilot holds
an ATP certificate and an appropriate type rating, is currently qualified as pilot-in-command or
second-in-command, and is qualified as pilot-in-command of that aircraft during the en route cruise portion
of theflight.
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received a type rating on the Boeing 727 in December 1991. He completed initial
operating experience as an A300 captain in August 1998.

According to American Airlines records, the captain joined the U.S. Air Force
Reserves in June 1982. He flew T-37, T-38, and C-141 airplanes while on duty and
received an honorable discharge in 1992. He had accumulated 1,922 hours total flying
time in military and general aviation before his employment with American Airlines.

American Airlines records aso indicated that the captain had accumulated
8,050 hours total flying time? including 3,448 hours as pilot-in-command and
1,723 hours as an A300 pilot-in-command. He had flown approximately 146 and 52 hours
in the 90 and 30 days, respectively, before the accident. The captain’s last recurrent
training occurred from June 18 to 22, 2001; his last recurrent proficiency check was on
June 21, 2001; and his last pilot-in-command line check occurred on July 31, 2001. FAA
records indicated no accident or incident history or enforcement action, and a search of the
National Driver Register database indicated no record of driver’s license suspension or
revocation.

According to American Airlines records, the captain had a scheduled day off on
November 8, 2001. He flew atrip that started on the morning of November 9 and ended
on the night of November 10. The captain had a day off on November 11. According to
his wife, the captain’s activities on November 11 included going to church in the morning
and watching television and attending a Cub Scouts committee meeting in the afternoon.
He went to sleep about 2200. On November 12, the captain awoke about 0416 and left his
residence about 0500 to check in for the flight.

The captain’s wife said that he was in good health and that he exercised regularly.
She indicated that he consumed acohol occasionaly but abstained from alcohol within
the required period before reporting for duty. The captain’s wife also stated that he did not
smoke, use tobacco products, or suffer from any sleep disorders. In addition, she indicated
that no changes had occurred in the captain’s eating or sleeping habits, off-duty activities,
or financial situation in the year before the accident.

American Airlines records indicated that the captain and the first officer had flown
together on 36 flight segments before the accident. The captain’s wife stated that he and
the first officer “got along well.”

1.5.1.1 Pilot Interviews Regarding the Captain

The first officer who flew with the captain on November 9 and 10, 2001, described
the captain’s management style as “ideal.” The first officer stated that the captain would
let him fly the airplane but would not hesitate to make suggestions or offer an opinion.
Another first officer who flew recently with the captain stated that he was “confident,

% This figure includes time as a captain and a first officer. The captain received a flight engineer
certificate in August 1985, but American Airlines' records did not reflect the captain’s flight timesas aflight
engineer.
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respected, and able to get a point acrossin anice way.” A first officer who indicated that
he had often flown with the captain on the 727 stated that the captain was an “extremely
good pilot” who was “very relaxed and competent.” This first officer also stated that he
“couldn’t imagine him [the captain] panicking.”

1.5.2 The First Officer

Thefirst officer, age 34, was hired by American Airlinesin March 1991. He held
an ATP certificate and an FAA first-class medical certificate dated October 18, 2001, with
alimitation that required him to wear correcting lenses while exercising the privileges of
the certificate. The first officer received atype rating on the A300 in November 1998.

According to American Airlines records, the first officer had flown Shorts 360,
Beechcraft 99, and DeHavilland DHC-6 airplanes in commuter and regional operations
under 14 CFR Parts 121 and 135. He had accumulated 3,220 hours total flying time in
commercia and general aviation before his employment with American Airlines.

American Airlines records also indicated that the first officer had accumulated
4,403 hours total flying time,? including 1,835 hours as an A300 second-in-command.
He had flown approximately 135 and 52 hours in the 90 and 30 days before the accident.
The first officer’s second-in-command qualification line check occurred on December 12,
1998; his last recurrent training occurred from December 17 to 21, 2000, and on
January 5, 2001; and his last recurrent proficiency check was on December 23, 2000.%’
FAA records indicated no accident or incident history or enforcement action, and a search
of the National Driver Register database indicated no record of driver’slicense suspension
or revocation.

American Airlines records indicated that the first officer flew 1-day trip sequences
on November 8 and 9 and was off duty on November 9 at 2209. He then had a 48-hour
crew rest period on November 10 and 11. According to his father, the first officer’s
activities on November 11 included helping afriend prepare her sailboat for the winter and
then going out to lunch, having friends over to his home for dinner, and speaking by
telephone with his parents about 2230. A friend of the first officer’'s (an American
Airlines flight attendant), who spoke with him by telephone earlier in the evening of
November 11, indicated that he planned to go to bed between 2200 and 2300. The friend
also indicated that the first officer was excited about his trip the next day because he liked
the captain and enjoyed working with him. The first officer’s father indicated that his
son’s alarm clock had been set for 0530 on the morning of the flight.

% The first officer received a flight engineer certificate in April 1990, but American Airlines’ records
did not reflect the first officer’s flight times as a flight engineer.

21 Thefirst officer completed the ground school portion of the training on January 5, 2001, because the
classroom presentation for human factors had been canceled (for unknown reasons) during the December 17
through 21, 2000, time period. Also, the first officer’s proficiency check was not accomplished until
December 23, 2000, because of mechanical problems with the simulator during the December 17
through 21, 2000, time period.
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The first officer’s father indicated that his son was in good health and was “very
health conscious’” and that no recent changes had occurred in his son’s health. The first
officer’s father also stated that his son consumed alcohol occasionally and never used
illicit drugs or tobacco products. The first officer’s friend indicated that he enjoyed his
flying schedule because he liked getting up early for trips and returning home the same

day.
1.5.2.1 Pilot Interviews Regarding the First Officer

An American Airlines captain who flew several times with the first officer on the
727 (when they were a junior captain and junior first officer, respectively) told Safety
Board investigators that, during one flight sometime in 1997, the first officer had been
“very aggressive” on the rudder pedals after a wake turbulence encounter. Specifically,
the captain indicated that, when the airplane was at an atitude of between 1,000 and
1,500 feet, the first officer “stroked the rudder pedals 1-2-3, about that fast.” The captain
thought that the airplane had lost an engine and was thus focused on the engine
instruments. The captain stated that he then asked the first officer what he was doing and
that the first officer replied that he was “leveling the wings due to wake turbulence.” The
captain, who had his feet on the rudder pedals, thought that the first officer had pushed the
rudder to its full stops.

The captain did not recall what type of airplane the 727 was following. He thought
that the wake turbul ence encounter required only aileron® inputs to level the wings but did
not think that the first officer had made any such inputs during the encounter. The captain
recalled being startled by the first officer’s rudder inputs and indicated that they did not
level the wings but created left and right yawing moments and heavy side loads® on the
airplane. He further indicated that the first officer did not need to be so aggressive
because the 727 was “a very stable airplane.”

According to the captain, he and the first officer discussed this event later in the
flight. The captain pointed out to the first officer that his use of the rudder pedals was
“quite aggressive,” but the first officer insisted that the American Airlines Advanced
Aircraft Maneuvering Program (AAMP)®! directed him to use the rudder pedals in that
manner. The captain disagreed with the first officer and told him that the AAMP directed
that the rudder was to be used at lower airspeeds. The captain told the first officer to
review the AAMP when he returned home and to be less aggressive on the rudder pedals
when they flew together. The captain indicated that, during a wake turbulence encounter

2 American Airlines records indicated that the flight occurred during a 3-day trip sequence from
August 31 to September 2, 1997.

2 An aileron is an aerodynamic control surface that is attached to the trailing edges of each wing. The
ailerons, when commanded, rotate up or down in opposite directions.

%0 Sideload is an effect of lateral acceleration that istypically the result of sideslip or yaw acceleration.

81 According to American Airlines, AAMP is “advanced training for experienced aviators involving
upsets in aircraft attitude.” AAMP consists of ground school and simulator flight training. At the time of
the 1997 flight, the first officer had attended AAMP ground school but had not yet attended AAMP
simulator training. For more information about AAMP, see section 1.17.1.2.
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on a subsequent flight, the first officer modified his wake turbulence maneuver;
specifically, the first officer used the rudder during the encounter but did not push the
rudder to itsfull stop. The captain added that the first officer was still “very quick” on the
rudder.

The captain stated that he did not document or report this event at the time that it
occurred. The captain further stated that he remembered the event with such clarity
because he had never seen any pilot other than the first officer perform this maneuver.

The flight engineer who flew with the captain and the first officer during the 1997
trip sequence recalled that the captain and the first officer had a discussion regarding
piloting skills but added that he was not part of that conversation. The flight engineer
indicated that he did not recall anything remarkable (such as a yawing event associated
with wake turbulence) that would have provoked the discussion. The flight engineer aso
indicated that the first officer did not discuss the incident with him but that the captain
made a“ passing comment” to him about the incident after the flight.

The flight engineer did remember a different event involving the first officer that
he thought also occurred sometime in 1997. Specifically, the flight engineer and the first
officer (the flying pilot) were on final approach (about 7 miles from the runway) in
instrument meteorological conditions to LaGuardia International Airport, New York,
when a Boeing 737 ahead of their 727 performed a go-around. The 727 encountered the
wake from the 737. The flight engineer thought that the airplane rolled as a result of the
wake encounter but that the bank angle did not exceed 30°. The flight engineer stated that
the first officer made a*“fast” decision to go around because of the wake. The first officer
called for maximum power without “discussion or hesitation.” The flight engineer
explained that the airplane’s tail went down as the nose of the airplane pitched up. The
flight engineer stated that the go-around felt “weird” but that the first officer “flew the
airplane to do what was necessary to keep the airplane under control.” The flight engineer
also stated that the event happened when the airplane was at an altitude of between 3,000
and 5,000 feet above ground level (agl) and that the airplane was not in immediate danger
of ground contact. In addition, the flight engineer stated that the event was one of the
more memorable ones of his career.

The captain indicated that the first officer’s aggressive response to wake
turbulence was out of character. Specifically, the captain described the first officer’s
overall flying skills as “excellent” and did not recall aggressive movements or abnormal
rudder inputs during other trips with him. Also, the flight engineer stated that the first
officer flew airplanes “smoothly and accurately.” In addition, the Safety Board
interviewed other pilots who provided similar information about the first officer’s flying
abilities. For example, one captain who flew with the first officer on the 727 stated that he
was an “excellent” pilot who was “well above the norm.” This captain also stated that he
never had to question the first officer’s flying ability and that he never saw the first officer
fly the airplane aggressively.
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1.6 Airplane Information

Airbus Industrie,® the manufacturer of the A300-600 airplane, is headquartered in
Toulouse, France. The airplane is type-certificated for operation in the United States
under 14 CFR 21.29 and a bilateral airworthiness agreement between the U.S. and French
governments. (See section 1.6.4 for A300-600 certification information.)

The development of the A300 airplane began in May 1969, and the first flight of
an A300 occurred in October 1972. The A300B2 and A300B4 models entered service in
May 1974 and June 1975, respectively. The development of the A300-600 series airplane
(aderivative of the A300B2/B4) began in December 1980, the first flight of an A300-600
occurred in July 1983, and the airplane was certificated in March 1984. Before the
accident, 242 A300-600 series airplanes were in service worldwide.

The accident airplane’s official designation was A300B4-605R. A review of the
American Airlines air carrier certificate, which included the standards, terms, conditions,
and limitations contained in the FAA-approved operations specifications, revealed no
discrepancies regarding the company’s operation of the A300B4-605R airplane. A review
of the FAA's type certificate data sheet for the A300B4-605 airplane, which prescribes the
conditions and limitations under which the airplane meets airworthiness requirements,
revealed no discrepancies.

The accident airplane, N14053, serial number (S/N) 420, was delivered new to
American Airlines on July 12, 1988.3 At the time of the accident, the airplane had
accumulated 37,550 flight hours and 14,934 cycles® All applicable FAA airworthiness
directives (AD) were accomplished on the airplane.

The airplane’'s weight and balance on the day of the accident were calculated
according to the American Airlines takeoff performance system and the procedures in the
Airbus A300-600 Flight Crew Operating Manual (FCOM). Both computations determined
that the airplane’s weight and balance were within limitations. The airplane departed JFK
with a takeoff weight of 349,370 pounds, which was below the maximum takeoff weight
limitation of 353,500 pounds, and the corresponding cg was 29.1 percent mean
aerodynamic chord (MAC). Theairplane had aforward limit of 20.3 percent MAC and an
aft limit of 34.3 percent MAC.

32 Airbus Industrie is a consortium of aerospace companies located in countries throughout Europe,
including France, Germany, Great Britain, and Spain. A300-600 parts are manufactured in Airbus facilities
throughout Europe, but the final assembly of the A300-600 occurs at company headquarters in Toulouse.

3 In afinad commitment letter dated July 12, 1988, Airbus indicated that “delamination and bonding
failure have been found in the aircraft fin central fittings.” (The terms “fin” and “vertical stabilizer” are
synonymous.) A repair was performed that reinforced the defect area with additional fabric layers attached
by rivets. The final commitment letter also stated, “further to the several actions and repairs accomplished,
there are no further aircraft limitations.”

3 Anairplane cycle is one complete takeoff and landing sequence.
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1.6.1 Vertical Stabilizer and Rudder

The A300-600 vertical stabilizer and rudder were constructed with composite
materials, that is, mixtures that contain two or more distinct materials that are unified into
one combined material. The composite materials used in the vertical stabilizer and the
rudder consisted primarily of long fibers of carbon or glass held together by an epoxy
polymer. These materials are identified as carbon fiber reinforced plastics (CFRP) or
glassfiber reinforced plastics (GFRP). The materials are manufactured as plies (or sheets)
of fibers that are premixed with an uncured, flexible epoxy. The plies in the sheets are
either oriented in one direction or are woven with fibers oriented at right angles. The plies
are shaped and stacked in a mold and are then cured under heat and pressure to form a
solid structure. The stiffness and strength of a structure made of composite materials
depend on the number of plies and the orientation of the fibersin the plies.

The vertical stabilizer consists of a torque box, a leading edge and tip, and a
trailing edge. The torque box is the main structural component. It is made from a CFRP
material and has afront, center, and rear spar; left and right skin panels; 18 ribs (including
top and bottom closure ribs);* and 24 stringers on each skin panel. The leading edge and
tip are curved panels made from a GFRP material with a honeycomb core and are
mechanically fastened to (but removable from) the torque box. The trailing edge panels
are made from a GFRP material with a honeycomb core and are mechanically fastened to
(but removable from) the trailing edge support structure, which is made of a light aloy
framework that is mechanically fastened to the torque box.

