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Good morning ladies and gentleman, 1 would like to start my presentation this moming by describing how

a cockpit voice recorder works and how sounds get to the mictophones to be recorded on the CVR.

The CVR receives it electrical power from the aireraft and operates any time there is electrical
power an the aircraft. The unit is an endless loop recorder, constantly erasing the older information and
récording new information. When electrical power is removed from the unit or after an aircraft crashes,

the recorder contains information from this point back 30 minutes,

The recording consists of 4 channels of audio information. (show slide 1} One of the channels -
contains audio infarmation from the Captains audio selector panel. This ¢hannel records the same andio
information that the crew member was listening to in his headset. Another channel econtains gimilar audio “
information but from the CO-pilots audio selector panel. The third channel (which us-ually contains audio

- information from the 2™ afficers audio selector in a three crew member arcraft) but in a two crewman
nircraft like the Boeing 737 it is usually wired to the observers or jump seat audio selector panel. The
forth CVR channel contains audio information from the ¢ockpit area microphone This open microphone is
mounted in the ovethead instrument panel between the two crew members and s our primary microphone
for pit;king up cockpit sounds or noises. On this zircraft the two crew members were wearing individual
headset microphones which were wired hot to the CVR vecorder. This means that what ever sounds were
picked up by the crews headset microphones was recorded on their individual audio tracks of the CVR. In
addition to thg normal area microphone, and the two erew members heﬁet microphones, the microphone
selector switch on the jump seat audio selector panel was inadvertently left in the oxygen mask position.
This énabled the microphone that is installed in the emergency oxygen mask to be “hot" similar to the
captains and the CO-pilots headset microphones, For the investigation of this accident we had a total of 4

microphones that were picking up audio information and recording it on the CVR.

Sound information arrives at the varicus microphones via several methods. The first and most

prominent method is by althorne sound waves, in which the sound energy Is transmitted via the air to the
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microphones in the cockpit. This is the main transmission mode for the sounds recorded on the CVR. The
second mode of sound transmission is structure borne sounds. These are sounds that are transmitted
through the metal structure of aircraft. These sounds normally are of very low frequency as compared to
the airborne sounds. The cockpit area microphone and to a lesser extent the jump seat oxygen mask are the
only mieraphones capable or picking up these strueture borne sound The sounds recorder by the CVR may
be comnposed of either of the two sounds or mayhe a combination of the two sounds.  One characteristic of
strueture borne sounds is that they normally travel about 8 or 9 time faster through the metal structure than
they do through the air. By knowing the speed that sound travels through the air, approximately a foot
every hundredth of a second, and by measuring the time difference between the arrival of the smucture
sound and the arfival of the air sound we ars able to calculate the approximate distance me source of the

sound was from the microphone. Later in my presentation I have a slide that depicts this event.

( show slide 2) This slide shows the sounds that we found on the various channels of the CVR,
from the accident aircraft. This slide starts just prior to the initis) upset and continues for about ten
seconds. From this slide you ean see a picture of the various a2udio sounds found on the individual
channeis. The top rrace Is the information found on the Captains channel.: The second tﬁce is the audio
information found on the CO-Pilots CVR channel, - The third channsl is the open area microphone channel
and the remaining forth channel is the audio information that was found on the jump seat/ observers
¢hanne! of the CVR. Because of the nature of the area microphone tl?e same speech found on the crew
channels usually appears on the area mike and to a lesser extent on the jump seat microphone channels of
the CVR

(Show slide 3) This next slide is from area microphone channel at approximately the same time
slice as the preceding slide. Instead of showing the simple wave form it shows the same information in
frequency in whar s commonly called a spectrogram or a voice print format. When you look at a the
frequency plot, several additional pieces of information bccames apparent. This constant frequency trace
shown in red is the sound signature made by the aircraft’s engines, This sound ig produced by the rotation

of the first stage fan in the engine. It is very similar to the noise that a household fan would make. The
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frequency of the sound is dependent on how fast the fan is turning in the air. It is not apparens on this
slide but if I increased the scale, two separate traces could be observed. The two traces are due 1o the fact
that the two engines were operating at speeds a few tqms of a percent different from each other. You can
see from this presentation that the engine sounds change intensity. This change is depicted by the change
i the red redness just after the initial upset. We identified this abnormality early in the investigation but
had no explanation why the engine sounds got louder just after the event. Please remember this event
beeause I will be coming back to it in a minute, Several other events are depicted on this frequency slide.
Just after the 1st officer finishes saying “JET STREAM" three what we call thumps are recorded on the
CVR. These thumps are found on both the area microphone and the jump seat channzls of the CVR.

These sounds are very low in frequency and are relatively low in intensity as compared to the other events
on the CVR. Several otﬁer sounds are also depicteri on the frequency plot. There are additional “THUMP"
sounds very similar in characteristics to the first series shown here. The voice prints of the two crew

members speech is also shown on the plots.

To further investigate the “THUMPS" found on the accident CVR recording we conducted several
tests on identically conﬂg.ured Boeing 737 aircraft. One test was conducted on the pround. - In this tests we
struck various places on the aireraft with a rabber mallet while recording the sounds. . The resulting data
allowed us to validated our assumptions as to how the various sounds reach the CVR’s microphones.
(Show slide 4} In this slide you can see the various wave form recorded on the area and jump seat
microphones. This sound was made by striking the aircraft strucrure‘ in the forward cargo compartment. In
this data we were able to see both the arrival of the structure wave , followad several hundredth of a second
later by the arrival of the air wave. This test also gave us some indication of the frequency make up of
sounds. As a result of the test wa were able to verify both the direction that the sounds came from as welt
as the approximated distance the source was from the microphone. By using this same tcchniql:le we were
able to determine the approximate distance and the direction that the “THUMPS” un the accident CVR
were coming from. (Show slide 5) As you can see the arrival times of the various waves on the accident

recording is not as easily identified as on the ground test recording. The “THUMP" sounds on the
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aceident racording are not very loud and with the addition of the normal background noise the onset of the
thump sounds tended to masked. To aid us in determining when the thump sound started we used a signal
processing function that calculates the total sound energy contained in the signal. (show slide 3a ) With
this plot it becomes easier to determine when the two'components of the sound arrived at the microphone.
We calculated the source of the “THUMP” sounds to be approximately 20 feet toward the rear of the
aircraft from the area microphone. - This places the sound source approximately in vicinity of first class
rows 1 or 2 of the aircraft. The frequency composition of the “THUMPF” sounds was similar to the ground
test rubber mallet strikes. This is not totally unexpeeted because the frequency composition of the recorded
sounds have mare to do with the sound transtission characteristics of the aircraft than they do with the
initieting event. Even though these test did tel] us some properties of the sounds, they didn’t help us

determine what was the source of the “THUMPS” on the accident aircraft's CVR .

In the Fall of this year we conducted a controlled flight demonstration that invelved flying a
similar ﬁmhg 737 aircraft in the wake turbulence of a Bosing 727 aircraft. This test was conducted to
determine the characteristics and severity of the wake at various distanees behind the 727 aireraft. There
will be more testimony in this hearing explaining the wake test in greater detail so [ won’t take time to
describing the details of the tests: During the flight demonstration cockpit sounds were recorded when the
aircraft encountered the wake. (show video tape of the wake) The pilots reported on the first day that
some of the wake encounters did make a distinet sound in the cockpit of the test aircraft. The sounds that
they heard were reported as not being identicai to those on the accident recording. When the cockpit
recordings wers heard after the flight, the wake encounter sounds sounded identical to the ones that were
found on the accident aireraft. (Show slide 6)

This is due to the structure sounds being added to the air sounds that the crew heard , the CVR is
recording both. We were able to caleulate the approximate distance and direction of the wake encounter
thumps. Most of the tﬁumps documented to date originated 20 to 26 feet back from the area microphone.
Again the frequency composition of the wake encounter sounds was very similar to the “THUMP” sounds

heard on the accident CVR. The consensus by the spectrum committee was that the source of the
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“THUMPS” on the accident aircraft’s recording was most probably an encounter with the wake turbulence

of the preceding 727 aircraft.

As I mentioned before we observed an unexplained'increase in the amplitude of the noise that the
engines were making on the accident aircraft. (Show slide 3) During our review of the audio data
accumulated during the six days of the wake turbulence testing we naticed a simijar chanée of the
amplitude of the engine sounds during some of the test maneuvers. Some of these maneuvers were
unrelated to the 727 wake turbulence encounters but were condueted to validate some of the flight
characteristics of the Boeing 737 aircraft. Again the specifics of these maneuvers will be the subject of
much diseussion in the following days of this hearing. One of these maneuvers was called the steady
heading slide slip test, This controlled test was accomplished by slowly inputting rudder while opposing
the resulting yaw with apposite aileron to ma-intain a constant heading and level flight. These test were all
conducted at a slmilar altitude, speed and configuration s the accident aircraft. During these tests using
both left and right rudder, the engine saunds were noted as getting louder when a rudder input in the 7 to
14 degree range was made. This level of increase was very similar to the increase noted on the accident
aircraft, (Show slide 7) [ have plotted the corresponding increases in the amplitude of just the engine
sounds over titne. While the exact reason why the engine sounds increase as rasult of aireraft yaw is not
fully understood the spectrum group did conclude that the sound signatures on the accident aircraft
matched the engine sound signatures identified on the test aircraft with 2 rudder input of between 7 and 14

degrees.

This eoneludes my presentation. While we have made some headway in finding out the origins of
several of the unknown events on the CVR. Our work is not done, we still have further tests scheduled in
conjunction with the other investigative groups to try to identify all of our unknown sounds on the accident

recording CVR.
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" 22. Autopilot engagem-nat . e
23. Automatic Flight Control Sysiere (ARCS) rmod: 2 i) - vagement status**
24, Outside or fotal air temperature*

(*) Indicates a new or changed parameter relahve to the current 1l.-parameter

requirement. (**) Indicates a new or changed parameter relative to the current 17-
parameter requirement.

Notes:

1. Dsta shall be recorded within the range, reaéluhon, accuracy and sampling
“intervals specified in EUROCAE Document ED-55, Chapter 3 and Annex ],
unless otherwise noted.

