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NATIONAL TRANSPORTATION SAFETY BOARD -
WASHINGTON, D. C. 205%

SPECIAL STUDY

Adopted: May 14, 1975

'FLTCHT DATA RECORDER READOUT =
: EXPERIENCE IN AIRCRAFT ACCIDENT :
' INVESTIGATIONS 1960-1%73

TNTRODUCTION

For many years aircraf* accident investigators were constrained to
the examination and analysis of physical evidence because of the lack of
in-flight data from an aircraft flight data recorder, Although mucl in-
formation was gathered by examining the remains of an aircraft and by
studying maintenance records, weather information, flight operations
data, and human factors, it was difficult to reconstruct the circum=
stances of an accident, Ground witnesses were the primry source of
informatiocn on aircraft flightpaths and maneuvers.

The flight data recorder added a new dimension to the investigation,
It records data on altitude, airspeed, aircraft headirg, and vertical ac-
celeration, Now the progrees of an entire flight can be sctudied, In ad-
dition, sinze the recorder contains a permanent record of numerous
flights, previous flights conducted by a flightcrew can be compared, When
pertinent meteorological infermation is added to the recorded flight data,
a geographical path of the aircraft can be developed. Also, recorded
flight data can be used to study aircraft performance, to program flight
stimilators, or to conduct special test flights in similar aireraft to
duplicate portions of the accident flight.

The recorded flight data also permit a more detailed investigation
of incidents and accidents which involve turbulence encounters, ir-flight
evasive actions, or midair collisions. Turbulence encountera can be ana-
lyzed to determine the type of turbulence encountered and to determine
approximately the loads imposed on the aircraft. Informetion on the
loads encountered during turbulence helps maintenance personnel to deter-
mine whet part of the aircraft structure should be inspected. ' One air
carrier has develcped a successful meteorclogical system for predicting
areas of turbulence along its routes, and has used flight recorder read-
outs of turbulence encounters to gather data for this system.

The Safety Board has revieved 509 accidents and 1ncidents'to'prov1de
information concerning its experience with flight data recorders over a
period of 14 years, which ended June 30, 1973,

During those 14 years moat U.S. air carriers have used electro-
mechanical flight data reccrders which employed metal foil as the recording
medium. Permanent traces are scribed mechanically. Recording is continuous
from the start of the takeoff roll to the end of the landing roll. The
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following parameters are recorded; Pressure altitude, indicated airspeed,
nmagnetic heading, and vertical acceleration against a base of elapsed
tima, '

?

~he following report discusses a wide variety of accident and inci-
dent circumstances which required a readout of the flight recorder. The
report discusses the more common malfunctions of the recorders and the in-
formation which can be gained from the readout despite these malfunctions,

REGULATORY HISTORY

The first Civiil Alr Regulation .on flight recorders, Amendment 100,
was effective April 1841. It required the installation of a device to
record altitude and radio transmitter operation (0. and off). The compli-
ance date was subsaquently revised three times, aud finally, in June 1944,
the Civil Aeronautics Board rescinded the requirement. The CAB action
was brought about by maintenance difficulties and lack of replacement.
parts for the recorders. '

A gimilar regulation was adopted in September 1947; it required 2
fiight recorder in aireraft of 10,000 pourds or more, to record altitude
and vertical accelerations. Again, on July 1, 1948, the CAB rescinded
this requirement since there were no instruments readily available of
proven reliability and fully adequate for the purpose intended. No
flight recorders were installed during this period. ‘

During the ensuing 9 years, the CAA and CAB studied the requirements,
met with industry representatives, and proposéed amendments. which would
define the flight recorder program. In August 1957, the CAB adopted '
amendments to Clvil Air Regulations, Parts 40, 41, &2, and 43, to be
affactive in September 1957. These required flight recorders to be in~
stalled after July 1958 in all aircraft over 12,500 pounds tha. would be
operated in air carrier service above 25,000 feet altitude.' The functions
to be recorded were: Airspeed, altitude, direction, vertical accelera-
tions, and time. 1In September 1959, these regulations were revised to
establish a retention period ~f 60 days for records and to clarify the
time period that the flight recorder must be in operation, that is, con=
tinuously during flight, from the beginning of the takeoff roll urtil the
end of the landing roll. Thezc requirements, together with subsequent
apendments to the Federal Aviation Regulations (FAR), resulted in the
recording of £light records continuously during f1ight of all turbine-
powered, transport category alrcraft operatad by air carriers of United
States registry. (See Appendix A.) . ‘

Although aircraft flight recorders have been required by FAR's
aboard large aircraft since 1957, these have been of the oscillographic
type that engraves altitude, airspeed, he.ling, and vertical acceleration
traces on metal foil as a function of time. A digital flight data re-
corder (DFDR) has since been developed which encodes 4 1l .bit words per
second on magnetic tape using Harvard BiPhase code. :
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. The DFDR is a muiltiparameter, magaetic tape flight recorder which
was developed to allow recording of an incressed number o. flight data
parameters, as reguired by 14 CFR 121, (SeeLAppe:ﬂix A.) The regulation
requires that all large aircraft, which were certificated after September
30, 1969, and arc turbine-engine powered or certificated for operation
above 25,000 feet, be equipped with expanded parameter recorders. This
includes the wide=bodied jets, such as the Boeing B=747, the Douglas
DC=-10, and the Lockheed L-1011,

. The National Transportation Safety Board supported the regulations
which required the einranded parameter recorder and recommended its appli-
cation to new and existing type aircraft., The Board submitted information
ou specific cases to show how the proposed additional data might have in=-
creased the speed and accuracy of past accident investigationa, The Board
asge 'ted that the additional data would enable the inveatigator, for the
firs: time, to define the external or environmental forces exerted on the
alreraft and the control forces exerted on the aircraft by the pilot, and
would display the afrecraft's responses to these forces. The Board further
asgerted that by using the additional data, the accident investigatoer
could study and analyze the complex interactions batween the man, the
machine, and the enviromment, the capability for which, heretofore, had
oot been possible,

The amendment to 14 CFR 121 became effective on September 18, 1970.
Appe'.id:l.x A gives a list of the new mandatory parameters, their range,
minimm accuracy of recording and readout, and maximum sampling and
recording intervals. The DFDR is capable of recording over 100 aircraft
and flight parameters, ~although this number is well above tha: required
by Part 121,

Amendment 135-9, "Air Taxi Operations with Large Aircraft,” which re-
' quires alr taxi cperators -=sing large aircraft to comply with certain
rules of Part 121, became effective November 15, 1969. This rule, 14 CFR
135.2, requires the installation of a cockpit voice recorder and flight
rec::rder for operators of turbojet-powered airplanes with maximum certifi-
cated takeoff weights of over 12,500 pounds but under 27,000 pounds with
passenger-carrying capacities of not more than 12 persons, used in plane
load charter flights. However, exemptions hava been granted from this re-
quirement and operators do not have to comly with the recorder raquire-
ments until May 15, 1975. -

There have been four cases wherein the flight data recorder was not
recovered because the wreckage was in deep water and could not be locared,
loss of these data hampered the investigations considerably. A recommenda-
tion by the Safety Board reaulted in an ndment to 14 CFR 121,243 |
wldch caquired that after March 18, 1974, each recorder had to be equipped
with an approved device to assist in locating that recorder under water,

This device, referred to as an underwater locator beacon, is a miniature
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battery-powered acoustic transmitter whicﬁ {s activated by fresh or salt

watex, and will emit an intermittent acoustic signal of specific freqnency;ﬂ)

Such a'device had teen mounted on the £light recorder carried on
board. a large alr carrier atlreraft which went dowm recently in the Ionian
Sea, According to the manufacturer of the device, this locator beacon
had an operating depth of 20,000 feet, a detection range of 2,000 to
A,QO(S' yards, and was capable of transmi.tting acoustic signals for 30 days

‘after activation, During the first 13 days following the accident, air,

surface, and subsurface units of the U, §. Sixth Fleet attempted to
locate the recorder by conducting visual, radar, and acoustic searches _
with negative results. Then, 27 days after the accident, salvage experts,
using a dipping hydrophone at a depth of approximately 2,500 feet, de-
tected the beacon's acoustic signal in an area with a depth of 10,380
feet, A fresh locator beacon was dropped to mark the area while awaiting
a decision on wreckage recovery. :

+

The recorders are dasigned to comply with FAA Technical Standard

Order TSO C5la. (See Appendix B.)

DESCRIPTION AND OFERATION OF FLIGHT RECORDERS

. General

(

Two types of instruments are used by U. S. air carriers o racord
aircraft flight data. The most gamiliar of these is the flight data re=
corder (FDR) which uses metal foil as the recording med{um and incor-
porates mechanically and electrically operated styli which scribe a per=
manent record of pressure altitude, indicated ajrspeed, magnetic heading,
and vertical acceleration -= all against a base of time. The second type,
in use only on wide=bodied, turbine-powered aircraft, is the DFDR, which
uses magnetic tape as the recording medium and records a much wider range
of aircraft flight data. A flight data acquisicion ynit (FDAU) installed.
on the DFDR-equipped aircraft is supplied with alrc-aft data in -analog
form from various sensors and transmitters on the aircraft. This informa-
tion is converted to digital form and is trancaltted to the DFDR and
recorded. ‘ ‘

The scribed traces on the metal foil media are rea! out by an -op=
tical reader. A computer is used to read out tha DFDR magnetic tape.

Flight Data Recorder (FDR)

_ "~ FDR altitude and airspeed sensors sense atbient static air pres-
aure from one of the aircraft's static pressure systems. Pitot or dynamic
pressure is sensed from either the copilot's pitot system oT from an ine
dependent source. The altitude and airspeed genso. 3 chen position the
recording styli mechanically in respouse to changes in these prassures.

‘An alternate source of altitude and airspeed information is ths: one soard
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central air data computer (CADC). This computer, which sensus pitot and
static pressures, sends appropriate electrical signils to serve ampli-
fiers in the recorder which cause the recording styli to be positioned by
servo motors, : '

The megnetic heading source is the No. 2 aircraft compass system.
- Stgnals from ar instrument in the cockpit are sent to a servo amplifier
in the FDR which then positions the recording stylus by means of a servo
motor. The ver:ical aoq[eleration source 1s an accelerometer located away
from the recorder at some point on aircraft structure close to the aire
craft's cepter of gravity. This recording stylus is also positioned by a
servo motor. l ‘

Digital Flight Data Recqrder (DFDR) -

Altitude and airspeed information is obtained from the onboard CADC,
through the FOAU, The redorder records a number of additional parameters,
(See Appendix A.) :

Description of Flight Recorders : o

Lockheed Aircraf: Service Company -- ‘The Model 109-C FDR is shaped
like a sphere and L8 about 15 inches in diameter. The mounting flange is
located where the top and bottom halves of the sphere fit together. '

, The upper half of the sphere is a removable cover which is secursd
to the lower Falf by a clamp~type retainer ring. The immer and outer
shells which meke up the racorder case are made of stainless steel with a
l-inch apace between, which contains insulating material. The recording
pedium 18 aivminum foil, 2% inches wide and .001 inch thick. A supply
spool, which contains the foil, and a takeup spool are housed in a stain-
less steel cassette. The foll is fed frum the supply spool, cver a flat,
teflon-coated platen whict :s part of the cassette wall, and oato the
takeup speol, The various recording styli are mounted so that they con-
tact the foil surface as it passes over the platen. One spocl of the
foil medium can record up tc 200 hours of operstion. The foil can be
used only one time because the traces are embossed.

" The Moddl 109-D FIR operates in essentially the same manner; howaver,
~ the contai 1s rectangular and suitable for installation in a typical
radio rack. : ! ‘ : . : '

The Modal 209 DE'IJpll uses six sequential tracks on a mylar magnetic
recording tape. During operation, one track 1s recorded at a time in a
predatermi bidirectional sequence, Old data are erased before new
data are reco-ded. When a tape ends, motor rotatior is reversed and the
recording electronice are ‘switched to the next track. The recording time
for the six tracks is more than 25 hours, Tape speed is 0.46 inches per
second, and the data density is 1,670 bits per inch,

e WD e A bl

i wawer. s

i o b i b gt

. e s

e e B, e . P I 1 L

e

Tt w8




—— e n

2 ot =

g i e e AR SR

i

-6 -

Sundstrand Data Control -= The Model F=542 series FIR is rectangular
and can be iastalled in a typical radic rack. The recording medium is a |
metal foil with a high nickel contaut and ir about 5 inches wide and .001
inch thick. The foil 1s housed in a steel magazine with supply and takeup
spools. The foil is fed from the supply spool to the takup spool at a con=
stant rate by a motor-driven sprocket roller.

" The recording styli are mounted so that they contact the foil as it
passes over the acribe roller just before it 18 wound onto the takeup
spool, The diamond-edged styli are held away from the foil surface and
contact the foil at regular intervals. A cam-activated preasure bar
presses against all styli to record the specific parameter data. Ome
spool of foil can record about 400 tours of operation on omne side and may
be reversed to record an addi’ Lonal 400 hours on the other side. -

The Model 573A DFDR utilizes four sequential tracks on a metal mag-
netic tape called Vvicalloy. It switches tr cka like the Lockheed DFDR.
The four tracks record a total of 25 hours.| Tape speed is 0,43 inch per
second, and the data bit density is 1,786 bits per i.pch. o

Pairchild Industrial Product == The Model 5424 FDR is similar in
every respect to the Sundstrand FDR. The same type of foil recording
medium {8 used, and the operation of the recorder is essentialily the same.