The vertical stabilizer is attached to the aft fusedlage by three pairs of main
attachment fittings and three pairs of transverse load fittings, as shown in figure 4. All of
the fittings are made from a CFRP material. The main attachment fitting pairs, which are
up to 1.6 to 2.5 inches thick, are located at the bottom of the front, center, and rear spars
and are integrated in the skin panels. The transverse load fittings pairs, which are up to
0.5inch thick, are integrated in the front, center, and rear spars. Each main attachment
fitting (left forward, left center, |€eft rear, right forward, right center, right rear) has its own
assembly that consists of inboard and outboard fitting halves that are bonded to the skin
panels during the curing process. The fitting assemblies and skin panels have lug
portions,* which extend below rib 1. Figure 5 shows a main attachment lug in detail.

% The ribs are numbered sequentially from bottom to top; thus, rib number 1 is the bottom closure rib,
and rib number 18 isthe top closurerib.

% The part of afitting through which a pin passes to fasten mating partsis the lughole, and the area that
immediately surrounds the lughole is the lug portion of the fitting.
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Note: Letter A in the left corner shows the location of a main attachment lug (which is shown in detail in figure 5).

Figure 4. Vertical Stabilizer-to-Aft Fuselage Attachment Points
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Figure 5. Main Attachment Lug

The rudder is attached to the aft portion of the vertical stabilizer and is used for
controlling engine-out situations and aligning the arplane with the runway during
crosswind landings. The rudder consists of the rudder torque box and rudder leading edge
and tip. These parts are made from a CFRP and GFRP material over a honeycomb core.
The rudder torque box, which is assembled from the left and right skin panels and the spar
web, is the main structural component and has a front spar and top and bottom closure
ribs. The rudder leading edge and tip are mechanically fastened to (but removable from)
the rudder torque box. Three mechanically controlled hydraulic actuators, referred to as
servo controls, operate the rudder. Information about the rudder control system is
discussed in section 1.6.2.

The rudder is attached to the vertical stabilizer rear spar by seven hinge arm
assemblies. These assemblies consist of a hinge arm, a hinge attachment fitting on the
vertical stabilizer skin panels and rear spar, and a hinge attachment fitting on the rudder
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skin panels and rudder front spar. Hinge arm numbers 1, 5, 6, and 7 are made from
aluminum alloy, and hinge arm numbers 2, 3, and 4 are made from tubular steel. Each
hinge arm has three self-aligning bearings that alow the rudder to rotate about the hinge
line (that is, the axis about which the rudder rotates).>” The vertical stabilizer hinge
attachment fittings are made from a CFRP material, and the rudder hinge attachment
fittings are made from aluminum. The three rudder servo controls are part of hinge arm
assembly numbers 2, 3, and 4 (one per assembly) and are attached with fittings to the
vertical stabilizer rear spar and the rudder front spar.

The rudder is also attached to the vertical stabilizer rear spar by a support strut
assembly, which maintains vertical alignment of the rudder. This assembly consists of a
support strut and a support strut attachment fitting on the vertical stabilizer skin panels and
rear spar. The support strut and its attachment fitting are made of an aluminum alloy. The
support strut assembly isinstalled above and attached to hinge arm assembly number 4.

1.6.2 Rudder Control System

The rudder control system includes (1) the rudder pedals, the rudder trim actuator,
the yaw damper actuator, and the yaw autopilot actuator, which command the rudder to
move; (2) pushrods, bellcranks, a tension regulator, and cables (also referred to as
linkages), which transmit rudder commands; (3) three servo controls (upper, middle, and
lower), which operate the rudder; (4) a rudder travel limiter system, which provides a
variable stop that limits rudder pedal travel with increasing airspeeds; and (5) adifferential
unit, which is a mechanical device that sends the rudder servo controls a command that is
the sum of a pilot or an autopilot input and a yaw damper input. The maximum rudder
deflection is 30° either left or right, the maximum rate of rudder movement (with no loads)
is 60° +5° per second, and the maximum rudder pedal displacement is 4 inches.® The
rudder control system is shown in figure 6.

Each pilot position has a pair of rudder pedals (left and right).> The rudder pedals
are connected through pushrods and bellcranks to a cable tension regulator under the
cockpit. The cable tension regulator maintains constant cable tension and transmits rod
motion to two cables that run the length of the fuselage to a rudder control quadrant
located aft of the pressure bulkhead and below the vertical stabilizer. The rudder control
guadrant converts cable motion to bellcrank and rod movements that travel along the rear
spar of the vertical stabilizer to the rudder servo controls. The rudder pedals have a
22-pound breakout force,®® that is, the rudder pedal does not begin to move until
22 pounds of pedal force has been applied.

37 The rudder hinge line lies on the 70 percent chord of the vertical stabilizer and rudder assembly and
is swept back 30°.

% The rudder deflection limits and the rudder pedal limits decrease with increasing airspeed, as
discussed later in this section.

39 A pushrod provides arigid connection between the pedals at one pilot position and the pedals at the
other pilot position. As a result, rudder motion can only occur if one pilot solely operates the pedals or if
both pilots move their pedals in the same direction.

40 The purpose of the breakout force is to prevent any inadvertent rudder pedal input.
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Figure 6. Rudder Control System

The rudder trim actuator implements rudder trim by adjusting the length of the
artificial feel and trim unit through an internal jackscrew. The artificial feel and trim unit,
which is connected through a bellcrank to the rudder control quadrant, also provides
rudder pedal feel and centering forces. The artificial feel and trim unit provides force
feedback to the pilot during a pedal input and a one-to-one correspondence between pedal
position and pedal force. The springs in the artificial feel and trim unit provide rudder
pedal force feel loads that are proportional to the rudder pedal input. The artificial feel
and trim unit brings the rudder pedals and rudder deflection back to zero (assuming no
trim is commanded) when all forces are released from the rudder pedals. If trim is
commanded, the artificial feel and trim unit brings the pedals and rudder back to the trim
position.

The yaw damper actuator is an electrohydraulic mechanism that operates the yaw
damper system.** The yaw damper actuator has two cylinders, each of which is controlled
by aflight augmentation computer. The two yaw damper cylinders have acommon output
axisthat is connected to two output leversthat lead to the differential unit. One of the yaw
damper cylindersis referred to as the driving cylinder, and the other yaw damper cylinder

4 The three functions of the yaw damper system are Dutch roll damping (that is, overcoming the
yawing and rolling oscillations that are inherent in swept-wing airplanes), turn coordination, and engine
failure compensation. Dutch roll damping is active throughout the flight envelope. Turn coordination is not
activeif the autopilot is engaged. Engine failure compensation is active only if the autopilot is engaged.
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is referred to as the driven cylinder. The yaw damper system commands small rudder
position changes to minimize the effects of yaw rate. For example, if the airplane were
yawing to the left, small right rudder deflections, as commanded by the yaw damper,
would tend to slow the yaw rate and minimize the yaw angle that would develop.

Yaw damper commands are limited by software in the flight augmentation
computers to a maximum of 39° of rudder per second. The maximum allowable
displacement of the rudder by the yaw damper for airspeeds up to 165 knotsis 10°, and the
maximum allowable displacement for airspeeds greater than 165 knots is determined by
the formula 10 x (165/knots indicated airspeed)?. The maximum displacement of the
rudder by the yaw damper at an airspeed of 250 knots (the approximate airspeed of the
flight 587 airplane at the time of the accident) is 4.4°. The yaw damper and the rudder
pedals are not linked, so yaw damper inputs do not result in pedal motion (because such
inputs can be transmitted independent of the main bellcrank).

Rudder position is determined by the sum of the rudder pedal input and the yaw
damper command. However, a rudder pedal input can negate the effect of the yaw
damper. Specifically, the rudder position can be held at its limit (shown in table 2 later in
this section) by a continuous push of the pedal, regardless of the yaw damper command.
For example, if the pedal commanded a rudder position at the limit, a yaw damper
command could allow the rudder position to decrease from that limit, but pushing the
peda farther forward would cause the rudder position to again achieve the limit.
Conversely, if ayaw damper command resulted in a rudder position that was greater than
the limit, the system would push the pedal aft while the rudder position remained at the
limit. In either case, the rudder would remain at the limit while the yaw damper
commanded a left or right input and the pedals moved in the opposite direction.

The yaw autopilot actuator, which produces yaw autopilot commands,* isasingle
unit that houses two electrohydraulic actuators, each of which is controlled by a flight
control computer. The yaw autopilot actuator has an output lever that is connected
through a torque limiter to the main bellcrank. The torque limiter alows a pilot to
override an autopilot output as long as the pilot applies about 143 pounds more than the
rudder pedal feel forces. Yaw autopilot commands are limited by software in the flight
control computers to a maximum of 34° of rudder per second. The yaw autopilot actuator
and the rudder pedals are rigidly linked, so a yaw autopilot input (through the main
bellcrank) results in pedal motion.

The rudder travel limiter system reduces the maximum allowable rudder deflection
as airspeed increases. Specifically, the system reduces the maximum rudder deflections
from +30° at speeds at and below 165 knots to +3.5° at speeds of 395 knots and above, as
shown in table 2. Rudder pedal and yaw damper commands are restricted to the limits
imposed by the rudder travel limiter system.

42 The yaw autopilot is active only if the slats are extended and the autopilot is engaged.
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Table 2. Rudder Limits at Various Airspeeds

Airspeed (knots) Rudder limit (degrees)

0 to 165 30

220 14.5

250 9.3
270 7
310 5
350 4

395 and above 35

The rudder travel limiter system is controlled by two feel and limitations
computers. Each feel and limitations computer receives indicated airspeed data from two
air data systems and uses the data from the system with the higher values to determine the
appropriate rudder limit.*®* Feel and limitations computer number 1 is normally the active
computer, and feel and limitations computer number 2 is normally the backup computer.
Both feel and limitations computers are powered by ac. electricity, but computer
number 1 receives a.c. electrical power from the airplane’s emergency bus. Each feel and
limitations computer operates one of the motors of the variable stop actuator. Figure 7
shows the rudder travel limiter system along with the maximum rudder deflections shown
intable 2.

The variable stop actuator motors are rigidly connected and are powered by a.c.
electricity. The motors drive a jackscrew through a reduction gear and torque limiter to
adjust the position of a variable stop lever, which limits the travel of the bellcrank that is
located above the differential unit. Two transducers (one for each feel and limitations
computer) indicate the position of the variable stop actuator. The transducers are
connected to the variable stop lever by a pushrod. In the event that a.c. electrical power is
lost, the feel and limitations computers would drive the variable stop actuator to provide
full authority (that is, 30° either side of neutral) to the rudder control system.

“If one of the air data systems were to fail, then both feel and limitations computers would use
indicated airspeed data from the operating air data system.
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Figure 7. Rudder Travel Limiter System

The variable stop limits the rudder peda travel as airspeed increases over
165 knots. Asthe pedal travel limit is reduced, the pedal force required to reach the new
travel limit is also reduced. Table 3 shows the pedal force and pedal travel required to
achieve the maximum deflection of the A300-600 rudder at a low airspeed (135 knots
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calibrated airspeed [KCAS]) and at the approximate airspeed that the flight 587 airplane

was traveling at the time of the accident (250 KCAS).

Table 3. Rudder Pedal Force Required for Full Rudder Deflection

. Pedal force . Full rudder deflection
Airspeed (KCAS) (pounds) Pedal travel (inches) (degrees)
135 65 4 30
250 32 1.22 9.3

@ This amount of pedal travel may change slightly because of the response of the yaw damper.

1.6.2.1 Public Hearing Testimony on the A300-600 Rudder Control System

At the public hearing for this accident,* the vice president of Airbus’ flight control
and hydraulic department stated that the rudder was not normally used during cruise flight
to control roll.* The vice president of training for Airbus North America customer
services stated that the ailerons and spoilers were used to control roll.* This Airbus vice
president also stated that the rudder was used to control yaw and sidedlip and that the
rudder “is not a primary flight control to induce roll under any circumstances unless
normal roll control is not functional.” He further stated that, if pilots were to experience a
roll for any reason, “they will intuitively try and counter the roll with their normal roll
control. If they exhaust their normal roll control, they will then go to rudder to try and
induce a roll.” He added that it would be “a long path to get down to that level of
degradation to where a pilot would be exposed to using rudder.”

Regarding the rudder travel limiter system, American Airlines A300 fleet
standards manager*’ stated that, before the flight 587 accident, he thought that pilots knew
“quite abit” about the rudder limiter system but that, after the accident, it became apparent
that pilots, as well as the aviation industry as a whole, “didn’t know much about rudder

“ The Safety Board held a public hearing for this accident from October 29 to November 1, 2002, in
Washington, D.C. (see appendix A). The Board may hold a public hearing as part of itsinvestigation into an
accident to supplement the factual record of the investigation. The Board callstechnical experts as witnesses
to testify, and Board investigative staff and designated representatives from the parties to the investigation
ask questions to obtain additional factual information. The hearing is not intended to analyze factual
information for cause.

% Roall isthe rotation of an airplane about its longitudinal axis.

4 A spoiler is a device located on a wing's upper surface that, when commanded, provides increased
drag and decreased lift. The A300-600 has one aileron and five spoilers on each wing.

47 The A300 fleet standards manager has been in that position since July 2002. At the time of the
accident, he was the Fokker F.100 and A300 fleet training manager.
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limiter systems and in fact possibly had wrong perceptions.” The A300 fleet standards
manager also stated the following:

Most pilots think that a limiter on some system will protect...the pilot from
exceeding whatever parameter that limiter islimiting. Andinthiscase...and it's
not unique to Airbus aircraft...the pilots think that the rudder limiter will protect
the aircraft structurally, and if it can't...they think...that there would be a
limitation or a warning or caution or a note that would indicate...that the rudder
limiter couldn’t protect [the aircraft] structurally.

Regarding the rudder pedals, the A300 fleet standards manager stated that, before
the flight 587 accident, American Airlines did not teach its pilots during training that
rudder pedal movement would become restricted as airspeed increased. The fleet
standards manager also stated that he did not know that the rudder pedal movement would
become restricted because the pedals are not normally pushed to the stop in flight. In
addition, the fleet standards manager stated that, before the flight 587 accident, he did not
think that any pilot would have thought that full rudder could be gained from about
1 1/4 inch of peda movement and 10 pounds of pressure (above the breakout force) at an
airspeed of 250 knots.