2. Each airplane type will need to be assessed to identify any novel or unique design
or operational characteristics. It will then be necsssary to ensure that sufficient
dedicated parameters, appropriate to these characteristics, are recorded in
addition to or in place of other parameters, a

8. The flight recorder shall use a digital method of recording and storing the data
and a method of readily retrieving those data from the storage medium. The data
ghall be obtained from gsources within the aireraft that enable accurate correlation
with data displayed to the flight crew, except when the flight deck displays are
filtered or manipulated so as to produce values that do not meet the resolution
and accuracy requirements for all phases of ﬂ:gb.t (for example, sorme EICAS
flight control position display data) A _

T -»wi--.il;%-f--m.\t,’v,‘--ﬁ N YA

"o \ou,#

N ahonal 'I‘ransportahon Safety Board
February 1995
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Attachment B

Proposed FDR Enhancements
for Newly Manufactured Airplanes

Acceleration Parameters:
Vertical
Lateral -
Longitudinal

Airplane Performance/Position Parameters:‘
Altitude
Airspeed

P.2/3

Air/ground sensor (primary airplane system.s referance, nose or main gear)

Brake pressure and pedal position

Drift angle (when an information source is mstalled)

Ground speed (when an information source is installed)

Wind speed and direction (when an information source is mstalled)
Qutside air temperature or total air temperature :

Radio altitude (when an information source is installed)

Latitude and lonpitude (when an information source is installed)

Airplane Athtude Parameters:

Angle of attack left and right (when an mformatnon source is mstalled)
Pitch

Roll
Magnetic heading
True heading (when an information source is msta]]ed
sampled 1 per 4 seconds) -
Yaw or sideslip angle (when an information source is mstalled)*

Flight Controls Position and Inpuat Parameters

All control surface positions-primary controls
{pitch, roll, and yaw)

All cockpit flight econtrol input positions a.nd fomes
(control wheel, control column, rudder pedal)
(sidestick controllers on fly-by-wire systems)

All trim surface positiong--primary controls**
(pitch, roll, and yaw)
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AN cockpit trim control input positions--primary controla**
(pitch, roll, and yaw)
Thrustlpower—-pmary flightcrew reference
(may require multiple parameters for all phases of ﬂight)
Throttle/power lever position
Thrust reverser status (i.e., stow, tranmt deployed, reverae pitch.)
Thrust command (when an information source is installed)
Thrust target (when an information source is installed)
Eagine bleed valve position (when an information source is installed)

Airplane Configuration Parameters:

Flap position (trailing and leading edge)
Spoiler position (growad and speed brake)
Spoiler/speed brake cockpit selectnonlsl;atus (armed—grnund spa:ler)
Flap cockpit control selection A e
Landing gear position :
Landing gear cockpit control selection
De-icing or anti-icing system selection Y

(when an information source is installed, sampled 1 per 4 seconds)
Fuel quantity in CG frim tank (when an mformaﬁon source is installed)
Computed center of gravity (when an information source is installed)
AC electrical bus status \ .
DC electrical bus status o Ao - "4 :
APT bleed valve position e AR
Hydraulic pressure (all systems) ' BT YERH

Navigation Aids: A L
Localizer deviation . T EY e e
Glideslope deviation
DME 1 and 2 distances
NAV 1 and 2 selected frequency

.GPS position data (when an mformatmn gource is msta]led}
Marker beacon passage | CE LR

Autopilot Parameters: L '.:'. L _
Enpagement status (all systems) SN
AFCS modes and engagement status ;2.0

ST T s ik ey

Emrobibann N oy s PRI
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Timing:
Radio transmitter keying
UCT (when an information source is installed)
Recorder elapsed time (frame counter, 0 to 4095)
CVR/DFDR synchronization reference -
(when an information source is installed)
Event marker

Warning Parameters:
GPWS
Hydraulie pressure low (each system)
Master warning _ o
Loss of cabin pressure LT
TCAS-TA, RA, and sensitivity (as selected by crew)
Icing (when an information souree is mstalled)
Engine warnings each engine--
Vibration (when an information source is msta]led)
Over temp. (when an information source is installed)
Oil pressure low (when an information source is installed)
Qver speed (when an information source is installed) - »
Windshear (when an information source is mst.a]led)
Computer failure
Stick shacker/pusher (when an information sou.rce ia installed)

Manual/Automatic Selected Parameters:
Selected barometric setting
Selected apeed
Selected vertical speed
Selected heading
Selected flight path
Selected decision height
EF1IS display format
Head-up display (when an mformatmn snuree m msta]led) . L
Para-visual display (when an information soirce is mstalled) RIS
Multi-function/engine/alerts dmsplay format g

1i.*

A e L

(*) Range, as installed; accuracy, as Tnstallcds johtion, - ‘03% offu]l “farge;
sampling, 1 per second. (**) Range, full &avel: . mrac:y '+ 3% unless’ hig’her
aceuracy uniquely required; resolution, 0, 3% of ﬁ:ll range samphng 1 per seeond
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| Notes:

1. Data shall be recorded within the range, resolution, accuracy and sampling
intervals specified in EURQCAE Document ED-55, Chapter 3 and Annex 1,
unless otherwise noted,

2. Each sairplane type will need to be asseésed to identify any navel or unique design
or operational characteristics. It will then be necessary to ensure that sufficient
dedicated parameters, appropriate to these characteristics, are recorded in
addition to or in place of other parameters.

3. The flight recorder ghall use a digital method of remrdmg and storing the data’
and a method of readily retrieving those data from the storage medium The data
shall be obtained from sources within the aircraft that enable accurate correlation

“with data displayed to the flightcrew, exeept when the flight deck displays are
filtered or manipulated so as to produce values that do not meet the resolution
and accuracy requirements for all phases ‘of ﬂlght (for axample, gome BICAS
flight control position display data).

Namonal ‘I‘ranaport.ahon Safety Board
e February 1995
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2, Safety Recommendation A-95-28

F.6-9
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National Transportation Safety Board
Washington, D.C. 20594

Safety Recommendation

Date: March 9, 1995
In reply refer to: A-95-28

To the operators of air carrier service
under 14 CFR Part 121 and commuter
air carrier service under 14 CFR Part 135
(see attached mailing list)

On September 8, 1994, a USAir Boeing 737-300, flight 427, was on a scheduled
passenger flight from Chicago, fllinois, to Pittsburgh, Pennsylvania. During the
approach to landing, the airplane suddenly rolled to the left and pitched nose down
until it reached a nearly vertical atlitude and struck the ground near Aliquippa,
Pennsylvania. The airplane was destroyed; the 5 crewmembers and 127 passengers
were fatally injured. The Safety Board’s investigation of this accident is continuing,
and the probable causes have not been determined.

On March 3, 1991, a United Airlines Boeing 737-291, flight 585, was on a
scheduled passenger flight from Degver to Colorado Springs, Colorado, As the
airplane was completing the turn to final approach, it rolled rapidly to the right and
pitched nose down, reaching a nearly vertieal attitude before it struck the ground,
The airplane was destroyed; the five crewmembers and 20 passengers were fatally
injured. In its report on this accident, the National Transportation Safety Board did
not reach a determination of the probable cause.?

Both airplanes were equipped with a flight data recorder (FDR). In each case,
however, the FDR did not previde needed information about airplane motion and
flight eontrol surface positions during the accident sequence.

! National Transportation Safety Board, 1992. United Airlines flight 585, Boeing 737-291,
N999UA, Uncontrolled eollision with terrain for undetermined reasons 4 miles south of Colorado
Springs, Colorade, March 3, 1991. Aircraft Accident Report NTSB/AAR-92/06. Washington, DC,

6628
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In the Colorado Springs accident, five parameters--altitude, airspeed, heading,
vertical acceleration, and microphone keying--were recorded by the FDR. Currently,
regulations contained in Title 14 of the Code of Federal Regulations (14 CFR) Part
121.343 require these five parameters to be recorded by FDRs on airplanes that, like
the airplane involved in the Colorado Springs accident, were type certificated prior

to October 1, 1969, and were manufactured (received an individual certificate of
axrwort.}uness) prior to May 26, 1989 The FDR of the airplane involved in the
Colorado Springs accident d1d it required to record) other
parameters critical to this ac:nde ; gg) él lane pitch and roll attitude;
engine thrust values; lateral and ionéifudinﬂ' leration; control wheel position;

rudder pedal position; and contro] surface positions, such as rudder, aileron, and
spoiler.

In the Aliquippa accident, the accident airplane was the same type, a Boeing
737, but the airplane’s FDR system had been retrofitted with six additional
parameters, in anticipation of the 1995 deadline for these enhancements. However,
the additional parameters did not include information on cockpit flight control inputs,
flight control surface positions, lateral acceleration, or autopilot status, which has
hampered the Board’s continuing accident investigation. In a public hearing on the
accident, conducted by the Safety Board in Pittsburgh, Pennsylvania, on January 23-
27, 1995, witnesses from the FAA, aircraft manufacturers, and airlines agreed that
additional FDR parameters would have assisféd the Board in determining the
probable cause of this accident.

Had the airplanes involved in the Colorado Springs and Aliquippa accidents
heen equipped with enhanced FDRs, information from the additional parameters
would have allowed the Safety Board to quickly identify any ahnormal control surface
movements, configuration changes, or autopilot status changes that may have been
involved in the loss of airplane control. Just as important, information from the
additional parameters would have allowed the Board to rule out certain factors, if
warranted, and to focus its investigations on other areas.

Information from FDRs with additional parameters substantially aided the

Safoty Board's investigations of two regional airline accidents that occurred during

1094, The first accddent occurred on October 31, 1994, while an American Eagle
ATR-72-210, flight 4184, was on a scheduled ﬂ:ght from Indianapolis, Indiana, to

2 Part 121.343 requives that by May 26, 1995, large mrplanes type certificated prior to October
1, 1969 (which would have included the mrplanes involved in the Colorads Bprings and Aliquippa
acmdents) must be equipped with FDRs that record 11 parameters. The additional parameters are
longitudinal acceleration, pit¢h attitude, roll attitude, control column or pitch eontrol surface pomﬁon,
and thrust of each engine (two thrust values for the Boeing 737). Part 121.343 also requires that
airplanes type certificated after October 1, 1969 (regardlesa of the date of manufacture) and airplanes
manufactured after May 26, 1989 (regardless of the date of type certification) must be equipped with
FDRs that record 17 parameters. Airplanes manufactured after October 11, 1991 (regardless of the
date of type certification) must be equipped with FDRs that; record 31 parameters.
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Chicago, Illinois. The flight had been placed in a holding pattern over Roselawn,
Indiana, because of weather delays at O'Hare Airport. The flight was cleared to
remain in the holding pattern and to descend from 10,000 to 8,000 feet. The airplane
rolled to the right, entered a steep descent, and struck the ground; all 64 passengers
and 4 crewmembers were fatally injured. The Safety Board's continuing investigation
has not yet determined the probable cause of the accident; however, information from
the enhanced FDR enabled the Safety Board to identify, within hours after receiving
the recorder in its laboratories, the key events leading to the airplane’s departure
from controlled flight and the events during its final descent.

The ATR-72 was equipped with an FDR that recorded 98 parameters, including
vane angle of attack (VAOA), aileron bellerank position, fiap position, aileron trim
position, and autopilot engagement status. The FDR data showed that as the
airplane was descending through 9,400 feet, the wing flaps began to retract and the
airplane’s VAQA increased. As the VAOA reached § degrees the autop:lot
disengaged, and within 1/4 second the ailerons deflected to near maximuyn travel in
the right-wing-down direction. The FDR data algo showed that the rolling moment
was reversed when the VAOA was reduced to below 5 degrees, and the ailerons
deflected in the left-wing-down direction. The right rolling moment recurred as the
VAQA again increased to 5 degrees, and the ailerons deflected in the right-wing-down
direction. Control of the airplane was not restored,in time to prevent impact w:th the
ground.

