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

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

'Zhe CVR receives it electrical power f" the aircraft fmd operates any time there is electrical 

power on the aircraft. The unit is an endless loop recorder, constantly erasing the older information and 

recording new information. When electrical power is removed &om 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 information from the Captains audio selector panel. This channel records the same audio 

information that the crew member was listening to in his headset. Another channel conrains similar audio 

information bot h m  the CO-pilots audb selector panel. Tha third channel (which usually contains audio 

information &om the 2"p officers audio selector in a three crew member aircraft) but in a two mewman 

aircraft like the Boeing 737 it is usually wired to the observers or jump seat audio selector panel. The 

foah CVR channel contains audio information &om the cockpit area microphone This open microphone is 

mounted In rhe overhead instrument panel between the two crew members and is  out primary microphone 

for picking up cockpit sounds or noises. On this aircraft the two crew members were wearing individual 

headset microphones which were wirtd hot to the CVR recorder. This means that what ever sounds were 

picked up by the crews headset microphones was recorded on their iadividual audio Irack$ of the CVR. In 

addition to the normal area microphone, and the two crew members headset microphones, the microphone 

selector switch on the jump seat audio selector panel was inadvertently left in the oxygen mask position. 

This enabled the microphode that is installed in the emergency oxygen mask to be i'hot' similar to the 

caprains and the CO-pilots headset microphones, For the investigation of this accident we had 8 totdl Of4 

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

Sound Information arrives at the v8rious microphones via several methods. The first and most 

pmmhtnt method is by airbomc sound waves, in which the sound~energy Is transmitted via the air to ?he 
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microphones in the cockpit. This is the mein transmission mode for the sounds recorded or\ &e CVR, The 

second mode of sound transmission is simcture bome sounds. These are sounds that are ix”mitred 

through the metal structure of aircraft. These sounds normally are of very low frequency as compared to 

the airbome sounds. The cockpit area microphone and to a lesser extent the jump seat oxygen mask are the 

only microphones capable or pieking up these smenu-e bome sound The sounds recorder by the CVR may 

be composed of either of the two sounds or maybe a combination of the two sounds. One characteristic of 

structure borne sounds is that they normally travel about 8 or 9 time faster through the mea! structure than 

they do through the air. By knowing the speed that sound travels through the air, approximately a foot 

every hufidredth of a second, and by measuring the time difference between the arrival of the structure 

sound and the atrival of the air sound we arc able to calculate the approximate distance the 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 vsriow channels of the CVR 

from the accident aircraft. This slide Darts just prior to the initial upset and continues for about ten 

seconds. Prom this alidt you can see a picture ofthe various audio sounds found on the individual 

channels. The top Race is the information found on the Captains channel: The second mace is the audio 

information found on the 0 - P i l o t s  CVR channel, .The third channel is the open area microphone channel 

and the remaining forth channel IS the audio infomation that was found on the Jump seaV observers 

channel of the CVR. Because of the nature of the area microphone the same speech found on the crew 

channels usually appears on the m a  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 t ime 

slice as the preceding slide. Instead of showing the simple wave form it shows the same information h 

frequency In what ts commonly called a specuopm or a voice print format. When you look at a the 

brquency plot, several additional pieces of infomation becomes apparent. This constant hequency trace 

shown in red i s  the sound signature made by the aircraft’s engines, This sound is produced by the rotation 

of the first stage fan in the engine. lit is very similar to the noise that a household fan would make. The 
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hequency of the sound is dependent on how East the fan is turning in the air. It is not spparent on this 

slide but if I increwed the scale, two separate haces could be observed. The two traces are due to the fact 

that the two engines were operating at speeds a few tenths 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 

in 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 

because I will be coming back to it in a minute. Several other e v e m  are depicted on this frequency slide, 

Just after the 1st officer finishes saying “ET STREAM” three what we call thumps are recorded on the 

CVR. These thumps are found on both the area microphone and the jump seat channels of the CVR. 

These sounds are very low in fkquency md are relatively low in intensity as compared to the other events 

on the CVR. Several other sounds are also depicted on the frequency plot There are additional “THUMP” 

sounds very similar in characteristics to the fust series shown here. The voice prints of the two crew 

members speech is also shown on the plow. 

To Mer investigate the ‘THUMPS” found on the accident CVR recording we conducted several. 

tests on identically configured Boeing 737 aircraft. One test w a ~  conducted on the gfound: In thii tests we 

struck various places on the aircraft with a rubber mallet while recording the sounds. .The resulting data 

allowed us to validated our assumptions as to how the various sounds reach the CVKs microphones. 

(Show slide 4) In this slide you m see the various wave form recorded on the area and jump seat 

microphones. ?his sound was made by striking the aucraf? sbucture in the forward cargo compartment. In 

this data we were able ta see both the arrival of the structure wave, followed several hundredth of a second 

later by the arrival of the air wave. This test also gave us some indication of the hquency make up of 

sounds. As a result of the test we were able to verify both the direction that the sounds came from as well 

89 the. approximated distance the source was fcom the microphone. By using this same technique we were 

able to determine the approximate distance and the direction that the “THUMPS’ on the accident CVR 

were coming from. (Show slide 5 ) As you cm see the amval times of the various waves on the accident 

recording is not as easily identified 89 on the ground test recording. The “THUMP” sounds on the 

3 
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accident recording are not very loud and with the eddition 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 sigiStlal. (show slide 3a ) With 

this plot it becomes osier to determine when the two components of the sound arrived at the microphone, 

We calculated rhe source of the “THUMP” sounds to be approximately 20 feet toward the rear of the 

aircraft h m  the area microphone. This places the sound source approximately in vicinity of fmt c l s s  

rows 1 or 2 of the aircraft. The frequency composition of the “THUMP” sounds wap similar to the ground 

test rubber mallet strikes. ‘This is  bot totally unexpected because the hquency composition ofthe recorded 

sounds h a w  marc to do with the sound h-ansmission characteristics of the aircraff than they do with the 

initiating event. Even though thesr test did tell us some properties of the sounds, they didn’t heIp us 

determine what was the source of the ~‘THUMPS’ on the accident aircraft’s CVR . 

In the Fall ofthis year we conducted a controlled flight demonsamtion that involved flying a 

similar Baeing 737 aircraft in the wake turbulence ofa Boeing 727 airclaft. This test was conducted to 

determine the characteristics and severity of the wake at various distances behind the 727 akmft. Thme 

will be more testimony in this hearing explaining the wake test in greater detail so I won’t take time to 

describing the details of the tests. During the flight demonstration cockpit sounds were recorded when the 

8kcrdft encountered the wake. (show video tape of the wake) The pilots reported on the fmt  day that 

some of the wake encounters did make a distinct sawd in the cockpit of the test aircraft. T h e  sounds that 

they heard were reported as riot being identical to those on the accident recording. When the cockpit 

recordings were heard seer the flight, the wake encounter souads sounded identical to the ones that were 

found on the accident aircratt. (Show slide 6) 

%is is due to the structure sounds being added to the air sounds that the m heard, the CVR is 

recording both, We were able to calculate the approximate distance and direction of the wake encounter 

thumps. Most of the thumps documented to date originated 20 to 26 feet back from the m a  microphone. 

Again the hquency composition of the wake encounter sounds WBP very similar to the “THUMP” sounds 

heard on the accident CVR, The consensus by the spectrum committee was that the some ofthe 

A 
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“THUMPS” on the accident aircraft’s recording was most probably an encounter with the wake turbulence 

of the p m e d h g  727 aircraft 

As I mentioned before we observed an unexplained increase in the amplitude of the noise that the 

engines were mnking on the accident aircraft. (Show slide 3) During our review of the audio data 

aecmulatcd during the six days of the wake turbulence testing we noticed a similar change of the 

amplitude oEthe engine sounds during some of the test maneuvers. Some of these maneuvem were 

unrelated to the 727 wake turbulence encounters but were conducted to validate some of the flight 

characteristics of the Boehg 737 aircraft Agah the specifics of these maneuvers will be the subject of 

much discussidn in the followhg days of this hearing. One of these maneuvm WBS 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 maintain a constant heading and level flight. These test were all 

conducted at a similar altitude, speed and configuration as the accident aircraft. During thme tests using 

both left and right rudder, the engioe sounds were noted as getting louder when a mddor 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) I have plotted the corresponding increases in the amplitude ofjust the engine 

sounds over time. While the exact teaSon why the engine sounds increase as result of aircraft yaw is not 

fully understood the specnum group did conclude that the sound signatures on the accident alrcrafi 

matched rhc engine sound signatures identified on the test aircraft with a rudder input of between 7 and 14 

degrees. 

This concludes my presenration. while we have made some headway in finding out the origins of 

several of the unknown avcnts on the CVR Our work is not done, we still have further tests scheduled in 

conjunction with the other investigative groups to by to identify all of our unknown sounds on the accident 

recording CVR. 
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22. Autopilot engagerrc-3t -:-w+ 
23. Automatic Flight Control Syswrc (X~CS? m & s  ~~3 - ,+gement s t a t u * *  

24. Outside or t o t a l  air tempera-** 

(*) Indicates a new or changed p m e t e r  relative to the " e n t  11-parameter 
requirement. (**I Indicates a new or changed paramehr relative to the current 17- 
parameht re&ment. 

1. Data shall he recorded within the range, resolution, accuracy and wnpling 
.iniemals spedied in EUROCAE Document ED-65, Chapter 3 and Annex 1, 
unless otherwise noted. 

2. Each ahplane type will need ta be a s s e e d  to id- any novel or unique design 
or operational characteristics. It will than be necessary to ensure that sficient 
dedicated parameters, appropriate b these characteri$tics, are recorded in 
addition ta or in place of other p a r a " .  k 

3. The flight recorder shsy use a digital method ofrecarding hnd doring the data 
and a method of readily retrieving those data &om the Bt4rLI&e medium. The data 
shall be obtained &om eources within the &"fl that enable "ab carrelation 
with data displayed to the flight mewa except when &e $light 'de& displays are 
Btered ox manipulated so aa to produce valuee that do not meet the resolution 
and accumm requirementa for all phases of f&ht (fhr example, "e EICAS 

sa., I- (0 . I .  ~ . 1  . fight COntroI position dispIay data). ?. 

, A:$kq.ti\:r4 La ., . ' , t . , ~  , 

. .  . ' .  
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Attachment 13 

Proposed IFDR Rnhllnt?ements 
for Newly Manufactured Airplanes 

Acceleration Parameters: 
Vertical 
Lateral 
Longitudinal 

I .  I 

Airplane PerfonnancePasition Parameters: 
Altitude 
Airspeed 
&/ground sensor (primary airplane system refen", nose or main gear) 
Brake pressure and pedal position 
Drift angle (when an information mume ie installed) 
Ground eped (when an Momation 80urce is instalIed) 
Wmd speed and direction (when 8p information source ia installed) 
Outside air temperature or total air temperature 
Radio altitude (when an infonnation so- is instaUed) 
Latitude and longitude (when an Wormation ~ource iEl installed) 

is 

Airplane Attitude Paramebers: .I . 
APgle of attack I& and right (when an information source is btalled) 
pitch 
R J a  . 
Magnetic heading . : .:f- 
True heading (when an information BOW b inetalled, 

Yaw or sideslip angle (when an infwmation wume is iastaZledr 
sampIed 1 per 4 seconds) 

' .. . , , .  
,, . _ .  . . _ . ,  . , . ,  . -. . . . . 