1.6.2.2 Airbus Changes to the A300-600 Rudder Control System Design

In designing the A300-600 rudder control system, Airbus made two changesto the
rudder control system that was used on the airplane's predecessors, the A300B2 and
A300B4. First, Airbus decreased the forces required to depress the rudder pedals on the
A300-600. At the public hearing, the vice president of Airbus flight control and
hydraulic department stated that pilots suggested that roll control (aileron) forces be
reduced to allow for more precise piloting. As aresult, Airbus decided to reduce control
wheel forces by about 30 percent and to reduce rudder pedal forces to maintain
consistency with control wheel forces. According to an Airbus flight control systems
engineer, the reduced pedal force was achieved because (1) the springs in the A300-600
artificial feel and trim unit were different than those in the A300B2/B4 artificial feel and
trim unit; (2) the A300-600's design included a variable stop actuator, whereas the
A300B2/B4's design included a variable lever arm; and (3) the ratio between the pedals
and the artificial feel and trim unit in the A300-600 was different than that in the
A300B2/B4.

Second, Airbus changed the rudder travel limiter system on the A300-600 from a
variable ratio design,*® which was used on the A300B2/B4, to a variable stop design.
Airbus indicated that the variable stop design was chosen for the A300-600 over the
variable ratio design because it was |ess complex and had less severe failure modes.

The two changes to the A300-600’s rudder control system resulted in a substantial
increase in the airplane’s response to a given amount of force above the pedal breakout

% The variable ratio design alows a constant range of peda travel but reduces the amount of
commanded control surface movement at higher airspeeds through an internal limiter.
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force at higher airspeeds. The magnitude of the airplane’s response to forces applied on
the controls is a measure of the sensitivity of those controls. A more sensitive control
requires less pilot force on, and less displacement of, the control to obtain agiven airplane
response than a less sensitive control. The sensitivity of the controls has an important
influence on the handling qualities of the airplane, and a pilot’s feel for the airplane is
largely a matter of familiarity with the sensitivity of the controls.

The sensitivity of an airplane’s pitch axis control (that is, the control column) is
carefully engineered during design and is affected by certification requirements, such as
the speed stability requirement contained in 14 CFR 25.173(c), which regulates the “ stick
force per knot” gradient required to deviate from the trim airspeed using the column.
Military specifications for fighter and transport aircraft (MIL-STD-1797A, appendix A)
further regulate the sensitivity of the pitch axis through specifications for “stick force per
G characteristics, which measure the amount of column force required to hold the
airplanein asteady pull-up or asteady level turn at agiven normal load factor. Asaresult
of these requirements, the sensitivity of the pitch controls do not change substantially as
airspeed increases.

No Federal Aviation Regulations (FAR) or military specifications are analogous to
the pitch control sensitivity requirements governing the sensitivity of the pedal controls,
except for the requirement in 14 CFR 25.177 that the angle of sideslip must be
“substantially proportiona” to the rudder angle (see section 1.6.4.4). As a result, the
sensitivity of the pedals can be either relatively constant with airspeed (asit isfor variable
ratio systems), or it can increase significantly with airspeed (as it does for variable stop
systems).

There is also no industry standard measure of rudder pedal sensitivity that is
analogous to the stick-force-per-knot or stick-force-per-G measures of sensitivity in the
pitch axis. Developing such an analogous measure for pedal sensitivity is difficult
because the airplane response to a pedal input can quickly become very complicated,
involving motion about all three axes of the airplane as the sideslip angle resulting from
theinitial yawing motion produces aroll, and theroll isfollowed by adrop in pitch and an
increase in airspeed. However, if apeda input were initiated from steady, level flight, the
initial response of the airplane would be a yaw acceleration in the direction of the pedal
input. This yaw acceleration would produce a lateral acceleration at the cockpit, and the
more sensitive the pedals, the larger the lateral acceleration will be for a given input.
Thus, a measure of pedal sensitivity that is similar to the stick-force-per-G measure of
pitch sensitivity is the amount of initial lateral acceleration produced in the cockpit per
pound of pedal force above the breakout force.

The sensitivity of the rudder pedals, measured in this way, is proportional to the
sguare of the airplane’s airspeed, the amount of rudder deflection per pedal deflection, and
the amount of pedal deflection per pedal force. With either variable ratio or variable stop
rudder control systems, the amount of pedal deflection per pedal force remains constant.
For airplanes with variable ratio systems, as airspeed increases, the amount of rudder
deflection per pedal deflection decreases, which offsets the effect of increasing airspeed
and keeps the pedal sensitivity relatively constant. For airplanes with variable stop
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systems (such as the A300-600), the rudder deflection per pedal deflection remains
constant, so the sensitivity of the pedals increases with the square of the airspeed. These
characteristics are illustrated in figure 8, which compares the A300-600 and A300B2/B4
rudder pedal sensitivities as a function of airspeed and shows that the A300-600 is twice
asresponsive to apedal displacement at 250 knots KCAS than at 165 KCAS.
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Figure 8. A300-600 and A300B2/B4 Rudder Pedal Sensitivities

1.6.2.3 A300-600 Rudder Control System Design Compared
With Other Airplanes

The Safety Board compared the rudder control system design characteristics of the
A300-600 with the A300B2/B4, other Airbus airplanes, and Boeing- and McDonnell
Douglas-designed airplanes, as shown in table 4. Also, the Board used four metrics to
quantify aspects of pedal sensitivity at 250 knots for the same airplane models, as shown
in table 5. These four metrics were (1) the ratio of maximum force to breakout force,
(2) the degrees of rudder commanded per pound of force above the breakout force, (3) the
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pedal displacement as a percent of total displacement at low airspeed, and (4) the work
involved in pushing the pedal to maximum. For the second metric (degrees of rudder
commanded per pound of force above the breakout force), a higher value suggests a more
sensitive rudder pedal design; for the other three metrics, a lower value suggests a more
sensitive pedal design.

Table 4. A300-600 Rudder Control System Design Characteristics Compared With Those
of Other Airplanes

135 knots 250 knots
Breakout Pedal Pedal Rudder Pedal Pedal Rudder
force force travel deflection force travel deflection
Airplane (pounds) (pounds) (inches) (degrees) (pounds) (inches) (degrees)
Airbus-designed airplanes
A300B2/B4 22.0 125.0 4.0 30.0 125.0 4.0 9.3
A310 22.0 65.0 4.0 30.0 32.0 1.2 9.3
A300-600 22.0 65.0 4.0 30.0 32.0 1.2 9.3
A320 21.3 80.0 4.0 30.0 36.0 11 8.3
A330-300 32.0 80.5 4.0 30.0 45.0 1.2 9.5
A340-300 32.0 80.5 4.0 30.0 45.0 1.2 9.5
Boeing-designed airplanes
707 a 70.0 2.3 24.0 100.0 13 9.0
727 17.0 80.0 3.0 18.0 50.0 1.3 7.0
737 15.0 70.0 2.8 18.0 50.0 1.0 4.0
747 19.0 80.0 4.0 30.0 80.0 4.0 12.0
757 16.0 80.0 4.0 26.0 80.0 4.0 6.0
767 17.0 80.0 3.6 26.0 80.0 3.6 8.0
77 18.0 60.0 29 27.0 60.0 29 9.0
McDonnell Douglas-designed airplanes
DC-8 a 85.0 3.6 32.0 65.0 15 13.0
DC-9 16.0 75.0 2.6 22.0 60.0 1.1 8.0
MD-80 15.0 75.0 2.6 22.0 60.0 1.1 8.0
MD-90 20.0 75.0 3.3 29.0 65.0 1.6 13.0
DC-10 10.0 80.0 3.8 23.0 65.0 2.0 14.0
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135 knots 250 knots
Breakout Pedal Pedal Rudder Pedal Pedal Rudder
force force travel deflection force travel deflection
Airplane (pounds) (pounds) (inches) (degrees) (pounds) (inches) (degrees)
McDonnell Douglas-designed airplanes
MD-11 10.0 80.0 3.8 23.0 65.0 2.2 15.0
717 20.0 75.0 3.3 29.0 65.0 1.6 13.0
&These data were not supplied to the Safety Board.
Table 5. Metrics Used to Compare Rudder Pedal Sensitivity at 250 Knots
Metric of rudder pedal sensitivity
Rudder Work
commanded involved
Ratio of (degrees) per Pedal (pound
maximum pound of displacement inches) in
force to force above as a percent pushing the
breakout the breakout of total pedal to
Airplane System force® force displacement maximum
Airbus-designed airplanes
A300B2/B4 Variable ratio 4.68 0.09 100 294
A310 Variable stop 1.45 0.93 30 32
A300-600 Variable stop 1.45 0.93 30 32
A320 Variable stop 1.69 0.56 28 32
A330 Variable stop 1.41 0.73 31 48
A340 Variable stop 1.41 0.73 31 48
Boeing-designed airplanes
707 Force limit° ¢ © 57 ©
727 Force limit 2.94 0.21 43 44
737 Force limit 3.33 0.11 36 33
747 Variable ratio 4.21 0.20 100 198
757 Variable ratio 5.00 0.09 100 192
767 Variable ratio 4.71 0.13 100 175
777 Variable ratio 3.33 0.21 100 113
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Metric of rudder pedal sensitivity
Rudder Work
commanded involved
Ratio of (degrees) per Pedal (pound
maximum pound of displacement inches) in
force to force above as a percent pushing the
breakout the breakout of total pedal to
Airplane System force® force displacement maximum
McDonnell Douglas-designed airplanes
DC-8 Force limit ¢ ¢ 42 ¢
DC-9 Variable stop 3.75 0.18 42 42
MD-80 Variable stop 4.00 0.18 42 41
MD-90 Variable stop 3.25 0.29 48 68
DC-10 Force limit 6.50 0.26 53 75
MD-11 Force limit 6.50 0.27 58 83
717 Variable stop 3.25 0.29 48 68

Note: These metrics are not provided for the 135-knot airspeed (which was shown in table 4) because rudder control
characteristics at that airspeed are relatively similar among all transport-category airplanes.

2This number was achieved by dividing the maximum pedal force by the breakout force.

bIn the force limit design (also referred to as a blowdown limited design), the pedal displacement reduces with airspeed, but
the hydraulic power available to move the rudder is limited and cannot overcome high vertical stabilizer aerodynamic loads,
even with a pilot-commanded rudder input. Because this design adds an extra safety feature to prevent high vertical
stabilizer loads, the pedal sensitivity measures may not be directly comparable with the other two rudder pedal designs.

¢ Because the Safety Board did not receive breakout force data for these airplanes, the Board was unable to make these
computations.

1.6.3 Powerplants

The accident airplane was equipped with two Genera Electric CF6-80C2A5
engines. The left (number 1) engine, S/N 695-211, was installed on the accident airplane
on August 13, 2001, and had accumulated 31,112 hours and 12,282 cycles since new,
2,887 hours and 1,072 cycles since overhaul, and 694 hours and 264 cycles since
installation. The right (number 2) engine, S'N 690-280, was installed on the accident
airplane on July 30, 1998, and had accumulated 25,131 hours and 13,216 cycles since
new, 11,658 hours and 5,421 cycles since overhaul, and 2,618 hours and 1,229 cycles
since installation.

The engine condition monitoring data from October 31 to November 11, 2001, for
both engines showed no abnormal shifts in N1 and N2 rpm,* exhaust gas temperature,
fuel flow, vibration, oil temperature, and oil pressure. The engine takeoff performance
data for the accident flight and for the nine previous flights showed that neither engine
exceeded any of the operating limits for N1 and N2 rpm, exhaust gas temperature, fuel

49 N1isthelow pressure rotor speed; N2 is the high pressure rotor speed.
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flow, N1 and N2 vibration, oil temperature, and oil pressure. Also, the engine
performance data for the flight that preceded flight 587 in the accident airplane indicated
that the takeoff was at maximum engine power.>

The accident airplane was also equipped with an AlliedSignal (Honeywell)
GTCP331-250H auxiliary power unit (APU), S/N P-1077. The APU is mounted in the aft
fuselage and consists of three main components: the power section, the load compressor,
and the accessory gearbox. The power section has a two-stage centrifugal compressor
driven by a three-stage axial flow turbine that is governed by a fuel control unit and an
electronic control box. The load compressor has a single-stage centrifugal compressor
that is directly driven by the power section and provides bleed air to the airplane’s
pneumatic system. The accessory gearbox is directly driven by the power section and
carries the fuel control unit, a.c. generator, cooling air fan, and starter motor. The accident
APU was installed in the accident airplane on September 20, 2001, and had accumulated
19,723 hours and 12,104 cycles since new and 426 hours and 215 cycles since installation.

1.6.4 Airplane Certification

As previoudly stated, the A300-600 is type certificated for operation in the United
States under 14 CFR 21.29 and a bilateral airworthiness agreement between the U.S. and
French governments. According to the FAA, a bilateral agreement is reached after a
foreign authority establishes a demonstrated level of competency and the ability to
interpret and comply with U.S. airworthiness regulations. To achieve this agreement, the
foreign authority first submits an application and information on the airplane to the FAA,
which then determines whether the airplane has any unique features or unusual
characteristics. Afterward, the FAA determines the extent that it wants to participate in
the foreign certification. For airplanes that are a model change from an airplane that has
already been evaluated and has a satisfactory service history, and for which the foreign
certification authority is believed to be capable of evaluating the airplane according to
U.S. regulations, the FAA accepts the foreign certification authority’s findings of
compliance.

At the public hearing, an FAA airframe engineer stated that the FAA did not make
findings of compliance for the A300-600 because it was a derivative of the A310 airplane
but that the FAA made findings of compliance for several areas on the A310.>! For
example, the FAA made findings of compliance on the design and strength of the A310
vertical stabilizer, which is structurally identical to the A300-600 vertical stabilizer. The
FAA aso worked closely with Airbus and European airworthiness agencies to establish
certification and test programs for the A310 vertical stabilizer.

%0 Depending on airplane weight, runway length, and weather conditions, an airplane may take off with
less than maximum engine power. The use of reduced engine power for takeoff decreases the deterioration
of an engine, thus permitting it to remain in service longer. An airplane must make a maximum engine
power takeoff within a specified number of days to demonstrate that its engines are capable of attaining
maximum engine power.