The data available from the ATR-72 FDR indicated to investigators that the
airplane rolled as expected in response to aileron control surface movements, and that
the aileron movements were correlated with incresses in the airplane’s angle of
attack. As a result, the Safety Board was able to focus ‘its ‘efforts on possible
explanations for the aileron control surface movements and, within days of the
accident, the Board issued urgent safety recommendations to minimize the likelihood
of similar occurrences in the future. As part of its ‘continuing investigation, the
Safety Board is also examining readouts from FDRs with expanded parameters from
seven other ATR airplanes that have reportedly encountered flight control anomalies,
three of which have shown important sumlanhes to the aemdent ﬁ:ght.

The second accident involving an FDR with expanded parameters was one in
which FDR data quickly moved the focus of the investigation from airplane systems
to operations and human performance. -On February 1, 1994, an Amencan Eagle
Saab 340B, flight 3641, was approaching Baton’ 'R.ouge. Louisiana, on"a-scheduled
passenger flight from Dallas/Fort Worth, Texas, ‘As‘the a:rp]ane descended through
9,000 feet, both engines failed. The flightcrew-executed a forced landing at Filse
River Air Park in New Roads, Louisiana, du‘:'ring which the alrplane sustained
substantial damage. The flight attendant received mmor injuries duriog the

emergeney evacuation. The 2 pilots and 23 passengers aboard were not injured.

The FDR installed on the Saab 340B recorded 128 parameters. FDR data
showed that as the airplane descended through 9,040 feet, there was a rapid ﬁse of

73
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both propellers’ rotational speed well above the maximum allowable revolutions per
minute. Because the FDR also was equipped to capture the positions of the engine
power levers, the Safety Board was able to determine that at the same time the
propeller speed increased, the power levers moved from the flight idle gate position
to aft of the ground idle detents. The airplane's approved flight manual prohibits
such power lever movements while in flight. This flighterew action explained the
propeller overspeed, which resulted in dual engine failure. With the expanded FDR
data, the Safety Board was able to rule out alternative explanations for the propeller

overspeed, mclud.mg propeller systems failures that previously had affected similar
propellers installed in another turboprop regional airliner.?

The importanee of FDR data is not limited to mvestagataons of catastrophic
accidents. FDR data from incidents, which are less serious but occur more often, can
pravide to investigators and the aviation community critical information to help
prevent accidents involving similar circumstances. -Following the Colorado Springs
and Aliquippa accidents, the Safety Board investigsted 12 Boeing 737 incidents
involving anomalous rudder activity or uncommanded roll oscillations. The FDRs

aboard the incident airplanes, however, were not equipped to record flight control
surface positions, flight control inputs, or lateral aceeleration. Like 78 percent of all
U.S.-registered Boemg 737s, the girplanes involved in the incidents were
manufactured prior to May 26, 1989; consequenﬂy, they were reguired by current
regulations to record only the five basxc FDR Parameters. As a result, critical,
objective data were not available from the ¥DRs, and investigators had little more
than the fighterews’ subjective recollecﬁons of these dynamic events. :

In contrast to the mvestxg&txons of these 12 Boemg 737 mcxdents, for which

important FDR data were not available, investigations of other incidents have been
greatly aided by the availability of enhanced recorded information. These incidents
involved airplanes equipped with a digital data bus that transmlts information from
many sensors to the onboard recording devxces :

On October 7, 1893, a British A1rways Bdemg 747-436 experienced a nose-down
pitching moment immediately after departure from London Heathrow Airport. The
captain avoided ground contact by exerting substantial back pressure on his control
column, The incident was investigated by the United ngdoms Air Accidents
Investigation Branch (AAIB). Of the many parameters that were avaﬂable on the
airplane's digital data bus, recorded by a Quick Access Reoorder (QAR)* and available
to the FDR, several were useful in the AAIBs mveshgatnon_ ‘These parameters
included the position of each of the four elev"" rcontrol surfaces, control column

7"\ CM
B | ’,n,

% National Transportation Safety Board. 1992 Aﬂanhe $outheast Airlines, Inc., flight 2311,
TUncontrolled ¢ollision with terrain, an Embraer EMB-120, N270AS Brunswiek, Geargia, Apnlﬁ 1991,
Aircraft Accident Report NTSB/AAR/92/03. Washington, DC."

4 QARs and FDRs have similar data storage capabilities; but QARs, primarily intended for air
carrier maintenance fault analysis, are not hardened to gurvive crash impact and fire conditions.

e XV
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position, radar altitude, landing gear position, and hydraulic system pressure. By
analyzing the information from the QAR, the AATB established that "the upset was
caused by the uncommanded pitch-down movement of both right-side elevators,
coincident with landing gear retraction."® As a result of its investigation, the AAIB
recommended that the FAA require mod.lﬁcatmns of Boeing 747 hydraulic systems
and elevator power control units.

Between June and August 1993, Air France Boeing 737-300 airplanes
experienced three rudder deflection anomalies. For each incident, about 206 flight
data parameters were available to the French accident investigation authority,
Bureau Enquetes Accidents (BEA). The data were recorded on QARs, and available
parameters included control surface positions, flight path data, acceleration in three
axes, yaw damper, and autopilot modes. The Safety Board is evaluating the data
from these incidents for possible apphcabxhty to. the Ahqmppa or Colurado Springs
accidents. . :

The data required to be recorded on FDRs have b‘één based on the Safety
Board’s accident investigation experience and the capacity of the recording devices.
Over the course of decades, many accidents investigated by the Board focused on
wind shear, takeoff overruns, and instances of controlled flight into terrain; fewer
accidents involved the inflight loss of lateral or dirgetional control. In response, FDR
parameter requirements focused on airplane performance (such as airspeed, altitude,

and longitudinal acceleration) rather than on flight control (such as rudder position-

and trim settings). However, the recent accidents and incidents, discussed above,
have demonstrated that more information about flight control ps.rametem should be
recorded by FDRs. , .
;=‘-;;‘,’ “wml*s AL

: Among the additional flight control parameters that are rieéded are parameters
that pertain to the positions of flight control inputs and flight mntml surfaces.
Under current rules, airplanes fitted with conventional fiight controls are permitted
to record either the cockpit control input (such as control wheel position) or the
control surface (such as the direction and amount of aileron deflection), if one can be
derived from the other. But in its invesHigations of the recent Boeing 737 accidents,
the Safety Board found that in some failure modes, fiight control surface positions
could move independently of cockpit flight control :inputs. .Also, under some
conditions, additional information is needed by investigators to determine whether
the controls on the flight deck caused the contrel surfaces to move, or vice versa.
Consequently, FDRs should record both the ﬂ1ght control mputs and ﬂ.lght oontrol
surface positions. ) o A

5 1J,K Department of Transport, Air Accidents Investigation Branch. 1995. Report on the ingident
to Boeing 747-436, G-BNLY at London Heathrow Airport on 7 chnher 1093. Adreraft Acc:dent Report
1/96, London, Eng!and
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Flight control trim information, including the positions of trim controls for roll
and yaw, also has been essential during recent accident investigations, For example,
the aileron and rudder trim parameters provided answers to critical questions early
in the investigation of the Roselawn accident, The airplane involved had previously
experienced trim anomalies; the FDR revealed none on the accident flight,

Recent technological changes have made feasible the acquisition and storage
of large amounts of data on FDRs. Today, even for older airplanes, many FDR
systems can record additional parameters because of uniused capacity in the flight
recording system. In terms of flight recordmg gystems, there are two general
categories of airplanes in the current air carrier ﬂeet analog airplanes, and
airplanes equipped with a digital data bus :

On an analog airplane, information from remotely located data sensors (for
example, a rudder position sensor loecated in the tail section) is transmitted to the
¥FDR via dedicated wires in an analog format. The information is then converted to
digital format in the FDR or the flight data acquisition unit (FDAU).

On an airplane equipped with a digital data bus, information is transmitted
in digital format from a multitude of sensors, along . a single, high capacity
communications pathway (data bus). Information transmitted on the bus is provided
to a number of systems, including flight management computers, cockpit displays,
QARs, and FDRs. Additional data can readily be fed from the bus to the FDR, based
on information that is a.lready on the bus for other purposes or added to the bus by
new sensors. Lo

Upgrading FDRs with additional parameterg would result in improved aviation
safety. The Safety Board acknowledges, however, that retrofitting airplanes that are
currently operating in air carrier service would necesmtate a significant monetary
investment, especially for analog airplanes. ..::i7% ww .

The Safety Board obtained information about the cost of upgrading FDRs on
analog airplanes from an air carrier trade group -and an FDR equipment
manufacturer. In a petition submitted to the.FAA, the Air Transport Association
(ATA) reported that to upgrade an FDR with six additional parameters would require
a one-time expenditure of about $250,000 per. mrplane type . for. engineering
specifications and the development of retrofit ]nt.s- ‘These one-time costs would be
spread over all of the individual airplanes of each type that are retrofitted; that is,
if there are 500 airplanes in service, the cost for basic engindering would be $500 per
airplane. Additional expenditures would bé Teéquired for labor and equiptment. to
upgrade each individual airplane; an ATA member survey stated that the msta]led

6 Laetter of June 5, 1892, to the FAA Office of ‘ Géﬁers;] léé'.u’ri;:elshuﬁll‘es bgcket, from Jozeph D.
Vreeman, Vice President of Engineering, Maintenance, and Materiel, Air Transport Association.
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equipment cost fora six-?arameter upgrade would total between $20,000 and $40,000
per individual airplane. ' '

The Safety Board also obtained estimates of installed equipment cost to
upgrade an FDR to record the parameters listed in "Proposed Minimum FDR
Parameter Requirernents for Airplanes in Service” (attachment A to this letter). The
information was provided by an FDAU manufacturer and an FDR manufacturer.

The FDAU manufacturer estimates that retroﬁtung an analog airplane could
cost about $20,000 to $30,000. This estimate includes about $1,000 per additional
parameter ($200 to $400 of which is for sensors; the remainder is for associated
wiring and labor). The FDR manufacturer estimates that to record the parameters
listed in attachment A, many airplanes may require the use of an FDAU, which could
cost an additional $15,000 to $20,000 for each airplane Bot already 8o equipped.
Based on the various estimates, it appears that retmﬁt‘h.ng an analog airplane to

record the parameters 11sted in attachment A could cost bei:ween $25,000 and
$70,000.