>:, , I , 
I Flight Controls Position and InBnt Faramefers: ._ , ; . . .  . . , . . . ,:; 

. ,  
.-__ ... . . /  w cbntro1 silrfgm positions-primarg m&b I . .  . .::j!,<.'.' !:'., 1 .>,, .A. .:: 

AU cockpit flight mntrol input poat i~ne  and f&xs 

. , : . I  - 
, ..;..n".. . ,$&. . .  (pitch, roll, and yaw) . ..hL'. - .  

. ... 

(control wheel, a n h l  column, rudder pedal) 
(sidestick controllers on fly-by-wire nyd") 

(pitch, roll, and yaw) 
All trim surface positiom--primary controls** 
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Al l  cockpit trim ambo1 input positions--primary controls** 

ThsUpowep-primary fiightcrew reference 

Thrust reverser fitatus (i.e., stow, tramit, deployed, revme pitch.) 
Thrust command (when an informatian aource is installed) 
T h s t  target (when an hformatiof i  source is installed) 
Engine bleed valve position (when an Wormation 8 0 u . n ~  is inskdled) 

(pitch, roll, and yaw) 

( m y  require multiple parametere for all phases of flight) 
\ I  

Throttldpower lever position ' *. 

.. . 

Airplane Con&u.ration Parameters: 
Flap position (trajling and leading edge) 
Spoiler position (ground and speed bmke) 
Spoilerkpeed brake cockpit selectiodstatus (armed-ground wdt2r) 

Landing gear position 
Landing gear cockpit control selection 

(when an information source is installed, wnpled 1.pb 4 seconds) 
Fuel quantity in CG trim tang (when an inf'omation.source ie installed) 
Computed center of grapitv (when an informatioa source-h instancd) 
AC electrical bus etatua 
DC electrical bus s t a b  

Flap cockpit control  election 

De-icing or anti-icing system seldon 

. , .. .. ., 'i I.. .i ,"hJ; ' .:..:. .. ' 

.,, . . . " . ' :<, .  !: 

,., 

. .  
1 .  . ' I  

I . , , .  . a::... ,_: ,\;;,<&.., , ,, , 
!. . ,y- .! : .. .. . . . , 8.. . . . . .  . ,  APU bleed valve position . ,  . .  

Hydraulic pressure (all ~ystems) I " , , i ? . d ! . > !  . / . I  

, . .  . .  ,..., f', . .  , .  
. .  . , , ... . . ._ . I, . , . i,:? . . ' _ .  

Navigation Aids: 
Localizer deviation 
Glidedope deviation 
DME l . m d  2 distances 
NAV 1 'aad 2 selected fi-equency 

. GPS position data (when an information source'h instelled) 
Marker beacon paasage .? . , . :. _I I .  .. i , . , .  .. . , 

.. .. , - 
, . , d .. .:. :.....,-,;:'.. I. , : '.(. ,,-::,, ,' ... ' . 

- . : , I  1 ~ . . ,  . .  
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Timing: 
Radio transmitter keying 
UCI' (when an information source is installed) 
Recorder elapsed time ( f i t m e  counter, 0 to.4095) 
CNRrDFDR synchronization reference - 

Event marker 
(when an information source is installed) 

. . . .  . . . .  . .  - " . .  ... 
.. , 

, ,  Warning Parameters: 
. . .  !.. . . ,  . . .  

GPWS 
Hydraulic presswe low (each spstem) 

Loss of cabin pressure 

Icing (when an information source is 

. ..... 1'. I !  

,:: .> . . . .  . , ~. . . .  .. , .  Master waming I. . 

TCAEL-T-4, RA, and sensitivity (as d e  

Engine warnings each engine- ,i... . . ~  , , ...... - ,  -. . 
Vibration (when BP information source is inalzhed} 
Over temp. (when an information source'is installed) 
Oil pressure low (when an Momtion source ie installed) 
Over speed (when an information a o u r a  ia installed) 

Windshear (when an information EO- is in&lled> 
Computer failure 
stick shacker/p&er (when an informatan so& ii installea 

Ma."l/Automatic Sekcted Parametere: 
. ,  

Selected barometric setting 
SeIected speed 
Selected vertical speed 
Sdected heading 
Selected fight path 
Selected decision height 
EFIS display format 
Head-up display (wbe I.. , 

Para-visual display 
Multi-fiuctiode 

(*I Range, a8 htslled, 
sampling, I per second. (**) Range,' 
accuracy uniquely re- 

. , , . - .  
I .  

. .  
. .  ..... 1 .... , .  

. . I  

. .  , 

, . I  i... ... n . . .  ., ::. . I .  - . ., '.:,.*, 
, .  I . . . .  

. . . . . . . . .  . . . .  
.... -;. . ,~ . , . . -  

. . . . . . . .  . .  
. . . . . . . . .  

. e - 9 .  , 

. I ?  , -., ._ 
. .  . , .  . .,. .,; 
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Notes: 

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

2. Each airplane type will need to he asseaaed k identify any novel or unique design 
or operational characteristics. It wilI  then be necessary to emure that suEcient 
dedicated paramete-, appropriate to these charactedstics, are recorded kt 
addition to or in place of other parametas. 

3. "he fiight recarder ahall me a digital method of recoqling and atoxirsg the data 
and a method of readily retrieving those data fhm the stdrage medium The data 
shrill be obtained from sources within the aircraft that enable accupafR correlation 
with data displayed to the flightmew, except when the @t deck displays are 
atered or manipulated so as to produce v@ues '-@t do not meet the resolution 
and accuracy requiremmta for al l  phaaee bf fi&t (for cyrkmple, aome EICAS 
flight control position display data}. 

'National !hmpo&tion Mew &d 
February 1995 

. . . . .  ~ . . . . .  . , :  + .  ' . , _  ...,- I . , : . ,  

'.:.: 1;: ' -,. . . .  
. . .  . .  . .~ . .  

. . . . . . . .  . . .  ,- .. 
, .. , . . . . . .  . ,  , . .  
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I ,  



NOV 13 '95 12:lZPM PROSPERITY MORTGRGE P. 6/9 

2. Safety Recommendation A-95-28 



NO\' 15 '95 1Z:12FM PROSPERITY MORTGQGE 

National Transportation Safety 
Washington, D.C. 20594 

Safety Recommendation 

P.7'9 

Board 

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

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

On September 8,1994, a USAir 3oeing 737-300, fight 427, was on a scheduled 
passenger flight from Chicago, nlinois, to Pittsburgh, Pennsylvania. During t h e  
approach to  landing, the airplane suddenly rolled to the left and pitched nose down 
until it reached a nearly vertical. attitude and struck the ground near Aliquippa, 
Pennsylvania. The airplane was destmyed; the 6 crewmembers and 127 passengers 
were fatally injured. The Safety 3oard's investigation of this accident is continuing, 
and the probable causes have not bem detRrmined. 

On March 3, 1991, a United Airlines Boeing 737-291, flight 585, was on a 
scheduled passenger flight from Demer ta 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 vertical attitude before it struck the ground, 
The aii-plane 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.l 

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

National Transportation Safety Board, 1992. United AirIinea flight 585, Boeing 737-291, 
N999UA, Uncontrolled collision with teriain for undetermined reason8 4 miles south of Colorado 
Springs, Colorado, March 3, 1991. Aircraft Accident Report NTSWAAR-92/06. Washingtan, I)C. 

6528 

7, I 1 
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In the Colorado Springs accident, five paramebrs--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 CFFt) Part 
121.343 require these five parameters ta be recorded by FDRa on airplanes that, like 
the airplane involved in the Colorado Springs accident, were type certificated prior 
to October 1, 1969, and were manufactured (received m individual certificate of 
airworthiness) prior t o  May 26, 19892 The FDR. of the airplane involved in the 
Colorado Springs accident did o it required to record) other 
parameters critical to  this accid>$sgg%31% lane pitch and roll attitude; 
engine thrust values; lateral and ~o&t?uCmSr leration; control wheel position; 
rudder pedal position; and control surface positions, such as rudder, aileron, and 
spoiler. 

In the Aliquippa accident, the accident aiqdane w& 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, an January 23- 
27, 1995, witnesses from the FAA, aircraft manufacturers, and airlines agreed that 
additional FDR parameters would have assis&d the Board in determining the 
probable cause of this accident. 

Had the airplanes involved in the Colorado Springe and Aliquippa accidents 
been equipped with enhanced FDRs, information from the additional parameters 
would have allowed the Safety Board to quickly identify any a h n o d  control surface 
movements, codigwation 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 B o d  to , d e  out certain factors, if 
warranted, and to focus its investigations on other areas. 

Information from FDBs with additionat parameters substantially aided the 
Safety Board's investigations of two regional & b e  accidents that occurred during 
1994. The first accident occurred on October 31, 1994, while an American Eagle 
Am-72-210, fight 4184, was on a scheduled flight from hdianapolis, Indiana, to 

Part 121.343 requires that by May 26.1995, large airplanes type certifimted prior to October 
1, 1969 (which would have included the airplanes iuvolved in the Colorado Springs and WqiGppa 
accidents) must be equipped with FDRs that record 11 paramatcrs. The additional parameters are 
longitudinal acceleration, pitch attikudc, roll attitude, mntcel column or pitch mtml e~rface pod&n, 
and thmst of each engine (two thrust values for the Bseing 737). Part 121.348 also requires that 
sirplanes type certificated afkr October 1,1969 (rqpdesa ofthe dab ofmanufacture) and airplanes 
manufactured aRer May 26,1989 (regardless of the date of type cedeation) must be equipped with 
FDRs that record 17 parameters. Airplanes manufactured after Octobr 11,1991 (regardless of the 
date of type certification) must be equipped with FDRs that record 31 panrmeters. 
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Chicago, Illinois. The fight had been placed in a holding pattern over Raselawn, 
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 pasaengete 
and 4 crewmembers were fatally injured. The Safety Board’s continuing investigation 
has not yet determined the probable cause of the accident; however, information &om 
the enhanced PDR enabled the Safety Board ta identify, within hours after receiving 
the recorder in i ts  laboratories, the key events leading to the airplaae’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 bellcrank position, f i p  podtion, aileron trim 
position, and autopilot engagement status. The FDR data showed that a8 the 
airplane was descending through 9,400 feet, the wing flaps began to retract add the 
airplane’s VAOA increased. As the VAOA reached 5 degrees the autopilot 
disengaged, and within l /4 second the ailerons deflected la near maximum travel in 
the right-wing-down direction. The FDR data also &owed that the rolling moment 
was reversed when the VAOA was reduced to below 5 degrees, arid the ailerons 
deflected in the lefrcrwing-down direction. The right mlling moment recmed as the 
VAOA again increased to 5 degrees, and the ailerons deflected in the right-wing-down 
direction. Control of the airplane was not restoredjn time to prevent impact with the 
ground. 