RADIO TRANSMISSION INDICATORS

Exact correlation between the £1ight recorder readout and the cockpit
voice recorder transcript {a essential to an investigation. The correla=-
tion helps the investigator relate crew activities to aircraft operation.

Radio tranami.ssidns recorded by the éockpit voice recorder can be re-

lated to real time by comparison to air traffic control recoraings, where=

as the flight recorder yielda elapsed time only. Therefore; it was deter-
mined that radio transmissions would provide the most reliable commonality.
Consequently, in response to a Safety Board recommendation, the FAR's were
amended to require that, after September 18, 1972, all flight recorders
record data from which the time of each radio transmission, either to or
from air traffie control, could be det ined. Radic transmissions from
the ajrcraft to ground radio stations were selected as the ones to be
recorded. '

Recording of radio transmission {ndications is accomplished by use of
a relay-operated binary (two-position) geriber in the flight recorder.
The relay is energized by keying of the very high frequency (VHF) trans-
mitters on board the aircraft and 18 de=energized when the transmitters

ave turned off. Keying of a transmitter by either the pilots or the

flight engineer will energize the ‘binary scriber and cause it to move
across the surface of the recording medijym to & Dew position. .< will
remain in that position until the transmitter 1is turned off, then return
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to its original position, Movement of the scriber, :'ogethe.r with move-
ment of the recording medium, produces a "gquare wave' pattern which can

be measured to determine the

length of the transmiasion while space be-

tween the indications is measured to determine the time between trans-
missions. Thus, the two recorder outputs can be correlated accurately.

(See Figure 1.)

Figure 1, Example

t

of radio 'transmission indications.

FLIGHT RECORDER READOUT EQUIPMENT

Flight recordings are read out by an optical readout machine of high
accuracy. The readout machine was built 'to the Safety Board's specifica-

tions. (See Figure 2.) The
the foll medium and a woving
& 1fiber optics unit supplies
1s helpful when the foll surf

machine contains a fixed platen for mounting
mlieroscope for following the recorded traces.
the light source. The flexible light source
ace has been discolored by heat since the

séribed traces are nof always plain, The microsccpe has a magnification
range of 35-200 and can accommodate a Polaroid pack camera to photgraph
segments of the traces through the microscope.

Side movements of the microscope =~ The X dimension, and the in-and-
out movement, the Y dimension == are controlled through the use of two
switches : -un ed on the machine console, These switches operafe IC pulse-

type motors which are comnect

ed through gear boxes to jackscrews, The

SREY TR



Figure 2. Flight recorder optical readout machine,

motors cause the ndéroscope to move 0.0005 inch with each pulse. Elec-
tronic counters on the machine display the X and Y dimensions in inches
of microscope movement from selected reference points. :

The tape is read out by measuring the profile of each parameter trace
for a selected time period. The reasurements are made by following
the traces with the microscope and logging the X and ¥ coocrdinates in
{aches of microscope movement at rardom intervals 'along the trace, More
data points are taken where changes occur in the profile and fewer are
taken where the traces are more constant. The X and Y coordinates in

. {nches are then coupared with the most recent recorder calibration .acord

to determine values of each parameter and elapsed time, These values are
then plotted on a graph with appropriate scales for analyeis of aizcraft
operation. Radlo transmdssion indications are also plotted as a para-
meter to be used In correlating the cockpit voice recorder transcript

with the flight recorder readout. ,
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The Safety Board has recently purchased a complete data reduction
station to process data from digital flight recorders. (See Figure 3.)

Pigure 3. DFDR readout station.

The heart of the system is a minicomputer (PDP-11/4Q) with 24K parity
core and disk operating system. Peripherals include an alpha-numeric
cathode-ray-tube (CRT) terminal, two industry compatible, 9-channel mag-
netic tape units, a igh-speed printer/plotter, and a paper tape reader
and punch. The syst:m contractor supplied specialized hardware and com-
puter programs for our application. Specialized hardward includes: Two
DFDR readers so that the Y=inch tapes can be transcribed to a 9=track
tape wishout being removed fromr their crash-proof coatainers; a’ reel-to=-
reel tape deck so tlat k-inch tapes can be played in the normal manner
i1f it becomes necessary to remone them from a damaged DFDR; a computer
interface to reformat the Harv.rd iPhase data stream from the preceding
devicer into computer=compatible format, i.e., NRZ{ and an intérface for
getting X-Y coordinate data from the metal foil of the older type re-
corders into the computer.

The signal from the original DFDR tape is transcribed {reformatted
and recorded) onto a 9-track computer tape. After a transcription tape

e
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is generated, it is played back on a 9-track tape machine which feeds the
jnformation to the computer. A program, based on the airline and type of
ajrcraft, is called from the disk which converts the taped data from raw
form into the parameter values. originally transmitted to the reccrding
system by the aircraft sensors. } :

The computer programs include a search routine fur locating a speci~
fic flight among those recorded on the 25=hour tape, l1imit exceedance and
max-min routines, plotter and print routines. Operator commands are
entered via the terminal, in question-and-answer form, The computer asks
questions which the operator reads on the CRT screen and answers via the

keyboard.

The end result of a normal readout is a second-by-second listing of
the data for as much of = given flight as desired, along with a plot of
the data. This listing is called the "engineering units printout.” The
equipment caun also generate & raw data (octal) printout. It can plot the
data versus time in either strip-chart form (8 plots side-by-side, each
2 inches high) or in regular report style form,

STATISTICAL AMNALYSIS OF 14 YEARS' EXPERIENCE WITH FDR READOUTS

General

Prom 1959 through 1973, the Safety Board received 509 FDR's and 4
DFDR's for readouts, The 4 DFDR's wera read out at the recorder mange
€acturer's facilities since the Board did mot have its DFDR readout sta-
tion until November 1974. Therefore, the 4 DFDR cases were not included
in l:h? following statistical study.

' ‘ The 509 cases reviewed demonstrated a high degree of recorder relia-
bility and foll recording medium survivability. The main concern in
recorder design, aside from the operational and recording accuracy re-
quirgments, is survivability of the recording medim in an accident. The
recordgr environmental tests for impact, crushing, penetration, exposure
to firé, and immersion in sea water are set forth in Technical Standard
Ovder ¢Sla, issued by the FAA, (See Appendix B.) The recorder mant-
facturer must demonstrate that traces recorded on the medium remain
legiblé and readable followlng exposure of the recorder to all.of these
tests in succession. .

e following data attest to the reliability of the recorders aﬁd
gurvivebility of the fol® recording media since readouts were precluded
by either damage or malfunction in only 8 percent of the cases.
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No. Percent
Readouts obtained despite damsged 409 81
' or malfunction recorders "
Partial readouts obtained because of 33 6
'  oneormore malfunctioning parameters
No readout obtalaed because of re- 37 8
corder either damaged or malfunctioning
Readout reguest cancelled}lrecords'in- 26 4 '

complete; no formal readout required

' Recorders not recovered fromdeep water 4

[

|l—‘

+ 509 100

Recorder Readouts Related to Flight Regimes

The following tables present the number of readout cases as they re-
late to types of operation and the regime of flight irn which the accidents/
incidents occurred. Overall, these tables reflect that the greatest
number of flight recorder readouts were performed Ifor accidents/incidents
which cccurred during the landing regime, a total of 49 percent., The
next highest number, 36 percent, involved the en route f£light regimes,

The takeoff regimes accounted for 14 percent, J

Table 1

Regular Schedule/Charter Operations'

Taxi Accidents/Incidents

Taxiing to the rumway 3
Taxiing from the runwa ' A
Total _ : ' 4

Takeoff Accidents/Incidents

Aborted, never became airborne ‘ 16
Aborted just after liftoff , 1
' Never Yecame ajrborne 5
Just after liftoff 23
Initial climbout 11

Total ‘ 56
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En Route Accidents[lncfdenfs

Climbing to cruise altitude
During cruise '
Descending from cruyise
Total . .

' Landigg‘Accidenta[lncidénta

" Aborted

Initial approach

Final approach !
Go-around/Missed approach
At touchdown '
During landing rollout :
Total

Table 2
Training Operations
Takeoff Accidents/Incidents

Aborted
Just after liftoff
' . Total

En Route Accidents/Incidents

During crulse
Descending from cruise
Total ‘

Landirz Accidents/Incidents

Initial approach

Final approach

Go-around /Missed approach
' At touchdown

puring larding rollout

Total : .

' ’ Tabte 3
' “Other Operations

Takeoff Accidents/Incidents
Just after liftoff

4
98

38

b oo
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16
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En Route Accidents/Incidents

Dufli.ng‘ cruise Co 3
Landié& AccidentsfIncidents

Final approach . ' 1
' At touchdowm _2
Total . ' 12

Ceftain Occurém:es' Related to Flight Phase '

‘In-flight turbulence encounters, in-flight evasive action maneuvers,
and midair collisions accounted for 26 percent of the cases reviewed.

The following tables present these three areas iorelation to the phase of
flight in which they occurred. The 17 midair colliaions accounted for
380 fatalities in the air carrier aircraft involved and approximately 25
fatalities in the other aircraft. The 114 cases involving turbulence and
evasive action resulted {1 a large number of serious injuries to flight
attendants ani passengers. The tables for in-flight evasive action and mid-
air collisions reflact that the majority of cases, 35 percent in each cate-
gory, occurred while the alrcraft was descending from cruise altitude.

Table & , \
Turbulence Encounters

Climbing to cruise altitude 10

During cruise : ' 69
Descending from cruise : 12
| Landing final approach : ' 3
Total ' ‘ 94
Table 5

In~-flight Evasive Action

Climbout after takeoff 1
Climbing to.cruise altitude 5
During cruilse : 6
Descending from cruise ‘ 7
Landing initial approach 1
Total 20

' - Tablé 6
‘Midair Colliisions

Climbout after takeoff
Climbing to cruise altitude
During cruise

bDescending from cruise
Landing initial approach
.Landing final approach
Total 17

|-P'IT'°‘W|-‘N
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ACCIDENT CAMAGE TO FLIGHT RECORDERS

Experience during the early years of flight recorder opération
showed that the damage incurred by the recorders and foll recording media
could be attributed directly to the location of the recorder within the
Aircraft. Therefore, in response to a Safety Board recommendation, the
FAR's were amended to require relocation of tha recorders as far aft in
the fuselage as practicable., The effectiveness of this relocation con be
illustrated by the following statistics.

A total of 202 cases was processe before this relocation. Exten-
gsive damage to the recorder and foil medium precluded a'readout in five
of these cases., Readouts were possible, despite varying degrees of
damage, in an additional 22 cases, 11 percent, with 10 of these cases,

46 percent, involving damage to the foil medium. Figures 4 through 7
are examples of damage to the recorder and foil medium before the re-
location. . _ _

Figure 4. Typical flight recorder dxage with recorder located forward.
in the aircraft : .



E;igure 5. Damage to foll recording medium removed from flight racorder
in Figure 4

- .oom K . S R L ’ K
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Figu-re‘G. Crushning démge to flight recorder located in leit main
landing gear wheel well
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Figure 7. Fragmented and reconstructed foll recording medium removed
'from flight recorder in figure 6

The study includes 301 cases which were processed after the recorders

were relocated, Extensive damage to the recorder and foll medium pre-

cluded a redadout in only one case. Readouts were possible, despite vary-
ing degrees of damage, in an additionil '28 cases, 9 percent, with 6 of
these cases, 12 percent, invelving damage to the foil medium as well.
Figure 9 is typical of the condition of a recorder removed from aircraft
wreckage (Figure B) since the relocation.

The single case, mentioned above, which involved loss of readout
capablilities, concerned an aborted takeoff accident with postcrash fira,
The recorder had been installed close to the passenger oxygen cylinders
which released a stream of oxygen directed at the recorder after the
fire had disrupted the oxygen system plumbing. The resultant oxygen-
fod fire consumed most of the flight recorder and destroyed the portion
of the foil medium which cortained the pertinent flight record. (See
Figures 10 and 11,) .



n where flight recorder wAs

Remains of aircraft tail sectio
located ' {

FPigure 8.
|

FPigure 9.
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Figure 11. Foil recording medium with extreme fire damage removed from

f1ight recorder in Figure 10

.



Figure 12 is an example of damage to th
of exposure to sand and 8
covery of the recorder.

from prolonged exposure
visible in the photograph is a recor
visible in oxides formed by heat.

Figure 12, Example
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The following table shows the number and types of ioil recording
psedium damage incurred before and
recorders.

after the relocation of the flight

Table 7
Type of : Before After '
Damage. Relocation Relocation
Mechanical only 6 ' , 3
Fire only 2 ., 0 \
Mechanical/fire 2 .1
Total 10 6

e foil medium as the result
ea watsr over a period of three weeks before re-
Figura 13 is an example of the surface damage
to hea- on an aluminum ‘foll medium. The line

i{n sea water following an accident

ded parameter trace which was still '

of foll recording medium after three weels! immersion
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Figure 13, BExample of burned f&'::l.l recording medium with visible recorded
trace .

MALFUNCTIONS OF THE FLIGHT RECORDER

The types of malfunctions found in flight recordera over the years
have varied and some have been repeated. Records of the early years are
incomplete with regard to some of these malfunctions and their causes, .
The following, however, represent typical malfunctions.