Retrofitting an airplane equipped with an ARINC 429 digital data bus or
equivalent (such as the Boeing 757 and 767) to record, as a minimum, the parameters
listed in attachment A would be less expensives - Most wiring changes 'would be
confined to the electronic equipment compartment, and some reprogramming of the
digital FDAU would be required, All of the airplanes would require the addition of
flight control surface pogition gensors.’ Some airplanes that were manufacmred on
or before October 11, 1991, may also require additional sensors." '

During the public hearing on the Aliquippa accident, a major U.S. air carrier
expressed concern about the costs of upgrading FDRs on: the carrier’s fleet. The
Safety Board recognizes that enhanced FDR cg pability. needs to be weighed against
the costs. However, the Board also believes that the'éosts should be balaneed against
the remaining useful life and revenue-earning potential of an airplane ‘Using an
upper-bound retroﬁt cost of $70,000 per airplane and reasonable assumptions about
a.lrplane utilization,? the Safety Board estimates the cost of retrofitting an airplane
in current service with an enhanced FDR to be less than Te per passenger o

The Safety Board believes that public safety outwe;ghs the 7¢-per—passenger
cost of equipping older airplanes to record more FDR pammeters, espemally if the
retrofit program is limited to airplans types_t.hat xemam ‘in production ﬁncludmg

7 Summarized by the FAA in its Notice of Pmposed Rulemahng on extenamn of the enmpha.nce
date for installation of digital FDRs on Stage 2 airplanes, Federal Register (Vol. 59, No, 36), p. 8573,

8 Assumptions are as follows: average seating ¢apacity of 150 passengerS, 3 departures per day,
a 65.percent passenger load factor, and a useful life of 10 years.

- 27
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denvatwe modelsg) Accordmg to information provided by the FAA to the Safety -

Board,'® the U.S. register currently lists about 2,000 transport eategory airplanes
(such as DC-9s, B-737s, and F-28s) that were type certificated before October 1,
1969, These types are still in production (including derivatives, such as MD-80s, B-
737-4008, and F-100s), and most of these airplanes use the analog method of data
acquisition and transmission. .

The Safety Board believes that transport category airplanes of a type that is
still in production and operated under 14 CFR Parts 121, 125, or 135 should be
retrofitted with the sensors and FDAU needed to record a5 a minimum, the
parameters listed in attachment A. Further, these airplanes should continue to
record the FDR parameters required by current repulations applicable t¢ each
airplane (based on its dates of certification and manufacture). -Although Boeing 727
and Lockheed L-1011 airplanes are not currently in production, neasly 800 airplanes
of these types are expected to remain in the U.8. girline fleet by the end of the
1990s."* Accordingly, the Safety Board believes that these airplanes should also be
" retrofitted to record on ¥DRs, as a minimum, the parameters listed in attachment A.

To ensure that individual airplanes have a substantial useful life over which
to recoup the cost of FDR enhancement, the Safety Board believes that the retrofit
should apply only to airplanes (except for Boeing 737, whmh are addressed later in
this letter) that comply with Stage 3 noise requjrements or that remain in service
after December 31, 1999, by receiving a waiver or exemption from Stage 3 noise
requirements. This criterion would apply the FDR enhancements only to individual
airplanes that have the opportunity to operate well into the next decade.

The Safety Board believes that the FAA should complete its rulemakmg on
FDR enhancements by December 31, 1995. Further, the FAA ghould require all
operators of transport category airplanes under .14 CFR Parts 121, 125, or 135 to
complete the FDR enhancements by January 14998 Airplanes that do not currently
comply with Stage 3 noise requirements should be retrofitted with these FDR
enhancements by January 1, 1998, or by the later date when they meet Stage 8 noise
requirements but, regardless of Stage 8. mmpha.noe status ‘no later than
December 31, 1999, ' .

% Derivative models are updated versions of older airblafie fypes that continue to nse the original
FAA aircraft type certificate, Examples include t.he MeDon.nell Douglas MD-30 senes, based on the
DC-9, and the Fokker F-100, based on the F-28. L o o

10 Lettor of December 14, 1994, from FAA Admmash-ator Davxd R I-Imson I:n Safety Board
Chairman Jim Hall. L

1 Derived from information in the letter deecéﬁbe}"u,:iﬁsx, from FAA K&ﬁﬁrﬁsmm Hinson,

12 According to 14 CFR 91853, all airplanes will be.required to meet Stage 3 noise requirements
by December 31, 1999. S

-}
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With regard to Boeing 737 airplanes, which aecount for about 23 percent of the
‘U.S. air carrier fleet, the Safety Board believes that FDR enhancement is needed
sooner, Data from enhanced FDRs play a vital role in helping to prevent accidents
through information they provide about incidents.® During the public hearing on the
Aliquippa accident, the Boeing Commercial ‘Airplane Group indicated that it had
records of 187 flight control incidents involving Boemg 7378 that occurred batween
1970 and 1994. Of the 187 incidents, 35 occurred in 1893 and 1994. Because the
Boemg 737 will be used for years to come, it is'essential that the airplanes involved
in future incidents be equipped with enhanced FDRs. Consequently, the Safety
Board believes that the FAA should require that all Boeing 737 airplanes operated
under 14 CFR Part¢ 121 and 125, regardless of -Stage 3 mmphance gtatus, be
equipped, by December 31, 1995, with FDRs thatrecord, as a .minimum, the
parameters required by current regulations plus the following parameters (recorded
at the sampling rates specified in attachment A): lateral acceleration; flight control
inputs for piteh, roll, and yaw; and pnmary fhght eontrol su:face pnsmons fm‘ plt.ch
roll, and vaw, ! e Gy

According to information provided t.o the Safety'Board by the FAAL,14 as' many
as 1,000 Boeing 737 airplanes would be affected by the retrofit. The -additional
parameters could, in most cases, be accommodated by the currently installed FDR
and FDAU systems. As a result, the Safaty Board estimates that the oost to add
these parameters would total between $10, 000 and $2D 000 perjirplane

. "Jh. , -._'“ LSV IPIN 4 S

In the ATR-72 and Saab-340B accidents, the: trave]m.g pubhc beneﬁted from
earlier corporate decisions by Avions de Tra.nsport Regional (ATR), Saiab Aircraft AB,
and AMR, Corporation/American Eagle to eqiiip the sirplanes w:t.h FDRa that record
more parameters than are currently raquired by the Federal Avid ‘?:‘io"ii Regulations.
American Eagle also has taken the initiative to retrofit its 19.ceat,; Bnﬁsh Aerospace
Jetstream airplanes with enhanced 'FDRs.i'In [the iSaféty Board's’dpinion¥the
leadership role taken by these companies should ba'foﬁowed by:others m“the aircraft
manufacturing and air carrier industries. *!Be¢atse!thevBoard:recognizes :that
regulatory change is not accomplished as quickly as action taken by individual
companies, the Safety Board believes'that ‘the cperators of transport category

- airplanes currently in service under 14 CFR Parts 121 and 135 should voluntarily

modify FDRs installed on their airplanes to reoord %" a minimum, the parameters
listed in attachment A plus the parameters that are mrrently reqmred by t.he
regulations applicable to each: mrplane Qg CEERY Fa Ly \

50 H ! /‘ ";‘i:,rh “
. R
g

“\.v“gr l\-r-l" ; "
13 In addition to the role that enhancea FDR phy aeddenf anza mudentmwshgahans
the data will be of great assistance to air carriers'™ lt‘light”ﬂpemhmu Quality Assirance '(FOQA)
programs. FOQA is a proactive, accident prevédtionprogram ‘that invelvesithe. mnalysis of data
collected dunngnormal flights, for the purpose of enhancing the safety of flight operations, The Safety
Board joins the FAA, the Department of Transportation, and many mdus!;ry representames m
supporting the development of FOQA programs. L .
e R I L

14 1 atter of December 14, 1994, from FAA Adniinistrator Hinson, =+ o=}
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Most newly manufactured airplanes used in air carrier service are routinely
equipped with digital data buses that carry information on hundreds of parameters.
Also, the current state of the art in solid-state memory devices has lifted the previous
constraints on the number of parameters that FDRs can record. Consequently, the
cost of adding FDR parameters usually will be minimal if the parameters are
specified before the airplane is built,

The Safety Board’s accident investigation experience in recent years indicates
that the FDR parameter requirements for newly manufactured airplanes need to be
expanded further. The Board believes that the reqmred FDR parameters for newly
manufactured airplanes should include those proposed in EUROCAE Document ED-
55'% plus additional parameters such as fight contral mput and surface positions.
Accordingly, the Safety Board believes that the FAA ghould require that all airplanes
operated under 14 CFR Parts 121, 125, or 135 (10 seats or larger) for which an
original airworthiness certificate is 1ssued after December 31, "1996, be squipped with
FDRs that record the parameters listed in "Proposed FDR Enhancements for Newly
Manufactured Airplanes” (attachment B to this lefter). Also, the Safety Board
believes that because available technology now permits all FDRs to record at least
25 hours of data, all FDRs installed on these newly manufactured airplanes should
have this recording capacity after December 31, 1896. . .

Because aireraft manufacturers ean rea"ct more qﬁick]y than regulatory
requirements can be changed, the Safety Board also believes that the manufacturers
ghould establish, for all newly manufactured surplanes that will be operated under
14 CFR Parts 121, 125, or 135 (10 seats or larger), a minimum standard for recording
FDR parameters in accordance with att.achment. B, e ey e

TR L
hima

Air travelers and the air carrier mdustry cannot aﬁ‘ord addltwnal unresolved
accidents. The Safety Board will continue its efforts to identify ‘the probable cause
of the accidents at Colorade Springs and Ahqulppa, but enhanced FDR data are
esgential to help prevent future accidents. A e

Therefore, the National Tra,nsportahan Safety Board remmmends that the
operators of air carrier service under 14 CFR Part 121 and commuter air carrier
service under 14 CFR Part 135: ) L

N p-

EES ""':'..
7

Ensure that the ﬂ:ght data recorders msta]led on transport category
a1rp1anes used in air carrier and mmmuter gir carrier service récord, as

a minimum, the parameters listed in’ "Pmposed Minimim TDR
Parameter Requirements for  Airplanes . - Bervice" f'plus ‘other .-
parameters required by current regnlatxons app imable to each an-plane
(Class IT, Priority Action) (A~95-28) B P I e

e
Jhd e s
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.‘..‘-
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L

15 Furopean Organisation For Civil Aviation Eqmpment [EUROCAE] May 1990, Mm:mum
Operational Performance Specification For Flight Data Recorder Systems (ED-56). Paris, France.
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Recormmendations were aléo issued to the Federal Aviation Admunistration and
to the rmanufacturers of airplanes operated under Parte 121, 125, or 135.

The National Transportation Safety Board is an independent Federal agency
with the statutory responsibility "...to promote transportation safety by conducting
independent accident investigations and by formulating . safety improvement
recommendations” (Public Law 83-633). The Safety Board is vitally interested in any
actions taken as a result of its safety recommendations and would appreciate a
response from you regarding action taken or contemplated with respect to the
recommendation in this letter. Please refer to Safety Recommendation A-95-28 in
your reply.

Chairman HALL, Vice Chairman FRANCIS, and Member HAMMERSCHMIDT
concurred in this recommendation.

Enclosures
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Attachment A

Proposed Minimum FDR Parameter Requirements
for Airplanes in Service

Proposed Minimum Parameters;

T R B A

[ - T S T B T
- O WP B - M s 0= O

. Control wheel and lateral control surface posutmn**

. Lateral acceleration**

Altitude

Airspeed

Vertical aceeleration

Heading :
Time of each radio transmission to air traffic cpntroli
Pitch attitude - '
Roll attitude
Longitudinal acceleraticn
Pitch trim position®*

. Yaw trim position**
. Roll trim position™* L

4 WE ATV R Sy

. Control column and pitch control surface pomtwn"‘*

Cooaanh

. Rudder pedal and yaw control surface posltlon**

. Thrust of each engine

. Position of each thrust reverser (or eqmvalent for propeller airplane)*

. Trailing edge flap or cockpit flap control pomtmn* . " .