The data available from the A m 7 2  FDR indiabd to investigators that the 
airplane rolled as expected in response to  aileron control surface movements, and that 
the aileron movements were correlated with increases in the airplane’s angle of 
attack. As a result, the Safety Board wa8 able to focus its &orts on possible 
explanations for the aileron control surEace movementa and, within days of the 
accident, the Board issued urgent safety recokendatione to “ize the likelihood 
of similar occurrences in the future. As part of ita continuing investigation, the 
Safety Board is also exanlining readouts from FDRS with expanded parameters from 
seven other ATR airplanes that have reportedly encountered flight control anomalies, 
three of which have shown important similarities tn the accident fight 

*A‘r ~ j- * 

The second accident involving an FDR with expkded parameters was one in 
which FDR data quickly moved the focua of the hvest&ation fiom aimlane SySh?mS 
to operations and human performane. On February 1, 1994, an 
Saab 340B, flight 3641, was approaching Baton @uge, L+ui6@M, 
passenger Aight from DalladFort Worth, Texaa. h ‘the airplane d e a d &  ’through 
9,000 feet, both engines failed. The ftightcrew,executed a ficed b&ng.,at F&e 
River Air Park in New Roads, Louisiana, ’d&g ..- . which ,&e -&plane sustained 
substantial damage. The flight athdant eived minor’isiuriea during the 
emergency evacuation. The 2 pilota and 23 passenget9,aboafd were not injured. 

The FDR installed on the Saab 340B recorded 128 parameters. FDR data 
showed that as the airplane descended through 0,040 feet, there was a rapid rise of 

23 
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both propellers' rotational speed well above the maximum allowable revolutions per 
minute. Because the FDR also was equipped ta capture the positions of the engine 
power levers, the Safety Board was abIe to  determine that at the same time the 
propeIler speed increased, the power levers moved from the fight idle g a b  position 
to aft o f  the ground idle detents. The airplane's approved flight manual prohibits 
such power lever movements while in flight. This fightcrew action explained the 
propeller overspeed, which resulted in dual enfie failure. With the expanded FDR 
data, the Safety Board was able to rule out alternative explanations for the propeller 
overspeed, including propeller systems failures that previously had a&cted similar 
propellers installed in another turboprop regional airliner! 

The importance of FDR data is not limited t6 investigations of catastrophic 
accidents. FDR data from incidents, which are less se~ ious  but occur more often, can 
provide to  investigators and the aviation community Critical information t o  help 
prevent accidents involving similar circumstances. :Followbig the Colorado Springs 
and Aliquippa accidents, the Safety Board investigaited "i2 Soeing 737 ineidents 
involving anomalous rudder activity or unmmmanded roll oscillations. The F D h  
aboard the incident airplanes, however, 'were not equipped to  record Aight control 
surface positions, flight control inputs, or lateral acceleration. Like 79 percent of all  
US.-registered Boeing 7379, the aiqlaaes involved id the incidents were 
manufactured prior to May 26, 1989; conbequently,they were required by current 
regulations to record only the five ,basic FDR jarmeters. As a msdt, critical, 
objective data were not available from the ~ R s ,  and investigators had llttle more 
than the Bightcrews' subjective recollections of these d y " i c  events. 

In contrast to the investigations of these 12'3~~~~~73?'~eidents, for which 
important FDR data were not available, investigations of other incidents have been 
greatly aided by the availability of enhaaced recokled information. These incidents 
involved airplanes equipped with a digital data bue . . > . :  that .. , tranSmita idormation from 
many sensors to the onboard recording devices., 

On October 7,1993, a British Airways BOe&f74?'-436 experienced a nose-down 
pitching moment immediately after departure %m, London ,weathew Airport. The 
captain avoided ground contact by exerting eub13tAntial back.preasure on his control 
column, The incident was investigated' by, the,~,;U+bd Kidgdom's Air Accidents 
Investigation Branch (AAIB). Of the many, p&&et&''~tl$t were available on the 
airplane's digital data bus, recorded by a Q u i c k " A & d s ' ~ , d e r  .. . . ? . .  (QARI4 and available 
to the FDR, several were useful in the AAIB 
included the position of each of the fout" 

.a . 

. I .... 
. ,  . I ,  

. .  . ,.,'.'. 

. ,c 

c 
' I:, . . 

National Transpoltation SafeQ Board. 1992. 
Uncontrolled collision with tarrain, an Embrae 
Aircraft Accident Report NTSBIAAW9u03. 

' Q A R s  and FDRs have similar data etcrage capabilities; but &ARs, primarily intmdsd for air 
camer maintenance fault analysis, are not hardened b, g@ve crash impact and A t e  conditions . . . . . .  I . .  . 

7 L L  
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position, radar altitude, landing gear position, and hydraulic system pressure. By 
analyzing the information from the W, the AAIB established that "the upset was 
caused by the mmmmanded pitch-down movement of both right-side elevators, 
coincident with landing gear retra~tion."~ As a result of its investigation, the AAIB 
recommended that the FM require modifications 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 iacident, about 206 flight 
data parameters were available t o  the French accident investigation authority, 
Bureau Enquetes Accidents @EA). The data were recorded on QARS, and available 
parameters included control surface positions, fight path data, acceleration in three 
axes, yaw damper, and autopilot modes. The Safety Board ipi evaluating the data 
from these incidents for possible applid5lity to. the Aliquippa or Colorado Springs 
accidents. . . .  , , .  

The data required to be recorded on FDRS hive b&n based an the Safety 
Board's accident investigation experience and the capacity of the recording devices. 
Over the course of~decades, many aceidente investigated by the Board focused on 
wind shear, takeoff ovenuns, and instances of controlled fight htx~ terrain; fewer 
accidents involved the infight loss of lateral or diqct ioaal  control. In responee, FDR 
parameter requirements focused on airplane pedormance (such 88 airspeed,,dtitude, 
and Zongltudinal 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 parameters &odd be 
recorded by FDRs. I .  

n'ed are parameters 
that pertain to  the positions of fight control inpGt8 :and .fLi&ht. c011tm1 surfaces. 
Under current d e s ,  airplanes fitted with conventional,flight controls m b d t t e d  
to record either the cockpit control input (euch a s  control wheel position) or the 
control surface (such as the direction and amount of aileron deflection), if one  an be 
derived from the other. But in it5 investigafione .afthe recent BoeiPg 737 acddents, 
.the Safety Board found that in some'f'ailq moded, flight crrntrol eurfaa POSitiOns 
could move independently of cockpit flight ..&naOl :inputs. .Also, ,-under, mme 
conditions, additional information 3e medd by invegtigatom to d e t e d e ,  whether 
the controls on the flight deck caused the control surfe~cea to move, OF vice irema. 
Consequently, FDRs should record b 
surface positions. 

. . . .  r 

,. . , . . -  I . . . . , ... 
' 

, ' I  ". :: , 

Among the additional flight coatto1 p 

. .  

U.K Department of Transport, Air Accidents Investigation Branch. 1996. &port OD the incident 
t o  Boeing 747-436, EBNLY at London Heathraw Airport on 7 October 1893. Air=& Accident Report 
1/96. London, England. . I "  . 

1 
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Flight control trim information, induding 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 acquieition and &wage 
Qf large amounts of data on FDRs. Today, even for older airplanes, many FDR 
systems can record additional parameters because of mused capacity in the fiight 
recording system. Zn terms of flight recording systems, there are two  general 
categories of airplanes in the current air cafiier fleet: analog airplanes, and 
airplanes equipped with a digital data bus. 

.. 
On an analog aivlane, information from remotely located data sensors (for 

example, a rudder position ,sensor located in the tail section) is transmitted to the 
FDR via dedicated wires in an analog format. The infomation is then converkd to 
digital format in the FDR or the flight d a b  aqdsitioxr d t  Oj'DAUl. 

On an airplane equipped with a digital daea bus, infbrmation is transmitted 
in digital format from a mdtitude of sengore, d o n g  a single, high capacity 
communications pathway (data bus). Inf..mtio$tq"it.ted on the bus is provided 
to a number of systems, including aght manage&& computers, cockpit displays, 
Q A R s ,  and FDRs. Additional data can readily be fed fram the bus to the FDR, based 
on information that is already on the bus for other p u ~ o s e s  or added to the bus by 
new ~ensors. 

Upgrading FDRs with additional pametem would result in improved aviation 
safety. The Safety Board acknowledges, however, that retrofitting airplanes that are 
currently operating in air carrier service would necessitate a dgnifrcant monetary 
investment, especially for analog airplanes. . 

The Safety Board obtained informati e cost of upgrading FDRs on 
analog airplanes from an air carrier trade group -d an FDR equipment 
manufactuer. h a petition submitted to thetau, the Air lh"port Association 
(ATA) reported that to upgrade an FDR with Six additional parameters would require 
a one-time expenditure of about $250,000 qer,.?airplane type. 
specifications and the development of retrofit ki& These on&m 
spread over all of the individual airpl~llea of each Qpe that are retrofitted; that is, 
if there are 500 airplanes in se+Ce, the cost for basic engineering would be $500 per 
airplane. Additional expenditures would be -d for labor and 
upgrade each individual airplane; an ATA member au&y dated thi 

, , ,i'., . (2. . .  ,_ , ,;.,':.,,: ,.;; ' .  , : ' Letter of June 5, 1992, to the FAA Office of General Counsel Rules %&et, from Joseph D. 
Vreeman, Vice President of Engineering, Maintenma. and Materiel, Air Tranaport Association. 
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equipment cost for a 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 Sentice" (attachment A ta this letter). The 
information was provided by an FDAU manufacturer and an FDR manufacturer. 

The FDAU manufacturer estimates that retrofitting an analog airplane could 
cost about $20,000 to $30,000. This estimate includes about $1,000 per additional 
parameter ($200 t o  $400 of which is for sensors; the remainder is fox associated 
wiring and labor). The FDB manufacturer estimates that to record the parameters 
listed in attachment A, many airplanes may require the w e  of 811 FDAU, whicb could 
cost an additional $15,000 t o  $20,000 for each airplane.bt alfeady 'BO equipped. 
Based on the various estimates, it appears that retrofitting hn d o g  airplane to 
record the parameters listed in attachment A could co!t between $25,000 and 
$70,000. 