Recorder Not Operating - P

There were three cases during the early years during which the
flight recorder was not operating at the time of the accident; however,
the reasons were undetermined because of incomplete records. A fourth
case in recent years concerned a recorder which stopped recording just 14
minutes before the accident. The recorder survived sufficiently to be
tested and it was found that a single gear operated by the recorder drive
motor was siipping on its shaft because the setscrews were not tightened.
The gear turned a shaft, which operatad both the foil medium takeup drive,
and the cam shaft, which activated the scriber pressure bar. There was
evidence, harev'r, to indicate that the drive motor was operating and the
recording styli were moving in response to inputs up to the time of impact.
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Foil Medium Expended

There were four cases in which the foil medium wae expended before
the cccident == a condition that had gone unnoticed by the operator in
each case. - B

Reverssed Pitot/Static Lines

In one case, the pitot and static pressure lines were attached to
the recorder in reverse. As a result, the recording fitting was modified
to prevent recurrence of the malfunction.

Altitude and Airspeec Malfunctions

. In two cases, the airspeed trace was being scribed in a veversed
direction and the altitpde trace seldom rose above airport elevations.
The malfunction wae caused by a gross leak in the static pressure line
which supplied the recorder altitude and airspeed sensors. The leak had
occurred at some point where the static lines passed through a pressurizad
portion of the fuselage on their way to the recorders.

A similar case occurred in which, again, the airspeed trace was being .

scribed in reverse; howeve., the altitude trace was static at all times.
The malfunction occurred because the static pressure line was disconnected
from the recorder, and, therefore, the ambient preséure 4n the altitude
and airsneed sensor was trzpped from a takeoff point about 75 flights
earlier. Such a conditicn as described in both cases would have no effect
on pneumatic instruments in the cockpit because the flight racorder static

1ine is separate from thé flight instrument static system.

Gaps in Fecorded Traces

Gaps in recorded traces have occurred in 14 cases, The malfunction
is associated with irregular foil movement through the magazine in the
recorder land ail paramet:rs are affected. The frequency of the gaps may
range from sporadic to eontinuous. Readouts were performed in 10 cases;
however, this conditiom was so extensive in the other four cases that
veadcuts could not be made, This malfunction may be the result of
saveral conditions or ccsbinations of these conditions: |

©  High cluteh torque on the magazine

¢ Dirty scrite rollerlin the magazine

tncorrect threading of foil in the magazine

0  Excessive differential totqﬁe setting of the takeup drive

Low torque setting of the takeup drive

o wakeup drive switch out of adjustment

r
1

e —

[P
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Figures 14 and 15 provide a comparison of typtcal‘tecorded traces
with traces contalning gaps. o

Other Malfunctions

. } i
I "
Other cascs have been processed where malfunctions created diffi-
culties in making complete readouts and providing sufficlent informatlion

for analysis of aircraft activity before accidents:

° Inadequate stylus pressure has'produced either faint traces ot
no visible traces at all. : '

O Improper alignment of recording stylus movement with the foil
surface resulted in traces which faded out in the upper half of
, their operating range, causing loss of data.

©  Iuvestigations have been hampered in 11 instances vhere data
" were lost because of either {noperative magnetic heading or
vertical acceleration parameters which produced static traces,
' or both. Loss of the vertical acceleration parameter caused
great difficuity in the investigation of one accident {nvolving
structural failure of a wing fn turbulence.

Information regarding aircraft activities can often be developed
from the flight recorder readout despite malfunctions in one or more

' parameters.

For example, in the case of the structural failure just mentiouned,
the aircraft sustained a catastrophic failure of the right wing during
descent from cruising altitude. A turbulence encovnter was suspected;
however, the investigation also developed evidence of preexisting fatigue
cracks in the area of the failure. Determination of cause was compli-
cated further when the flight recorder readout disclosed that the vertical
acceleration (g force) parameter was inoperative and, therefore, could '
not provide information relating to turbulence.

This recorder contained three auxiliary traces mada by binary
scribers. These were the trip and date reference line binary, the heading .
north-gouth binary, and the timing binary. These scribers, unlike the

. parameter scribers, are in constant contact with the foil surface and

scribe a straight line trace only. Examination of these traces disclosed
the nresence of small identical deviations at two points, 18 seconds

apa.¢) on each trace during the final seconds of recording. The earli-

eg” deviation, an up-and-down movement of 0,001 inch, was coincident

with a sudden change in both altitude and airspeed. The second deviation
in each trace was a sudden downward movement of 0.003 inch and the traces
becape aberrant thereafter. These deviations, which affected all three
traces similtanecusly, could only have resulted frow shifting the foll
magazine up and down within the recorder while the binary scribers ;
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remained in place, These dimensions were given to the recorder manue
facturer to determine their possible significance.

Calculations and actus) tests showed that the small deviation repre-
sented a downward movement of the magazine as the result of an ¢8g load on
the recorder. The second and larger deviation was calculated to represent
a load of =20 g which caused the magazine to move upward. :

This information was sufficient to demonstrate that the wing failed
because of turbulence=induced loads in an area of the wing which had been
weakened to some degree by preexisting fatigue cracks.

RECORDER READOUT SERVICE TO FOREIGN GOVERNMENTS AND, K OTHERS

During the period covered by this study, the Safety Board provided
flight recorder readout service to 25 foreign governments to aid their
investigation of accidents under International Civil Aviation Organization
{ICAO) agreements. The service was also extended teo thr. U, S, Air Force
and the National Aeronautics and Space Administration, both of which
operate aircraft equipped with counnrcial-type flight recorders. See
Table 8 for the percentage of these requesta compared to the tbtal case
workivad in cach fiscal year,

. Table 8
]

Fiscal Total Foreign, Percent
Year. Cases . And Other of Total
1960 ' 4 0 0
1961 . 10 0 2
1962 . 2 1
1963 18 0 : ‘0
1964 : 25 4 16 '
1965 © 36 4 il
1966 40 ‘ 4 10
1967 50 7 14
1968 55 10 18
1969 64 8 ' 12
1970 53 8 15
1971 59 5 .8
1972 46 13 28
1973 ‘ 35 » 11 31

DISCUSSION

The flight data recorder as an accident investigation toocl has cone
tributed significantly in improving the quality of the Board‘s investiga-
tions and safety recommendations.
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Following are a few examples of how the use of this data has inmproved
the accident findings aund obviously, if the data had mot been available,
their findings would have been much less definitive,

Takeoff, Takeoff/Abort, Landi Abort, and Overrun Accidents =- The
FDR data have been used extensively in these accidents to calculate rumway
distances, accelerations, decelerations, and speeds to arrive at defini-
tive causes in these accidents. : ‘

Midair Collisions -~ FDR data have been utilized for ground track
plots and three dimensional plots to define collision angles and also to
establish visibility capgbilities for both aircraft.

- . I
Approach and Landing Accidents -- The FDR has disclosed| errors in
descent profiles, unauthorized approach procedures, miaread of alti-
meters, high descent rates and stalls, and has been utilized to program
gimulators or test aircraft for accident flight similatioas and recon=

struction.
]

{he FDR has been utilized to analyze abnormal maneuvers, loss of
control in turbulence, control eystem failures, and has also proven to be -
of great aasistance in the analysis of vortex turvulence accidents.

CONCLUSIONS -

_ From the statistical evidence presented, the Board believes that the
£12¢ht racorder design has proven to be adequate and that impact damage

to th secorders has beemn minimized since their relocation ip the rear of
the aircraft.
resulted from personrel .error and inadequate maintenance.

The flight data recorder has provided a new dimension in aircraft
accident investigation and, over the years, has provided +echnical data
which enabled the Safety Board to arrive at more precise causes and
causal Zactors. The flight data recorders have been a valuable source of
data which clearly delineated safty problems 'and provided technical sub-
stantiazion which enablec the Board to make specific safety recommendations
for the resolution of these problems. .

The Safety Board believes it absolutely necessary, however, to expand
the present flight data recorder capability to grovide additional needead
parameters to assess fully all aspects of an accident. Investigation of
recent complex accidents involving wide-bodied tramsport ajircraft and orher
large transport aircrafc has shown that additional paramﬁters would have
.provided a more complete understanding of the underlying causal factors,
and would have produced more effactive measures to prevent future acci-
dents. ' '

It is also evident that recorder malfunctions have primarily .
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The Safety' Board believes that Ehe flight data recorder has contri-
buted significdntly in providing the airline industry and traveling public

'with its present high level of safety.

i
RECOMMENDATTONS

During the preparation of this report, th Board has made eight rec-
ommendations to the Administrator, Federal Aviation Aduinistration. (See
Appendix D.) ' b ‘ '

The major aspects and intent of these recommendations were included as

agenda items in the Federal Aviation Administration's First Biemnial Air-
worthineu__Reviw Conference held on December ‘Q, 1974, in Washington, D.C.

Summaries of the discussions on these items are contained inAppendix D.

BY THE NATIONAL TRANSPORTATION SAFETY BOARD

/8/ JOHN H, REED
Chairman

¢

/s/ FRANCIS H. McADAMS
) Member

- | /s/ ' LOUIS_M. THAYER .
I Membe:r

/s/ ISABEL A. BURGESS
Member

/s/ WILLIAM R, HALEY
Member .

May 14, 1975
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APPENDIX - A oo

" PERTINENT FEDERAL AIR REGULATIONS

f 1
| ' | !

i
§ 25.1%9 Flight recorders.

(a) Each flight recorder required by the operating rules of this
chapter must be installed so that --

+
i

(1) 1t is supplied with airspeed and altitude data obtained from
sources that meet the accuracy requirements of & & 25,1323, 25,3325, and
25,1327, as aprropriate;

(2) The vertical acceleration sensor is rigidly attached, and located
longitudinally either within the approved center of gravity limits of the
, airplane, or at a distsnce forward or aft of these limits that dces not
exceed 25 percent of the alrplane's mean aerodynamic chord;
4 ! .

(3) It receives its zlectrical power from the bus that provides the
maximum reliability for operation - f <he flignt recorder without jJeopardizing
service to essential or emergency loads; and

() There is an aural or visual means for preflight checking f the
recorder for proper recorder tape movement.

(5) Except for rezorders powered solely by the'engine-driven\électrical
gunerator system, there is an autometic means to simultaneously stop &
recorder that has a data erasure feature and prevent each erasure feature
from functioning, within 10 minutes after crash impact.

(6} There is a means to record data from which the time of cach radig
transmission either to or from ATC can be determined.

(7T} The underuater locating dsvice, when required by the operating
' rules of thlis chapter, is on or adjacent to the container that records time,
altitude, airspeed, vertical acceleration, and heading and is secured in
such a manner' that they ave not likely to be separated during crash impact.

(b) Ea"h nonejectable record contalner must be located and mounted so
as to minimize the . obability of container rupture resulting from crash
impect and subsequent damage to the record fram fire. In meeting this re-
quirement the record container must be located as far aft as practicable,
but need not be aft of the pressurized compartment, and may not be where
aft-mounted engines may crush the container upon impact.
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(¢) A correlstion must be established between the flight recorder .
readings of airspeed, altitude, and heading apd the corresponding readings
(taking into account correction factors) of the first pilot's ipstruments.

The correlation must cover the airspeed range over which the aitplane is
to be operated, the range of altitude to which the airplane is limited,
and 60 degrees of heading. Correlation may be established on the ground

as appr?priate.

(d) Each recorder container must be either bright orange Or bright
yellow. (Amdt. 25-8, 31 F.R. 127, Jan. 6, 1966, as amended by Amdt. 25-25,
35 F.R. 1319, Aug. 19, 1970; Amdt. 25-31, 36 ¥.R. 23549, bec. 10, 1971)

§ 121.343 Flight recorders.

(p) Ko person may operate & large eirplane that is certificated for
operations above 25,000 feet altitude or is turbine engine powered, unless
it is equipped with one or 'more spproved flight recorders that record data
from which the following irformation may be determined within ‘the ranges,
accuracies, nnd recording intervals specified in Appendix B of this part --

(1) Time, altitude, airspeed, vertical acceleration, and heading; and

(2) After September -8, 1973, for airplanes having an ériginal type
certificate issued after September 30, 1969, pitch attitude, roll attitude,
sideslip angle or lateral acceleration, pitch trim position, control column
or pitch trim control surface positlonm, control wheel or lateral control
gurface position, rudder pedal or yaw control surface position, thrust of
each engine, position of each engine, position of each thrust reverser,
trail ng edge flap or ceckpit flap control position, and leading edge flap

or cockpit flap control position.
quired by this section is insta.led,

he instant the airplene begins the
11 at an airport.

(b} Whenever a flight recorder re
.1t must be operated continuously from %
takeoff roll untll it has completed the landing ro

ovided in paragraph (d) of this section, and except
authorized in this paragraph, each certificate
nolder shall keep the recorded data prescribed in paragraph {a) f this
section until the airplane has been operated for at lesst 25 hours of the
operating time specified in 8 121.359(a). A total of 1 hour of recorded
Jata may be erased for the purpc.e of testing the flight recorder or the
flight recorder system. Any erasure made in accordance with this paragraph
must be of the oldest recorded data accumulaved -t the time of testing.