. Leading edge flap or cockpit flap ¢0!11=1“31 pos:tmn* o . o
. Ground spoiler position/speed brake selechon*‘ s "‘r: S
. Angle of attack (when information source m aVa.ﬂable)""" o 5 W

e, ?}E".-
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22, Aut{)pllot engagement status**

'S5 12i22PM PROSPERITY MORTGAGE F.18-10

23, Automatxc Flight Cantrol System (AFCS) modes and engagemem status**
24. Outside or total air temperature**

(*) Indicates a new or changed parameter relative to the current 1l-parameter
requirement. (**) Indicates a new or changed parameter relative to the current 17-
parameter reqmrement

Notes:

1. Data shall be recorded within the range, resolution, accuracy and sampling

intervals specified in EUROCAE Document ED-55, Chapte:- 3 and Annex 1,

unless otherwise noted.

- Each airplane type will need to be assessed to identify any novel or unique design

- or operational-characteristics. It will then be necessary to ensure that sufficient

dedicated parameters, appropriate to these characteristics, are recorded in
addition to or in place of other parameters. .

The flight recorder shall use a digital method of recording and storing the data
and a method of readily retrieving those data from the storage medium. The data
shall be obtained from sources within the aircraft that enable accurate correlation
with data displayed to the flight crew, except when the flight deck displays are
filtered or manipulated go as to produce values that do not meet the resolution
and accuracy requirements for all phases of flight (for example, some EICAS
flight control position display data),

Nahonal Transportainon Safety Board -
February 1995
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Attachment B

Proposed FDR Enhancements
for Newly Manufactured Airplanes

Acceleration Parameters
Vertical
Lateral
Longitudinal

Airplane Performance/Position Parameters:
- Altitude

Airspeed
Air/ground sensor (primary airplane systems reference, nose or main gear)
Brake pressure and pedal position
Drift angle {when an information souree is installed)
Ground speed (when an information source ig installed)
Wind speed and direction (when an information source is installed)
Outside air temperature or total air temperature
Radio altitude (when an information source is installed)
Latitude and longitude (when an information source is installed)

Airplane Attitude Parameters: |
Angle of attack left and right (when an information source is installed)
Pitch
Roll
Magnetic heading
True heading (when an information source is msta]led
sampled 1 per 4 seconds)
Yaw or sideslip angle (when an. mformatton source is msta]led}*

Flight Controls Position and Input Parameters. |

All control surface positions--primary controls oo N
(pitch, roll, and yaw) T e T

All cockpit ﬂ1ght. control input positions’ dnd force_l O S DA
(contrel wheel, control column, rudder pedal) - =~ - '
(sidestick controllers on fiy-by-wire systems) =

Al] trim surface positions--primary controls**
(pitch, roll, and yaw)
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All eockpit trim control input positions--primary controls**
{pitch, roll, and yaw)
Thrust/power--pnmary flighterew reference
{may require multiple parameters for all phases of flight)
Throttle/power lever position
Thrust reverser status (i.e., stow, transit, deployed, reverse pitch.)
Thrust command (when an information source is installed)
Thrust target {(when an information source is installed)
Enpgine bleed valve pogition (when an information source is installed)

Airplane Configuration Parameters:
¥lap position (trailing and leading edge)
Spoiler position (ground and speed brake)
Spoiler/speed brake cockpit selection/status (armed--ground spmler)
Flap cockpit control selection”
Landing gear position,
Landing gear cockpit control selection
De-icing or anti-icing system selection
(when an information source is installed, sampled 1 per 4 seconds)
Fuel gquantity in CG trim tank (when an information source is instailed)
Computed center of gravity (when an informd&tion source is installed)
AC electrical bus status
DC electrical bus status
APU bleed valve position
Hydraulic pressure (all systems)

Navigation Aids:
Localizer deviation
Glideslope deviation
DME 1 and 2 distances
NAV 1 and 2 selected frequency
GPS position data (when an information souxce is msta]led)
‘Marker beacon passage

Autopilot Parameters: ‘
Engagement status (all systems)
AFCS modes and engagement status | ..
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Timing:
Radio transmitter keying
UCT (when an information source is installed)
Recorder elapsed time (frame counter, 0 to 4095)
CVR/DFDR synchronization reference
(when an information source is installed)
Event marker

Warning Parameters:
GPWS
Hydraulic pressure low (each system)
Master warning
Loss of cabin pressure
TCAS--TA, RA, and sensitivity (as selected by crew) -
Icing (when an information source is mstalled)
Engine warnings each engine-- o
Vibration (when an information source is mst.alled)
Over temp. (when an information gource is installed)
Oil pressure low (when an informnation source is installed)
Over speed (when an information source 1s installed)
Windshear (when an information source is installed)
Computer failure .
Stick shacker/pusher (when an mformatmn gource is ingtalled)

Manual/Automatic Selected Parameters:
Selected barometric setting
Selected speed
Selected vertical speed
Selected heading
SBelected flight path
Selected decision height
EFIS display format L :
Head-up display (when an mformahon source i5 mst.alled)
Para-visual display (when an information souree is installed)
Multi-function/engine/alerts display format B

(*) Range, as installed; accuracy, as in taIledw resolutmn, 03% uf fu]l range
sampling, 1 per second. (**) Range, full travel; accuracy, '+ 3% unless "higher
accuracy uniquely required: resolution, 0.3% qf fu]] range; aamphpg 1 per ;econd.

L.
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Notes:

1. Data shall be recorded within the range, resolution, accuracy and sampling
intervals specified in EURQCAE Document ED-55, Chapter 8 and Annex 1,
unless otherwise noted. S

2. Each airplane type will need to be assessed to identify any novel or unique design
or operational characteristics, It will then be necessary to ensure that sufficient
dedicated parameters, appropriate to these characteristics, are recorded in
addition to or in place of other parameters.

3. The flight recorder shall use a digital method of recording and storing the data
and 2 method of readily retrieving those data from the storage medium. The data
shall be obtained from sources within the aircraft that enable accurate correlation
with data displayed to the flightcrew, except when the flight deck displays are
filtered or manipulated so as to produce values that do not meet the resolution
and accuracy requirements for all phases of flight (for example, some EICAS
flight control position display data). e

Nalonal Transportation Safety Board
\ February 1995
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3. Safety Recommendation A-95-29
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- National Transportation Safety Board
Washington, D.C. 20594

Safety Recommendation

Date: March 9, 19953
In reply refer to: A-95-29

To the manufactursrs of airplanes
operated under 14 CFR Parts 121 125, or 135
(see attached mailing list)

On September 8, 1994, a USAir Roeing 737-300, flight 427, was on a scheduled
passenger flight from Chicago, llinois, to Pittsburgh, Pennsylvania. During the
approach to landing, the airplane suddenly rolled to the left and pitched nose down
until it reached 2 nearly vertical attitude and struck the ground near AHquippa,
Penngylvania. The airplane was destroyed; the 5 crewmembers and 127 passengers
were fatally injured. The Saefsty Board’s investigation of this accident is continuing,
and the probable causes have not been determined. '

On March 3, 1991, a United Airlines Boeing 737-291, flight 585, was on a
scheduled passenger flight from Denver to Colorado Springs, Colorado. As the
airplane was completing the turn to final approach, it rolled rapidly to the right and
pitched nise dowa, reaching 2 nearly vertical attitude befors it struck the ground.
The airplane was destroyed; the five crewmembers and 20 passengers were fatally
injured. In its report on this accident, the National Transportation Safety Board did
not reach a determination of the probable cause.!

Both airplanes were equipped with a flight data recorder (FDR), In each case,
however, the FDR did not provide needed information ahout airplane motion and
flight control surface positions during the accident sequence.

! National Transportation Safety Board, 1992, United Airlines flight 585, Boeing 737-291,
N998UA, Uncontrolled collision with terrain for undetermined reasons 4 miles south of Colorade
Springs, Colorado, March 3, 1901, Aircraft Accident Report NTSB/AAR-92/06. Washington, DC.

6528
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In the Colorado Springs accident, five parameters—-altitude, airspeed, heading,
vertical acceleration, and microphone keying--were recorded by the FDR, Currently,
regulations contained in Title 14 of the Code of Federal Regulations (14 CFR) Part
121.843 require these five parametars to be recorded by FDRs on airplanes that, like
the airplane involved in the Colorado Springs accident, were type certificated prior
to October 1, 1969, and were manufactured (received an individual certificate of
airworthiness) prior to May 26, 1989.2 The FDR of the airplane involved in the
Colorado Springs accident did not record (nor was it required to record) other
parameters critical to this accident investigation: airplane pitch and roll attitude;
engine thrust values; lateral and long'mudmahaocele;atmn control wheel position;

rudder pedal position; and control surface positmns, such as rudder, aileron, and

spoiler.

In the Aliquippa accident, the accident airplane was the same type, a Boeing
737, but the airplane’s FDR system had been retrofitted with six additional
parameters, in anticipation of the 1995 deadline for these enhancements. However,
the additional parameters did not include information on cockpit flight control inputs,
flight control surface positions, lateral acceleration, or aufopilot status, which has
hampered the Board’s continuing accident investigation. In a public hearing on the
accident, conducted by the Safety Board in Pittsburgh, Pennsylvania, on January 23-
27, 1995, witnesses from the FAA, aircraft manufacturers, and airlines agreed that
additional FDR parameters would have assisted the Board in determining the
probable cause of this accident.

Had the airplanes involved in the Colorado Springs' and Aliquippa accidents
been equipped with enhanced FDRs, information from the additional parameters
would have allowed the Safety Board to quickly identify any abnormal control surface
movements, configuration changes, or autopilot status cbanges that may have been
involved in the loss of airplane control. Just as mporbant, information from the
additional parameters would have allowed the Board to rule out certain factora, if
warranted, and to focus its investigations on other areas. :

Ioformation from FDRs with addlhonal parameters subst.anha]]y aided the
Safaty Board’s investigations of two regional airline accidents that occurred during
1994, The first accident ocourred on October 81, 1994, while an ‘American Eagle
ATR-72-210, flight 4184, was on a echeduled ﬂxght from Ind.\anapohs. Indmna to

/‘v

? Part 121.843 requires that by Mey 26, 1995, l.a.rge au'p'lanes type cartificated pnar to October
1, 1969 (which would have included the :m-planes involiad. in the Colorado Springs and Alidquippa
accidents) must be equipped with FDRs that record 11 parameters. The additional parameters are
longitudinal aceeleration, pitch attitude, roll attitude, contzol column or pitch control surface poaition,
and thrust of each engine (twe thrust values for the Boeing 787), Part 121,343 also requiras that
airplanes type certificated aftar October 1, 1969 (regardless of the date of manufketure) and airplanes
manufactured after May 26, 1989 (regm-d]ess of the dats of type certification) must be equipped with
FDRs that record 17 parameters, Airplanes manufactired after October 11, 1991 (rega.rdlass of the
date of type certifieation) must be equipped with FDRs that record 31 parameters.