Retrofitting an airplane equipped with'an ARINC:429 digital data b u  or 
equivalent (such as the Boeing 757 and 767) to record, %E a the parameters 
listed in attachment A would be less expensiver *,Most Wiring ,changes .would be 
confined to the electronic equipment compartment,. and aome reprogramming of the 
digital FDAU would be required. All ofthe airplanea would require the addition of 
flight control surface position sensors. ' Some'ai&nes that,were 'k"fhctured on 
or before Ocbber 11, 1991, may also require additional sewers:'' 3 ,  . 

During the public hearing on the Aliquippa addent, a. *ox U.S. air camer 
expressed concern about the costs of upgrading 'E"DRs on the d e r ' s  fleet. ' The 
Safety Board recognizes that enhanced FDR c.@ptabiIity.needs .td be'weighed against 
the costs, However, the Board also believeb,~t'~~;ta:sho'ula:~ bdankedagainst 
the remaining useful life and revenue-earning potential of *fane. ,Using an 
upper-bound retrofit cost of $70,000 per airplane and reasonable 'kumptionr'about 
airplane utilization,' the Safety Board estkates -the bat of rehcdtttOg an airplane 
.in current .service. with an enhanced .FDR to be'leBs.'than 78 per paseenger. ' ' ' 

. 

The Safety Board believes that public edety b u t w w -  $he..7q!-p&-~senger 
- .  . . . ,  

cost of equipping older airplanes to record 
retrofit program is limited to airplane type 

.. . . ..-.. 

' , , . . : . .  ' '  
l _ .  . 

' Summa+ed by t h e  FAA in its Notice 0fPmpased R&making on exkdon'of the mmpliance 
date for installation of digital FDRa on Stage 2 airpla5e$,',FedeA'lZe#ster (Val. 69,% as), p. 8573. 

a Assumptions are as follows: average seating &pacity Q.150 pk&enger8,' 3 departures per day. 
..II .,, 

.. . 
a 65-percent passenger load factor, and a useful life of 10 years. 
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derivative models'). According to idormation provided by the FAA to the Safety 
Board," the U.S. register currently lists about 2,000 transport category airplanes 
(such as DC-Ss, B-7378, and F-28s) that were type certficated before October 1, 
1969. These types are st i l i  in production (including derivatives, such as MD-~OS, B- 
737-4OOs, and F-100s), and most of these airplanes use the analog method of dab 
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 ~ensors and FDAU needed to record, a6 a minimum, t h e  
parameters listed in attachment A. Further, these airpkae~ should continue to 
record the FDR parameters required by mmnt regulations applicable to each 
airplane (based on its dates of certification and manufacture). Although Boeing 727 
and Lockheed L-1011 airplanes are not currently in production, neatly 800 airplanes 
o f  these types are expected to remain in the U.S. .sirhe fleet by the end of the 
1990s." Accordingly, the Safety Board believes thak these alrplmes should also be 
retrofitted t o  record on FDRs, as a rxlinimum, the parametera listed in attachment A. 

To ensure that individual airplanes have a substantial useful life over which 
t o  recoup the cost of FDR enhancement, the Safety Board believes that the retrofit 
should apply only to  airplanes (except for Boein&737e, which are addressed rater in 
this letter) that "ply with Stage 3 noise reqA"nts,u 'or that remain in senrice 
&r December 31, 1999, by receiving a waiver or exemption Stage 3 noise 
requirements. This criterion would apply the F13R edhaacements t d y  to individual 
airplanes that have the opportunity to operate well into the next decade. 

The Safety Board believes that the FAA should complete ita nrlemaking on 
FnR enhancements by December 31, 1995. Further, the FAA should require all 
operators of transport category airplanes mdef.l4'C??R Pads 121, 125, or 135 to 
complete the FDR enhancements by January 1,$998. Airplanes that do not cumently 
comply with Stage 3 noise requirements shohd.be rehfitted' with these FDR 
enhancements by January 1,1998, or by the 1 when they meet Stage 3 noise 
requirements but, regardless of Stage . . ,  . , a t a h s , '  no later t h a n  
December 31, 1999, . 1_ . ,  

.. I 

1 .I :.7:.,, 5 

Derivative models are updated versions of older .that'&ntinue'to 098 the original 
FAA aircraft tsrpe cefificate. Examples include the McDo&ll bouglas lldD-80 aeGe8, b e d  on the 
DC-9, and the Fokker F-100. hased on the F-28. 

lo Letter of December 14, 1994, from FAA r -David R H k n  to Sa& Board 

Derived from information in the letter.of Dec&&2<l4,:1&, . ... fkm FAAAdministrator Hinson. 

la According to 14 CFR 91.853, a111 airplanes will be.mquired to meet Stage S noise requirements 

.~ 
. . .  ) .  . 

I . , . . .  . ... . , , . 
, .,.' ' 

,I . . .  . Chairman Jim Hall. 
. . . I .  .. . 

by December 31, 1999. \. . . . l  , I .  ' ' 
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With regard to Boeing 737 airplanes, which account for about 23 percent of the 
US. air camer  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 During the public hearing on the 
AIiquippa accident, the Boeing Commercial 'Wrplane'Group indicated that it had 
records of 187 flight control incidents involving Boeing 737s that occurred htween 
1970 and 1994. Of the 187 incidents, 35 ocmfied in 1993 and 1994. Because the 
Boeing 737 will. be used for years t o  come, it is:essential that the 'airplanes involved 
in future incidents be equipped with enhanced .Consequently, the Safety 
Board believes that the F M  should require that all,Boeing 737 airplanes operated 
under 14 CFR Parts 121 and 125, regardless of:Stage 3.,#rmpliance status, be 
equipped, by December 31, 1995, With .FDRs tbat':record;:as II .mini", '&the 
parameters required by current regulations plus the,following.parametm (recorded 
at the sampling rates spscifLed in attachment A): laterahceleration; 'fight conk01 
inputs for pitch, roll, and yaw; and primaj'flight+mtml aurface"positione for pitch, 
roll, and yaw. 

According td information provided to the Safety'BOard by the FAA)4 a i  many 
as 1,000 Boeing 737 airplanes would be mected by the retrofit. The additional 
parameters could, in most cases, be accommodated by the currentlyinetalled F'DR 
and FDAU syskms. As a result, the Safe@ Board estima@s that the cost to add 
these parameters would total between $10,000 and $20,000 .perdrplane. ::. ,' . 

ci$i,T ,;: . :<. . ;*; ,! :j:f 3:;: -I i (T 

In the ATR-72 and Saab-340B aceidenti, .the(fdive&g public benefited:&-om 
earlier corporab decisions by Avions de -port R e g i d  (ATRI, S&b Aim& AB, 
and AMR CorporatiodAmerican Eagle ta eqgp the:~+$lq+s~++&PDR+ Wt, Fmrd 
more parameters than are currentIy required by .&e F~W~:A&&~~RegulatiOm. 
American Eagle also has taken the initiative ~ ~ ~ f i t i t s ~ s e a ~ ~ B 3 r i t i s h A e r q 6 ~ ~  

leadership role taken by these cd&pa&a '&odd %:&Shped byathek, &%he aim 
manufacturing and air carrier indus~er.'.?i~~~!:the-rBoard:8 .:that 
regulatory c h q e  is not accomplished .as quickly M '  action taken by individual 
companies, the Safety Board believes'that ,<  of traneport yategory  
airplanes currently in servi 
modify FDRs installed on th 
listed in attachment A plus 

. 

.... . . . . .  . . . . .  . . .  ! >  1 . :  I: . . . . .  ,: '.' . *..: ... #L ... . . . . . . .  
. I I , I . . . . . . . . . . . . .  ,. ; j,. . :);' ... ~ ; .;'.: ... 1.. . . . . . . .  , !  

.. - 
.,.! : . 

Je,,gkem airplanes enhanced 'nb.;,) ih ~ ~ ' ~ ~ ~ e ~ , , g o a r d ' e l ' ~ ~ * ~ , ~  

regulations applicable to ea& 

la In addition to the role that &ah 
the data will be o f  great assistance 
programs. FQ&A is a proactive. 
collected duringnormal flights, for the purpose denhaadngtha d e $  dflightoperations. TheSafety 
Board joins the FAA, the Department of Tmnsportrrtion, and many industry representatives in 
supporting the devdopment of FOQA programs. 

.. .- . . .  _. . ._. 
.. , ,:,5 ,: 

:' -A ' .. 
. .  : .  , ii: ;; , . 

Letter of December 14, 1994,. from FAA Adminiatrah Hinsoa 1: :; 
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Most newly manufactured airplanes used in air =mer service are routinely 
equipped with digitd 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"inimal if the parameters are 
specified before t h e  airplane is built. . . .  

' ,  
The Safety Board's accident investigatio ence in recent years indicates 

that the FDR parameter requirements for newly manufactured airplanes need to be 
expanded further. The Board believes that the, required'FDR parameters for newly 
manufactured airplanes should include those proposed *-EmOCAE Document ED- 
5515 plus additional parameters such a3 flight control input and surface positions. 
Accordingly, the Safety Board believes that the FAA +odd require ,that all airplanes 
operated under 14 CFR Parts 121, 125, or 136 (10 seats or'larger) for which an 
original airworthiness certificate is issued &r December 31,'1996, be equipped with 
FDRs that record the parameters listed in "Proposed FDR &.d"ments for Newly 
Mandactured Airplanes" (attachment B to this letter)., Also, the Safety Board 
believes that because available technology now permits alt FDRS to record at least 
25 hours of data, all FDRs installed on these newly manufactukd airplanes should 
have this recordiag capacity &r December 31,1996. -:, ,;: 

Because aircr& manufacturers Can react more quick&' than regulatory 
requirements can be changed, the Safety Board also believes that the manufacturers 
should establish, for all newly manufactured airplanes that i d 1  be operated under 
14 CFR Parts 121,125, or 135 (10 seats or larger), a-p 6tandard _ ' ,  :> for recording 
FDR parameters in accordance with attachment B,! .:b-+:4. ,. :?,!-, ...*., I..: . I . , I  I . ~ . . 

Air travelers and the air carrier kdustry v o t , a E o r d  additiod unresolved 
accidents. The Safety Board will continue its effork'to idenw'he probable cause 
of the accidents at Colorado Springs and .Niquipp&but e-vd 'FDR data are 

Therefore, the National T r a n s p ~ r t a t i ~ ~  Safety Board &&ends that the 
1 and c o b u $ e r  .< : .  , air carrier 

+<: '. -,'T;-f:,,.? 

. .  
' 9,: , '  

, .  . ,  

, .. j$+,, ...; +;,. ,,{,,+$: ': 

I , . ._ . .  essential to help prevent future accidents. 

operators of air carrier service under 14 
service under 14 CFR Part 135: 

. . . . : ,  .. ,+! . . I .  

. 