1 A310 development began in July 1978, and the A310's first test flight wasin April 1982.
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The loads certification for the A300-600 vertical stabilizer is discussed in
section 1.6.4.1. The design loadsfor the vertical stabilizer are discussed in section 1.6.4.2.
For information on the structures certification basis of the vertical stabilizer, see the public
docket for this accident.

1.6.4.1 Loads Certification for the Vertical Stabilizer
1.6.4.1.1 Federal Aviation Regulations

Airbus airplanes are designed and certificated according to the requirements of
14 CFR Part 25, “Airworthiness Standards. Transport-Category Airplanes.” The loads
and structures certification basis for the A300-600 vertical stabilizer were Subpart C,
“Structure,” and Subpart D, “Design and Construction,” Amendments 1 through 44, in
Part 25.%

Section 25.301, “Loads,” was at amendment level 23 (enacted in May 1970) at the
time that the A300-600 was certificated (March 1984). However, Airbus asked (and the
European certification authorities agreed) to apply the original 1965 version of this
regulation, which was in effect at the time of the origina A300B2 type certificate
application date. The FAA accepted the regulation’s original 1965 language as part of the
A300-600's certification basis; thus, Airbus was not required to comply with amendment
level 23 for the regulation.

The original 1965 Section 25.301 language stated the following:

(a) Strength requirements are specified in terms of limit loads (the maximum
loads to be expected in service) and ultimate loads (limit loads multiplied by
prescribed factors of safety).>® Unless otherwise provided, prescribed loads are
limit loads.

(b) Unless otherwise provided, the specified air, ground, and water loads must be
placed in equilibrium with inertia forces, considering each item of mass in the
airplane. These loads must be distributed to conservatively approximate or
closely represent actual conditions.

(c) If deflections under load would significantly change the distribution of
external or internal loads, this redistribution must be taken into account.

Amendment 23 added the following sentence to Section 25.301(b): “Methods
used to determine load intensities and distribution must be validated by flight load

52 The applicable FARs appear in an Airbus document titled A310, A300-600, A300-600R airworthiness
requirements (Al/V-C 600/78, Issue 9, November 1994), which can be found in the public docket for this
accident.

% In public hearing testimony, the FAA airframe engineer stated that an airplane was expected to
experience limit load once in its lifetime and that an airplane was never expected to experience ultimate
load.
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measurement unless the methods used for determining those loading conditions are shown
to bereliable.”

Section 25.303, “Factor of safety,” was at amendment level 44 (enacted in
December 1978) at the time that the A300-600 was certificated. This section stated the
following:

Unless otherwise specified, a factor of safety of 1.5 must be applied to the
prescribed limit load which are considered external loads on the structure. When
aloading condition is prescribed in terms of ultimate loads, a factor of safety need
not be applied unless otherwise specified.

Section 25.305, “Strength and deformation,” was at amendment level 23 at the
time that the A300-600 was certificated. However, Airbus asked (and the European
certification authorities agreed) to apply the original 1965 version of this regulation,
which stated the following:

(@ The sructure must be able to support limit loads without detrimental
permanent deformation. At any load up to limit loads, the deformation may not
interfere with safe operation.

(b) The structure must be able to support ultimate loads without failure for at least
3 seconds. However, when proof of strength is shown by dynamic tests
simulating actual load conditions, the 3-second limit does not apply. Static tests
conducted to ultimate load must include the ultimate deflections and ultimate
deformation induced by the loading. When analytical methods are used to show
compliance with the ultimate load strength requirements, it must be shown that—

(1) The effects of deformation are not significant;
(2) The deformations involved are fully accounted for in the analysis; or

(8) The methods and assumptions used are sufficient to cover the effects
of these deformations.

(c) Where structural flexibility is such that any rate of load application likely to
occur in the operating conditions might produce transient stresses appreciably
higher than those corresponding to static loads, the effects of this rate of
application must be considered.

Amendment 23 added Section 25.305(d), which stated, “the dynamic response of the
airplane to vertical and lateral continuous turbulence must be taken into account.”

Section 25.351, “Yawing Conditions,” was at amendment level 44 at the time that
the A300-600 was certificated. This section stated the following:

The airplane must be designed for loads resulting from the conditions specified in
paragraphs (a) and (b) of this section. Unbalanced aerodynamic moments about
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the center of gravity must be reacted in a rational or conservative manner
considering the principal masses furnishing the reacting inertia forces:

(8 Maneuvering. At speeds from V,,. [minimum control speed] to V,
[design maneuvering speed], the following maneuvers must be
considered. In computing the tail loads,> the yawing velocity may be
assumed to be zero:

(1) With the airplane in unaccelerated flight at zero yaw, it is assumed
that the rudder control is suddenly displaced to the maximum
deflection, aslimited by the control stops, or by a 300 |b. rudder pedal
force, whichever isless.

(2) With the rudder deflected as specified in subparagraph (1) of this
paragraph, it is assumed that the airplane yaws to the resulting
sideslip angle.

(3) With the airplane yawed to the static sidedlip angle corresponding to
the rudder deflection specified in subparagraph (1) of this paragraph,
it isassumed that the rudder is returned to neutral.

(b) Lateral gusts. The airplane is assumed to encounter derived gusts normal
to the plane of symmetry while in unaccelerated flight. The derived gusts
and airplane speeds corresponding to conditions B’ through J (in
§25.333(c)) (as determined by 88 25.341 and 25.345 (8)(2) or 25.345
(©)(2)) must beinvestigated. The shape of the gust must be as specified in
§25.341. In the absence of a rational investigation of the airplane’s
response to a gust, the gust loading on the vertical tail surface must be
computed [according to a specific equation].[*®

Section 25.351(a) does not require a return of the rudder from the overswing
sidedlip angle to neutral or a full rudder movement in one direction followed by a
movement in the opposite direction.

At the public hearing on this accident, an Airbus senior specialist in composites
testified that the design of the A300-600 vertical stabilizer met or exceeded all U.S.
certification standards. He also stated that the certification of the composite structure has
been validated by more than 40 million flight hours by Airbus airplanes.

1.6.4.1.2 Public Hearing Testimony on Section 25.351

The FAA's chief scientific and technical advisor for loads and aeroelasticity
explained that Section 25.351(a) defines a single maneuver that encompasses afew points
that are of special interest to loads. The maneuver is performed at wings level and is not
coupled with roll, although some sideways motion of the airplane will occur. He stated
that the maneuver is performed as follows. A pilot makes and holds a rapid, sudden, full

% Theterms“vertical tail” and “vertical stabilizer” are synonymous.

%5 For details on the FAR sections and the specific equation for computing the gust loading on the
vertical stabilizer surface, see Airbus’ document, A310, A300-600, A300-600R airworthiness requirements,
in the public docket for this accident.
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rudder control input up to a maximum of 300 pounds at any speed between V,,. and V,.>°
The airplane yaws sideways, the rolling motion is held by the ailerons, and, as the rudder
is held, the sidedlip builds dynamically to a peak value before settling down to a final
steady-state value. Afterward, the pilot suddenly returns the rudder to neutral. The peak
sidedlip value, referred to as the overswing sidedlip value, is typically about 1.5 to
1.6 times the steady-state value.

The loads and dynamics manager at Airbus stated that Airbus analyzed the yawing
maneuver in accordance with Section 25.351(a). He indicated that, at overswing sidedlip,
the loads on the vertical stabilizer induced by the rudder are opposite from those induced
by the sideslip. He aso indicated that, when the rudder is returned from steady sideslip to
neutral, the loads on the vertical stabilizer are only those induced by sidedlip.

The FAA's chief scientific and technical advisor for loads and aeroelasticity stated
that, if the rudder were returned to its neutral position at the point of overswing sidedlip,
the aerodynamic loading on the vertical stabilizer would increase. The local domain
manager for loads and aeroelasticity at Airbus indicated that a return of the rudder from
the overswing sideslip angle to neutral or a full rudder movement in one direction
followed by a movement in the opposite direction would result in external loads that were
“alittle bit higher” than those that were developed using the current regul ation.

The FAA airframe engineer stated that, since the 1953 implementation of Civil
Aeronautics Regulation 4B (the predecessor to the FAR that described the maneuvering
conditions for the design of the vertical stabilizer), no historical evidence would lead the
FAA to believe that the design loads envelope for the vertical stabilizer was inadequate.
The airframe engineer stated that a maneuver with alternating rudder inputs was an
extreme maneuver and that, if the maneuver were performed, loads would build that
would exceed the current requirements. He further stated that, if two sets of alternating
rudder inputs were performed, a series of dynamic maneuvers would start that could be
benign or “could lead the airplane into a severe dynamic situation where, at the proper
frequency, this continued application of this surface would allow the motion of the
airplane to build up to the point where the sideslip would become excessive and overload
the airplane.”

According to the FAA's chief scientific and technical advisor for loads and
aeroelagticity, the gust event in FAR 25.351(b) is not an instantaneous condition. He
stated that the airplane traverses a gust and that the gust intensity buildsinitially from zero
to a maximum in the time it takes the airplane to travel a distance equal to 12.5 mean
geometric chord lengths of the wing. Afterward, the gust velocity decreases back to zero
as the airplane again travels a distance equal to 12.5 mean geometric chord lengths of the
wing. The equation in Section 25.351(b) provides a means for estimating the peak load
occurring during this event. The peak gust |oads are examined at V., the design cruising
speed (the nominal case); Vg, the design speed for maximum gust intensity (alower speed

% Even though Section 25.351(a) states that yaw maneuvers must be analyzed for all speeds between
Ve and V,, an additional requirement (discussed in section 1.6.4.1.3), states that yaw maneuvers must be
analyzed for all speeds up to V, the design diving speed.
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than V., but a higher gust velocity is assumed); and V,, the design diving speed (a speed
that is outside the normal operating envelope, but a reduced gust velocity is assumed).

1.6.4.1.3 Complementary Conditions

The French and the German civil aviation authorities—the Direction Général de
I’Aviation Civile (DGAC) and the Luftfahrt-Bundesamt (commonly referred to as the
LBA), respectively—established complementary conditions (CC) to be addressed during
airplane design and certification. These conditions are requirementsin addition to thosein
the FARs.

CC5-1, “Design Manoeuvre Condition, A—General,” requires the following in
addition to Section 25.331(a):

The manufacturer will carry out a rational analysis of the specified manoeuvres
taking into account the effects of flexibility. Under no circumstances is it
necessary for the speed of deflection of the control surfaces to exceed the
maximum speed permitted by the servo controls, with control surfaces under
appropriate aerodynamic load.

CC5-1, “Design Manoeuvre Condition, C—Yaw Manoeuvre,” requires the
following in addition to Section 25.351(a):

The deflection of the control surfaces should correspond to the smallest angle
corresponding to

Maximum travel compatible with the stops

Maximum power of the servo controls

Maximum pilot effort of 300 Ibs

Yaw manoeuvres must be analysed for all speeds between V,,. and V

CC6, “Design Gust Condition,” requires the following in addition to
Section 25.341(a): “the valuesfor gust speeds...also apply for the recommended speed in
turbulent air shown in the flight manual.” Also, CC6 requires the following in addition to
Section 25.341(c) and 25.351:

the following method [for calculating the gust loading on the vertical stabilizer
surfaces| may be applied at the request of the certification authorities: taking into
account the aeroelastic and dynamic effects of flexibility, the most unfavourable
response of the flexible aircraft will be calculated for an isolated gust.®”

°" The equation for making this calculation isincluded in the public docket for this accident.
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Last, CC6 requires the following in addition to Section 25.305: “a study of the behaviour
of the aircraft in continuous turbulence should be made.”

At the time of the A300-600 certification, the European airworthiness authorities,
especialy the British Civil Aviation Authority, asked for a “tuning” of the discrete gust
event described in Section 25.351(b), that is, a variation of gust length, with a fully
flexible airplane (which deforms dynamically). At the public hearing for this accident, the
FAA's chief scientific and technical advisor for loads and aeroel asticity testified that, even
though CC6 was not in effect at the time that the A300-600 was certificated, Airbus
elected to use a “discrete tuned gust model” to show compliance with the conditions
described in CC6.

Airbus' discrete tuned gust model was based on the discrete gust model described
in Section 25.351(b), which had a fixed gust gradient of 12.5 times the mean geometrical
chord. According to the FAA's chief scientific and technical advisor for loads and
aeroelasticity, the discrete tuned gust model employed a calculation procedure that
determined the actual loads at al times during the gust event, from which the peak |oad
could be extracted. Such amodel was necessary to fully account for the aeroelasticity and
the dynamic effect of flexibility. The gust to be considered had the same profile as that
defined in Section 25.351(b), but, instead of being limited to a fixed gust gradient of
12.5 times the mean geometrical chord, it was allowed to vary within a specified range.
For A300-600 series airplanes, the gust gradient varied between 7 and 18 times the mean
geometric chord using the same gust velocities prescribed in Section 25.341.

The FAA's chief scientific and technical advisor for loads and aeroelasticity and
the FAA airframe engineer testified that CC5-1 and CC6 exceeded the FAA requirements
in place at the time that the A300-600 was certificated.

1.6.4.2 Design Loads for the Vertical Stabilizer

Airbus established vertical stabilizer loads for specific conditions, as defined by
the applicable airworthiness requirements in 14 CFR Part 25. These conditions were the
yawing maneuver that results from rudder displacement conditions; an engine failure (the
loss of thrust) and the associated pilot corrective action; potential systems failures, in
particular, flight control systems; and atmospheric anomalies (for example, alateral gust).