7y

A
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Chicago, Illinois. The flight had been placed in a holding pattern over Roselawn,
Indiana, because of weather delays at O'Hare Airport. The flight was cleared to
remain in the holding pattern arnd to descend from 10,000 to 8,000 feet. The airplane
rolled to the right, entered a steep descant, and strunk the ground; all 64 passengers
and 4 crewmembers were fatally injured. The Safety Board’s continuing investigation
has not yet determined the probable caunse of the accident; however, information from
the enhanced FDR enabled the Safety Board to identify, within hours after receiving
the recorder in its laboratories, the key events leading to the airplane’s departure
from controlled flight and the events during 11:5 ﬁnal descent L

The ATR-72 was equipped with an FDR that recnrded 98 parameters mcludmg
vane angle of attack (VAOA), aileron bellerank pogition, flap position, ‘afleron trim
position, and autopilot engagement status. The FDR data shorwed ‘that-as the
airplane was descending through 9,400 feet, tha wing ﬁ.aps ega 1'.0 retract and the
airplane’s VAOA increased. As the VAOA'reached'h ?‘tﬂegrees ‘the * autopilot
disengaged, and within 1/4 second the aflerons deflected to near maximurn travel in
the right-wing-down direction. The FDR data &lsc showed that the rolling moment
was reversed when the VAOA was reduced to below 5 degrees, and the silerons
deflected in the left-wing-down direction. ‘The nght rolling morhent recurred as the
VAOA again increased to 5 degrees, and the aflérons deflected it the nght.-wing-dqwn
direction. Control of the airplane was not mltorad m‘hme 10’ prevem lmpact mth the
ground,

"'s'.L o Lnder "-‘I.;:'

The data available from the ATR72 FDR' m‘amatea to mveshgators ‘that the
airplane rolled as expected in response to aileron control surface movements, and that
the .aileron movements were correlated with i mcreases in"the mrplanes ‘angle of
attack. As a result, the Safety Board was sble to focus’ its”efforts on posmble
explanations for the aileron control muféce movements anﬂ mthm days ‘of the
accident, the Board issued urgent safety recommenaa tiohs to mirirnize the  likelihood
of sumlar occurrences in the future. A% part-of its ‘cofitinmng investigation, the
Safety Board is also examining readouts from. FDR& with expanded parameters from
seven other ATR airplanes that have reportedly enemmﬁered flight Eontrol anomal:es,
three of which have shown important s:mﬂanii s’turthe aeddent ﬂlght, LY

'l;!'f

_parametera was une in
gaﬁon ‘frorn &

: The second accident mvolvmg a.n YFDR qlfh
which FDR data quickly moved the focus of tﬂe i

PICENE

to operations and human performance. . Ox’ Februmy 11994, an ‘American ‘Eaple

Sasb 340B, flight 3641, was approachirig Baten RAVES, Loviiiana, o ‘4 Seduled
passenger flight from Dallaleort Worth, Texas. s the airplare descen ¢d Theaigh
9,000 feet, both engines failed. The flig "‘j;'jfj_ ecuted & landing ‘Gt'False
River Air Park in New Roads, Lowi y

substantial damage The ﬁght aﬂ'.gndant joziatt

The FDR msta]led on the Saab 3403 reeorded 128 parameters FDR data
showed that as the airplane descended throngh 9,040 f‘eet.. there was’ n-rap:d me of

A\
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both propellers’ rotational speed well above the maximum allowable revolutions per
minute. Because the FDR also was equipped to eapture the positions of the engine
power levers, the Safety Board was able to determine that at the same time the
propeller speed inereased, the power levers moved from the flight idle gate position
to aft of the ground idle detents. The pirplane’s approved flight manual prohibits
such power lever movements while in flight. Thls flighterew action explained the
propeller overspeed, which resulted in dual engine failure. With the expanded FDR
data, the Safety Board was able to rule out alternative explanations for the propeller
overspeed, mcludmg propeller systems failures that previously had affected similar
propellers installed in another turboprop regional airliner®

The importance of FDR data is not limited to investigations of catastrophic
accidents. FDR data from incidents, which are less serious but occur more often, can
provide to investigators and the aviation community eritical information to help
prevent accidents involving similar circumstances. * Following the Colorado Springs
and Aliquippa accidents, the Safety Board investigatéd 12 Boeing 737 incidents
involving ‘anomalous rudder activity or uncommanded roll oscillations. “The FDRs
aboard the incident airplanes, however, were not equipped to record flight control
surface positions, flight control inputs, or lateral aceeleration. Like 79 percent of all
U.S.-registered Boeing 737s, the sirplanes ‘involved in the 'incidents were
manufactured prior to May 26, 1989; consequently, they were required by current
regulations to record only the five basic FDR parameters. -As a result, eritical,
objective data were not available from. the FDRs, and investigators had little more
than the flighterews’ subjeckive reeo]lechona of these dynamm events

In contrast to the investigations of these 19 Boemg 737 mmdents for which
important FDR data were not available, investigitions of ¢ther incidents have been
greatly aided by the availahility of enhanced recorded information. These incidents
involved airplanes equipped with a digital datd bué*fhat transmlta mformahon from
many sensors to the onbhoard recording ﬂmaea"‘-" i

On October 7, 1993, a British Airways Boamg 747-436 expenenced anose-down
p1tchmg monaent mmedlately after departure from London Heathrow Airport. The
captain avoided ground contact by exerting snbstantial back pressure on his control
column., The incident was investxgated by the United Kingdom's' Air’ Accidents
Investigation Branch (AATB). Of the many ﬁa‘l"&mstem ‘that were available on the
airplane’s digital data bus, recorded by & Quick Aceéds Recorder (QAR)* and aviilable
to the FDR, several were useful in'the AAIBsmvashgaﬁon. .These parameters
included the position of each of the "four elev"a}éf “ebntrol snrfaoes, coniz'ol eolm:nn

S eI ok e '-m} AR

. .‘__' ‘."',

L‘:_

3 National Transportation Safety Board. 1992. Aﬂmﬂc_'Scnthaa& An'lmes. Inc., ﬂight 2311
Uneontrolled collision with tarrain, an Emhraer EMB-120, N'Z'IOAS,anmck, GNTBB, Am'il 5,1991.

. Alircraft Accident Report NTSB/AAR/92/03, Wauhington DO o

* QARs and FDRs have similar data storage c.npabihtlna but Q,ARs pnma;rily intended for air
carrier maintenance fault anatysis, are not han'laned to mmvo eraah nnpnct and ﬁre condmona.

d‘a \.r
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position, radar altitude, landing gear position, and hydraulic system pressure. By
analyzing the information from the QAR, the AAIB egtablished that "the upset was
caused by the uncommanded pitch-down movement of both right-side elevators,
coincident with landing gear retraction."® As a result of its investipation, the AATB

recommended that the FAA require modifications of Boemg 747 hydrauhc gystemns
and elevator power control units.

Between June and Aupgust 1993, A:.r France Boemg 737-300 girplanes
experienced three rudder deflection anomalies. For 'each mmdent, ahout 206 flight
data parameters were available to the French acmdent mvestugatxon authority,
Bureau Enquetes Accidents (BEA). The data were recorded on QARB and available
parameters included control surface positions, flight path data, ceeleration in three
axes, yaw damper, and autopilot modes. The Safety Board is evaluating the data

from these incidents for possxble apphcabxhty to the Ahqmppa or Colcrado Spnnga
accidents. C : o

el ,-n%‘ i bag
The data required to be recorded oni FDB.s have been based on the Safety
. Board's accident investigation experience and the capacity of the mcordmg devices.
Over the course of decades, many accidents investigated by the ‘Board focused on
wind shear, takeoff overruns, and instances of controlled ﬂxght into ter:am, fewer
accidents involved the inflight loss of lateral of direttional eontrol* In regporse; FDR
parameter requirements focused on airplane performance (stich a8 an-apeed, altitude,
and longitudinal acceleration) rather than on flight contrél (such 4 rudder position
and trim settings). Fowever, the recent acdidents and ‘incidents, ‘discusged ‘above,
have demonstrated that more information about ﬂtght eontml parameters should be
recorded by FDRs. e, x_.. .3:' ‘

yll(ﬁ

Among the additional fiight euntm'lparam eters thatareneéded aré~ rarie
that pertain to the positions of flight control mputs “amd_ ﬂight"con&ol ‘surfaces.
Under current rules, airplanes fitted with cunveﬁhonal ‘fight ebhitrols are permitted
to record either the cockpit control input (such as control wheel posxhon) or the
control surface (such as the direction and amount o’fa’ilemn deflection), if one can be
derived from the other. But inits mveshgatmns of, "the recent Boeing 787 accidents,
the Safety Board found that in some failure modes, ﬂzght mntrol gurface pos:hona
could move independently of cockpit flight. em;tj:ol ,gmputa >Alsq, “unider .80me
conditions, additional information is needed hy in eshgatom to ﬂetermme whether
the controls on the flight deck caused the qontrol au;facea to. mqye, ‘or Vrice, .yexsa,
Consequently, FDRs should record both the WI;g'ﬁt ‘Bontrol inpirta a:y'iﬂ:ght comtrol
surface pOSIt‘lOD.S v f -»"J v)ﬁ‘dgfﬁnn-i"l\i{m - R ﬁ;\i}if h

T

5 UK. Department of Traneport, Air Accidents Investigation Branch. 1995. Reporl; on the incident
to Boeing 747-436, G-BNLY at London Heathrow mm o, 7 chober 1993 A:rcraﬁ Aeddenf Report
1/95, London, Engla.nd

i
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Flight control trim information, including the posﬂ:cms of trim controls for roll
and yaw, also has been essential during recent accident investigations. For example,
the aileron and rudder trim parameters provided answers to eritical questions early
in the investigation of the Roselawn accident. The’ a:rplane involved had previously
experienced trim anomalies; the FDR revealed none on the- amdent Bight.

-'--"' 1\.(

Recent technological changes have made’ foasible the acqmsltmn and storage
of large amounts of data on FDRs. Today, even for older airplanes, many FDR
systems can record additional parameters because: of unused capacity in the flight
recording system. In terms of flight remrdmg systems, there are two genersal
categories of airplanes in the current alr carrier .ﬂeet. analog au-planes, a.nd
airplanes equipped with a digital data bus, *~° B rf’”_ S |

On an analog airplane, information ﬁ-um reénotely lo&md data sensors (for
example, a rudder posmon sensor Jocated in the tafl ‘séétion)'is transmitted to the
FDR via dedicated wires in an analog format. The information is then converted to
digital format in the FDR or the flight data acqmsmon umld-. (FDAU)

On an airplane equipped with a d1g1tal data’ En's“infarmahon is transm:tted
in digital format from a multitude of Sensors, ’along a- smgie, high capacity
communications pathway (data bus). Infqrq:ahon transmitted on the bus is provided
to a number of systems, including flipht managermént eomputera. cockpit displays,
QARs, and FDRs. Additional data can readily be fed from ‘the bus to the FDR, based
on information that is already on the hus for ut'herpurposes or Hdded f.o the hns by

\.'w G-

NEW Sensors, L B ; r*' o
i r ;. i .5.1 . rf ’ K

Upgrading FDRs with add:rhonal pa.rameters would resultmm:proved amtmn

safety. The Safety Board achowledges, however, that retrofitting airplanes that are

currently operating in air carrier service would pgqegmtate a mg’mﬁcant monetary

investment, especially for analog smplanes bf‘»? 5 "j"."