(¢) Except as pr
for recorded data erased as
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Except as provided in paragraph (d) of this section, no record need be
kept more than 60 days. T ‘

{2} In the event of an asccident or occurrence that requires immediate
notirication of the National Transportation Safety Board under Part L30 of
its regulations and that results in termination of the flight, the certifi-
cate holder shall remove the recording media from the airplane and keep the
recoried data required by paragraph (a) of this section for at least 60 days
-and for a longer period upon the request of the Poard or the Administrator.

(e} Each flight recorder required by this section must be installed
" i{n accordance with the requirements of 4 25,1459 of this chapter. The
correlation required by paragraph (c) of § 25.1k59 need 'be established only
on one airplane of any group of airplanes --

(1) That are of the same type;

(2) On which the model flight recorder and its installation are the
same; and

(3) On which therc is 1o differencze in type design with respect to
+he installation of tnose first pilot's instruments agsociated with che
: £1ight recorder, The most recent instrument celibration, including the
recoréing mediur from which ~his calibration is derived, and the recorder
correlation, must be retained by each certificate holder.

) (f) After March 18, 1974, each f1light recorder required by this section
that records the data specified iu subparagraph (a)(1) of this section must
have an approved device to assist in locating that recorder under water.

(g) After September 18, 1972, each flight recorder required by this
section must record data from which the time of each radio transmission
either to or from ATC can be determined., (Amdt. 121-66, 35 F.R. 13192,
Aug. 19, 1970, as amended by Amdiy 121-82, 36 F.R. 23552, Dec. 10, 1971)
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AIRCRAPT FLIGCHT RECORDER SPECIFICATIONS
Accuracy , minimum Recrrding
Information -~ Rang~ (recorder and interval,
readout) maximum
, seconds )
TIME euveeavaanarrasesassasrasncnassasonss £#0.125 percent per hour, 60.
. , . excep* accuracy need vot
. exceed gl seconds.
ALLItUde ceveverarsascechaiens =1,000 ft. to {100 to £700 ft. (see 1.
; ’ maximum certif- ° table I TSC-C5la; FAR
icated altitude 37.150).
of aircraft. . :
AIrSpeed casessssssecansssass 100 to 450 KIAS 10 knots at room temp. 1.
: or 100 KIAS to 12 knots at low temp.
1.0yq whichever see table II1, TS0-C5la;
is greater, FAR secticom 37.150).
Vertical ACCElerftion veeseeee =3 t0 68 veccssess 0.2g stabili.ed, £10 percent 0.25 (or
trapsient (see TSO-CSla). 1 secomnd
in which
£ peaks
are
) recorded).

'

Piten attitiude eeaecsecceassse F15° snecsnreceans

Roll attitude seeeseaensesesses F180% cuiiiiaonias

Lateral acceleratior (in

ifeu of sidestip angle)...eee. f1.08 secevvvnvn.. £.05g stabilized. £ 10 percent
. transient.

Sideslip angle (in lieu

2% @ vreesvasronesnneanansesaves Lo

'Heading tasscnvennnaseresernee. 3607 fiiiiiiananen é?° vetesssncenssaansansasscasss Lu

7 S

0.25 {or
second
in which:
£ peeks
are
recorded),

of nteral acceleretion) ..uee F307 tevariienenes £2°7 ciiiiiiiiiiiii it OUS

Pitch trim positior sev.vcecs. Full range ....... £}° or ij percent whichever
is greater.

Control column or pltch

2.

control surface poeition ..... Full TanEe ...veve £2° iiiiieiiienieaiararsneanass Lo
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ATRCRAFT FLIGHT RECORDER SPECIFICATIONS:

Accurs~y, minimum . Rerording

Informa‘lon Range {recorder end, ' interval,
: ‘ readout) {mum
| selesnds)

Coutrol wheel or latersl
control syrface position «.ue.

Rudder pedal Sr yaw con=
trol surface position ...ceeee

I
Thrust of‘esch engine se.eeaee
i

Position of etch thrust
PEVUTSET eanrnsvvaosntsnasisns

Tralling edge flap or
sockpit flap domtrcl
POSILiON .esssevusennoninnenne

Leading edge fiap or
cockpit flap contral
POSLTION suveeenssanvorronvess

]
Angle of attazk {ir

recorded directly)} c.isaeeees

Fuil PRANEE <evenes £2° trrreccssanassanaarnenaranns

Full TBAGE svveess F2° cesvesassnrasnnassacsnnsores

Full TANGE «vevor+ f2 DEFCENt aoccivsaasreeranvaoes
forvard

3towed and
full reverse tivasassesssntslhesssesarsrsenennanaon

1

. 1

Full range {oF -ox £3° eemerioansmrinoninnonanns
each discrete

position}.

Each discrete P E R P PR R L L LR
position

.0
220° 50 AE0% seveepl taeirresranaiansraacesnieny
) ke

1.

0.5.

4l

L,

2,

2.

0.5.

{Amat. 121-66, 35 F.R. 13193, ‘ug. 1%, 1970)
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t

§ 37.150 Aircraft flight 'recorder == T30=-C516.

{a) Applicability. This technical standard ordor prescribes minimum
performance standards that aireraft flight recorders must reet in order to
be identified with the applicable TSO parking. ¥ models of flight recorders
wat are to be jdeni+ fied and that are menufactured on oT after the effective

gate of this section must meet the Minimum Performance gtandard for Ajrcreft
Flight Recorders get forth at the end of this sectlon. ' . .

{v) Marking. In. additien to the markings required by § 37.7, the
rating (nominal voltage and wattage) must also be marked on the recorder.

: ]

{c) Data requirements. Thé manufacturer must furnish the Chief,
Engineering and Menufacturing pranch (in the case of the Western Region, the
Chief, Aircraft Engineering Divicion), Flight Standards Division, Federal

_ Aviation Administration, in the region where the manufacturer 1is located, the

following technical data:
t

(1) six ccpies of the mapufacturer's operating ipstructions, equipment
1imitations, and 1ipstalistion procedures. '

(2) One copy of the manufacturer's test report.

MINIMUM PERFORMANCE STANDARD FOR,AIRC?AFT FLIGET RECORDER

1. Purpose. To establish minimum requirements for approved Alrcraft

Flight Recorders to be used in aireraft primerily for accident analysis, the

operation of which may subject the recorder to envircomental condlitions
specified in gsection 3. :

2. 8cope.. This standard covers three basic types of gireraft flisht
recorders for recording time, airspeed, altitude, vertical acceleration, and

heading. The intelligence received by the yecord medium can be from direct
and/or remote sSensors.

5.1 Definition of the types. Type I = Nonejectable; %ype 1I = None ject=
able, restricted to any location more than qne-haif‘of the wing root chord
from the main wing structure‘through the fuselage and from any fuel tanks;
Type II1I - Ejectable, unrestricted location. '

3. Genqral_reqdireménts.
I
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§ 37.150 Aircraft flight recorder -- TS0-C5la. K

{a) Applicability. This technical standard order prescribes minimum
performance standards that aircraft flight recorders must meet in ordér to
be ilentified with the applicable TSO marking. New models of flight re:orders
nat are to be identified and that are manufactured on or after the effective
date of this section must meet the Minimum Performance Standard for Alrcraft
Flight Fecorders set forth at the end of this section.

(b) Marking. In addition to the markings required by § 37.7, the
rating -(nominal voltage end wattage) must also be marked cn the recorder.
1 : .

(c) Data requirements. The manufacturer must furnish the Chief,
Engineering and Manufacturing Branch (in the cn,e of the Western Region, the
Chief, Aircraft Engineering Division), Flight Stundards Division, Federal
Aviation Administration, in the region where the wanufacturer 1s located, the
following technical data: S

b
' .

(1) Six copies of the manufacturer's cperating instructicns, equipment
limitations, and installation procedures. ' :

~{2) One copy of the manufacturer's test report.

MINIMUM PERFCRMANCE STANDARD FOR AIRCPAFT FLIGHT RECORDER

1. Purpose. To establish minimum requirements for approved Alrcraft
Flight Recorders to be used ir aireraft primarily for accident analysis, the
operaticn of which may subject the recorder to environmental conditions
specified in section 3. . '

" 2, 3cope. This standard covers three basic types of aircraft flight
recorders for recording time, airspeed, altitude, vertical acceleration, and
heading., The intelligence recelved by the record medium can be from direct '
and/cr remote sensors. ' .

' 2.1 Definition of the types. Type I - None)ectable; Type IT = Nonejlect-
able, restricted to aany location more than one-half of the wing root chord
from the main wing structure through the fuselage snd from any fuel tanks;
Type III - Ejectable, unrestricted location. ‘ \

3. Ger »ral requirements.
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3.1 Environmental conditions. The following cond.tions have been
established as design requirements only. Tests shall be conducted as
specified in secticns 5, 6, and T.

1 ]

I ! ‘

3.1.1 Temperature. When installed in accordance with the instrument
menufacturer's. instructions, the recorder shall function orer the range of
ambient temperature shown in cclumm A below and shall not be adversely
affected by exposure Lo the range of temperature sawn in column B below:

L

~ Instrument locatioa A i B

Heaé areas (temperature
contrTolled) ceesescseranvasenes -39 to S0C -65 to TOC

Unheated areas (temperature

uncentrolled) cicecsseccacrenn- ~-55 to TOC -65 tc TOC

3.1.2 Humidity. The rocovder shall function and shall not be adversely
affected wnen exposed to any relative humidity in the range from 0 to 95 percent
at a temperature of approximately 32°C.

3.1.3 « Vibration. Wnen insualled in accordance with the instrument manu-
facturer's instructicons, the recorder |shall function properly and shall not be
adversely affected when subjected to vibrations of the following characteristics:

. ; Max. Max.
Recorder location Cycles double accel-
in airframe per sec. amplitude erati.n
, ‘ (inches)
Airframe structire mounted .... 5500 0.036 10g"'
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3.1.4 Altitude, The recorder shall function and shall not be adversely
affected when subjectc? to & pressure and temperature range equivalent to
-1,000 to 50,000 feet standard altitude, per NACA Report No. 1235, except as
yimited by the application of parsgraph 3.1.1. The recorder gnall not be
adversely gffected following exposure Lo extremes in ambient pressures of

50 and 3 in. Hg. sbsolute.

3.1.5 FEadio interferenze. The recorder shall not be the source of
ubjectionable interference, under operating conditions at any frequencies
used on aireralt, either by rediation or feedback, in electronic equipment
installel in the samé agircraft as the recorder.

3,1.6 Magnetic effect. The magnetic effect of the recorder shall not
adversely affect the opération of the other instruments installed in the
same alrcrafi.

. Detail requirements.

4.1 Recording me-‘um., The record m2dium shall confcrm to the
followirg requirements:

a. The recording medium of recorders erploying mechanical {nscribed
markirgs shall advance at a rate of not less than 6 inchss per hour,'and that
of recoréers employing other means of recording spall mévance at 8 rate
sufriciert to permit resolution within the aczcuracy prescrived in section 4.3.

B. The recording medium shall provide a recording cf the required
data For et ieast the total elapsed bperating time of a flight for which the
airerafs aight be used.

c. ' mhe recording medium shall not pe subject to deteriorﬁtion or
distortion of the recorded data within the imits specified-hereip.
' o

L.2 Recording intervals and ranges. E

a. Tme: The time lapse shall be recorded al intervdls of not more
than > minute.

b. Pressure altitade: -1,000 to 50,000 feet cf standard atmosphere
pressures, and shall be recorded at intervals of not more than one second.

c. Vertical acceleration: 46 to -3g, 2nd shall be teccrded at

intervals of not more than 140 of 1 second, or et intervals of 1 second in
which peak accelerstions &re reccrded.
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. b '
d. Airspeed: 100 to LS50 knots 1IAS, und shall be recorded at
intervals of not more than cné second.
e. ‘Heading: 300 degrees azirmuth, and shall be reccrded at intervals
" of not more than cne second.
k.3 Record resolution. Tre record resolution shall be such that

the data can be aralyzed with the accuracy specified in section 6.

L4 Record protectiop. The reccrder shall be of such design that
the reccrded data will be protected ageinst damage by fire, impact, and
water within the limits specified herein. ‘

L.5 Pressure altitude. The terms of pressure altitude shali can-
form to tables I and II.

L.6  Airspeed. The terms of airspeed shall cenform to table III.

LT P~wer variaticns. All units shall properly function with
#10 percent t: =20 percent variation in DC voltage and/or f;o percent
variation in a.c voltage and ﬁﬁ percent in frequeny, provided the a.c.
voltage and freguency vary in “he save directicn. The recorder shall nct
be duraged when sublected to lower voltages.

. i

L. 8 Power malfunction indication. A means shall be provided for
indicating when adequate power is not bteing received by the recorder for
proper operation. ' .

L.9 Automatic ejection. The automatic ejection provision of Type III
recorders, incluiing the structure helding the ¢lectable portion, shall be
capahle of operdting when subjected to inertia ioads corresponding tc an
dgcelerstion of 6 g's acting in any direction.

. [
Se Test conditions.

5.1 Atmospheric ceonditions. Unless otherwise specified all tests
required by this standard shall be conducted at an atmospheric pressure of
approximately 29.%2 incaes of' mercury and at an arbient temperature of
approximately 25° C. When tests are conducted with the atmnspheric pressure
cr the terperature substantially different from these values, allowance shall
be made Sor the variation from the specified conditicms.

v
t

5.2 Vitratiorn {to minimite friction). Unless otherwise specified
all tests for performance may be rade with the recorder subjected to &
vibration cf C.002 to 0.005 inch double amplitude at a frequency of 1,500
to 2,000 cycles per minute. Th2 term double ampliitude as used herein
indica%es total displacement from positive maximum to negative ma.ximue.
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5.3 Yibration equipment. Vibration equipment shall be used'vﬁich
will provide frequencies and amplitudes consistent with the requirements
of section 3.1.3 with the following characteristics: .