Airbus performed a loads assessment of the A300-600 using a theoretical model
that involved aerodynamic, mass, structural stiffness, engine, and systems data. The
model was validated by data generated during ground and flight tests. With the use of this
model, airplane movements resulting from yawing maneuvers, gusts, and engine failures
were simulated, and the associated internal forces induced by the external aerodynamic
and mass inertial loadings (the net external loading) on the vertical stabilizer were
calculated. These internal forces are transmitted to the fuselage through the six main
attachment fittings and the six transverse load fittings. Theinternal forces within each lug
are characterized by the local stress (force per unit area of materia), which can be
compared directly with measured material strength values.
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The externa aerodynamic and mass inertial loadings on the vertical stabilizer can
also be quantified as a net shear (a side load), a net bending (a moment about the
longitudinal axis), and a net torsion (a moment about the vertical axis), as shown in
figure9. The correlated shear force diagram, which is used to define the limit and the
ultimate load design envelopes, consists of one diagram plotting net shear versus net
torsion and, as shown in figure 10, one diagram plotting net torsion versus net bending.>®

Shear Bending Torsion

Figure 9. Shear, Bending, and Torsion
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8 Any design condition can be located as a point on the correlated shear force diagram.
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During the design and certification process, Airbus considered all of the critical
loading conditions that formed the vertical stabilizer’s design load envelope. The lateral
gust condition produced the largest bending moment at the root (the location where the
vertical stabilizer attaches to the aft fuselage) compared with the other critical loading
conditions and produced the critical margins of safety> for the rear main attachment
fittings, as a result, the rear main attachment fittings were designed by the lateral gust
condition. The gust condition also produced the critical margins of safety for portions of
the skin panels and several interna ribs. (Other parts of the vertical stabilizer had their
lowest margins of safety produced by different conditions.) Airbus conducted afull-scale
structural test during certification to demonstrate that the vertical stabilizer could
withstand limit and ultimate loads and to validate the analysis tools and methodol ogy that
were used in designing the vertical stabilizer. Section 1.6.4.3 provides details about this
test.

1.6.4.3 Vertical Stabilizer Certification Tests

In 1986, Airbus performed a full-scale static structural test of the entire A310-300
vertical stabilizer. (As stated previously, the A310 vertical stabilizer is structurally
identical to that of the A300-600, but the A310-300 vertical stabilizer has higher design
loads.) The test was performed with the vertical stabilizer attached to alaboratory fixture
and not an airplane fuselage. The aerodynamic loading for the lateral gust and yaw
maneuver conditions was simulated by applying loads to the left side of the vertical
stabilizer and to the fuselage clevises. The tests were conducted in hot and wet conditions
to capture environmental effects that could degrade the performance of composite
materials.%

Airbus certification documents showed that, for the lateral gust and yaw maneuver
conditions, the A310-300 vertical stabilizer withstood loads up to limit load without
permanent deformation and loads up to ultimate load for 3 seconds. The documents also
showed that the vertical stabilizer was loaded to about two times the design limit load for
the lateral gust condition, as shown in table 6, before the left rear main attachment lug

%9 Airbus used the stresses cal culated for limit and ultimate loads, along with measured material strength
values, to compute the margins of safety for the vertical stabilizer structure.

% The test structure was conditioned in an environmental chamber (which controlled heat and humidity)
for 3 weeks until the structure reached an average temperature of about 70° C and increased in weight by
about 1.2 percent as aresult of moisture absorption.



Factual Information

39

Aircraft Accident Report

fractured. The loads in table 6 are presented in Newtons® for consistency with the

certification documents.

Table 6. A300-600 Design Limit Loads for the A300-600 and A310-300 and the 1986
Full-Scale Certification Test Loads

A300-600 design A310-300 design limit A310-300 full-scale
Load type limit loads loads certification test loads
Shear (in N) -215,800 -223,390 -424,440
Bending moment in Nm) 861,650 883,300 1,677,700
Torsion (in Nm) 152,680 161,000 340,720

The full-scale test reveal ed that the left rear main attachment lug fractured because
of atensile static overload. The test further revealed that the lug fractured with a resultant
lug force of about 905 kN, which is about twice the resultant lug forces at limit load for the
A300-600 and A310-300 lateral gust conditions (454 and 466 kN, respectively, when
calculated using hot and wet conditions).®?

In 1985, Airbus performed static tests on two right rear main attachment fittings at
room temperature ambient conditions (20° C). The first fitting was tested for strength in
compression and tension,® and the second fitting was tested for strength in tension. The
first fitting experienced a compression failure of the skin and stringers away from the lug
at aload of 1,003 kN. The second fitting experienced a cleavage-tension failure® at the
lughole at aload of 1,036 kN. Both tests were conducted using in-plane loads only and
did not account for the lateral component of load at the lug. The exclusion of thisloading
component caused a reduction in the local lug bending moment and the transverse shear;
thus, the lug fractured at alarger resultant force than that experienced during the full-scale
test.

1.6.4.3.1 Validity of the Full-Scale Vertical Stabilizer Certification Test

The Safety Board asked the National Aeronautics and Space Administration’s
(NASA) Langley Research Center in Hampton, Virginia (NASA-Langley), to review and

61 A Newton is a unit of force that is equal to 0.2248 pounds. In this report, loads are presented as
Newtons (N) and kiloNewtons (kN). One kN equals 1,000 N. Bending and torsion moments are presented
in thisreport in Newton-meters, or Newtons times meters (Nm).

62 The resultant lug forces are 475 kN for the A300-600 and 487 kN for the A310-300 when calcul ated
using room temperature ambient conditions (20° C).

8 Compression refers to loading in which two ends are pushed in directions toward each other, and
tension refersto loading in which two ends are pulled in directions away from each other.

8 According to the ASM Handbook, volume 21, “Composites,” a cleavage-tension failure is one of
severa failure modes for mechanically fastened composite joints. This failure mode typically initiates by a
translaminar fracture (that is, a fracture that occurs across composite layers, or plies) in a plane paralel to
the load direction between the fastener hole and the end of the piece (lug). Susceptibility to
cleavage-tension failures over other failure modes generally increases as the fastener is located closer to the
end of the specimen.
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assess Airbus’ 1986 full-scale vertical stabilizer certification test. One concern with the
full-scale test was that, because the vertical stabilizer was tested off the airplane, the loads
applied at the main attachment fittings might not have represented the condition with the
vertical stabilizer attached to the airplane. During the Airbus certification test, the loads
applied to the fittings were prescribed exactly from Airbus’ global finite element analysis
(FEA) of the vertical stabilizer, rudder, and aft fuselage. As a result, the validity of the
vertical stabilizer loading during the full-scale certification test depended on the validity
of the global FEA.

Under the direction of Safety Board investigators, NASA-Langley conducted test
and analysis correlations and stiffness sensitivity studies on the fuselage and vertical
stabilizer to determine the validity of Airbus global FEA. NASA-Langley’s work
confirmed that the applied forces in Airbus’ full-scale test represented the condition with
the vertical stabilizer attached to the airplane. Theinsensitivity of attachment lug forcesto
stiffness variations demonstrated that the attachment lug forces were primarily the result
of the aerodynamic load distribution and the overall geometry of the structure rather than
the local stiffness representation of the attachment lug itself.

1.6.4.3.2 Validity of the Attachment Fitting Certification Tests

The Safety Board requested that NASA-Langley conduct a detailed strength
analysis of the vertical stabilizer main attachment fittings to determine whether Airbus
1985 certification tests on two right rear main attachment fittings were valid. Under the
direction of Board investigators, NASA-Langley performed FEA and progressive failure
analyses (PFA) to assess Airbus’ certification tests.

According to NASA-Langley, the lug allowable strength (force) applied by Airbus
during design and certification was expressed in terms of a resultant force and did not
explicitly represent the effect of local bending moments on the strength of the fittings.
The loca lug bending moment of concern was the moment about the airplan€e’s
longitudinal axis. NASA-Langley conducted a detailed strength analysis that showed that
the bending moment at the rear lug influenced the failure strength of the [ug.

NASA-Langley found that Airbus allowable strength for the fittings was based on
a “building block” test sequence® that ultimately incorporated local bending moment
effects. This bending moment was primarily the result of (1) the eccentricity in the
skin-panel-to-lug transition region of the vertical stabilizer structure coupled with large
in-plane loads in the vertical stabilizer skin and (2) the lateral loads on the lug. Thus, the
bending moment at the lug was directly related to the forces on the lug.

During the full-scale test, the loads introduced into the fittings resulted in forces
and moments that were representative of those that would be experienced by the airplane
during flight. The full-scale test generated a representative local bending moment in
response to the applied forces to the fittings; thus, the right rear main attachment lug

% The building block test sequence involved coupons first followed by subcomponent tests and then
full-scale tests.
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fractured at a lower resultant force than that experienced during the tests on the fittings.
According to NASA-Langley, when Airbus reduced the allowable attachment fitting
strength, the effect of a representative bending moment on the fitting strength was
captured, even though the magnitude of the bending moment was not computed or
measured.

1.6.4.4 Yaw Axis Certification Requirements

Section 25.143, “Controllability and Maneuverability—General,” paragraph (b),
states that it must be possible for the airplane to make a smooth transition from one flight
condition to another without exceptional piloting skill, alertness, or strength and without
danger of exceeding the airplane limit load factor under any probable operating
conditions, including the sudden failure of the critical engine. Paragraph (c) includes a
table that prescribes the maximum control forces permitted during the testing required by
this section. The table indicates that, for short-term application of yaw control,
150 pounds of force can be applied to the rudder pedals and that, for long-term application
of yaw control, 20 pounds of force can be applied to the rudder pedals. Paragraph (f)
describes qualitative limits on pitch force sensitivity to prevent overstress and
overcontrol,®® but no such paragraph exists for roll or yaw force sensitivity.®’

Section 25.147, “Directional and Lateral Control,” paragraph (a), states that it
must be possible for the airplane, with its wings level, to yaw into the operative engine
and, at 1.3 Vg, (the reference stall speed in a specific configuration), to safely make a
reasonably sudden change in heading of up to 15° in the direction of the critical
inoperative engine.

Section 25.149, “Minimum Control Speed,” paragraph (b), states that, when the
critical engine is suddenly made inoperative, it must be possible to maintain control of the
airplane with that engine still inoperative and to maintain straight flight with a bank angle
of no more than 5°. Paragraph (d) states that the rudder forces required to maintain
control at V,,- cannot exceed 150 pounds.

Section 25.177, “ Static Directional and Lateral Stability, paragraph (c), states that,
in straight, steady sideslips, aileron and rudder control movements and forces must be

% Paragraph (f) states the following: “When maneuvering at a constant airspeed or Mach number (up
t0 V /M. [the maximum speed for stability characteristics]), the stick forces and the gradient of the stick
force versus maneuvering load factor must lie within satisfactory limits. The stick forces must not be so
great as to make excessive demands on the pilot’s strength when maneuvering the airplane, and must not be
so low that the airplane can easily be overstressed inadvertently. Changes of gradient that occur with
changes of load factor must not cause undue difficulty in maintaining control of the airplane, and local
gradients must not be so low as to result in adanger of overcontrolling.”

67 Section 25.177 (discussed later in this section) places qualitative requirements on the proportionality
between the rudder control movements and forces and the sideslip angle in steady sidedlips, which affects
the sensitivity of the rudder control system.
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substantially proportional to the angle of sideslip and that the factor of proportionality
must lie between limits found necessary for safe operation.®®

Section 25.181, “Dynamic Stability, paragraph (b), states that any combined
lateral/directional oscillations (that is, Dutch roll) occurring between 1.13 Vg (the
reference stall speed) and the maximum allowable speed appropriate to the configuration
of the airplane must be positively damped with the controls free and must be controllable
with normal use of the primary controls and without exceptional pilot skill.

1.6.4.5 Desigh Maneuvering Speed Information

V, is an important airspeed related to load factors. Section 25.1583, “Operating
Limitations,” requires that transport-category airplane pilots be provided with information
on the airplane’s V, airspeed. Section 25.1583 also requires that the pilots receive “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 this value.”

FAA Advisory Circular (AC) 61-23C, “Pilot's Handbook of Aeronautical
Knowledge,” statesthat “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 [design] maneuvering speed.”

In a postaccident interview, American Airlines managing director of flight
operations technical stated that the rudder should be able to be fully displaced and stay
within its structural limit as long as the rudder travel limiter were working properly and
the airplane were traveling below V,. Also, he thought that the rudder travel limiter
would protect the airplane with a full deflection of the rudder followed by a deflection in
the opposite direction as long as the airplane was traveling below V,. He further stated
that most of the company pilots believed that, if the pilot made right, left, and right rudder
inputs, the airplane would be protected as long as it was traveling below V,,.

At the public hearing, American Airlines A300 fleet standards manager stated
that, before the flight 587 accident, he thought that the rudder could be exercised to itsfull
authority in alternating sideslips on airplanes that were traveling below V, He aso
thought that the rudder travel limiter would preclude any risk of damaging the airplane.

8 At the public hearing, an FAA flight test pilot stated that the FAA's steady heading sideslip tests were
accomplished in “avery slow, methodical way.” He further stated that, during the tests, pilots applied force
to the rudder pedals “very carefully and slowly” to generate sidedlip.
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1.6.5 Maintenance Records

American Airlines developed its maintenance program for its fleet of A300-600
airplanes using the FAA’s A300-600 Maintenance Review Board (MRB) report® and
Airbus A300-600 Maintenance Planning Document (MPD).” The required maintenance
tasks for the A300-600 were included in American’'s engineering specification
maintenance document, and the specific work to be accomplished was found within
American’s Maintenance Check Manual work cards or the applicable engineering
specification orders.

American’s engineering specification maintenance intervals for A300-600
airplanes included “periodic service;” “A,” “B,” and “C” checks (the C checks were
divided into “1C,” “2C,” “3C,” “4C,” “5C,” “6C,” and “8C”" checks); and “main base
visit” checks. Periodic service checks are to be accomplished at a maximum of 2 flying
days from the last periodic service or higher check. A and B checks are to be
accomplished every 65 and 500 flight hours, respectively.” All but one of the C checks are
performed every 15 months.””> The main base visit check is to be accomplished at a
maximum of every 30 months.

The accident airplane’s last periodic service check occurred on November 11,
2001; the last A check occurred on November 9, 2001; and the last B check was
performed on October 3, 2001. (All of these checks were performed at JFK.) Thelast C
and main base visit checks occurred on December 9, 1999, at American Airlines
Maintenance and Engineering Center in Tulsa, Oklahoma. As part of the last main base
visit check, a detailed visua inspection of the vertica stabilizer attachment was
performed. (American Airlines conducts this inspection once every 5 years—every other
Main Base Visit—in accordance with the requirements of the A300-600 MRB report.)