_. 
:, > a .  ,r +,.9-*..4! >'i  : i..., i, 

. > . . .., 

Ensure that the fight data rem -rt .. ,.I 3 . .  ,,I .=wwY 
airplanes used in air carrier and annmutar slt =der  service *d, as 

Parmeter &q&e 
parameters required by 
(Class 11, Priority Action) (A-96 

;,,,:,.\, : . I ,  

.'. I f . -  .- ,,. , y  . ,. I. ;,;;\,:; ' ,  
' Is European Organisation For Civil Aviation Equipment ~EUROCAEI, May 1990. Minimum 

OperaWonal Performance Specification For Flat Data Pmrder Systerrrq . (EDS6).  I . . .  Paris, k p C e .  
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Recommendations were also issued t o  the Federal Aviation Administration m d  
t o  the manufacturers of airplanes operated under Parts 121,125, or 135. 

The National Transportation Safety Board is an independent Federal agency 
with the statutory responsibility ",,,ta promoh transportation safety by conducting 
independent acddent investigations and by formdating . 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 contemplafxd with respect to the 
recommendation in this letter. Please refer ta Safety Recommendation A-95-28 in 
your reply. 

Chairman HALL, Vice Chair"  FIEANCIS, 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: 

1. Altitude 
2. Airspeed 
3, Vertical acceleration 
4. Heading 1.p:. ,!,:.' , 

5.  Time of each radio transmission to air traffic control 
6. Pitch attitude ' . ,  

& , -. . i . .~ . .. , I '  ' . 
. .  

. .  

7. Roll attitude 
8. Longitudinal acceleration 

9.' Pitch trim position* 
10. Yaw trim position** , . .  , , . , , :  

:I 

.. . . .  . 
.. - 

,. . _.... i?.. ,  , _..!.,. .'..': ' ..,. ' , . .  11, Roll trim position** 3-9, '-.'?r'~",."!.,. . .  .. 
12. Control column and pitch control s 

. 13. Control wheel and lateral control 

14. Rudder pedal and yaw contml surface position** 
15. Thrust o f  each engine 
16. Position of each thrust reverser (or equivalent for propeller airplane)* 

17. Trailing edge flap or cockpit fiap control podtion* . . ,. 

18. Leading edge flap or cockpit f i p  control po@ion*, , 
19. Ground spoiler positiodspeed brake 
20. Angle of atbck (when information 8 

21. Lateral acceleration** 

. . -  

I ., . :. . 
.. . , . . _  

' 

, . 

. ' U l i  . . . , I .  

., . 
. 

. I ' . . .. .,. , . . 
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22. Autopilot engagement status** 

23. Automatic Flight Control System (AFCS) modes and engagement status** . _  

24. Outside or total air temperature** 

(*) Indicates a new or changed parameter relative to the current 11-parameter 
requirement. (**I Indicates a new or changed parameter relative to the current 17- 
parameter requirement. 

Notes: 

1. Data shall be recorded within the range, resolution, accuracy and 6ampIing 
intervals specified in EUROCAB Document ED-55, Chapter 3 and h e x  1, 
unless otherwise noted. 

2. Each airplane type will need t o  be assessed to identify any novel or unique des ip  
or operational characteristics. It will then be necessary to ensure that s a c i e n t  
dedicated parameters, appropriate to tbsse characteristics, are recorded in 
addition ta or in place of other parameters. 

3. The flight recorder shall use a digital method of recording and storing the data 
and a aethod of readily retrieving those data from the atorage 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 aght deck displap are 
filtered or manipulated so as to produce values that do n o t  meet the resalutioa 
and accuracy requirements for all phases of flight (for, example, some EICAS 
fight control position display data). 

11 

/ '  

National Traneportation Safety Board 
February 1995 ., .. ,. ::. 

. ;', , '... . I : , .  

, , a .  , , , .  i . .  
, .. .. . , . , . 

. .  . 
. . ,  .: 
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Attachment B 

Proposed FDR Enhancements 
for Newly Manufaotured Airplanes 

Acceleration Parameters: 
Vertical 
Lateral 
Longitudinal 

Airplane Performance/Position Parameters: 
Altitude 
Airspeed 
Aidground sensor (primary airpIane systems referenee, mse or main gear) 
Brake pregsure and pedal position 
Drift angle (when 8rl infomation source is installed) 
Ground speed (when an information source is inshlled) 
Wind speed and direction [when an idamation 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 night (when an information source is &stalled) 
Pitch 
Roll 
Magnetic heading 
True heading (when an idomhation mwce is,installed, 

Yaw or.sidedip angle (when aninfomation sou&? is installed)* 

. . .  
- .  , 

' .  
, . .  . .  sampled .1 per 4 seconds) 

~ .I, , ,  ... - 

. ., , _ . .  . . .. . 

. I .  . . .  - .. ... , , ,  , . ! . .  ' . 
Flight Controls Position and Input Parameters: 

All control "face positions-primary controls 

All cockpit fight control input positio 

All trim surface positions-primary controls** 

' 

. . .  

(pitch, roll, and yaw) 

(control wheel, control column, rudder pedal)' ' 

(sidestick controllers on fly-by-wire systems) " 

(pitch, roll, and yaw) 
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All cockpit trim control input positions-ptimary controls** 

ThrusVpower-primary fightcrew reference 

Throttldpower lever position 
Thrust reverser status Ke. ,  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 a.n infarmation murce is installed) 

(pitch, roll, and yaw) 

(may require multiple parameters for all phases of flight) 

Airplane Configuration Parameters: 
Flap position (trailing and leading edge) 
Spoiler position (ground and speed brake) 
Spoiledspeed brake cockpit selection/status (armed--grpund spoiler) 
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 X per 4 eeconds) 
Fuel quantity in CG trim tank (when an Wormation ~ource is installed) 
Computed center of gravity (when an i d a d t i o n  source i s  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 source is imtalled) 

'Marker beacon passage 

.... .. . .  

-; _...... .. ,.. ... 
Autopilot Parameters: 

Engagement status (dl systems) , .  

AFCS modes and engagement.status ., ;.:,' ' . I  .I , .*.F.,:.* . .. il.i . . .  . _  . . .  . *  
,. . .. , 

'. . . - . _ , _ . . .  LL :;. ', ",; ,. '  

' , ; . ' . I  . . .  I 
' .,.: . . .' 

'. . . . .  

. ,.. . .  
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Timing: 
Radio transmitter keying 
UCT (when an information source is installed) 
Recorder elapsed time (frame counter, 0 to 4095) 
C W F D R  synchronization reference 

Event marker 
(when an information source is instatled) 

P. 3/13 

Warning Parameters: 
GPWS 
Hydraulic pressure low (each system) 
Master warning 
Loss of cabin pressure 
TCAS-TA, RA, and sensitidty (as selected by mew) 
Icing (when an information m.me is btalled) . 

...,I Engine warnings each engine- , I . I '  , - ,-.r.. 
Vibration (when an information sour& is insWed) . 
Over temp. (when an information sowee is installed) 
Oil pressure low (when an Information source is installed) 
Over speed (when an information source is installed) 

. Windshear (when an information source is &tallad) 
Computer failure 
Stick shackedpusher (when an information 60urce is instaUed) 

ManuaUAutamatic Selected Parameters: ' , ,  , ,... 

Selected barometric setting 
Selected speed 
Selected vertical speed . .  
Selected heading 
Selected flight path 
Selected decision height 
EFIS display format ,. ., 

Head-up display (when an inEormation'"xiia installed) 
Para-vieual display (when an information source . I  is installed) 
Multi-fhction/engine/a2etts display format - .  

. .  

, .I , 
. I -  , " ' }  .:,:;, 

.,. I: . .  
.,. .! ;,:#.., I !  

. . ., I , .' ,..".'' ..: .. , ~ ,,+. J!:..: ,..:* " " "  . 
(*> Range, as installea accuracy, ai xmtallia; :*mmlutioa, " 0 . a ~ ~ '  if f ~ l l  Ti- 
sampling, l per second. (**) Range, full ..&&; a e a c y ,  .*' 3% k r i l e s i ? ~ & e r  
accuracy uniquely required; resolution, 0.3% of fuIl .range; sampling, 1 per eecand. 

P . .  ., . .. 
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1. Data shaIl be recorded within the range, resolution, accuracy and sampling 
intervals specified in EUROCAE Document ED-55, Chapter 3 and h e x  1, 
unless otherwise noted. 

2. Each airplane type will need to be assessed ta identify any novel or unique desim 
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 rewrding and storing the data 
and a method of readily retrieving those data f" the storage medium. The data 
5hall be obtained Rom sources within the aircraft that enable accumk correlation 
with data displayed to  the flightcrew, except when the fight deck displays are 
filtered or manipulakd 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). 

Naeonal lkansportation Safety Board 
February I995 

. .  
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National Transportation safety Board 
Washington, D.C. 20594 
Safety Recommendation 

Date: March 9 ,  1995 
h reply refer to: A-95-29 . .  

'Po the manufacturers of airplanes 
operated under 14 CFR Parts 121, 125, or I35 
[see attached maihg list) 

On September 8,1994, a UsAir Boeing 737-300, gght 427, was on a scheduled 
passenger flight from Chicago, Illinois, t~ Pittsburgh, Pemsyhmia. During the 
approach Q landhg, the airplane suddenly rolled to the left and pitcked nose down 
until it reached I nearly verticaI attitude and stsuck the ground near Aliquippa, 
Pennsylvania. The airplane wa.~  destroyed; the 5 crewmembers and I27 passengem 
were fataUy injumd. The Sdety B o d ' s  investigation of this accident i s  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 aght €?am Denver to Colorado Springs, Colorado. As the 
airplane was completing the turn to 6nd approach, it rolled rapidly td t h e  right and 
pitzhed n3se dowa, reaching a nearly vertical attitude befor$ it s t r u c k  the ground. 
The aiqlane was destroyed; the five "tembem and 20 passengers were fatalIy 
i s i u r e d  In its report on this accident, the National Traaeportation Safety Board did 
not reach a detelnination of the probable cause.' 

Both airplsnes were equipped with a fight data recorder GFDRf, In each m e ,  
however, the FDR did not provide needed information about airplane motion and 
flight control surEace pasitiona during the accident sequence, 

National 'Pranspo~Mion Safety Board. 1992. United Airlines flight 586, Boeing 737-291, 
NWUA, UncannDlled wllieiun with terrain fur undetermined reason8 4 mile8 south of Colorado 
Springs, Colorado, March 3,1991. &craft Accident Report NTSBJAAR-92/06. Washington, DC. 