The Safety Board obtained mformatnon aboutafhe- cast ofupgradmg FDRs on
‘analog airplanes from an ar carrier’ trade up “and “an- FDR equipment -
manufacturer, In a petition submitted to'the 'FAiQ',-th ‘ﬁir“‘Itanspbrt Association
(ATA) reported that to upgrade an FDR with six a.dﬂxhonal pa:agne?ra would require
a one-time expenditure of about’ $250,000 periaifr pé’:for -engineering
specifications and the development of mﬁpﬁﬁ huar'ﬂ;hhse gpue.-‘tme ‘costs would be
gpread over all of the individual mrplanés of eacﬁ“%é‘ iat ‘imtyﬁttad, ‘that is,
if there are 500 airplanes in service;’ ‘the cost ﬁ:r’bﬁsié‘bnﬁn’éeﬁpg%éﬂdbe 3500 per
airplane. Additional expenditures would be fequired for labo
upgrade each individual airplane; an ATA member sﬁrvey stated that. t.he msta]leil

§ Letter of June &, 1992, to the FAA Office of General Gou.nsel Ru]es Dock!t from Joseph D.
Vreeman, Vice President ofEngmeering Ma:ntananea, nnd Mat.enel A:r'hansport Anaoc:ahon.

l'f el
.l? T, -
sy
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equipment cost fora six-;:arameter upgrade would total between $20,000 and $40,000
per individual airplane.

The Safety Board also obtained estimates of installed equipment cost to
upgrade an FDR to record the parameters listed in "Proposed Minimum FDR
Parameter Requirements for Airplanes in Service” (attachment A to this letter). ‘The
information was provided by an FDAU manufacmrer a.nd an FDR manufacturer.

The FDAU manufacturer estimates that retroﬁttmg an analog airplane could
cost about $20,000 to $30,000. This estimate includes about $1,000 per additional
parameter ($200 to $400 of which ig for sensors; the remainder is for associated
wiring and labor). The FDR manufacturer estimates that to record the parameters
listed in attachment A, many airplanes may require the use of an FDAU, which could
cost an additional $15 000 to $20,000 for each airplane not a]ready 8O’ eqmpped.
Based on the various estimates, it appears that retrofithing an analog- Erplane to
gecord the parameters listed in at'tachment A could cust between $25 000 and

70,000. :

Retrofitting an airplane equipped with an ARDJC 429 digital data bus or
equivalent (such as the Boeing 757 and 767) to recurd as a mmimu:n, the paramatera
listed in attachment A would be less expensive. “Most wiring changes’ 'srould e

confined to the electronic equipment compartment, and some raprogrammng of the

digital FDAU would be required. All of the airplanes woulcl require the addition of
flight control surface position sensors. Bome a:rplanes tbat were' manufachg,red on
or before October 11, 1991, may also require addxtnonal sensors . __f. th

During the public hearing on the Ahqmpﬁaicu ent, a ma,]o:- U S au- carrier
expressed concern sbout the costs of upgxad:ng_-‘_FDRs on the carrier’s ‘fleet. “The
Safety Board recognizes that enhanced FDR, capl tg-needs to'he wexghed againgt
the costs. However, the Board also believéd that ihe costa 'Ehmﬂd be balanoe& against
the remaining vseful life and revenue-esrning potenﬁal of an a:rplane ”‘U‘smg an
* upper-bound retroﬁt cost of $70,000 per sirplane'and réasonable’ assumphons about
an-pl,ane utilization,? the Safety Board estimates the ‘soat of retrofitting an au-plane
in current service with an enhanced FDR to beless than7¢ perpassenger I

The Safety Board believes that pubhc aaﬁty outwmghs the 7¢-p&r-passen‘ger
cost of equipping older airplanes to. record mmFDRparameters especially if the
retrofit program is Hmited to a:rplane typesthat Feiaih m’ produchon‘@ncl

. SRt T4 ““‘37‘.‘,5- Jnvlfﬁ“ﬁ”‘?fﬂ* Q’!’F‘x' "; ’MW =

7 Summarized by the FAA in its Notice ufPropoaed Rnlemalnng on extan:inn ufthe comp‘lianca
date for mstallataon of digital FDRs on Stage 2 an-phnes Federal Register (\Tol. 69, No. 36)," P 8573
,,,,, S By £ie va gy
8 Assumptions are ea follows: averaga seahng mpamty‘ of 150 pamnam. 3 deparb:ran per day,
4 B5-percent passenger load factor, and a useful life of 10 yeara. "

45
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denvahve models”). According to information provided by the FAA to the Safety
Board,' the U.S. register currently lists about 2,000 transport category airplanes
(such as DC-9s, B-737s, and F-28s) that were type certificated before October 1,
1969. These types are still in production (including derivatives, such as MD-80s, B-
737-4008, and F-100s), and most of these’ aa.rplanes nse the analog method of data
acquisition and transmission,

The Safety Board beheves that tramport category girplanes of a type that is
still in production and operated under 14 CFR Parts 121, 125, or 136 should be
retrofitted with the sensors and FDAU peeded to record, as a minimum, the
parameters listed in attachment A Further, these a:rplanes should continue to
record the FDR parameters requived by current regmlations applicable to each
airplane (based on its dates of certification and manufacture). Although Boeing 727
and Lockheed L-1011 airplanes are not currenﬂy in production, nearly 800 airplanes
of these types are expected to remain in the U.8. ‘sirline flect by the end of the
1990s.! Accordingly, the Safety Board belisves that'these sirplanes should also be
retrofitted to record on FDRs, as a minimum, the parameters lsted in attachment A,

To ensure that individual airplanes have a substantial usefu] life over which:
to recoup the cost of FDR enhancement, the Safety Board believes that the retrofit
should apply only to airplanes (except for Boeing 787s, w]m:h are addressed later in
this letter) that comply with Stage 3 noise requ:rements, or that remain in gervice
after December 31, 1999, by receiving a waiver or exemption from Stage 3 noise
requirements. This criterion would apply the FDR enhancements only to md:vxdual
airplanes that have the opportunity to operate well mto the next decade

The Safety Board believes that the FAA ahould eomplete its mlemalnng on
FDR enhancements by December 31, 1995, ‘Further, the FAA should require all
operators of transport category airplanes under 14 CFR Parts 121, 125, or 135 to
complete the FDR enhancements by January 1,: 1998 “Afrplanes that do not currently
comply with Stage 3 noise requirements should bé retrofitted with these FDR

- enhancements by January 1, 1998, or by the later daté when they meet Stage 3 noise

requirements but, regardless of Stage 3 comphance status no later than
December 31, 1999,

9 Derivative models are updated versions of olda:: m-plnm types that continue to use the original

. FAA aircraft. type certificate. Examples incuds the HnDanunIl Do-ughs M:D-SO series, based on the

"
i

DC.8, and the Fokker F-100, based on the F-28,

10 Lotter of Decamber 14, 1994, from FM'Admmmm Dmnd R Hm.m ta Safety Board
Chairman Jim Hall L .

F-

I Derived from information in the letzer afDecember 14, 1994 ﬁm‘ma Aﬂmms-h-ator Hinzon.
R Y

¥ According to 14 CFR 91.853, all airplanes ml] be requned to meet Staga 3 noise requirements
by December 31, 1996. .

;
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With regard to Boeing 737 airplanes, which account for about 23 percent of the
U.8. air carrier fleet, the Safety Board believes that FDR enhancement is needed
sooner. Data from enhanced FDRs play a vital role in helping to prevent accidents
through information they provide about incidents.® During the public hearing on the
Aliquippa accident, the Boeing Commercial Airplane Group indieated that it had
records of 187 flight control incidents involving Boeing 737s that occurred between
1970 and 1994. Of the 187 incidents, 35 occurred in 1993 and 1994. Because the
Boemg 737 will be used for years to come, it is essential that the airplanes involved
in future incidents be equipped with enhanced FDRS Con.sequenﬂy, the Safety
Board believes that the FAA should require that all Boemg 787 airplanes operatad
under 14 CFR Parts 121 and 125, regardless of Stage 3 mmphanea status, be
equipped, by December 31, 1995, with FDRs that record, ‘as a minimum, the
parameters required by current regulations plus the foﬂomng parameters (recorded
at the sampling rates specified in attachment A): lateral acceleration; flight control
inputs for pitch, roll, and yaw; and primary fhght contml surface pomtmns for pitch,
roll, and yaw. 3 ===.---:- ST L -

According to information provided to the Sa?ety Board by the FA.A,I“" as many
as 1,000 Boeing 737 airplanes would be affected by the retrofit. The additional
parameters could, in most cases, be accommodated by the’ curranﬂy installed FDR
and FDAU systems. As a result, the Safety Board estimates that the cost to add
these parameters would total between $10, 000 and 320 00'0 per au'plane

In the ATR-72 and Saab-340B acmdenta the tra.ve.hng pubhc beneﬂted ﬁ'om
garlier corporate decisions by Avions de ‘I&'ansporl: B.egxonal (ATR). Saab Aircraft AB,
and AMR Corporation/American Eagle to equip the air] ines with ¥DRs that recard
more parameters than are currently required by the ‘Federal Aviation Regulations,
American Eagle also has taken the initiative to rei:oﬁt jts 19-seat, British Aerospace
Jetstream sirplanes with enhsnced FDRs, , Jn'the Safety; Board's gpinion, the
leadership role taken by these companies ahovlﬂ be followed by ‘others in the sircraft
manufacturing and air cartier industries. ‘Bécause the Board recognizes “that
regulatory change is not accomplished as quickly as antxon taken by individual
companies, the Safety Board believes that the opemtm transport category
airplanes currently in gervice under 14 CFR Parts 121 and 135 should voluntarily
modify FDRs installed on their airplanes to record, a3 a minimum, the parameters
listed in attachment A plus the parameters th‘.at_ are currenﬂy reqmred by the
regulations applicable to each mrplane B T

ik
S ﬁ.ﬁ%"m:i et T 2

18 1 addition to the role that enbanced FDR datn mnplay in aétident and mmdant mvestlgahnns, '
the data will be ofgreat asmstmmhdrmﬂiﬂmtwmmmu (FOQA)
programs, FOQA is a proactive, accident prevention program ‘that fmvolves the analysis of data
collected du:rmg normal flights, for the purposa of enhaneing the safety of flight operations. The Safety
Board joins the FAA, the Department of Transportation, and many mdﬂstlv raprasant.atms in

suppeorting the development of FOQA programs. Lo . ‘ o

[ AR

4 1 atter of December 14, 1994, from FAA Mmmlstl‘atnrﬂl n. St

7y



NOY 15 95  12:34PM PROSPERITY MORTGAGE P‘.E.f'El

.8

* \)

10

| Most newly manufactured airplanes used in air carrier service are routinely
equipped with digital data buses that carry information on hundreds of parameters.
Also, the current state of the art in solid-state memory devices has lifted the previous

constraints on the number of parameters that FDRs can record, Consequently, the
cost of adding FDR parameters usually will be mmmal lf the parameters are
specified before the airplane is built, _

The Safety Board’s accident investigation experience in recent years indicates
that the FDR parameter requirexeents for newly manufactured airplanes need to be
expanded further. The Board believes that the requ:.red FDR parameters for newly
manufactured sirplanes ghould include those proposed in EUROCAE Document ED-

56'° plus additional parametars such as flight control input and surface positions.