% The FAA's A300-600 MRB report, dated March 2000, outlined the initial minimum maintenance and
inspection regquirements to be used in developing an approved continuous airworthiness total maintenance
program for A300-600 airplanes. The requirements in the report were developed using the task-oriented
Maintenance Steering Group 3 risk analysis methodology, dated September 1993. (The Maintenance
Steering Group 2 risk analysis methodology, dated March 1988, was in effect between the time that the
accident airplane entered American’s fleet and the time that the Maintenance Steering Group 3 risk analysis
methodology was issued.) The MRB report was based on an airplane utilization of between 2,500 and
5,000 hours and 2,500 flight cyclesin 15 months. The report indicated that the basic check intervals were
400 flight hours for an “A” check and 15 monthsfor a“C” check. The maintenance tasks and intervals with
which to perform these tasks were defined in the “Systems and Powerplant Program,” the “ Structures
Program,” and the “Zonal Inspection Program.”

0 Airbus A300-600 MPD provided scheduled maintenance recommendations and information to
assist operators in establishing their own maintenance program. The MPD included task numbers, task
description/preparation data/access requirements, and maintenance interval Sthresholds. The MPD assumed
that the 2,500-flight hour C check would be accomplished about every 12 to 15 months. The version of the
MPD that was current at the time of the accident was dated April 30, 2001.

™ The MRB weekly check became the American Airlines A check. The MRB A check became the
American Airlines B check.

2 The 1C, 2C, 3C, 4C, 5C, 6C, and 8C checks are to be accomplished every 15, 30, 45, 60, 75, 90, and
120 months, respectively.
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The airplane maintenance logbook for N14053 was recovered after the accident.
The last entry for November 11, 2001, indicated, “no items.” The only entry for
November 12, 2001, was an informational note to the crew that the first flight security
check had been completed at 0130. No minimum equipment list (deferred maintenance)
items were found in the logbook. Also, American’s field maintenance reliability report (a
computerized report that indicates the maintenance status of an airplane and includes data
fields not found on logbook discrepancy forms) for N14053 between January 1 and
November 12, 2001, did not note any minimum equipment list items.

The aircraft damage log for N14053 (a computerized program that contains a
record of external damage to the airplane structure that was not permanently repaired at
the time the damage was noted) was reviewed for events between February 22, 1991, and
August 17, 2001 (the date of the last entry). No damage involving the vertical stabilizer
was recorded.

According to the FAA's incident data system, the accident airplane wasinvolved in
aturbulence incident on November 28, 1994. Specifically, American Airlines flight 1218
was en route from Bridgetown, Barbados, to San Juan, Puerto Rico, when the airplane
encountered severe clear air turbulence while in normal cruise flight. After the turbulence
encounter, the airplane landed at San Juan without further incident. Of the 221 people
aboard the airplane, 47 were injured.

After the incident, American Airlines performed a specia inspection of the
airplane because of the excessive turbulence that the flight encountered. Records on the
completed inspection were not available (the records were required to be retained only for
1 year), but the work cards that were used during this special inspection were available.
The work cards indicated that the vertical stabilizer torque box was to be inspected
externally for distortion, cracks, pulled or torn fasteners, or damaged paint work. If
damage was found, the work cards instructed that the attachment fittings and front and
rear spar webs be inspected for distortion, cracks, pulled or torn fasteners, or damaged
paint work and that, on the rear spar, the hydraulic lines, mechanical linkages, electrical
looms, and their mounts be inspected for distortion, cracks, rupture, and fluid leakage.

FAA accident and incident data indicated that American Airlines’ Airbus airplanes
were involved in 16 maintenance-related events from January 1, 1996, to November 29,
2001. None of these eventsinvolved N14053.

FAA service difficulty reports (SDR) between January 1995 and November 2001
were reviewed for A300 maintenance-related “vibration” involving the airplane’s flight
controls, fuselage, stabilizers, and wings; “flutter;” “group control flight system;” and
“group empennage structure.” Regarding the A300 vibration category, 19 SDRs were
submitted. Regarding the A300 flutter category, one SDR was submitted. Regarding the
group control flight system category, 54 SDRs were submitted. Regarding the “group
empennage structure” category, 12 SDRs were submitted. All of the SDRs were cleared
by maintenance actions; no maintenance trends were found.
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In addition, 62 SDRs were submitted for N14053 from January 1, 1995, to the
accident date. No significant findings related to the circumstances of the flight 587
accident were identified.

1.7 Meteorological Information

Weather observations at JFK are made by an automated surface observing system
(ASOS), which is maintained by the National Weather Service (NWS). The ASOS
records continuous information on wind speed and direction, cloud cover, temperature,
precipitation, and visibility.”® The ASOS transmits an official meteorological aerodrome
report (known as a METAR) each hour and a special weather observation (known as a
SPECI) as conditions warrant; such conditions include a wind shift, change in visibility,
and change in ceiling (cloud cover or height). ASOS observations at JFK are augmented
and edited by certified weather observers under contract with the FAA.

Weather observations are transmitted in coordinated universal time (UTC).
(Eastern standard time is 5 hours behind UTC time.) The 1351Z METAR™ (0851 local
time) on the day of the accident indicated the following: winds 310° at 11 knots, visibility
10 miles, few clouds at 4,300 feet, temperature 6° C (about 42° F), dew point -6° C, and
altimeter setting 30.44 inches of mercury (Hg). At 1425 (0925 local time), a SPECI was
issued because of the accident (which had occurred about 9 minutes earlier). The SPECI
indicated the following: winds 270° at 8 knots, visibility 10 miles, few clouds at
4,800 feet, temperature 6° C, dew point -6° C, altimeter setting 30.44 inches of Hg, aircraft
mishap,” smoke plume south.

Automatic termina information service (ATIS) information is based on ASOS
observations. ATIS information Delta, which the flight crew was using,” was based on
the 1251Z METAR (0751 local time). ATIS information Echo, which was in effect at the
time that the airplane departed JFK,’” was based on the 1351Z METAR.

American Airlines flight release for flight 587 contained, among other items,
METARSs for JFK, Santo Domingo, and the alternate airport (San Juan) and terminal
aerodrome forecasts™® (TAF) for the three airports. American Airlines Weather Services
provided the following TAF information for JFK, which was valid from 1300Z to 2300Z

3 Cloud cover is expressed in feet agl. Visibility is expressed in statute miles.

" The“Z” designation that follows the time in a weather observation stands for Zulu, which indicates
UTCtime.

S Thisremark was only transmitted locally.

6 About 0901:24, the first officer contacted the ground controller and informed him that he had
received ATIS information Delta, which stated the wind was 330° at 11 knots, visibility was 10 miles, afew
clouds were at 3,400 feet, temperature was 4° C, dew point was -6° C, and atimeter was 30.42 inches of Hg.

" The CVR and air traffic control (ATC) transcripts do not indicate that the flight crew had received
ATIS information Echo.

8 TAFs are prepared by the NWS and are normally issued every 6 hours with amendments issued as
conditions warrant.
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(0800 to 1800 local time) on the day of the accident: winds 310° at 12 knots, gusting to
22 knots; visibility greater than 6 miles; few clouds at 5,000 feet; temporary clouds
scattered at 5,000 feet.

1.8 Aids to Navigation

No problems with any navigational aids were reported.

1.9 Communications

No communications problems were reported between the pilots and any of the air
traffic controllers who handled the flight.

1.10 Airport Information

JFK is located 1/2 mile southeast of the city of New York limits and has an
elevation of 13 feet msl. The airport has four runways: runway 13L/31R is 10,000 feet
long and 150 feet wide; runway 13R/31L (the accident airplane departed from runway
31L) is 14,572 feet long and 150 feet wide; runway 4L/22R is 11,351 feet long and
150 feet wide; and runway 4R/22L is 8,400 feet long and 150 feet wide. Runway 31L has
an elevation of 12 feet mdl.

The Port Authority of New York and New Jersey Police Department stated that,
after the crash of flight 587 had been confirmed, a Port Authority employee conducted a
visua inspection of the full length of runway 31L and the taxiways used by the accident
airplane. No debriswas found on the runway or the taxiways.

1.10.1 Air Traffic Control Information

ATC radar coverage for the JFK areais provided by an ASR-9 radar located on the
airport. The ASR-9 is a short-range (60 nm) radar that provides position and track
information to controllers at the New York TRACON and the JFK air traffic control tower
(ATCT) for arcraft operating within terminal airspace. ASR-9 antennas rotate about
13 times per minute, resulting in aradar return about every 4.6 seconds.

Flight 587 was handled by three air traffic controllers on the day of the accident: a
ground controller and alocal controller at the JFK ATCT and a departure controller at the
New York TRACON. A controller-in-charge was also present at the JFK ATCT at the
time of the accident.™

" The controller-in-charge was performing duties in the absence of the tower supervisor. He was not
monitoring any particular controller position and did not see flight 587 during taxi, takeoff, or departure.
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The ground controller first became aware of flight 587 when the flight crew called
for taxi clearance. He instructed the flight crew to taxi out of the ramp area to a taxiway
for sequencing into the departure queue. When the airplane arrived at the taxiway, the
ground controller instructed the flight crew to follow the Japan Air Lines 747 into the
queue, and the crew followed this instruction.? The departure controller indicated that he
had “a good look” at the accident airplane during its taxi and did not notice anything
unusual.

Thelocal controller first became aware of flight 587 when she cleared the airplane
to taxi into position and hold on the runway. She then issued a wake turbulence advisory
because the Japan Air Lines 747 was a heavy jet. The local controller also indicated that
she added extra radar separation between the Japan Air Lines 747 and the flight 587
airplane because 747s are often “slow climbers.” Once the separation was established, the
local controller issued the current wind and cleared flight 587 for takeoff. She watched
the airplane during its takeoff roll and did not see anything unusual.

The last time the local controller saw the accident airplane was when it made the
left turn needed to follow the bridge climb. She then instructed the flight crew to contact
departure control. Thelocal controller first became aware of the accident when she heard
an unidentified pilot stating, over radio frequency, that an airplane was crashing south of
the airport. She reported that she said this information out loud and that everyone in the
tower turned to look for the accident. The local controller reported that she then saw a
black plume of smoke.

The controller-in-charge first became aware of the accident from the local
controller and an outside telephone call. The controller-in-charge then called the New
York TRACON to seeif it had lost an airplane. The flight data controller at the TRACON
answered the telephone and indicated that flight 587 was missing. When the
controller-in-charge went to get the flight strip for flight 587, he noticed a large plume of
smoke outside. The controller-in-charge stated that he notified the Port Authority Police
Department of the accident and that the tower supervisor had returned almost immediately
to the ATCT after the accident occurred.

The departure controller first became aware of flight 587 when the flight crew
reported on frequency. At that point, the airplane was climbing through 1,300 feet mdl.
The departure controller’s radar identified the airplane, and he issued an instruction for the
airplane to climb to 13,000 feet msl. The departure controller subsequently issued an
instruction for the airplane to turn left and proceed direct to the WAVEY intersection.
Soon afterward, he noticed that the airplane’s radar target had disappeared and that its data
block was no longer showing airspeed or atitude. One of the pilots of American Airlines
flight 686, which departed JFK after American Airlines flight 587, reported seeing fire
and smoke south of Long Island, New York. When the JFK ATCT called to see if the
TRACON had lost any airplanes, the departure controller informed the TRACON’s flight
data controller that flight 587 was lost.

8 The departure controller indicated that the sequencing of flightsin the queue was decided by airplane
type and departure fix. He estimated that between 8 and 10 airplanes were waiting in the queue to take off.
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The departure controller stated that nothing was unusual on the day of the accident
about the spacing between airplanes coming from JFK to the TRACON. The departure
controller thought that the Japan Air Lines 747 was about 7 miles ahead of flight 587 and
that the 747’ sflight track was normal. The departure controller also stated that he had not
received any turbulence reports from other airplanesin the area.

1.11 Flight Recorders

1.11.1 Cockpit Voice Recorder

The accident airplane was equipped with a Fairchild model A-100A CVR (SN
unknown). According to Airbus documents, the CVR was operating off the emergency
bus, which alowed the CVR to continue recording after the engines separated from the
airplane.

The exterior of the CVR showed evidence of significant structural damage. The
front panel, including the underwater locator beacon, was missing. The outer metal
enclosure was heavily covered with soot and was dented, and it had to be cut to gain
access to the tape reel. The exterior of the crash case was not damaged. The tape did not
show evidence of heat damage, but several inner windings were crinkled.®

The CVR was sent to the Safety Board's audio laboratory in Washington, D.C., for
readout and evaluation. The CVR data started at 0845:35 and continued uninterrupted
until 0916:14.8. The recording consisted of four channels of audio information, three of
which were excellent quality and one of which was poor quality.®? The three channels that
contained the excellent quality information were the cockpit area microphone, the
captain’s audio panel, and the first officer’s audio panel. The fourth channel contained a
high-frequency squeal and was mostly unreadable.® A transcript was prepared of the
entire 30-minute 39-second recording (see appendix B).

1.11.2 Flight Data Recorder

The accident airplane was equipped with a Fairchild model FA2100 FDR,
SIN 1186, that was manufactured by L-3 Communications. The FDR used solid-state
flash memory, stored in a crash-survivable memory unit, as the recording medium. The
FDR was sent to the Safety Board's laboratory for readout and eval uation.

81 This portion of the recording contained the oldest data, which recorded the events before flight 587
left the gate.

8 The Safety Board rates the quality of CVR recordings according to a five-category scale: excellent,
good, fair, poor, and unusable. See appendix B for a description of these ratings.

8 The fourth channel is used to record a third crewmember’s audio information if the CVR is installed
into a three-crewmember airplane. The fourth channel is usually not used on a two-crewmember airplane.
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The FDR showed extensive fire and impact damage. The memory module inside
the memory unit did not show any damage, but the memory cable needed to be replaced
before the data could be read out.

The FDR contained more than 81 hours of recorded data, and American Airlines
provided conversion formulas for the data® The FDR recorded about 1 minute
33 seconds of flight data for the accident airplane, beginning at 0914:28.45 (the time that
the right main landing gear squat switch changed from ground to air) and ending at
0916:01.23 (before airplane impact).

The analog signals from the rudder position, aileron right position, aileron left
position, elevator position, and horizontal stabilizer position were processed through the
airplane’s system data analog converter (SDAC)® computer before they were sent to the
flight data acquisition unit (FDAU)® as a digital signal. The SDAC computer applied a
filter to the data,®” and the FDR recorded the filtered digital value. (Uncertainties in the
FDR data associated with data filtering are discussed in section 1.16.2.)

An SDAC bench test was conducted on February 4 and 5, 2002, at Airbus' facility
in Toulouse. One purpose of the test was to define the filtering function and the associated
processing delay of the SDAC. The Safety Board and Airbus independently analyzed the
results of the test and concluded that the SDAC applied a first-order lag filter with a
0.434-second time constant.