5,3.1 Linear motion vibration. Vibraticn equipront for testing air-
fynme structure=mounted recorders of pertions tlherecs stall be such as to
allow vibration to be applied a}oﬁg each of three mutually perpendicular
axes of the test specimen.

5.,3.2 Circu’ar motiocn vibration, Vibrati:n equipment for testing
shack=rounted recorders of portions ‘thereof shall be such that a point on
the case will describe, in a plane inclined 45 degrees to thne horizontal

 plane, & circle, the diameter of which ‘s egual to the Jouble ampitidde.

Sk P-sition. All tests shall be conducted with the reccrder mounted
in its norrel operation position. . ‘

c.5 Test viltage. All tests for perf:rrunce shall be conducted at
+be valtage rating recammended by the manufaciurer.

5.6 Pewer ~orditions. All tests for parfcrmance shall be conducted
at the power rating recommended by the manufacuurer.

6. Allcwet e reccrd €TTrors.

6.1 Altitule vecord error. The recorder shall be tested for
Iallowable error at the test points specified In sabie I on decreasing and
:ncreasing pressuye. The rate of change in pressure auring this test shall
not »e less than 3,000 feet per minute. On decreasing pressure, the pressure
shall be brougit l.own to, but shall not exceed, the specified. test point.
Or increasing pressurs, the prescure shall be brought up to, but shall not
exceed, the sperified test point. Within } minute after applying the .
specified pres..re, the error in the record shall not exceed the tolersnce
values indicated in tatle I for each tes:_point.

6.2  Acceleration record error. The acceleration error shall not
exceed plus or minus 0.2G in a stabilized condition, and the total error in
follewing 8 single, trisngular, acceleration pulse of oue-half second duration
sr greater, shall be no more than 10 percent of the acceleration. (An
analytical evaluation is considerad acceptable.)

£.3 Time scale record errcr. The time lapse error shall not exceed
plus or minus 1.0 percent durir, an B-hour period.
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6.4 Airspeed recdrd error. The recorder shall be tested for
allowable error at the test points specified in table III on increasing
and decreasing speeds. The allgwable error shall not exceed the tolerance
value specified in table III. ' '

6.5 Heading record error. The heading record error shall not exceed
plus or minus 2 degrees when measured at 15 degree intervals over 360 degrees
in azimuth. The error is the difference between the sensor and the recorder.

T Performance tests. The following tests, in addition tc any
others deemed necessary by the manuiacturer, shall be the basls for deter-
mining compliance with the peformande requirements of this,standard.

T.1 Room temperature. The recorder shall be tested at room temper=
ature to determine compliance with the requirements under section €.

T.2 . Low temperature. The recorder shall be subjecied to an ambient
temperature of minus 55° C. for 5 hours and while still exposed to this
temperature it shall be tested to determine compliance with the requires
ments under section 6. '

1.3 Hish temperature. The reccrder shall be subjected to an'‘ambient
temperature of 50° C. for 5 hours and while still exposed to this temper
ature it shall be tested to de?ermine corpliance with the room temperature
accuracies under section 6.

T.b Extreme temperature exéosure. The recorder, after exposure
to an ambient temperature of T0° C. for 2h hours followed by exposure to
-65° €. for 24 hours followed immediately by expcsure to room temperature
for not more than 3 hours, shall meet the requirements of section T.1.
There shall be no evidence of damage as a result of exposure to the extreme
temperatures. ‘

has been first subjected to the pressure corresponding.to standard altitude
of 50,000 feet, the pressure shall be increased at a rate corresponding to
a decrease in altitude of not.less than 3,000 feet per minute until the
pressure correspending to 25,000 is resched. Within 10 seconds the error
srall not exceed the room temperature error at this test point by more

then 100 feet. The altitude sensor shall remain at this pressure for not
more than 15 minutes before the test to determine compliamnce with table II
is made, after which the pressure shall bte further increased at the above
rate until the pressure corresponding to 20,000 feet is reached. The
altitude sensor shall remain at this pressure for aot more than 10 minutes
before the test to determine compliance with table II is made. The pressure
shall be further increased at the above rate until atmospheric pressure is’
reached. )

T;S ‘Hysteresis. DNot morg than 15 minutes after the altitude sensor
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7.6 After effect. Not more than 5 minutes af.er the completion of
the hysteresis test, the altitude record shall have returned to its original
recording, corrected for any change in atmospheric pressure, within the
tolerance shown'in table II. '

7.7 vibration.

7.7.1 Resonance. The recorder, while operating, shall be subjected
to a resonant frequency survey of the appropriate range specified in section
3.1.3 in order to determine if there exists any rescnant frequencies of the
parts. The amplitude used may be any convenient value that does not exceed
the maximum double amplitude and the raximum acceleration specifie=d in
section 3.1.3.

The recorder shalil then be subjected to a vibration at the appropriate
maximum double amplitude or maximum acceleration specified in section 3.1.3
at the resonant frequency for a period of 1 hour in each axis or with circu=-
iar met.on vibration, whichever is applicable. When more than cne rescnant
frecuency is enccuntered with vibration appliied along any one axis, a test
period ray be sccomplished at the most severe rescnance, or the pericd may be
divided umong the resonant fregiencies , whichever shall be considered most
1ikely to produce failure. s test pericd shall not be lass than cre-nglf
hour at' eny resonant mode. When resonant frequencies are nct aprarert within
the spec.fied frequency range, +he recorder shall be vibrated fcr 2 hrours in
ascorcance with the vibraticn requirements of section 3.1.3 at the maximum
dounle smplitude and the frequency to provide the maximum acce_eration.

+.7.2 Cycling. The recorder, while operating, shall be tested with
the freguency cycled between 1imits specified in section 3.1.3 in 15-minute
ecycles for a, period of 1 hour in each axis at an applied double amplitude
specifiel in section 3.1.3 or an scceleration specified 1In section 3.1.3,
whichever is the limiting value. After the completion of this risration
test, no damage shall be evident and the rscorcer shall meet the requdrements
of secticn 6. '

'
'

7.8 Humidity, water, impact, penetration resistance, static crush,
and f're protection tests. The humidity, impect, penetration resistence,
static crush, and fire protection tests shell be made in the following
sequence on the same recorder without the need for repairs.
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T7.8.1 Humidity. The recorder shall be mounted in a chamber maintained
at a temperature of 7042° C. and a relative humidity of 9545 percent for a
period of 6 hours. After this period the heat should be shut' off and the
recorder should be allowed to cool for & period of 18 hours in this atmos-
phere in which the humidity rises to 100 percent as the temperature decreases
to not more than 38° C. This ccmplete cycle should be condiucted fifteen
(15) times. Immediately after cycling, the recorder shall be subjected to
the Record Error Tests of section 6.

7.8.2 Impact. The intelligence on the record medium shall be capable
of being analyzed after the recorder has been subjected to the following
impact shock: Types I and II ~ Half sine wave impact shocks applied to each
of the three rain orthogonal axes and having a peak acceleration magnitude
of 1,000 g with & time duration of at least 5 milliseconds. Type III -
Acceleration not less than the shocks developed on contract with a horizontal
rock surface,; considering the direction of ejection and any provisions for
alieviation of shock. With regard tc the former, the aircraft shall be
assumed tc be tilted at lesst 30 degrees from horizontal in the most critical
direction. .

7.8.3 Penetration resisiance (Type 1 end II recorders only). The
intelligence on the record medium shall be capable of weing analyzed after
the recorder has been subjected to an impact force equal to a 500-pound
steel bar which is dropped from a height of 10 feet to strike each side of
1he enclosure in the most critical plane. The point of contact of the bar
shall have an area that is no greatar than 0.0° square inches. The longl-
tudinal axis of the bar shall be vertical at the time of impact. NOTE:
The cbjective of this test is to achieve protection of the record medium
from possible damage caused by airframe structural members striking the
recorder case during crash impact.

7.8.4 Static crush (Type I and II recorders only). The intelligence
on the record medium shall be capable of being analyzed after the recorder
has been subjectéd to a static crush force of 5,000 pounds applied continu-
ously, but not simultaneously to each of the three main orthogenal axes for
a test period of 5 minutes. .

1.8;5 Fire protection. The record medium shall remain intact so that
the intelligence can be analyzed after the recorder is exposed to flames
of -1100° C. enveloping at least 50 percent of the outside area of the case
for the following periods of time: Type I - 30 minutes; Type IT - 15 minutes;
Type III - 1.5 minutes.
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7.8.6 Water protection. The intelligence on the record medium shall
te capable of remaining permanent and reproducible after the record medium
vas been immersed in sel water for 36 hours.

T.9 Position error. The recorder shall meet the follcuipg require~
ments when turned from its normal operating positizn through 90°*forward
and back, and left and right where. applicable: Co

a. Time: Section 6.3.

Y, Altitude: gection 6.1, except that the tolerance méy be increased
by 25 feet.

Acceleration: Section G.2.

2]
.

a. Airspeed: Section 6.k,
e. . Heading: Section 6.5.

T.10 D.2lectric, The insula%ion shall he subjected to 8 dielectric

ent with an RMB volsage at 8 commercial fregquency applied fcr a period of
secords, eqiivelent to five times normal circait operating voltage, €XCept
where circu.ts inelude componeuntis for which such @ +egt would be inappropriate,
“ha sest voitage shall be :.25 times normal eircuit .cperating weltage.

—.e insulatlor resistance shall not be less than 20 megohms at that voltage.

~n ot

T.11 Automatic eiection means. The asutcmatic ejection means for ‘
Tvype 111 recorders shall be tested toO demonstrete thet it is capable of ejecting
-ve recorder from its mounting when subjected to forward acting inertia loads
of 5g's to 6g's.
1 ll
8.0 Recorder coloT. The exterior surfuce of the yrecorder must be

‘ipished in either B bright orsnge Or 2 bright yellow coloT.
\
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TABLE I - ALTITUDE RECORD ERROR 1 BLE
!
Standard' ' Equivalent : Tolerance, feet
altitude pressuse mercury plus or minue
{feat ,
MM IN.HG Room © Low
temp. temp.
sec., 6.1 ch. T
‘ T
-1,000 787.9 31.02 100 150
-50C - 773.3 30.47 : 100 r—————
: 0 760.0 29.% 100 150 .
S0 TLEL L 29.39 ' ! 100 amm———
1,000 T32.9 28.86 100 c————
1,500 7i9.7 28.33 100 R
2,000 T06.6 27.82 ‘ 100 b} eraea=
. 3,000 . 681.1 26.81 ' 125 | memee-
" L 000 : 656.3 25.84 150 ¢ 210
6,000 €09.0 23.98 ' 150 250 '
8,000 364 .4 22,22 150 ——
13,000 c22.6 20.58 150 R
E 12,000 1 ies.s 19.03 180 150
' r1k,000 LLE K 17.57 210 , ————
16,000 411.8 16.21 2h0 cemmm-
18,000 379.1 1k.gh ‘ 270 L50
| 20,000 3Lg.1 13.75 . 300 cmm——
ing 22,000 320.3 12.63 335 ———
F ’ 25,000 231.9 11.10 375 560
‘ 30,000 225.6 2.83 . 450 600
35,000 173.7 l T.0k 525 T30
L0 ;000 140.7 i 5.54 600 800
50,000 £7.3 \ 3.Lb T00 —————
TABLE II - ALTITUDE TEST TABLE -
Tests.' * Reference . Tolerance
‘ section ' in feet
Hysteresis: : ‘ 0 T B .
First test point 25,000 =--=====a= e *a0
Second test point 20,000 e=m==e--= S —— *a50
After effect test —wew-we- ———m——e——— T.5 50
*In excess of the roam temperature error.

R o b L
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TABLE III - AIRSPEED RECORD ERRCR TABLE
Tolerance, khots plus or minus
standard airspeed
(@Ots) Room temp. Low temp.
sec. 6.1 gec. T.1
, ~ 190 10 12
150 10 12
200 10 12
250 " 19 i2
- 300 : 10 1z
300 10 12
Loo 10 12
430 10 12

(Andt. 37-5, 31 F.R. 12T, Jan. 6, 1966,

33 F.R. 5765, Ap=. 1l, 1967)

i

as amended by Dec. Ko. 808k,
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» . NATIONAL TRANSPORTATION SAFETY BOARD
‘ WASHINGTON, D.C. ‘

APPENDIX C

ISSUED: November 1, 1974

' Forwarded to: '

Honorable Alexander P. Butterfield

_Administrator
' " Pederal Aviation Administration . SAFETY RECOMMENDAT 1ON(S)
Washington, D. C. 20591 - A-Th=89 and 90

- A - - - A R b

‘ on July 8, 197k, a National Airlines, Inc., IC-10, NEORA, was
involved in an accident near Tampa, Florida. The National Transpor-
tation Safety Board's investigaticn of the accident has revealed a
need for corrective action on the digital flight data recorder { I¥IR)
system. The aft cowling on the No. 1 engine separsied in flight and
part of it was ingested by the No. 2 engine. Heavy engine damage,
vibration, and fire resulted. : ‘

The IFTR readout showed that much data were lost during the
flight, because of data dropouts or lnss of synchronization during
periods when the flight recorder was evidently subjected to airframe
vibration. The Safety Board is concerned because impediately after
the cowling separated 3 1/2 minutes of the data were lost and in the
next T minutes about 70 percent of data were lost. In addition to
these losses of vital data, 8.2 seconds of data vere lost during take-
off and T.T seconds after touchdown. . _

A Lackheed Alrcraft Service Model 209 digital flight data recorder
vas installed in the aircraft. It had been certificated to operate
properly during vibrations up to 10ge There is no evidence that the
vibrations during this flight approached 10&

The Safety Board 1s aware that an Airworthiness Directive is
peing considered to correct this and other problems with the recorder.
We urge prompt action in this regard. We do believe, however, that
intervals between maintenance checks on the modified recording system
ghould be shortened until the system’s reliability is established.