Accordingly, the Safety Board believes that the FAA should require that all airplanes
operated under 14 CFR Parts 121, 125, or 135 (10 seats or larger) for which an
original sirworthiness certificate ia wsued after December 31,1996, be equipped with
FDRs that record the parameters listed in "Proposed FDR Enhancements for Newly
Manufactured Airplanes” (attachment B to this letter). ' Also, the Safety Board
. believes that because available technology now permita all FDRs fo record at least
25 hours of data, all FDRs installed on these newly manufactured a:rplanes should
have this recording capacity after December 31, 1996 -----

Becauge aircraft manufacturers ean react ‘mbre qmckly than regulafory
requirements can be changed, the Safety Board also believes that the manufacturers
should estahlish, for all newly manufactured airplanes that will be operated under
14 CFR Parts 121, 125, or 135 (10 seats or larger), & mxmmum atandard for recording
FDR parameters in accordance with att.achment B ':u' o RRALT) S

A:Jrf‘

Air travelers and the air carrier mdustry eannot aﬂ'ord additional unresolved
accidents. The Safety Board will continue its efforts to identify the probable cause
of the accidents at Colorado Springs and Ahqmppa, but enhanoed FDR data are
essential to help prevent future accidents. - e

Therefore, the National 'I‘ra.nsportatmn Safety Board remmends that the
manufacturers of airplanes operated under Parta 121 125 or 135

Establish, for all newly manufactu.red a:rplanes that wi]l be operated
under 14 CFR Parts 121, 125, or 135 (10 seats’ orlarger), i minimum
gtandard for recording ﬂight data recorder parameters in ‘accordance
with "Proposed FDR Enhancements for Newly Manufactmed An'planes
(Class II, Prioxity Action) (A-95-29) E e R e

L Faplh
18 European Orgonisation For Civil Aviation’ Equ:pmant fE'UROCAE] May 1990 Minimom
Operational Performanca Specification For Flight Data Reeorder Symm ED-&&) Paris, France

7;-
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Recommendations wera alse issued to the Federal Aviation Administration and
to the operators of air carrier service under 14 CFR Part 121 and commuter air
carrier service under 14 CFR Part 135.

The National Transportation Safety Board is an independent Federal agency
with the statutory responsibility "...to promote transportation safety by conducting
independent accident investigations and by formulating safety improvement
recommendations” (Public Law 93-633). The Safety Board is vitally interested in any
actions taken as a result of its safety recommendations and would appreciate a
response from you regarding action taken or contemplated with respect to the
recommendation in this letter, Please refer to Safety Recommendation A-95.29 in
your reply.

Chairman HALL, Vice Chairman FRANCIS, andMemberHAMMERSCI—IMIDT
concurred in this recommendatxon.

Enclosures

A4
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Attachment A

Proposed Minimum FDR Parameter Requirements
for Airplanes in Service

Proposed Minimum Parameters:

Lol T S T L

o TR N T o o v e
HSqumu#meo

. Yaw trim position** - N
. Roll trim position** y ,
. Control column and pitch control surface poamon**

. Control wheel and lateral control surface posxtlon’?*

. Rudder pedal and yaw control surface position**

. Thrust of each engine >

. Posgition of each thrust reverser (or eqmvalent for prope]ler airplane)*
. Trailing edge flap or cockpit flap control pomhon*

. Leading edge flap or cockpit flap control position*

. Ground spoiler position/speed brake selechon‘* :

. Angle of attack (when information sourcetié avaﬂable)“ '

. Lateral acceleration**

Altitude

Airspeed

Vertical acceleration

Heading

Time of each radio transmission to air traffic control
Pitch attitude

Roll attitude

Longitudinal acceleration

Pitch trim position*

oo
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22. Autopilot engagement status** .
23. Automatic Flight Control System (AFCS) modes and engagement status**
24. Outside or total air temperature** .

Prae

(*) Indicates a new or changed parameter relatwe to the current 1l.parameter
requirerment. (**) Indicates a new or changed parameter relative to the current 17-
parameter requirement. .

Notes:

1. Data shall be recorded within the range, resbluﬁbﬁ, accuracy and l‘amp]mg
intervals gpecified in EUROCAE Document ED—55 Chapter 3 .and Annex 1,
unless otherwise noted.

2. Each airplane type will need to be assessed to idenﬁfy any novel or unique design
or operational characteristics, It will then be necessary to ensure that sufficient
dedicated parameters, appropriate to these characteristics, are reoorded in
addition to or in place of ot.her parameters.

3. The flight recorder shall use a d1g1ta1 method of record:ng ‘and storing the data
and a method of readily retrieving those data from the storage medium. The data
ghall be obtained from sources within the sireraft that enable accurate correlation
with data displayed to the flight crew, except when the fhght ‘deck displays are
filtered or manipulated o as to produce values-that do Bt meet the resolution
and accuracy requirements for all phases of ﬂlght (fo:." A pIE, some EICAS
flight control position display data) '

S ewe ,-.._-- -..u_.
i '.L';‘-". E*.'v . L
""u_ YTen ¥ I *

Kl
P

Natonal 'I&-amportahon Safety Board
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Attachment B

Proposed FDR Enhancements
for Newly Manufactured Airplanes

Acceleration Parameters:
Vertical
Lateral
Longitudinal

Airplane Performance/Position Parameters:
Altitude
Airspeed
Air/ground sensor (primary airplane systems reference, nose or main gear)
Brake pressure and pedal position . .
Drift angle (when an information source is msta]led)
- Ground speed (when an information source is installed)
Wind speed gnd direction (when an information source is mstalled)
Outside air temperature or total air temperature . - . -
Radio altitude (when an information source is mata.lled) o
Latitude and longitude (when an information gource is jnstalled)

Airplane Attitude Parameters:
Angle of attack left and right (when an mformahon source is msta]led)
Pitch , .

Roll ' b, e

Magnetic heading ;_; HEMS e e n i et e

Trua heading (when an information soum&m matalled.
sampled 1 per 4 seconds)

Yaw or sideslip angle (when an mfbrmatan saurce ls mstalled)*

Flight Controls Position and Input Pmmam' :

All control surface pomhon&-pnmary
(piteh, roll, and yaw) t ---,fi?.w o

All eockpit flight control input positions and forees
(control wheel, control column, rudder pedal)
(sidestick controllers on fly-hy-wire systems) .

All trim surface positions--primary controls** ‘
(pitch, roll, and yaw)
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All cockpit trim control input pesitions--primary controls**
(pitch, roil, and yaw)
Thrust/power-—pnmary flighterew reference
(may require multiple parameters for all phases of flight)
Throttle/power lever position
Thrust reverser status (ie., stow, transit, deployed reverse pitch.)
Thrust command (when an information source is installed)
Thrust target (when an information source is installed)
Engine bleed valve position (when an information source is installed)

Airplane Configuration Parameters:

Flap position (trailing and leading edge)

Spoiler position (ground and speed brake)

Spoiler/speed brake cockpit selechon/atatnm (anned—ground spoﬂer)
Flap cockpit control selection Ca

Landing gear position

Landing gear cockpit control selection

De-iding or anti-icing system selection . -

(when an information source is installed, aampled 1 per 4 seconds)
Fuel quantity in CG trim tank (when ar information source is installed)
Computed center of gravity (when an information source is installed)
AC electrical bus status
DC electrical bus status - :

APU bleed valve position L ataw el
Hydraulic pressure (all systems) T A S

Navigation Aids: srgisey kT

Autopilot Parameters:

Localizer deviation IR =a.-,".3-f--.vv} ) N A
Glideslope deviation : "
DME 1 and 2 distances

NAV 1 and 2 selected frequency ‘
GPS position data (when an information snume m mstaﬂed)
Marker beacon passage N '

Engagement status (all systems)
AFCS modes and engagement status ..




o
&
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Timing:
Radio transmitter keying
UCT (when an information source is installed)
Recorder elapsed time (frame counter, 0 to 4095) o
CVR/DFDR synchronization reference ST e
(when an information source is installed) o
Event marker ' e

Warning Parameters:
GPWS
Hydraulic pressure low (each system)
Master warning
Loss of cabin pressure
TCAS--TA, RA, and sensitivity (as selected by crew)
Icing (when an information source is mstalled)
Engine warnings each engine--
Vibration (when an information source is mstalled)
Over temp. (when an information source is installed)
Oil pregsure low (when an information source is installed)
Over speed (when an information source is installed)
Windshear (when an information source is installed)
Computer failure
Stick shacker/pusher (when an information souree is msta]led)

Manual/Automatic Selected Parameters:
Selected barometric setting
Selected speed
Selected vertical speed
Selected heading
Selected flight path
Selected decision heipht
EFIS display format e
Head-up display (when an mformatlon gource is mstalled)
Para-visual display (when an information source is installed)
Multi-function/engine/alerts dmplay format R

(*) Range, as installed; accuracy, as mataned,;mlutioﬁ,' ‘o 3% o fall “Phnige:
sampling, 1 per second. (*¥) Range, full travel; accuracy, '8% -unless highér
aceuracy uniquely required; resolution, 0. 3% of fu]l range; sampling, 1 per second.’
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Notes:

!

1. Data shall be recorded within the range, resolution, : nnc'uracy and sampling
intervals specified in EUROCAE Document "ED-55, Chapter 3 and Annex 1,
unless otherwise noted. AT w’; i ﬁ;_ 7 '\‘i':- PV

P -v..\a bfqi' e : 3

2. Each airplane type will need to be a.ssesaed tn xdentxﬂ;r anynnvel or umque demg-n
or operational characteristics. It will then be niecessary to enstre that sufficient
dedicated parameters, appropriate to these characbenshcs, are recorded in
addition to or in placs of other parameters ¥

RN Y _--,'-1.&. ...,.
g

3. The flight recorder shall use a digital method of recordmg a.nd stonng the data
and a method of readily retrieving those data froin the stofage medium, The data
shall be obtained from sources within the aircraft that enable accurate correlation
with data displayed to the flightcrew, except when the flight deck displays are
filtered or manipulated 8o as to produce values‘that do not meet'the resolution
and accuracy requirements for all phases of ﬂ:ght Ct'or Example, some EICAS
flight control position display data) SRR AREE

[ e

Nahonal 'Iransportatmn Safety Board
February 1995