Another purpose of the test was to input data into the SDAC and compare the
SDAC output data to the calculated filtered output data. The input data were Airbus’ first
estimation of the accident airplane's flight control surface movements. The calculated
filtered output data were computed by applying a filter to the input data. These results
supported the conclusion that the SDAC filter was a first-order lag filter with a
0.434-second time constant.

8 During the initial readout of the FDR, the conversion equation for the rudder pedal parameter was
found to be incorrect. Thus, the FDR data had to be examined to obtain reference data to establish the
proper equation for the rudder pedal position parameter. 1n addition, revised equations for the control wheel
and control column positions were established based on the FDR data. (The airplane was not initialy
configured with the rudder pedal position, control wheel position, and control column position parameters
because they were not mandatory when the airplane was manufactured.) American Airlines added flight
control input sensors and the associated hardware to the airplane to comply with 14 CFR 121.344, which
required that, no later than August 20, 2001, all transport-category airplanes be equipped with FDRSs that
record control input positions.

8 In some Airbus documents, the SDAC is also referred to as the system data acquisition concentrator.

% The FDAU converts and conditions Aeronautical Radio, Inc. (better known as ARINC), data into a
seria data stream, which the FDR recordsin adigital format.

87 See sections 1.18.7.1 and 1.18.7.3 for information regarding the Safety Board’s recommendations to
the FAA regarding the filtering of flight control position data.
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1.12 Wreckage and Impact Information

1.12.1 General Wreckage Description

The main wreckage area was |located about 4 miles southwest of runway 31 at the
intersection of Newport Avenue and Beach 131st Street. The main wreckage was
confined to an area of about 500 by 300 feet and was oriented on a magnetic heading of
about 040°. The vertical stabilizer and the rudder separated from the airplane in flight and
were recovered from Jamaica Bay, which was about 3/4 mile north of the main wreckage
area. Figure 11 shows the vertical stabilizer after it was recovered from JamaicaBay. The
left and right engines also separated from the airplane in flight. The left engine was
recovered at 441 Beach 129th Street, which was about 800 feet north-northeast from the
main wreckage area. The right engine was recovered at 414 Beach 128th Street, which
was about 800 feet northeast of the main wreckage area.

The largest piece of airplane structure recovered on land away from the main
wreckage area and the engines was the left wing tip, which was recovered at the
intersection of Beach 125th Street and Cronston Avenue. Smaller pieces of airplane
debris were found from Beach 116th Street to the accident site (between Jamaica Bay and
the Atlantic Ocean) and in Jamaica Bay. All magor sections of the airplane were
accounted for in the wreckage. Most of the airframe and its associated systems showed
severe impact and fire damage.

Figure 11. Vertical Stabilizer After Recovery From Jamaica Bay
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1.12.2 Vertical Stabilizer and Rudder

The vertical stabilizer was mostly intact. The left and right skin panels did not
exhibit any significant damage, but the six main attachment fittings and the three pairs of
transverse load fittings were fractured.

Theright rear main attachment fitting fractured at the lughole (see figure 12). The
right center main attachment fitting remained attached to the aft fuselage but separated
from the vertical stabilizer when it fractured just above ribs 1 and 4 and the skin/stringer
interface. Theright forward main attachment fitting fractured at the lughole. The left rear
main attachment fitting assembly (that is, the inboard and outboard fitting assembly halves
and the lug portion of the skin laminate) fractured from the vertical stabilizer but remained
attached to the aft fuselage. The left center main attachment fitting separated from the
vertical stabilizer at the fastener line along the rib 1 attach angle. The left forward main
attachment fitting fractured at the lughole, but the lower part of the fitting remained
attached to the aft fuselage. ®

Figure 12. Right Rear Main Attachment Fitting

The transverse load fittings at the rear and center spars fractured at the location
where the spars and aft fuselage interfaced. The transverse load fittings at the front spar
fractured from the vertical stabilizer along with part of the front spar web, which remained
attached to the forward main attachment and transverse load fittings.

8 For information on the damage to the main attachment fittings, see section 1.16.3.3.
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The entire rudder separated from the vertical stabilizer, except for portions of the
rudder spar structure that remained attached to hinge arm assembly numbers 2, 3, 4, 5, and
7. The rudder had numerous fractures and broke into a section including and above hinge
arm assembly number 7, a section between hinge arm assembly numbers 4 and 7, and
many pieces below hinge arm assembly number 4. For additional information on the
damage to the vertical stabilizer and rudder, see Materials Laboratory Factual Report
number 02-077 in the public docket for this accident. For information on tests performed
on the vertical stabilizer and rudder, see section 1.16.3.

1.12.3 Rudder Control System

The three rudder servo controls remained attached to the vertical stabilizer. The
fittings that attached the servo controls to the rudder fractured at the rudder attachment
locations, and the bulk of the fittings and small pieces of rudder structure remained
attached to the servo controls.

The rudder frame assembly® components detached from the empennage. The
artificial feel and trim unit, rudder trim actuator, yaw damper actuator, yaw autopilot
actuator, and variable stop actuator were located; all had suffered heat damage. Most of
the linkages (that is, pushrods and bellcranks), the rudder control quadrant, and the rudder
travel limiter were fractured and melted. No rudder control system components forward
of the rudder frame assembly were identified in the wreckage. For information on tests
performed on rudder control system components, see section 1.16.5.

1.12.4 Powerplants

Neither the left engine nor the right engine had any indications of an
uncontainment, case rupture, in-flight fire, preimpact malfunction, or bird strike. The
thrust reversers were found in the stowed position.

Between November 28 and December 4, 2001, the engines were disassembled and
examined at American Airlines Maintenance and Engineering Center in Tulsa. The
examination revealed that the high pressure compressor and turbine rotors' blades were
bent opposite of the direction of rotation and that the fan and low pressure turbine rotors
blades were bent or broken only where they were crushed by the engines' case.

The APU was found in the airplane’s aft fuselage, which was recovered at the
corner of Beach 131st Street and Newport Avenue. The APU had broken loose from its
supports and was found dlightly forward of its normal position. The APU showed no
indications of an uncontainment, case rupture, or in-flight fire.

8 The rudder frame assembly houses the rudder control quadrant, artificial feel and trim unit, rudder
trim actuator, yaw damper actuator, yaw autopilot actuator, main bellcrank, differential unit, variable stop
actuator, and variable stop lever.
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On December 13, 2001, the APU was disassembled and examined at Honeywell’s
engine teardown facility in Phoenix, Arizona. The APU showed no evidence of any
rotational damage to the compressor impellers and turbine rotors. The APU also showed
no evidence of an in-flight fire, case rupture, uncontainment, or hot air leak across a case
flange.

1.13 Medical and Pathological Information

Tissue specimens from the captain and the first officer were sent to the FAA's Civil
Aerospace Medical Ingtitute in Oklahoma City, Oklahoma, for toxicological analysis. The
captain’s specimens tested negative for major drugs of abuse and for prescription and
over-the-counter medications but tested positive for ethanol.®® The first officer’s
specimens tested negative for major drugs of abuse and ethanol but tested positive for
ephedrine and pseudoephedrine.®

1.14 Fire

A postcrash fire developed after airplane impact. The parts of the vertical
stabilizer and rudder that separated in flight showed no evidence of fire damage.

1.15 Survival Aspects

The accident was not survivable for any of the airplane occupants.

1.16 Tests and Research

1.16.1 Video Study

Two security cameras from the Metropolitan Triborough Bridge and Tunnel
Authority of New York captured a portion of the accident flight. These cameras, which
shared a common time base, were located in two lanes (1 and 5) at the Gil Hodges Marine
Parkway Bridge toll plaza. The video from the camerain lane 1 showed the airplane as a
small black dot moving from left to right across the sky. The dot then became obscured by
a building. At that point, the video from the camerain lane 5 showed a small black dot
emerging from behind another obstruction (part of a toll booth). The dot continued
initially to move left to right but then started to descend. During the descent, a white

% Ethanol in specimens can be the result of the postmortem production of ethanol.

%1 These substances are present in many over-the-counter medications used to treat upper respiratory
symptoms. The first officer had reported, on his FAA medical certificate application, a history of mild
seasonal alergies. The substances were aso found in nutritional supplements marketed for various
purposes. These substances do not usually result in impairment.
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“streak” was briefly seen trailing behind the dot before it became obscured by the
building.®? About 40 seconds later, black smoke was seen rising in the background.*
Detailed examination of the video in the Safety Board's |aboratory revealed no images of
an object or objects falling off the airplane.

The Safety Board conducted a video study to accomplish three objectives. First,
the study was to compare the elapsed time information from the video recordings with that
of the radar/CVR/FDR data. Second, the study was to determine the time and location of
the white streak. Third, the study was to calculate the position of the airplane after the loss
of FDR and radar data.

The study estimated that the first indication of the white streak occurred when the
alignment of the airplane was directly above column 3 of the building seen in the video
from lane 5. On the basis of the elapsed time between the last recorded radar return and
the end of the CVR recording, the white stresk was calculated to have begun at
0916:06.14, or about 4.3 seconds after the last recorded radar return.

In addition, the study determined the airplane’s position at severa points after the
loss of FDR and radar data. The airplane’s altitudes were calculated using data from the
site survey, still images from the video recordings, and an architectural drawing of the
building in the cameras’ view. The alignment of the airplane was over the roof midpoint
(lane 1) at 0916:02.26 and at an altitude of 2,398 feet mgl.** The airplane’s dignment was
over column 3 (lane 5) at 0916:06.14 (the same time as the white streak appeared) and at
an dtitude of 2,428 md. The airplane’s aignment was over column 4 (lane 5) at
0916:09.38 and at an altitude of 2,012 feet msl. The airplane's alignment was over the
roofline at column 5 (lane 5) at 0916:12.08 (the end of the period that the airplane is
visible in the video) and at an altitude of 1,470 feet mgl.

1.16.2 Airplane Performance Study

The Safety Board conducted an airplane performance study to describe the motion
of the accident airplane, identify the causes of the motion, and calculate the resulting
aerodynamic loads on the vertical stabilizer. The data used to determine the airplane’s
motion and the resulting loads included ATC radar, CVR, and FDR data; wreckage
location and condition; ground scars, markings, and damage to surface structures; weather
information; and outputs from computer programs and simulations.

92 The video recorded by the camerain lane 1 included the midpoint of the building’s roof. The video
recorded by the camerain lane 5 included columns 3 through 7 of the building.

% The Safety Board received another videotape that captured the accident flight. The video was
reportedly taken by a construction crew working near runway 4R at JFK on the day of the accident. The
video showed the departures of both Japan Air Lines flight 47 and American Airlines flight 587. The video
depicted the accident airplane as it taxied into position for takeoff, began its takeoff roll, lifted off the
runway, and began aleft turn. The video then panned away from the airplane, and the camerawas turned off
for ashort time. The next image on the video was smoke rising from the ground in the distance. (Thisvideo
was not part of the video study.)

% All atitudes derived from the video study are estimated to be accurate within 65 feet.
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The computational tools used in the airplane performance study included an
engineering flight simulation of the A300-600 to compute the airplane’s dynamic response
to control inputs and a computational fluid dynamics (CFD) code to compute the
aerodynamic loads over both rigid and flexible models of the vertical stabilizer. The
Safety Board developed its A300-600 engineering simulation using data from Airbus
A300-600 engineering ssmulator. The CFD computations were performed by Airbus at
the direction of, and in cooperation with, Board investigators.

Many performance parameters required to define the motion of the airplane were
recorded directly by the FDR. Other parameters required to define the airplane motion
were not recorded by the FDR and had to be derived from the available FDR parameters
and/or supplemented with information obtained from simulator studies and other
computations. The performance parameters of most interest to this investigation were
those required to determine the aerodynamic loads on the vertical stabilizer; the most
significant of these parameters included the dynamic pressure of the air flowing past the
airplane, the sidedlip angle, and the rudder angle. None of these parameters were recorded
directly on the FDR.

Even though the FDR did not directly record rudder angle data, the FDR did record
afiltered rudder signal that could be used to check whether an estimate of rudder position,
obtained by other means, was viable. The dynamic pressure and sideslip angle could be
computed from other FDR parameters.®® However, because of uncertainties in the FDR
data—including data latencies (that is, delays), data filtering, and sampling rate effects—
the rudder and sidedlip angles at the time that the vertical stabilizer separated from the
airplane were determined within a narrow range—10° to 11° for the rudder angle and 10°
to 12.5° for the sidedlip angle.

1.16.2.1 Wake Vortex Investigation

As part of the airplane performance study, the Safety Board requested that
NASA-Langley conduct a wake vortex investigation. Specifically, the Board asked
NASA-Langley to investigate whether flight 587 could have encountered the wake
vortexes of Japan Air Lines flight 47. Such an encounter could explain the two sets of
load factor excursions—the first occurring about 0915:35 at an altitude of 1,750 feet agl
and the second occurring about 0915:51 at an altitude of 2,430 feet agl—that were
recorded on flight 587's FDR.

NASA-Langley used flightpath and wind information for American Airlines
flight 587 and Japan Air Lines flight 47 provided by the Safety Board, as well as
atmospheric data for the day of the accident, as inputs to four wake prediction models.*
In a report on its investigation,”” NASA-Langley stated the following: A wake vortex

% These calculations are outlined in “Aircraft Performance Group Chairman’s Aircraft Performance
Study” in the public docket for this accident.

% These models are described, and their individual results are presented, in appendix B of “Aircraft
Performance Group Chairman’s Aircraft Performance Study.”

7 National Aeronautics and Space Administration, AA 587 Wake Vortex Investigation, Modeling and
Analysis by NASA Langley Research Center (Hampton, VA: NASA, 2002).
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from Japan Air Linesflight 47 was likely transported into the flightpath of flight 587. The
atmospheric conditions aloft were favorable for a slow rate of vortex decay. The wake
vortex from Japan Air Lines flight 47 would have had an age of about 100 seconds, and
flight 587 would have encountered the wake vortex at a time before vortex linking and
rapid vortex decay. The predicted circulation of the wake vortex at the times of the
apparent encounters would have been between 63 and 80 percent of the vortex’s initial
strength.

In testimony at the public hearing, the main author of the wake vortex
investigation report stated that, even though his work supported a wake encounter, the
wake was “nothing extraordinary.”