6628 
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In the Colorado Springs accident, f i e  parameters-altitude, airspeed, heading, 
vertical acceleration, and microphone keyhg-were recorded by the FDR, Currently, 
regulations contained in Title 14 of the Code of Fedeml Regulation8 (14 CFR) Part 
121.343 require these five parameters to be recarded by FDRs on airplanes that, like 
the &plane involved in the Colorado Springs accident, were type certificated prior 
to October 1, 1969, and were manufactured (received an individual wrtScate of 
airworthiness) prior to May 26, 19892 The FDR of the airplane involved in the 
Colorado Springs accident did not record (nor waa it required to record) other 
parameters critical t o  this accident investigation: aiqlane pitch and roll afkihde; 
enghe thrust values; lateral and ~ o r g i t u ~ a w l q a t i o n ;  control wheel position; 
rudder pedal positiop; and cbntrbl s & ~ e  positi&j'such A .  as rudder, aileron, and 
spoiler. 

In the AZiquippa accident, the accident airplane was the same type, a B o a  
737, but the airplane's PDR system had been "retr&tted with six additional 
parameters, in anticipation of the 1995 deadline for these enhancements. However, 
the additional parameters did not include information on cockpit fight conhol inputs, 
flight control surface podtiom, lateral aderation, or aufbpilot atatus, which has 
hampered the Board's continuing accident investigation. h a public h e k g  on the 
accident, conduded by the Safety B a d  in Pittsburgh, Pdylvania ,  an January 23- 
27,1995, witnesses &om the  FAA, aircraft manuEachmrs, and airlines agreed that 
additional FDR paramebm would have asmeted the B o d  in determining h e  
probable cause o f  this accident. 

*. 

Had the airplanes involved in the Colorado Sphgs  and Miquippa accidents 
beem equipped with enhanced FDRS, in€ormation h the additional parameters 
would have allowed the Safety Board to quidkly identify any a b ~ o r m a l  control surface 
movements, configuration changes, or autopilot etat;ue changes that may have been 
involved in t h e  loss of airplane control. Just aB ,important, infbmtion 6" tbe 
additional parameters would have allowed the E l o h  ti d e . o u t  certain facbm, if 
warranted, and t6 focus its investigations on other areas& . A. 

Idormation h m  FDRs with additionh a e t e m  subetaatially aided the 
Safety Board's investigations of two regional airline accidents that ocrmrred during 
1994. "he first accident occurred on October 81, 1994, while an American Ea& 
ATR72-210, fight 4184, was on a ~cheduled %ht &"Indianapolis, Tndiana, to 

~~ a. 

';I ' Part 121.543 requires that by May 26,1995, lage ahpbnee me M a t e d  prior to October 
1, 1969 (whith would have included the airplanas hM.in tbe Colorado Sprfnga;aad -a 
accidents) must be equipped with F'bb &at record 11 parametera. The additional parametere are 
longitudinal acceleration, pit& attitude, mll &e, maid ooluma 111: pia "11 stupacle pomtion, 
and thrust of each engine [two thrust d u e e  for the Boehg 137). Part 121.343  ale^ require8 that 
airplanes type oertificated &r October 1,1969 (regardleee ofae date ofma~~&&u#l M d  drplaues 
manufactursd after May 26,1889 (regardless of the date oftype certihdionl must be equipped with 
FDRs that record 17 parameters. Airplaaee manufacaued afier O b e r  ll, 1991 (regardlase of the 
date of type certification) must be equipped with FDRs that record 3l'parametera 

7 ,  
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Chicago, Illinois. The flight had been placed in a holdhg pattern over Roselawn, 
Indiana, because of weather delays at O'Hare Airport. !" flight was cleared 'to 
remain in the holding sattem and ia descend f" 10,000 to 8,000 fbet The airplane 
rolled to the right, entered a steep descent, and struck the ground; all 64 passengers 
m d  4 crewmembers were f%tdyinjured. The Safetp'Board'e continuing investigation 
has not yet determined the probable cause of &e accident; however, information h m  
the enhanced FDR embled the safety B o d  6 id-, dpithin hours afkr receiving 
the recorder in its laboratories, the key eventa leading ta the airplane's departure 

The ATR-72 was equippedwithanFDR~~ree6rded98p~~, including 
vane angle of attack WAOA), aileron bellmark pomtion,..Bap.ppSition, 'ailwon b5m 
position, and autopilot engagement status. .The 'FDR ditn',sh&d;that.as ithe 
airplane was descending through AB 9,400 *e f-k ,v*oA*,;*d the *'%pi *% ~ y ~ s . , i & e ,  i$zact'i&d.the ; b~.@ot 
airplane's VAOA increased. 
disengaged, and within 1/4 second the airem& 
the right-wing-down direction. The Fl3R data, '@~ehWed that the.robg moment 
was reversed when the VAOA waa reduced b, 'be lpW 5'degmes,''bd the aileronS 
deflected in the lefiwing-down directian. h at d l h g  miinhent re-ed ad %he 
VAOA again increased t6 5 degrees, and the a3&ons:dehcted@the riglbwing~d~wn 
direction. Control of the airplane was not +atn&,i$time~b,prei+nt , .  .,!,; ,, I &pact -. *th ,: . . . the 
ground. 

The data available from.the 
airplane rolled as expected 
the .aileron movements were resdt, the 
explanations for the aileron 
accident, the Board issued urg 
a€ h i l a r  occurrences ia the 
SafetyBod is also ex 
seven other ATR 
three of which h 

,..\ ~. . . , . . . 
&om controlled Eight and the eventa during ita 

.7-.,,;..:,::,6 .;:. > . .. ' ~ . .. 
.. . 

descent ... . . 
. I  . . . , .  . 

&),%& ,\ .., ' . . , G"dip 

The second accident inv 
which FDR data quickly moved 
to operations and human 
Saab %OB, flight 3641, w 
passenger fight &om Dallaa'Fo 

River Air Park in New €&a&, Lo 
subatantid damage. "he tiight, 
emergency evacuation. The 2 pilob and23 

showed that a8 
, . _ . .  
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both propellera’ rotational speed well above the maxi“ allowable revo1utioas per 
minub. Because the FDR also was equipped to captare the positions of the engine 
power levers, the Safety Board WBB able to determiae that at the awne time the 
propeller speed increased, the power levers moved hom the flight idle gate poaition 
t o  aft of the ground idle detents. The airplane‘s approved aght manual prohibits 
such power lever movements while in 9ight. This fightcrew action explained t h e  
propeller overspeed, which resulted ia dual en&e Mure. With the expanded FDR 
data, the Safety Board was able to rule out alternative explanations for the propeller 
overspeed, including propeller sysi” failures that pre~08uly had af€e&d similar 
propellers &tslled in mother turboprop regioaal airliner. 

The i m p o d c e  of FDR data is not limited to knvestigations of catastrophic 
accidents. FDR data from incidents, which are less serioue but occur more o h ,  can 
provide e0 investigators and the aviation e~mmunity uitid information to help 
prevent accidenk involving similar a. * Following the Colorado Springs 
and Aliquippa accidents, the Safety Board inveetigabd 12 Boeing ‘737 intidents 
involvhg’momalous mdder activity or m m d e d  roll osdlations. The FDRs 
aboard the  incident airplanes, howem, were not equipp& to read  fight; cantrol 
surfatx positions, flight cantrol inputa, or latad &eration Like 79 percent of all 
U.S.-registered Boeing 737s, the airplanes invaloed in the hidents were 
manufactured prior to May 26,1989; consequently, ‘they were required by current 
regulatiow to record ody the five W c  FllR parametem. Aa a result, c&d, 
objective data were not available from the FDRS, and investigabm had little more 
than the flighbxews’ subjective r e d M o a e  of these dynamic evente. 

In contrast t6 the investigations ofthese 12 Boeiag 737 htidmta, for which 
important FDR data were not available, investigations dothef incidents have been 
greatly aided by the availability of “d d e d  information. These Mdenta 
involved airplanes equipped with a digital dag W?luit tmmmita information f” 

., , I  . .. I .~ - . .  

many SCXSQXS to the onboard rem- dedi *. 
c , *  

On October 7,1993, a British Airwapa Boeing 747436 experienced a nosedown 
pitding moment immediately &er departure &anTimdon Heathrow Airport. The 
captain avoided ground contact by exerting snbbW back pressure an his control 
column. The incident was investigated 
Investigation Branch (AAIB). Of the 
abplane’s digital data bus, recorded by a 
to the FDR, several were ueeful in’ 
included the position of each o f  the 

’ National Transportation S 
Unwntrolled collision with terrain, an 
Aircraft Accident Report NTSB/AAR/92/03. Waehhgtm,.bo, r: * . ’:. ,. a .  $.. . . ‘ ._ 

* QARs and FDRs have similar data *age 
d e r  mdnteeance fault aaatysie, ara not ha& 

primdy iqtmdea for kt 
and fmi conditions 

, *.. 
7 ,  _ I  

A* 
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position, radar altitude, landing gear position, and hydraulic system pressure. By 
ana lydg  the information from the BAR, the AAlB established that "the upset was 
caused by the uncommaaded pitch-down movement of both &ght-side elevabrs, 
coincident with ladding gear As' a result df  ib investigation, the AAIB 
recommended that the FAA requite modiii&tioris of Boe'iag 747' hydraulic R Y S ~ I J X ~  
and elevator power control d t a .  

-300 airplanes 
ewerienced t h e e  rudder deflection anomalies., Por,'+c@~@cide.&&ut 206 flight 
data parameters were available t~ the l ? d . . @ @ & ~ $ ,  *vestigation author&, 
Bureau Enquetes Accidents @EA). The data'were mayid *&ARe, and avajlable 
parameters included control surf'ace positions, fight path $ata,&&leration in thtee 
axes, yaw damper, and autopilot modes. The Sdety h a r d  iswalualing the data 
&om these incidents for possible appliability to; 
accidents. 

.. . . .  . 
. .  . . . .  

Between June and August 1993, Air,'Fh&e~~ 

&ima ~ o r c o l ~ ~ o  
w:,~, I . ,;i. s;[ *r,: : i, :-.: 3 !.. 

, ._ , 
,' I .  . ,  

I .  

The data required to be recorded 
Board's ac&dent investigation experience 
Over the c o m e  of decades, many 
wind shear, takeoff ov%~~uns, and 
accidents involved the Might loss of lateral be 
parameter requirements focused on -lane p 
aud longitudinal acceleration) rather t4in on 

have demonstrated that more i n f o x "  about flight umtd garmet& '&odd be 
recorded by FDRs. 

that pertain t o  the poeitiom of fight 

to record either the cockpit control 
control Burfaw (such as the direction 
derived from the  other. But h ita 
the safety Board found that in E 

could move independently of 
conditions, additional informati 
the controls on the flight deck 
Consequently, FDRs should re 
surface positions. 

on the Mety 

md However, -t, 

Among the additional flight control 
under current ~ e 6 ,  airplanes fitted 

A 7  
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Flight control trim infarmation, including the positioaa of trim controls for mu 
and yaw, also has been essentialduring recent accident investigations. For example, 
the aileron and mdder trim pawnetera provided an&+& to questiom eady 
in the investigation of the Raselawn accident. The'airplank kvolved had previously 
experienced trim anomalies; the FDR revealea no&?;? ki &e.'addent e h t .  