13398
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Honorable Alexander P. Butterfield (2)

Tn addition to the above-mentionad Airworthiness Directive, the
Safety Board alsc believes that further corrective actions are needed
to improve the reliability of the Lockheed Aircraft Service digitsl
flight recorder systems. The maintenance checks on these recording
systems should include either a readout by computer so that englneering
unit printouts or rlots of all parameters are obtained, or a resdout by
analog methods sc that strip-chart_records of all parameters are cbtained.
These data should be extracted from a previous flight of the aircraft '
and should include data from the various regimes of flight (takeoff,
climb, cruise, descent, and landing). Several carriers, as youjknov,
are currently conducting their maintenance checks with an electronie
test unit, which can only sense data recorded a few seconds earlier and,
therefore, actusl flight data are not read out. Many malfunctions of
the recording system caused by in-flight vibration, high temperatures,
lumidity, intermittent system' failures, and tape track problems may go
_ undetected and also are not likely to be sensed by the system's built-in

test equipment. '

Tie Safety Board has found loss of data as a result of a single

- electrical comnonent (trensducer, synehro, pot, ete.,) failure, and '
from recorders with contaminated tape heads. The maintenance check
should require that 211 rarameters be read out and that the tape heads
are cleaned. Co

The Safety Boa>d has previously recormended certain similar
corrective actions in its Sefety Recommendations A-T3-116 through 118
conzerning a complese loss of data following an in=flight engine
disintegration. '

Trerefore, to insure that digital flight data recorder systems
in the current Tleet of wide-bodied jets are operating as specified
in 14 CFR 121.343{(a){(1){(2) and Appendix B, the Nationel Transpcrtation
Safety Board recomniends that the Federal Aviation Admin%stration:

|

1. TIssue as soo1 as praclicable an Airworthiness Directive
on the Lockheed Aircraft Service Company Model 209 to
prevent TFIR data droponts caused by air vibrations.

2. Modify the periodic maintenance check procedyres for !
all digital flight data recording systems which use !

Lockhead Aircraft Service Company recorders, jas followe:

a. Revige the maintenance check intervals so that they ;
are commensurata with each operator's mean-tir.2e-
between«failure rate, but do not exceed 3,000 hours.




Dt

- 45 =

AFRPENDIX C
Honorable Alexander P. Butterfield (3)

. b. Require at each prescribed mainteiance check a
' readout of actual flight data for all parameters
either by computer or by analeg methods.for proper
recorder performance. :

¢. Reguire that the tape heads in the recorders be
cleaned every 2,000 hours or at every maintenance
check period, whichever is later (not to exceed
. . 3,000 hours). '

d. FHReguire maintenance checks every 500 hours on IFIR
systems whenever a2 major modification is made as a
result of service difficulties vntil a longer check
period can be justified by the operator's new mean=
time-between~failure rate for the system.

' Personnel from cur Bureau of Aviation Safety office will be
made available if any further information or assistance is desired.

REED, Chairman, THAYER, BURGESS, and HALEY, Members, concurred
in the above recormendations. McADAMS, Member, did participate.

A

By{/ Jomnn H. Reed
Chairman

AT e S ¢
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DEPARTMENT OF TRANSPORTATION
FEDERAL AVIATION ADMINISTRATION ' ‘

WASHINGTON, D.C. 20590

OFFICE OF
THE ADMINISTRATOR

Novenmber 7, 1974 ‘

Honorable John H. Reed

Chairman, National Transportation Safety Board
Department of Transportation

Washington, D.C. 20591 '

Dear Mr. Chairman:
fhis is to acknoﬁledge receipt of your letter dated OcFobet 21,
enclosing a copy of NTSB Safety Recommendations A-74-89 and 90.
We are already processing an airworthiness directive which wi}l
be in accordance with your recommendations and will reply further
i when it is completed.

Sincerely, .

ey £ ferr— |

. Defuty Administrater for
d}iexander P. Butterfield . '
““Administrator
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NATIONAL TRANSPORTATION SAFETY BOARD
WASHINGTON, D.C. |

APPENDIX C

ISSUED: March 1, 197Th

|
i

---------------------- | -

Forwarded to:

Honorable Alexander P. Butterfield
Administrator )

Federal Aviation Administration SAFETY RECOMMENDAT10N(S)
Washington, D, C. 20591 '

A=74-15 thru 17

v

The Rational Tranéportgtion Safety Board is concerned about the
adequacy of information obtainable from aircraft flight data recorders
'which is applicable to accident investigations. Comntinuing sophisti-.
cation of aircrafr design, of ground-based navigation 'equipment, and
of approach guidance equipment presents an extremely difficult challenge
to the task of determining accident cause, Wreckage examination in many
cases ao longer produces sufficient informationm to assess the inter-
relationship of man, machine, and environment, particularly as they
interact during a Category II- or Category III-landing approach. Reliance
on avionics and =lectro-hydraulic servo hardware, which are contained in
automatic flight contril systems, airborne pavigation receivers, and
ground guidance signals, makes it especially imperative that all the facts
relating to the operational status of this equipment be considered in the
analysis of an accident situation. Necessary facts generally cannot be
cbtained from complex hardware and avionic circuits whose electrical
power has been removed,

]

Consequently, the information thac is recorded on the aircraft's
flight data recorder has become increasingly important. As a result, the '
Board has reevaluated the requirements for these recorders, ns specified
in 14 CFR 121.343, The requirement for the minimum information which
must be obtainable from the expanded parameter digital flight data record-
er is described in paragraph (&) (2) of that regulation, which was adopted
in September 1970, After considering the economic impact on the airline ’ ;
industry, the Board agreed to this compromise regulation. :

- 12048
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Although the Board still believes that economic impact is a primary
consideration, it, nevertheless, believes that the scope of the regula-
tion is tco narrow to serve the determinatiou of cause and the prevention
of similar accidents, This fact has been emphasized during several past
accident investigations. The Eastern Air Lines L-1011 accident in Miami
in Decémber 1972, the Pan American B-707 accident’ in Boston in November
1973, the Northwest Airlimes B-747 actident in Miami in December 1972,
the Eastern Air Lines B-727 accident in Atian;a in December 1971, and the
Alaska Airlines B-727 accident near Juneau in September 1971, are particu-
larly good examples of accidents in which the investigation would have
been more effective by information which can be readily recorded on a
flight data recorder, In ecach of these accidents, a clearer understanding
of the underlying causal factors might have produced more effective measures
to prevent future accidents.

The Board believes it absolutely necessary to expand the flight data
recorder capability so that those parametars jescribed in Snclosurzs 1 are
provided. '

The advance ir digital flight data recordar technology, particularly
in those designed to the ARINC characteristic 573, makes che recording of
adaitioral data technically and ecomomically feasible, Wide-bodied air-
craft manufactured domestically are being delivered to foreignm carriers
with flight recorder installaticns which essencially provide the data
proposed in Enclosuce 1. In fact, such requirements will be imposed by
the United Kingdom in 1975.

Moreover, the regulation, as adepted in September 1970, requires the
installation of expainded parameter recorders ouly on aircraft whose type
certificates were issued after Scptember 1969, This compromise in the
requirement was mad: because it was assumed thai eiperience with those
aircraft manufacturad under type certificates issued before that date was

sufficient to warrant lesser concern about accident investigation. Further,
it was assumed that such aircraf:c would soon reach the end of thelr service
lives.  History now clearly indicates that these assumptions were not valid.
New versions of the Boeing 727 and the Douglas DC-9 aircraft, which are
still being manufactured, will continue to be used for many years. Also,
the new aircraft will be operated in complex, all-weather approach environ-
ments., '

The Board recognizes the difficulty of subjecting the expanded para-
seter fiight data recorder to a cost-benefit analysis, since such a device
i3 used primarily “or accident investigation. The Board believes, however,
that & catastrophic accident, which involves a wide-bodied aircraft with
a large number of passengers, would create a high level of public concern,.
Both the Govermment and the aviation industry would certainly draw justifi-
able criticism if the facts relaied to such an accident cannot be determined
precisély and rapidly. 1f the factors causing or contributing to the
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accident were proved later to be techrring'fac;crs, loss of lives as
the result would be all the rore needless and tragic.
1

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

1. Amend 14 CFR 121.343 so that the requirements of paragraph
{a) (2) apply to all aircraft manufactured after a speci-
fied date, regardless of the date of original type certi-
fication,

2. Amend 14 CFR 121.343 to require that all aircraft manu-
factured after a specified date, regardless of the date
of original type certification, be equipped with one or
more approved flight recorders that record data from
which the infcrmation listed in Faclosure 1, in addition
to the information presently specified in 14 CFR 121,343
parazraph {2)(2), can be determined. Th. implementation
of this action otviates the need for compliance with
recommendation number 1 above. ‘

3. Amerd 14 CFR 121.343 to requive that all aircraft, issued
an original type certificate attetr Septamber 30, 1569, be
equipped at the earliest practical specified date with
one or more approved flight recorders that record data
.from which the information listed *‘n Enclosure 1 can be
determined, in addition to the requirements already

' imposed by paragraph (a)(2) of that regylation.

Personnel from our Bureau of Aviation Safety are available if any K
further information or assistance is desired.
. “
McADAMS, THAYER, BURGESS, and HALEY, Members, concufred in the
above recommendations. REED, Chairman, was absent, not votirg.

By: ohn H., Reed
Chairman
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APPENDIX C
' Enclosure 1

RECOMMENDED ADDITIONS 10 THE

. EXPANDED PARAMETER FLIGHT DATA RECORDER

The National Transportation Safety Board believes that the following
additional information is essential to the conduct of thorough and expedl-
tious investigations cf accidents involving modernm, complex aircraft, We
recommend that a gequirement for data from which such informationm can be
determined within reasonable ranges, accuracies, and recording intervals
be added to the requirements for flight data recorders specified in 14 CFR
121,343, ' .

+

1. Time ‘G.m'to) ’ : |

Time is an important and critical parameteJ in the evaluation
of other recorded data, the derivation of dynami: changes and the
correlation with other investigation dats sources3. As such, G.m.t.
should be directly euncoded in the DFDR tspe. The current regula-
tions require that time be controllei snly to the extent that tape
drive speed is maintained within specified accuracies. On some
equipment, data loss is not refizscted in DED&-pracessed data print-
outs, and thug there is no corralation between laosed time and
actual time,

2. Automatic Flizht Control System Status

Knowledge of :he operating status of autopilot/autothrottle
systems is essential in an investigation to dotermine the wan-
machine relationship during the accident. Since most of the avi-
onic equipment has no memory, its status usually cannot be
determined after power is interrupted, The role of such equipment

' during Category II and Category III approaches increases the
importance of such knowledge. Engagement starus and selected oper-
ating mwode should be determinable. '

3, Pilot Input/Control Surface Position - Three Axes

The current regulation requires that either control position
or surface position be recorded. On those arcraft having aero-
dynamically boosted or electrc-hydraulic servo-actuator -povered
control systems, there is no positive relationship between control
input and surface position. In fact, it is this ralationship which
might provide the only indication of flight control system
malfunction. The control loops often mix a thechanical input from
the pilot's control with an elactrical input frcm an autogpilot or
stability augmentation system. System gains and positional
relat.onships are often dependent upon conttel wode selection and
operational conditions. Both parameters must, therefore, be
measured to provide for an effective investigation.
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Additionally, the resolution of the measurement must be small
enough to provide meaningful data. The currently specified +2°
accuracy/minimum resolution is broad and masks normal control
surface motions during many flight conditions,. :

|
' 4. Sggiler[Sgeedbrake Position
|

Intentional or inadve‘rtent spoiler/speedbrake extension is an
important factor which must be considered in the -investigatiom of
hard landing accidents. fConversaly, the failure of ground spoilers
to extend can be a causa# factor. in landing overrun accidents.

. Spoiler position cannot be 'determined accurately unless it is
| recorded by a flight data recorder.

5. Flight Director Mode Selection s o

The selected operating mode of the captain's and first officer's
flight director system is a significant factor in the investigation
of Category I spproach accidents, The inadvertent selection of an
improper mode might have been a contributing factor in at least ome
accident which the Board investigated, However, the absence of firm
evidence, precluded positive determination of cause. '

6. Localizer/Glide Slope Deviation

The deviation or error signal which is gemerated by the localizer
and glide slope facility ghouid be recorded,’ These data would pro-
vide valuable clues regarding aircraft position, cockpit workload,
automatic tracking accuracy, and performance or involvement of both
airborne and ground-based equipment.