1.16.2.2 Flight 587 Simulation

The Safety Board developed a desktop computer ssimulation of flight 587 using
A300-600 simulator model data provided by Airbus. The Board developed the desktop
computer simulation to independently compute the response of the A300-600 to the thrust
levels and flight control inputs recorded on the FDR and to compare the expected behavior
of the airplane, as predicted by the simulator, with the actua behavior recorded by the
FDR. This comparison could help determine whether external forces or moments (such as
those from an atmospheric disturbance) were required to produce the motion of the
airplane or whether the motion could be completely accounted for by the forces and
moments produced by the engine thrust and control surface positions.

The load factor and engine N1 data fluctuations recorded on the FDR suggested
that flight 587 encountered the wake of Japan Air Lines flight 47 for the second time
between about 0915:50 and 0915:54 and that the motion of the airplane was affected by
the wake vortex during thistime. To account for the effects of the wake vortex during this
4-second period, the Safety Board's simulation incorporated external pitching, rolling, and
yawing moments and vertical and horizontal wind gusts designed to make the simulator
motion closely match the motion recorded on the FDR. After the 4-second period, the
airplane was assumed to be free of the wake, so the external moments and wind gusts were
removed. The externa moments and wind gusts fully accounted for the effect that the
wake turbulence had on the airplane, as recorded by the FDR. Any additional effects of
the wake turbulence that were not recorded on the FDR (because of limited sampling
rates, for example) would have had a negligible impact on the airplane motion.
Throughout the simulation, the simulator cockpit control positions and aerodynamic
surface positions were driven to match the positions recorded on the FDR as closely as
possible without sacrificing the match of the motion recorded by the FDR.

To evauate the magnitude of the effects of the wake vortex-induced external
moments and vertical and horizontal wind gusts required to match the motion recorded on
the FDR, the desktop computer simulation was run without any cockpit control or control
surface movements. The simulator computed the response of the airplane solely to the
forces and moments induced by the wake encounter.
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The simulation indicated that, although external winds and moments, which were
assumed to be attributable to the wake encounter, were required to match the airplane
motion recorded on the FDR, the large roll and yaw oscillations, lateral 1oad factors, and
sidedlip angles achieved during the accident sequence were the result of control wheel and
rudder pedal inputs. The external winds and moments, by themselves, produced only an
initial 10° deviation in bank angle (from the existing 23° bank angle) and only subtle
changes in heading, resulting in sideslip angles of less than 2.5°.

Another simulation incorporated an alternative yaw damper design in which the
yaw damper inputs could not be overridden by pilot pedal deflections at the rudder limits.
The Safety Board evaluated the effects that this yaw damper design would have on the
rudder pedal inputs made during the accident sequence. The results of this simulation
indicated that such a system allowed the yaw damper to attenuate (but not prevent) the
development of the sideslip angle resulting from alternating full rudder pedal inputs.

1.16.2.3 Loads on the Vertical Stabilizer

At any given dltitude and airspeed, many parameters affect the loads on the
vertical stabilizer;*® the most significant of these parameters are sideslip angle and rudder
angle. During the design of the A300-600, Airbus developed a model of the loads on the
vertical stabilizer based on linearized wind tunnel data that described the effects of
sidedlip angle and rudder angle on the vertical stabilizer structural loads. With the use of
this linear loads model, the Safety Board calculated the shear, bending, and torsion loads
on the vertical stabilizer during the final seconds of flight 587's recorded FDR data
(before the sound of the loud bang at 0915:58.5). Figure 13 shows the calculated bending
moment about the root chord in the vertical stabilizer axis system.®

% Aerodynamic loads on the vertical stabilizer are produced by the pressure distribution over its
surface. Inertial loads on the vertical stabilizer result from the acceleration of its mass. During the accident
sequence, the inertial loads on the vertical stabilizer were extremely small compared with the aerodynamic
loads.

% For structural analysis purposes, loads on the vertical stabilizer are expressed in terms of their
componentsin the vertical stabilizer axis system, which is rotated about the pitch axisrelative to the airplane
body axis system. The airplane body axis system is coincident with the longitudinal, lateral, and vertical
axes of the airplane.
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Figure 13. Bending Moment About the Root Chord in the Vertical Stabilizer Axis System

The Safety Board was especialy interested in determining the loads when the right
rear main attachment lug fractured (0915:58.4). This time was established by the
following:

» The sideslip and heading angles in the Safety Board's simulations of the
accident flight diverged from those based on the FDR data about the time of
the loud bang recorded on the CVR (0915:58.5), indicating that the accident
airplane’s directional stability was reduced about thistime (which is consistent
with the loss of the vertical stabilizer).

* A momentary change in the trend in lateral acceleration (from decreasing to
increasing) occurred at 0915:58.4. This momentary change was associated
witha0.2 G jump in lateral acceleration recorded about thistime. Such ajump
is consistent with the sudden inability of the vertical stabilizer to transfer side
force loads into the fuselage.
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» If the loud bang recorded on the CVR was associated with the fracture of the
right rear lug, then the sound would have had to originate at 0915:58.4 because
of the time that it would take for the sound to travel from the vertical stabilizer
to the CVR microphone. Thistime is consistent with that of the change in the
trend of the lateral acceleration.

The rudder and sidedlip angles about the time of the lug fracture were large enough
that portions of the vertical stabilizer began to exhibit aerodynamic stall behavior, that is,
regions of separated flow. This separated flow affected the loads such that the linear |oads
model (which does not account for flow separation) could overestimate the loads in those
conditions (high sidedip and rudder angles) in which separated flow is present. As a
result, a CFD analysis was performed to calculate directly the effects of the separated flow
at the high sideslip and rudder angles of interest. Specifically, the Safety Board asked
Airbusto perform a CFD analysis of the flowfield about the entire A300-600 airplane and
to provide the aerodynamic pressure loads over portions of the vertical stabilizer. The
conditions a which these calculations were made reflected the flight conditions and
airplane orientation at the time that the vertical stabilizer separated from the aft fuselage.
Because of uncertaintiesin the sideslip angle, rudder angle,'® and the absolute load values
computed by CFD, the final estimate of loads at the time of the lug fracture were
expressed as arange of values. At the time that the vertical stabilizer separated from the
airplane, the range of the shear, bending, and torsion loads on the vertical stabilizer were
asfollows:

» shear force: 353,000 to 436,000 N +5 percent

* bending moment: 1,580,000 to 1,840,000 Nm +5 percent (see figure 14)
e torsion moment: 18,600 to 48,100 Nm +5 percent

The bending moment load ranges shown in figure 14 are presented along with the
“effective sidedlip angle’ range'™ and the rudder range at the time that the vertical
stabilizer separated from the airplane. Figure 15 compares the estimated aerodynamic
loads with the A300-600 design envelopes (as defined by the torsion versus bending
correlated shear force diagram).

190 Even though Safety Board investigators were eventually able to derive a meaningful time history of
the rudder angle after the second wake encounter, the filtering of the rudder sensor data before they were
recorded on the FDR and the low, 2-Hertz (Hz) sample rate of those data hindered and delayed Board
investigators' knowledge of this parameter.

101 The effective sideslip angle at the vertical stabilizer differed from the sideslip angle at the cg because
of yaw rate effects. Theleft yaw rate at the time of vertical stabilizer separation increased the sidedlip angle
at the vertical stabilizer relative to the sidedlip angle at the cg.



Factual Information 60 Aircraft Accident Report

2.40

2.20

2.00

1.80 jz
1.60 D t .

1.40

>

1.20

1.00

0.80

0.60

0.40

Vertical stabilizer root bending moment, millions of Nm

0.00

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Effective sideslip angle, degrees

Note: The calculated range of the root bending moment is defined by points A through D, which are described in
addendum 2 to the airplane performance study. See the public docket for this accident for more information.

Figure 14. Bending Moment Load Range at the Time of Vertical Stabilizer Separation
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1.16.3 Examinations of the Flight 587 Vertical Stabilizer and
Rudder

1.16.3.1 Nondestructive Inspections

Pieces of the flight 587 vertica stabilizer and rudder underwent several
nondestructive inspections after the accident. The vertical stabilizer was inspected using
ultrasonic inspection, Lamb wave imaging, and x-ray computed tomography (CT)
scanning, and the rudder was inspected using x-ray radiography, Lamb wave imaging,
thermography, ultrasonic inspection, and computer-aided tap testing.'%2

NASA-Langley conducted an ultrasonic inspection and Lamb wave imaging of the
vertical stabilizer’s left and right skin panels. The ultrasonic inspection detected two
notable delaminations (that is, fractures between the composite layers) near the front and
rear spars on the left skin panel that extended upward from the lower end up to 43 inches
at the front and up to 37 inches at the rear. The ultrasonic inspection detected no notable
delaminations on the right skin panel, except for an area within about 4 inches of the right
center lug. The Lamb wave imaging found no apparent evidence of any change in
stiffness on the left and right skin panels of the vertical stabilizer, except for stiffness
changes associated with thickness variations.

The U.S. Army Research Laboratory, Aberdeen, Maryland, and the Ford Motor
Company’s Nondestructive Evaluation Laboratory, Livonia, Michigan, conducted CT
scanning of selected fractured pieces and cut sections from the vertical stabilizer lug areas
(specifically, those in which delaminations had been identified during the ultrasonic
inspections). The scanning produced two-dimensional slice images, and a visualization
software program produced three-dimensional images from these two-dimensional dice
images, as shown in Materials Laboratory Factual Report 03-033. Delaminations were
observed, and multiple delaminations through the thickness were visible in some areas.

Airbus conducted a hand-held ultrasonic inspection of the vertical stabilizer at the
main attachment and transverse load lug areas, the lower ends of the spars, rib number 1,
and the hinge attachment fittings. Airbus aso conducted a hand-held ultrasonic inspection
of the rudder hinge attachment fittings and ultrasonic imaging of the vertical stabilizer
skin panels at the stringer locations. An Airbus Inspection Protocol document dated
March 4, 2002, indicated that Airbus found debondings, delaminations, and damages at

102 Yitrasonic inspection is a contact technique that uses a transducer on the surface to measure the
ultrasonic response of the structure. Lamb wave (also known as guided acoustic wave) imaging is a method
for inspecting the stiffness and thickness of composites. CT scanning measures the transmitted x-ray
intensity of a part that has been rotated and translated through an x-ray beam. Computers then use the data
to reconstruct two- or three-dimensional renderings of the part. X-ray radiography is a quick, noncontact
method for imaging subsurface features using x-rays and is commonly used to detect entrapped water in
honeycomb structures. Thermography is a quick, noncontact technique for imaging subsurface features by
measuring surface temperature changes. Computer-aided tap testing involves striking an impactor on the
surface of a composite part and measuring the time of contact of the impactor, which is related to the local
stiffness of the part. The data are collected and mapped into a color image in which each color isrelated to a
range of stiffnessvalues. For more information on these nondestructive inspection techniques, see Materials
Laboratory Factual Reports 02-078 and 03-033 in the public docket for this accident.
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the lower part of the vertical stabilizer in the lug areas, the spar areas, and rib number 1
area but not in the hinge attachment fitting areas.’® The document also indicated that
Airbus found debondings, delaminations, and damages in and at the rudder hinge
attachment fitting areas.

NASA-Langley conducted x-ray radiography, Lamb wave imaging, and
thermography of a portion of the rudder (from hinge attachment fitting 7 down to between
hinge attachment fitting numbers 5 and 4). Entrapped water was detected at the lower
portion of the rudder section by x-ray radiography and thermography.'®* The Lamb wave
imaging determined that the facesheet had fractured from the honeycomb in areas at the
lower portion of the rudder section. According to testimony at the public hearing from the
NASA-Langley officia who conducted the nondestructive examination research, the
locations of the water found during the nondestructive examinations seemed to correspond
with areas that showed visible damage and with facesheets fractured from the honeycomb.
He also testified that the water most likely got into the rudder while it was in Jamaica Bay.

Representatives from the Center for Aviation Systems Reliability at lowa State
University, Ames, lowa, conducted computer-aided tap testing of the rudder. During tap
testing at Floyd Bennett Field on November 28 and 29, 2001, images of the left and right
skin panels showed that areas of low stiffness were most likely caused by the debonding of
the rudder skin from the honeycomb core structure along a number of buckling failures
and that areas of high stiffness could be caused by manufacturing features such as core
splices, core potting, and ply overlap.®

During tap testing at NASA-Langley from March 6 to 8, 2002, images of the left
and right skin panels showed a high degree of consistency between the inside and outside
surfaces of the rudder skin. The images aso showed symmetrical areas of higher stiffness
on theinside and outside surfaces. In addition, the images showed that the patterns for the
large buckle failure near hinge attachment fitting number 5 were different between the | eft

103 Personnel from Sandia National Laboratory, Albuquerque, New Mexico, manually inspected the
lower end of the vertical stabilizer skin panels and the attachment lugs when the vertical stabilizer was at
Floyd Bennett Field in Brooklyn, New York (before the vertical stabilizer and the rudder were shipped to
NASA-Langley). The results of the inspection were difficult to interpret because of the complex geometry
of the structure in those areas. Those results for which interpretation was possible corresponded well with
the results reported by Airbus and NASA-Langley.

104 Wayne State University in Detroit, Michigan, made several thermographic images of the rudder
whileit was at Floyd Bennett Field. The results were similar to those of NASA.

1% In addition, personnel from Sandia National Laboratory performed tap testing and ultrasonic
mechanical impedance analysis when the rudder was at Floyd Bennett Field. Tap testing was completed
using an instrument similar to the one used during computer-aided tap testing (a digital readout but no
computer interface). The ultrasonic mechanical impedance analysis method evaluated the object’'s
vibrational response to an ultrasonic signal, and the response is related to local stiffness. The locations of
stiffness changes detected by these techniques corresponded well with those detected by the computer-ai ded
tap testing that was done at Floyd Bennett Field and at NASA-Langley.
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and right skin panels.® On the right skin panel, the buckle failure was located aft of hinge
attachment fitting number 5 at almost 90° to the spar with a 45° branch angled upward and,
at the aft half of the chord, a 45° branch angled downward. The left skin panel buckle
failure was angled mostly in a downward 45° direction aft of hinge attachment fitting
number 5, although a branch was also present upward along the leading edge spar.

1.16.3.2 Materials Testing and Microstructural Examination

At the Safety Board's request, NASA-Langley conducted materials testing and
micro