Recent technological changes have mde'fwaible the acgutsition and &rage 
of large amounts of data on FDRs. Mas evei -fix older airplaaes, '"y l?DR 
system c8d record additional patame 
recording system. In terms of flight 
categories of airplanes in t h e  current air 
airplanes equipped with a digital data bus. ' ( ' . '  

On an analog *be, information f? 
example, a rudder position sensor located in 
FDR via dedicated wires in an analog format. The inforkation is then mnvertea to 
digital format in the F13R or the flight data acquiSitibn , .  &nit @DAW. 

.- ,'_... . ., , ,.,:<:;. 3:. I,;>:..,;:,,&,,, , _  

On 811 airplane 
in digital format &om a 
communications pathway (data 
to a number of system, hdu 
&ARs, and FDh. Additio 
on infarmation that is 
nev sedsora. 

._ . : , . " I .  ..,f" &-.:!,' ' . .  . . . ' "  J ' : .  . 
. .. *. ' , .! ' , , .Y. 

Upgrading FDRS with additional p 
safe* The Safe@ Board a 
currently operating in air 
investment, especially for 

The Safety Board obtained info 
d o g  airplanes h m  an air 
"Swturer ,  In a petition sub 
W A )  reprted that to u p 5 d  
a 04e-time expenditure of 
specifications and the devel 
m a d  over all of the hdim 
ifthere are 500 airplades 
airplane. Additional 
upgrade each 

' bttar of June 5, 1992, 
Vreeman, Wee Resident of 

. .  , : . , .",, ., ,, 
I .  
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equipmeat cost for a six- arameter upgrade would tbtal between $20,000 and $40,000 per individual airplane. ;P 

The Safety Board also obtained estimates of instalZed equipment cost to 
upgrade aa FDR to record the parametera listed in "Proposed Mini" FDR 
Parameter Requirements for Airplanes in Service" (attachment A to this letter). 'The 
information was provided by an J?DAU manufadurer .. . and an FDB,manufactuer. 

The FDAU manufacturer estimates that dmfitting an analog airplane Add 
C03t about $20,000 to $30,000. This estimate includes abmit 81,000 per additional 
parameter ($200 to $400 of which is for m o m ;  the remsPn der i~ for"sss'dciatad 
wiring and labor). The FDR manufacturat estimate6 that ,$b r-rd the pmamettm 
k t e d  in attachment A, many airplus may require the'& of eFDAV,  which eovild 
cost an additional $15,000 to $20,000. for e* aixph.e :not e y  'eo ',e*p* 
Based on the various e s b k s ,  it aggears that re&- ~'.'hrd6g-'&$ine to 
record the parameters listed in afAachment ' . A ' , , d  '.cost Fekeea, '$25,000 'shd 
$70,000. . .  1 I .:, , . . ..i. ; IT . !. : ., 

eqyivalent (such a8 
Listed in attachment 
confined to the electronic equipment co 
digital FDAU would be required. An., 
fight control surface position sensors 
or before October 11,1991, may also 

expressed concern 
During the public he 

The Safety'Board believes that public 
cost of equipping older airplanes 
~ M t  pmgram is limited to ' 

. .  .. ... ';.: 

. .  

, . _ .  
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derivative modelsg). Accot.ding to information provided by the FAA to the Safety 
Board," the US. register currently lists about 2,000 bansport catego.ary airplanes 
(such as DC-Ss, B-7376, and F-38~) that were type d c a t e d  before October 1, 
1969. These mea =e stiU in produdon (induw derivatives, such as MD-809, B- 
737-400s, and F-lOOs), and most of tfieso'airplanes use the analog method of data 
acquisition and transmission. 

The Safety Board believes that transport category airplanes of a type that is 
s t i l l  id production and operated under 14 CFR Parts 121, 125, or 136 should be 
retrofitted with the sensors and FDAU needed to record, aa a the 
parameters listed in attachment k Further, theae &planes &odd conEnue to 
record the FDR parameters required by " z a t  kgdatione applicable h each 
airplane (based on its dates of certi6cation and I I & & ~ ) .  Although Boehg 727 
and Lackheed L-1011 airplanes are not nuren6lyiri'~oduction, nearly 800 airplanes 
of these types are expected t6 rersain in the US. airhe fleet by the end of the 
1990~.~~ Accordingly, the Safe@ Board believea tha%ese airplane8 should also be 
retrofitted to record on FDRs, as a mbi.rn- the parameters listed ia attachment A 

.. 

'Ib ensure that individual airplanes have a submtial useful life aver which 
to recoup the cost of FDR r;?nhan-+l the Sa&* Board beJieves that the mtmfit 
should apply only b airplanes (except for Boeing'7876, which are addressed later in 
this letter) h t  comply hth Stage 3 noiae q ~ + + t a , ~  or ttist remain in s&ce 
after December 31, 1999, by receivjng a w a i k  or -emption &om Stage 3 noise 
requirements. This miterion wodd apply the FDR enhanwnta only to individual 
a k p h e s  that have the opportunitg to opekte well into the next decade. 

The Safety Board believes that the FAA should complete its Aemaking an 
FDR enhancements by December 31, '1995. ' ~ ~ ,  the FAA should r e m e  all 
operators of tmmport categozy airplaaes kde214 CFR Parts Ul, 125, or 135 to 
complete the FDR ephancementa by January l,:I,9W'tA'riplanes that do not currently 
comply with Stage 3 noise requj"nb ali&ld'fA'retmfitted wifh these FDR 
anhal.lcemenh by January 1,1998, or by the later date whm they meet Stage 3 mise 
wquiremersts but, regardless of Stage 3 - & p w  8tatus, no later tharr 
December 31,1999. 

. ?  
,"#,..:.I", - >>I;, . 

. L .  . ..(,$ 
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With regard to Boeing 737 BilTplanes, which atkount for about 23 percent of the  
US. air carrier fleet, the Safety Board believei' tbat PDB enhancement is needed 
sooner. Data from enhanced FDRS play a vitaI role id helping to prevent addenta 
through information they provide about in~idepts?~ ,-g the public hearing on the 
Aliquippa accident, the Boeing Commercial Airplane Gmup hdieated that it had 
records of 187 flight control incidents involving Wing 7378 h t  ochuTed between 
1970 and 1994. Of t h e  187 incidents, 35 
Boeing 737 will be used for years to come, 
in future incidents be equipped with 
Board believes that the FAA should require that'@l 
under 14 CFR Parts 121 and 125, 
equipped, by December 31, 1995, 
parameters required by current regulations 
at the sampling rates specified in attachment 
hputs for pitch, roll, and yaw; and primarg 

, roll, and yaw. . .  , 

According to id'ormation provided ta the S a $ G , w  by as many 
as 1,000 Boeing 737 airplanes would be atsectea!by the +Wt. ..me additional 
parameters could, in most cases, be acmn"mted by the'currantly hta2led FDR 
and PDAU aystems. As a result, the SafeQ'Board esp'mrates that the Copt to add 
these parameters would total between $lOaOOO , . 1 . ' ~  . , ada'$20,OOQ$er., ... . . , , . ., + h e .  L', _ _  :: ' . 

earlier corporate deci 
and AMR CsrporatiodAmerican Eagle 
more parameters than &re currently 
American Eagle also has taken the 
Jetstream airplanes with 
leadership role taken by 
manufaduring and air 
regulatary change i 
companies, the Safe 

modify FDRs installed on 
listed in attachment A p1w the 
regulations applicable ta each 

In &e ATR-72 

la ~n addition to the ioIe 
the data will be d great assistanar to air 
program@, FOQA is 8 proactive, d d e n t  
collected during normal flights, for &e plupoae o 
Board joins the FAA, the Dep 
supporting the development of FOQA programs, - 

, , . .  . ,  , ~ . . .  .. ..: . . I .  , ' i 
, ,  

. I  I .  , 7 . ' : , *  i. 4 , . , >  ; ' . I - . , . ,  . . . . \ . . . -  . .  '' l,e#er of December 14,1994, firom F !  Adm;rr;etrabr m R  
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Most newly manufactured atplanes wed in air carder service am routinely 
equipped with digital data buses that carry idormation on hundreda of paramew.  
Also, the m e n t  state of the art  in solid-state memory devicee b 8  lifted the previous 
constraints on the number of parametem that FDRS Can record. Consequently, the 
cost of adding FDR parameters usually + be'mid.rc@ if.the parametera nre 
speded  before the airplane ie built. 

The Safety Board's accident investigation &en& in mwnt years indicates 
that the FDR parameter requitementr for newly m u f a M  airplanes need to be 
expanded further. The Board believes that the &id FDR parameters for newly 
manufactured airplanes should include those propbaed iTi EUROCAE Documeat ED- 
55'' plus additional pammeters such aa flight coatrol' iqht and ~urface positions, 
Accordingly, the Safety Board believes tbat the PAA should &e that all ahplanes 
operated under 14 CFFt Parb 121, 125, or 135'(XO ,seats @larger) for which an 
original airworthiness ceri3kkt-e is hued after December 31,3996, be. equipped with 
FDRa that record the parameters listed in mdpbsed FDR Fhhancementa for Newly 
Manufactured Airplanes" (attachment I3 to thie letter). ' Also, the Safe@ Board 
believes that because available technology QOW permita dl FDRS to record at least 
25 hours of data, all FDRa installed on t h e e  newly "d airplanes &odd 
have thie recording capatity &r December 31; ,1996. ''.;'>;T ' 

b *mgdabry 
requirements can be h g e d ,  the W e t y  Board also believes that the ~~~ 

should establish, for a l l  newly manufactured airplanes that @l be operabd under 
14 CFR Parts 121,125, or 135 (10 seats' or k'ger), a mhhlnn standard for reoordjng 

. I  

. ,  
; $  *.. . ' ,. 

., '. , , . ,  

. I 

,.-. . , . .  
."I _,.,_._ - 7 .  :.: ,), . 

I. 1', . 
Because air& manufacturers &'&et 

FDR pm.eM ;P acwdmce with 

Air kavelen and the air d e r  unresolved 
accidents. The Safety B o d  will  anthue ih.,,@rts to identify,,the probable cause 
of &e accidents at Qlor& S p w  apd.Illi*&a, but''cmhnn-d FDR data rire 
essential to help prevent future accidents; ',, :+. . . 

Therefore, the National Transpor t ,a t ion* '~~ ' ;Board  ~am"mds that the 
manufactrmrs of airplanes operate 

Establish, for al l  newly m&r&aetared4 
under 14 CFR Parh 121,l 

with'RoposedFDREnhanceme.nta forN+lyMandW&l=es." 

. .  i . . 'I :%,; ,,.. . , . ... . _. 