7. Hydraulic System Status

Many of the new gemeration aircraft depend upon hydraulic power
for flight control. Even with the redundancy provided, the failure
of one or mord hydraulic systems can be a significant factor in
accident inve cigationi. There are cases on record in which three
of four syst were lost. A signal input to the DFDR actuated by
the low pressure warning[light'circui:ry could be used to record
this informatiou. .

8. Eiectrical Bus ftatus ' .

The energized/deenergized status of those electrical buses which
are essential for primary flight control, primary flight instrumen-
tation, or actuation of emergency equipment, should be recorded, if
not evident by other means guch as loss of specific signal inputs to
the ¥DR, or to the cockpit voice recorder.
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9. Fire Warning[?ressurization System Failure
EH ]

Discrete signals should be recorded when those cockpit warning .
lights illuminate which indicate an in-flight fire or a failure in
the cabin pressurization system that would reduce the design per-
formance capability of the aircraft. ‘

’

10. Vértical Acceleration Recording Interval

14 CFR 121.343 specifies that vertical acceleratiom is to be
sampled and recorded at maximum intervals of 0.25 second. The
older metal foil recorders provide vertical acceleration data
points at maximum intervals of 0.1 second. This shorter interval
is extremely useful in the investigation of in-flight turbulence
encounters and hard landing accidents. -

' Since the natural, frequency of the fuselage of a large aircraft
is generally between 3-4 Hz., an in-fiight turbulence encounter is
likely to be evidenced by a large amplitude 1oad within this frequency
range. A minimum recording frequency of 2.5 times the structural
frequency is necessary to detect and to analyze such conditions.

' +

11, ,Longitudinal Acceleration

Longitudinal acceleration is an imTortant fhetor in aircraft
performance analysis. Although it is derivable from airspeed values,
the direct recording of longitudinal accelaration would enhance the
accaracy of such analyses.  Furthermore, the availability of data
regerding positive and negative accelerations, in a regjon below
the minimum recording threshold of the airspeed parameter, 1s
particularly significant in the investigation of takeoff and land~
ing accidents, . |

12. Outside Ambient or Total Air Tgmgeratufa

7 Temperature data are extremely significant in the determination
of airspeed, engine thrust, and other related performance data,
Since reported meteorological data are not entiraly accurate, actual
values should be measured. Temperatute data are also important to
fix acurately the penetration ui frontal systems, so that wind
shifts can be detqrmined and the ground track established more
accurately., Temperature data can establish the presence of icing
conditions in an aczident, '
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13, Strut Extension/Retraction Switch

In investigating an accident 6ccurring during the takeoff
or landing phase, it is important to correlate the liftoff or
touchdown tine with the, flight recorder data. A discrete signal
to indicate liftoff or touchdown should be recorded. This signal
could be actuated by the strut scissors switch.

14, Outer, Middle, and Inner Marker Passage

This parameter would make it possible to establish a correlation
between aircraft position and a fixed point over the ground and flight
recorder time. Such a correlation is significant in establishing
cockpit activities and deviation from prescribed approach procedures.
Although these data are sometimes available from the aircraft's voice
recorder, cross-correlation is difficult,

15, BRadio Altitude

1
' 1

The rvadio altimeter is an -essential instrument during Category II
and Category III approaches. Its operating status and indication
could be essential to an investigation of an approach accident,
Therefore, its operating status and 1nd1cacion should be a recorded
parameter, :
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DEPARTN.CNT OF TRA SPORTATION '
FEDERZL AVIATION ADIULISTRATION

! WASHINGTON, D.C. 20593

o i7d

'ﬂAY -'07 . orFICE OF
THE AOMINISTRATOR

Honorable John H, Reed ‘

Chairman, Mational Transportation Safety Board Notation 1204B

Department of Transportation '
Washington, D. C. 20591 ‘ '

Dear Mr. Chairman:

This replies to your Safety Recommendations A-74-15 thru 17 issued
March 1, 1974, They have been reviewed carefully and we agree with
your suggestion that additional recorded informatfon listed in
Erclosure 1 would assist in the accident investigative processes for
certain aircraft. Whiie these changes are currently feasible, using
available hardware, adequate justification will have to be developed.
The present generation digital flight Jdata recorder was first discussed
between your technical personnel and representatives of the Federal
Aviation Administraricn in late 1965, and Notice 67=6 was issuecd in
Februavy 1967. Tqis was followed by a number of meetings involving
National Transportatior Safety Board, FAA, airlire, aircraft manu-
facturers, ahd equipmert manufacturers personnel. The main purpose:

of these sessions was to determine exactly what recorded information
was essential. The wide-body ajrcraft were being built, all weather
landing systems were being developed, and, in addition, the U.S5. super-
sonic transport program was also in process, The recordar specifications
develpped during thpse meetings were intended to be fully applicable to
the supersonic transport.

The effectivity of the new recorder rules was keyed to the first wide-
body aircraft because it was believed that adeqaate experience had been
obtained with earlibr aircraft models to permit effective accident
investigations even| though only the olier recorders were installed.

In summary, we find your current recommendations go beyond the arguments
used during the formulation of the present Tules. Therefore, to procced
with rulemaking adequate justification must be provided to substantiate
the bhasis for the_requcs:cd action.

We will introduce your recomendations as an agenda item toO be discussed
at the Airvorthiness Review Conference to be held im December 1674, 1In
_preparation for that confercnce, we need information from you that wills
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+{1) Show a need for the new recorders to be installed in earlier
aireraft (pre-wide-body models), and

(2) Show a need for each of the additional parameters outlined
in your Enclosure 1.

Examples of accident investigations in which each specific type of
information requested in your Enclosure 1 would have appreciably
assisted your investigation would be most helpful.

A copy of the announcement regarding the Airworthiness Review Conference
is enclosed to acquaint you with the procedure,

Sincerely,

lexarm Butterfield

Administrator

Enclosure
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DEPARTMENT OF
TRANSPORTATION

In view of the rapid prowth and tech-
nologi=1 1 Advances of the aviation indus-
.7 in the Unitea States and abroad, the
PAA has detormined that it s =ppro-
DPrisce ta adopt a systematec method pro-
vidhitg for the Ceview ol eslating mr-
worih:vess standards and the promulga-
o of new and revied airwordiusess
star dards on a penodic basis,

’\"c'mdmu[y an Alrwor hiness Review
ToGaTAME Nad hren sstabhodned Thwe pro-
£ im w1} be mplemented throurh biea-
nias Alrwarthiness Reviews which are to
e adminictered ty Fiaht Stondsrds
Ser we Tre Atrworihmess Reviews will
be carrwéd wit witk full opportunity for
L rartizistion of indusury. other Gov-
ernmer b W eNCKCS, TOFCIGN ROVErMMents,
and 1w svinbion prablic, Alt'elements of
the FAA will provide support to Flight
Atands rdl. JETVice sA DECesRry Lo ermure
Umely comletion of the periodic mir-
wor' hiwss review proress,

‘Pusuans to the poliy announced
nerein, e Director of Pheht Standards
Zopvice U wsIng & Nolwe reRsrding the
Ared Biemraal review, the 197473 Air-
worlhimess Review The Motice sets [orth
deunied  .nformation concerning  the
sccpe 813d achedule and invites subenis-
wor of woposed amendments to the alr-
worth irens standards, and it iz published
concurrently with this Notice.

Tsxued tn Washington, DC, on Pebru-

ey 12,094

_Arsgawogm P BUTTZRFIELD.
Administrator,

(As published in the E_éderal
Register /39 F.R. 5813/ on
February 15, 1974)
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DEPARTMENT OF
TRANSPORTATION

[14CFRCN. 1)
| e ke No 13542 Nutkee No T4 51 '
AHUWORTHINESS REVIEW PROGRAM

Natwce of Wwitstion Yo Submit Propousls
for Corvuderstion During the 1974-73
WWM
The Federsl Avistion Adminwtration

hereby ghies public notiee of the 1974 T8

apworthihess Teview program. The aire
worthiness review encompasses the cer-
ufication and operating regulptions con-
wining  alrsorthiness  standards and
related procedural  requIrETenLS. The
program will be admunsterd by the Alr-
worthiners Review Staff,  'new offee
created for that purposc and reporting
directly o the Dhrector of Pight Stand-
ards Service The airworthineas review
will proceed according to he schedule
contained I Alpr\endlz A to this police.

Interested persons. inchxding mapi-
facturers ang users of aircraft and their
components, and the general public, both
foreign and domestc, and foreign -
worthiness authanties are nvited to
submit any progosale they deem aphro-
prate {or amengments of the airworthi-
neas reguiations Al propostl <houid He
submitted in duphcate to the Frderal

Aviation Adminstraton, Fhight Swand-

ards Service. Alteniion Aurworthaness

Review Staff AFS. 17 800 Independence

Avenue SW . Wachinutan O 2059’ In

order to Terewe nroper cofsideralion,

proposals must be within the scope of the
1974-75 airworthiness review s wet forth
in thas Notiee and must be received not

Jater than April 15 1974 Pronosais that

are received aiter that date my br de-

{erred for consideratior dunng a Tuture

airworthiness revies .
The scope of Lhe 1974273 sicworthiness

review includes the folowing Federal

Avistion Regulations (FARs: enpiained

in Title 14 of ths Code of Pederal Reguls-

lions {14 CFR':
e

Part 21 —Crrtiftication procrdutes for prod-

urts anet parts

Part I3—AiTEtLRLIDCN st.nderds:  normal.

wiility, and aCToRALIC Category
srplanes

Part 38 - Atrworthiness standards Uraneport

ChlegOTY srplanes
Fart IT—AlFworthiness stapdards
rategory rotorcTalt

Part 29—Airworniness swumdards transport

rategory rotoreralt

normal

Part 35— Alrworthiness standards: maniws

1ree Dallons.
Part 33— Alrworthaness  standsrde: sireraft
ERgines
Part 15— Alrworthiness
peliers
(27 Those sections of the following
FAR Parts that contain sirwortfiiness re-
quirements or that contatn performance
opeTating ltmitations thas are related o
type certification | formance require-
menis:

standards- nro-

Part 91 —Caneral ‘geeraling and Michi rulen
Pasrt (N -—Certificatbsin and peratwtin do-
mmtie fag and »ipplemental
8ir casriars and aommercial op-
13 -;.:nw- of large alreralft

- wrcTAft  enwcrnal-load  operss

[FT1)

t 135 Alr

i operatory and commercisl
qrs of . mall alrcrant

31 Thoee sections of the following
P Parts which may be related w bro-
pheals dealing with the above mentioned
part.:
Part Y—itoing standalds: swrcralt cartilons

thmk
Part 37—Tachni~al starderd order author-
! AN,
Part A3—Muinlemance, preventive malinien-
' ahor, ding. and alie

In r to facilitate evaluation of e
large number of proposals expeciled In
respons Lo this Motice 1L is esseniial that
earh proposal be clentiy stated and sc-
compatied by  adeguate  justificabon.
The following format should be {sllowed:
TITLE (1ndioate sublect mMmatier and af-

fecued repiialions, 1f applicadie )
PROPOSAL=— Giva proific PAR secling L

AppHesine  wnd  oapeested iapeiiaee and

of oo Chie BrEckse uh}'ﬂu. [__NT" 4

LT T
JUSTIFICA  toN — .G backgroand  of

pronesm and T wohs for propraaa RC

clude or rifer W sny avatlable suppotting
data}

Provaosals received by Anrdl 15, 1974,
w1l be processed by the PAA, and a com-
mlation of the proposals, together aith
wientification of Lheir proponents atd the
sapporting sta offered As Jusufication
will e stributed, not later Lhan Mary
30. 1574, W0 Eknown nterestec peraons,
for commen’ At the ume of Lhat istn-
hulion 3 nolce of the availabi’ ity o the
compdation 11l be publizhed in the Ped-
eral Hopster to @ve ah other interested
persons the opporunily Lo coriment
dpoty them In additt . to Propotais Te-
ce1ved from the pubhic, the FAA may in-
cluce in the -ommlatien of proposals
olthers thae 4 ~onsiders approprate for
con-1doratin duning ihe revics

Al comments on the compiatien of
propossls taat are received bel we Aug-
ust 1 1974 w:ll be considered i pre-
paring the nal Agenda for the 1974 5
Airworthiness Review Conference Lo be

A at the Shoreham Hotel 2300 Cal-

. St , NW . Washington, 2C 20008,
nning a¢ 9 00 a m EDT. December 2!
198 '

The conference which will be open o
the pubilc, s scheduled for § full werk-
Ing cays. ecember 2 1574 through

© wcember 111974, but miay be extended.

¥ necéssary for  rompletion of the
Agenda. '
The conirrepce record il be used i
drveioping & Notice of Pronosed Rule
Making ' NPRM), scheduled for publica-
tion in the Pepgaar RecisTIR D) May 30,
1975 The NPRM will orovide Llie oppor-
tumity for further puhlic comment on

(As published in the Federal Register
/39 F.R. 5785/ on February 15, 1974)
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the englne sirworthines siandards o PAR
% and ruated mirersft alrworithiness rules
i PARS 1. 31 13 38 77 and 29
changes wers pubtished in Nolics Ti-13 (M
PR B3 May 5, 1971: Bagulstory Dorket
Wo. 11010} . L of Saal -
anticipaisd in the near future.