. ,  .:,,:.:y -; , 

standard for remrhg fight 

( C h s  II, Pridty Act;i~n) IA.9529) : 

. , .  ~ : . , ,, . .I ,,: I , , , .:.: ', . . , - . .. . ;,:, " ! ,  I < '  . -  5,. . ., ,~ 

- . - > , -  , , ? . ,  ;: ? , , .  , 
. I  . 

, ., ' : t?fi;.: . 
European Organisation For ayil &&on'EQuipment "1. ,May 19%. M i n i "  

Operational Perfoormanca Speci$cadon For Flight Dab Wda . .  System CED-W. Parib R". 
, .  .. ::: .(.-! _ .  7.;. ;-;:! ,. .I, 

?; 
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Recmnmendatiotls were also issued to the Federal Aviation Administration and 
t o  the operabfi of air &et service under 14 CFR Pad 121 and commuter air 
canier service under 14 CFR Part 135. 

The National "ipo&tion Safety Board is an independent Federal agency 
with the statutory responsibility "...ta promote transportation safety by conducting 
independent accident investigations aad by formulating safety improvement 
recommendations" (Public Law 93-633). The SafetyBoard is vitaUy interested in any 
actions taken as a result of it4 safety mcommeruiaiione and would appreciate a 
response &om you regarding action taken or contemplated with respect to the 
recommendation ia this letter. Please refer to Saf& Recommendation A-95.29 in 
your reply. 

ChairmaIlR.l4LL,viCschaG.man E?EANCIS, andMember-RSCmT 
concurred in this recommendation 

Enclosures 

I ._., 
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Attachment A 

Proposed Minimum F'DR Parameter Requirements 
for Airplanes in service 

Proposed Minimum Parameters: 

1. Altitude 
2. Airspeed 
3. Vertical acceleration 
4. Heading 
5. Time of each radio fx"ission to air ttaffic control 
6 ,  Pitch attitude 
7. Roll attitude 
8. Longitudinal awlemtion 
9. Pitch trim position* 

10. Yaw trim position** . .  .._. i . , .  . .......... 
.I . .' . I 

. . . .  . .  ,.,:. ,.!V ....... ,,,, ;,;. . . . .  11. Roll trim position** 
12. Control column and pitch control ~urface position** 

,. :. . . . . .  

. ., ... 
. .  0 .  

. ., ; ;.: . 
13. Control wheel and lateral control 6urface positions* 

14. Rudder pedal and yaw cantrol surface position** 
15. Thrust of each engine 

16. Position of each thrust reverser (or equivdent , ,  far h p d e r  -)* 
17. Trading edge flap or cockpit flap control pomiion*. 

18, Leading edge flap or cockpit flap control po8itiod* 

19. Ground spoiler positiodspeed btaFLB de+* . .  ! . . .  .-&.l...' .,.. . : . :  . 
20. Angle of attack (when M o m t i o n  ao-- 5' *&..., &ihbleY* . . . . .  

21. Lateral acceleratian** , .  

. .  

. ,  

. .  

' 

: . . 1 . . ,  ,... . . .  
I . '  , 
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22. Autopilot engagement status** 

23. Automatic Flight Control System (ARCS) modes and engagement status** 

24. Outside or t o t a l  air temperature** . 
*. 

, I  > 
(*) Indicates a new or changed parameter relative to the mrmnt Il=pa"eter 
requirement. (**) hdi~at~ a new or changed parameter relative to the current 17- 
parameter requirement. 

Notes: 

1. Data shall be recorded within the range, resolution, accuracy and sampling 
intervals spe&ed in EUROCAE Document ED-55, Chapter 3 and Aanex 1, 
unless otherwise noted. 

2. Each airplane type wiU need to be amessed to i d a t @  any novel or unique design 
or operational characteristics, It will &ea be necessary tp ensure that suflident 
dedicakd parameters, appropriate to these c h " b t i c s ,  are mcorded in 
addition to or in place of other parameters. 

. . _ .  . . 

. . . . , . .  .' 

, .  , . ....: 

. . . . _  1 . . . .  ; 



- 

NO\) I S  '95 12:35PM PROSPERITY PIORTGRGE P .6& 

Attachment B 

I 

Acceleration Parameters: 
Vertical 
Lateral 
Longitudinal -.. $, 

. ,  :. . .  

' I .  
5 :.. . -  : ;.: ..., y, , ~ ,  

Airplane Performance/positicm Parameters: ..: . - 2 .  : . I : . ,  %' 

Altifxde ' .  

Airspeed 
Aidground sensor ( p a  airplane syeteme d e w & ,  nose or"& gear) 
Brake pressure and pedal position . , .  

Drift angle (when an information source is iaetalled) 
. Ground speed (when an information mum ia installed) 

Outside air temperature or total air temperature >-, p.:., . .- ' ' .  ,.. 

, 1 . .  

' ,  . . ._ . 

Wind speed and direction (when an idomtim 

Radio altitude (when an information source b ~ d l .  : ; . .I '. . . 
Latitude and longitude (when an i n f o r m a t i m . ~ ~ ~  in imtded) 

is installed) 

. I + . .  Airplane Attitude Paramefms: .. . _ . .  

Angle of attack left and right (when a infbnnation &--is ,inSued). . 
Pitch 
Roll A,. '. . ', .I' . . , . ,  

Magnetic heading 
.True heading (when an Wormation. sourc~b 

Yaw or mdeslip angle (when an iafbmmtion 

.. 
, . -  

eampled 1 per 4 seconds) 

. . I '., 

. .  . . 
(control wheel, mntml column, rudder -1 
bidestick controllers on fly-by-wire spsteme) 

AU trim surface pasitions--primarp mnlrols- I 

(pitch, roll, and yaw) . , - .  

. .  , .  . , .  .. 
. :. 

I , % .  , . . ,  
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All cockpit trim control input positions-primary contmle** 

ThstYpower-pri~nary fightcrew reference 

Throttldpawer lever position 
Thrust reverser status [;.e., skrw, tramik deploped, reverse pitch.) 
Thrust command (when an information source is installed) 
Thrust target (when an information soutce ia installed) 
Engine bleed valve position (when an in.€i"tion BOW is installed) 

(pitch, roll, and yaw) 

(may require multiple parmeters for all. p h e s  o f  flight) 

Airplane Configuration Parametere. 
map position (trailing and leading edge) 
Spoiler position (ground and speed brake) 
Spoiler/speed brake m&pit seleetiodetatus {armed-ground spoiler) 
Flap cockpit control selection , e  

Landing gear position 
Landing gear cockpit control selection 
De-idng or anti-icing system selection 

(when an information some is installed, sampled 1 per 4 seconds) 
Fuel quanti@ in CG trim tgntE (when an Wmtiofi source iS i"ed1 
Computed center of gravity (when an inf0rmat;aa source is installed) 
AC electrical bus sl;atus 
DC electrical bus status ' .  ~ 

APU bleed valve position , * \ . I  + . 
Hydraulic pressure (all systems) , " 3 ,  

Navigation Aids: . .  

Localizer deviation 
Glideslope deviation, 
DMX 1 and 2 distances 
NAV 1 aad 2 sdeW fkequency 
GPS positioa data (when an information so& is iaetalled) 
Marker beacon passage 

.I . :. ,. . 

Autopilot Parameters: 
Engagement status (all 
AFCS modes and engagement 

, . .  .,,. '-:4'.,Ff;.?:., . .  . '. 7 .  .. , .. . .r. I 
. . . . , I  r . 
,,_- I .  ;,:,.:., ..., .'... ;.: ..,. ! .  

., j 1 . , .-'[, ,,,: i _._ 1:. . . . .. 

.'i ..,:' ' ' I 
. .  

. .  ,Z"..' . 1. 

. . I  .,.. , I I ,  
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Timiag: ' 0 :  

" . ,  . . I  r 
Radio transmitter keying 
UCT (when an information aource ie  installed) 
Recorder elapsed time (frame aunter, 0 to 40951 
CVRlDFDR synchronization reference 

Event marker 

. , .  

,., ;,,;. . . . ,  ~ :L. . :. 
' . I  .I. . I , ,  ,, _ _  . .  

. .  
' I R 1 b I ,  

. .: ',? 
(when an information source is iaetalled) 

, - - ~ - .  

. I. . ._ I ,.: ' .  . .  .. , 

. . .  . .  
'- # . .  

.... . .  .. . . ,  
Warning Parameters: 

Hydraulic pressure low (each eystem) 
Master warning 

TCM-TA, RA, and s e n s i t i ~ t y  (aa s&xted by''&wj ''; ': 

Icing (when an infomaation sowrce is htdled) . .'. 

Vibration (when au information B O W C ~  ia i&&ed) 
Over temp. (when an Wormation c~llyce ie iarrtalledl 
Oil pressure low (when an Momtion dllrce is installed) 
Over speed Iwhk an information source is ipstaued) 

GPWS . .  

Loss of cabin pressure . 

Engine warnings each engine- . I .  

. , :  ., - . .  ... . 

, . , ,  . 1  , . 
I . .  , :  ., . 

. .  . 1  

' , , :  .."' . . .  

* . . *; 

:"-- ' ' ' , 

,:I' . . a .  ~ 

. .  
, . . , .  - .. 

. , .  . .  

Windahear (when an hformatioa "3 is iELstalled) 
Computer failure 
Stick shackedpwher (when an information source is installed) 

_ .  , .  ?.., 
. ,  

. .  

lMaauavAutomatic SeIected Parametsrs: 
Selected barometric setting 
Selected speed 
Selected vertical Bpeed 

. Selected heading 
Selected flight path 
Selected decision height 
EFIS display format 

Para-visual dieplay (when a, Wonnation BOT is installed) 
Multi-fimctiodengjndderta dieplay f"at 

. .. ,. . .  
. I  . .  

. .  . . .- . ... . . .  , . . .  
Head-up display (when an idonnation wurce ia btdd) .". 

. .'. , 

sampling, 1 per second. (**I Range, full trav 
accuracy uniquely required; wsolUtion, 0.3% of 

? I  
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Notes: 

1. 

2. 

3. 

P. 3/53 

Data shall be recorded within the 
intervals specified in EUROCAE D 
unless otherwise noted. 

Each airplane type will need to be 88 
or operational characteristics. It 
dedicated parameters, appropri 
addition ix or in place of  other p 

The flight remrder shall use a 
and a method of readily re 
shall be obtained &om sa 
d h  data displayed to the Bightuew, m g t  when th: @t deck displays are 
atered or manipulated so as b pduk valwa"&at a0 not meet"the'meso1ution 
and accuracy requirements for d phases of B&t @r'kmnPle,  some EICAS 

, '. .r.,,,&k.:;:., ..:..: ', A." 

.. , 
.. . . , ,,. *' . ,,. - 

e". . . . fight control position display datal. . I  

, ,  .: .i 
I . . :  :e. ' - i ', .. 

,. . . . ., . .  , ,  . ,  

'National Transporthion safety Board 
' Febmary 1995 

I 55 