3. Fiight Sputemy, Ine  Potition to dmend
FaRke X1, 81 M. (R istory D Ne

APPENDIX C

{ Regulatery Docket No 0127 This Involves
& paiition Lo rrquire mesni lo prevent In-
corvect fap srttings N LESRAPORL cRLEgROFY
Amplanes turing taheoll
3. Cockpit Vigsom (Rrguininey Dorket No.
19748} The purposs of thu project m to -
apecthe at for onekpit vizion.
Froposed cockpil vision Mandards were

12482} Perl q AR par-
tinent. amendment of FAR 3t 10 permit fo-
wancy of etpetimnenial certificaten for air-
CTAIY Uind 54 tast bude io conduct ressarch
und doveiop t and for d of FAR
$1 o pefenit such aircraft to CAITY DertoRd
and cargo for compensstion and hime.

1. ALPA Petition on Xemon Strobe dufi-

Colliston Lights (Regulstory Docket Ne.
1312¢). This project iavoives & petitien 0
change PAR'2 23, 38 17. 8. and #1 to mquire
white strobs anticollistoh lights on all air-
eraft.

4. Fremson  Knginecring Cowmpany, Ine,
Petition on Orygen Supply (Regulstery
Ducket No. 13417). This petition ks W
i the oxygen swpply requirements of

o eclurion in the NPRM. the other
oroposals which are dequately
Justifed, which r~quire research,

or which the FAA belleves could not re-
salt in fruitfol discussion at the con-

during fulure sirworthiness reviews.
Apvendix B to this Notice contains n-
formation as of February 1, 1974 on Lthe
wiatus of the principal FARs tnvolved in
this review and a list of requiatory dock-
oMe cencerning the gpirworthiness ram).
lations. Some of those projects may be
ideration In this air-

Issted in Washington, D.C.. on Febru-
ary 11, 1974,

James F RuboLrn,

Director.
Flight Stendards Service.

APPRIETR A—SrREROLE OF TFT4-TE
AmwonTHiNEN REVErw

February 15, 197M4—Notics mitlating 1974-73
-Arworthiness Raview and requesting pro-
pomaly for amundments to the PARS.

April 13, 19T4—Fnd dats for rubmittal of

proposats,
May 30, 191 of the pil
thowt of proposals. .
Augast 1, 1F14—End date for submittal of
o% the proposal
On 15, 11— o Pimal

for Conférence.
December 2-11. 1974—Conference
May 30. 1975—Tsewe Nolice of Propossd Rule
Making.
Septamber 1, IFTS—EKnd date for coruments
NPRM

o .
Permary 13, 1TT0—1mue Amendmemts o
PFARE

. ArwtmE B—8TaTUR OF PRINCIPAL ABWONTHI-

mize Parts ams a2 Loy de RRCOLATORY
Dorxers CONCIRNTNG ANWORTNINESS

ANS
E Awrworthiness Review. Tbe in-
tank of *his project ia to update and Hoprovs
\ .

, rtion 121333 (#) (2) and 1351080} (3).

Fasr 21 - ConTiricanon PROCESSUVSSS FOR
Feostvrre and Paate

The intest mmendment o Fart 21 B
n-» (M in 3 ™
20504, Ociober 38, 19T73), De

P = in Notice T1-28 (Pabitshed In
37 PR 13574, November 4. 1979)

4. Aerospace Iwdwairies  Ausocutvom  of
Amerity, Ine. (ATA) Petitvon for Mirellane-
vy Chengey 10 FAR 25 | Regulatory Doclet
No. 1187£). This pelition seks W change
FPARS 35 251, 20 303. 2530810y 23 5T1ie)(d),
20883, I8 934, 2SO0, 25 [10BA). 28 LINNB),
and 18 1438(8) i4) .

$ Arwtion Contemer Actiom Project Prii-
tion for Fuel Epstewm Indrting (Rergniatory
Docleet No 1227¢) This petition serks 0 e~
quire fusl system inerung for turbine-

t

sirplanes.

& ALPA Petiton on ShouMer Harnesmse
t Reguistory Docket No. 1)26%) “This petition
srelis o fequire shouider harnewes for all
crewTnembers - Sransport airplanes.

T. AlA Pecilion om EQuipment, Speiems,
anid Instaile. lons (Regulatory Docket No.
;:J.u) This petitics seekn (0 amend wotion

1368.

Taar IT . Nommal
CaTecony Rororceart

The latest amerdment e this part b
4 e IT-8 ¢ Py d 18 37 PR 0008,

newly produced srplanes of older type da-
signa  Rep y projecis In 1hat
may affect Part 21 and thewr current statud
are giyer in itame | and 2 under Cienatal
and Miscellanesoys

PanT 23 - ArRWORTHINESY STanmares W

L 39, 1972). effactive October 23
1972, This amendment ciarifies the require-
wments for FAGICrAlt MARWAN. SAHKINES. Rl
Plecards Baguisiony projects in prvcess thas
Ay affect this part and their status kv fiven
in 1tems 1 and 3 ynder General apd Moo
s iREOuE

Panr 30—A B

UTHITY, ane Achosatic CATrca 1 AlarLangl

The latest amendment 10 Part X3 s
nwe 23-14 (P m 38 FR Y180,
November 19, 1973, sffertive December 70,
1973, This ameadnwent updated the sir-
worthiness ~tandards applicable to sirplares
certificated under FAR 23 A regulatory proj-
art In process that mas affeer Part 33 sod
e Current status is aa follows see Alao fleme
1 and 3 under Oeneral and Misceilancouns)
Cravhaorthmeey for Small Airplanes (Reg.
uiatory Docket . No 10142). The purprie of
‘ihip project i ta coasider mprotenent th
the crzshworthaniew of smalt alrpianen. in-
chuding the tnstaltation of shouldes har-
Py In were published 1n Notice
‘T:;; tPublished m 38 FR 208% Jameary 0.
[} 3 .

PART 25— AMWORT iINFRe STPaba=a -
TRAMSTORT CATFGORY AT aNen

The latest smendment 1o Part 28 in Awend-
ment 253 M (Published in 3T FR 23154 No-
vember 30, 1972, #ftecitve December 31,
19571 This smendment prescriben sdditionsl
SECUTity FEQUITEMEntA fof cettain Iarge phl-
EMGOT-OAITYING tUrbONT aitpianes operaied
uner FAR'S 131, 173, and 133 Regulatory
projcts in process thal may “afect this pars
and the it #1atus Are.as TOIIOWS | RIBO Wt HLome
1 and X under Oeneral and Minceliniwecos) -

1. Smoke Emiveion (Regw/atore Dnekel N
$EIE} The purpone of Lhin project ia wsee
Wabliish smoks emisston siandards for LrAns-
POTt Cltegory alfpinne cabin Interww mate-
iaie. An Advance NPRM wan laued on July
W, 1999 (Notice 0830, pubirhed in 34 PR
13450, July M, 1969)

3. ALPA Prtition om Ta  -af Flep Sriling

Carsoony T

The lateat amendrient to ihis part is
Amend {F a M FR 11277,
8, 1971}, Wovermber 5. 1971,
This . for the L
of rear position lights with minor cbeuruts
1na In the field of cov rage Negulatory
projcis In process Lhat may affect thie part,
and thAeir status, are given in Hewa | and )
nnder CGenerol and MiscelIateons,

POt Ji— AW ORTHINEYS NThmussnns
Marnwih Prex Bal Lok

The latest amendment to thee parlt I
Amendment 31-1 (Published in 3 FR 33,
March 12, 1085), effective April 12, 1985 This
amendment preecrifes sdditione] et worthi-
NEM FEMILITETERE

Tary 11 APWARTIIING A Sranmanne.
Ameusrr Ruciwvs

T intest amendment 0 (his part
A ht X-4 (P n 4 PR MW,
Murea 21, 197, effe=tive on April 33, 1971
This amendment revised the fire detector and
PIPHI POWST TERPATAP TeqWICFMenIE A Proj-
UL N process which Aecta 1RIA PArt o d8-
wribed wn nem 1 ander Tenerad and Mise
Coltaneon.

ParT 15 AIFWonTIrT R Srakpafin,
[

The iatest auwndment o this part i
Amendment 383 (Published in ¥2 PR 3733,
March 4, 1987), effertive on April 3, 1997 Thlm
amendment resed ta clanification and np-
dating of the requirementa of PAR 35

R-produced from
b-st available copy.
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NATIONAL TRANSPORTATION SAFETY BOARD
WASHINGTON, D.C.

APPENDIX C

ISSUED: January 22, '1974

Forwarded to:

Hororsble Alexander P. Butterfield . e

Administrator

Federal Aviation Administration SAFETY RECOMMENDATION(S) °

Washington, D. C. 20590
_ ' A=T3-116 thru 118

(revised)

l . !

The. Hational Transportation Safety Board's investigation of a National
A.rlinez Douglas DC-10 accident, which occurred in flight near Albuquerque,
‘liew Mexizc, on Novemver 3, 1473, disclosed a malfunction irn the digital
flizht Jdasm recorder (DFDR). Tais malfuncticn precluded recovery of any
gate related to the acsidan.. The Board is very much ccnecerned about this
type of fa:lure; becaise it is not detectable by the test equipment aboard
the aircraft and, therefcre, might exist on a lerge number of aircraft
2qaizpad with the new DFDR.

National Airlines subsequently performed readouts of the IFDR throughout
their entire fleet of wide-bodied aircraft to assess the extent of simil
undetected malfunctions. Testimony at the Safety Board's public nearing
held in Miami, Florida, on December 10-12, 1973, and subsequent readout ex-
aminations disclosed that, of 13 wide-bodied Jets in the fleet, T had heen
operating with und2*ected malfunctions which would have precluded recovery
of acceptable data for scme parameters required under 14 CFR,121.343{a)(2).

In meetings with your staff, the Board's staff has discussed the
preliminary findings c¢f the survey of DFDR's conducted under GENOT 8000.92.
In the Bcard's opinion, these preliminary findings also indicate that the
current £,000- to 3,000-hour inspection intervels are unrealistic ard should
be adjusted to be commensurete with the meen-time-between~failure (MIBF)
rates that these recording systems have been experiencing during this early
period of operation.

Therefore, to insure that recorders in the current fleet of wide=bodied
jets are operating in an approved manner, as specified under 14 CFR 121.343
(a)(1), (2), and Appendix B, the National Transportation Safety Board recommends
that, the Fereral Aviation Administration:

1230
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Honorable Alexander P. Butterfield - 2 -

1. Require, vithin the next 10C flight hours, &, readout
of data recorded in flight on the digital flight data
recorders, as rsquired under 14 CFR 121. 343(a){2), and

' take action to insure that the parameters required are

being recorded within the ranges, accuracies, and re-
cording'intenvals specified in Appendix B thereof.

' 2. Require repetitive readout.inspections, as specified
' above, at 500-hour intervals, until the reliability of
these recorder systems improves.
i b
3. Require retention by the operators of the data received
in the two most recent readout inspections. .

Perscnnel from our Bureau of Aviation Lafety offices will be made
available if any further information or assistance is desired. ‘

REED, Chairman, McADAMS, BURGESS, and HALFY, Members, concurred ir

the above recommendaticns. TYAYER, Member, was absent, not voting.

Jchn H. Reed
Chairman
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APPENDIX C : |

DEPARTMENT OF TRANSFORTATION
FEDERAL AVIATICN ADIAINISTRATION

WASHINGTON, D.C. 20590

FEO 31374
Honorable John 11, Reed
Chairman, National Transportation Safety Board

Department of Transportation
Washington, D.C. 20591

OFFICE OF
THE ADMINISTRATOR

‘Dear Mr. Chairman: : | . Notation 1230

This is in reply to your Safety Recommendations A-73-116 thru 118 '
issued January 22, 1974, concerning your recommendations on
digital flight data recorders relative to the National Airlines DC-10
accident of November 3, 1973. In addition, your release identified
National Airlines operating with seven of 13 digital {light data
recorders with undetected malfunctions,

The FAA has already initiated anpropriate corrective action with
regard to the National Airlines readout deficiencies which were
cited in your letter. ‘

Several other actions have been taken oy the FAA, Immediately
followina the wccident we initiated a national survey regarding the
performance of all installac digital flight data recorcers. Our
accumulated data 1s sufficiertly conclusive that a rule or regulation
change at this timi¢ is not necessary. We have determined that the
present mainterance programs with certain adjustments are
adequate. We have also initiated a rclated maintenange bulletin

to he released soon to all maintenance personncl which recommerds
corrective antion in those cases where mean-time-betwecen-failure
{(MTDRI) and inspecticn frequencies are not deemed sufficient to
properly service and maintain the digital flight data recorder.

t

The equipment combination involved in the National Airlines DC-10
accudent is peculiar only to National Airlines. We believe the '
acticns “aken are zppropriate and that our present rules are adequate.
To a>ply your stringent recommendations based on a single accident

would be inappropriate and would not serve the best interests of the
aviaticn industry.

Sincerely,

h [)
B@_\ Sa Ru*ﬁshﬁ.ﬁ
Alfanger P, ‘Bullm'nu

Administrator
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FEDERAL AVIATION ADMINISTRATION

FIRST BIENNIAL ATRWORTHINESS REVIEW CONFERENCE

t

SUMMARY
I-52 TImprovement of flight recorders
Proposals 534, 535

NTSB representative indicated they felt the most inportant‘ aspect of
thefr proposal is the requirement for the expanded parameter data

_ recorder in newly manufactured aircraft intended for 121 operations,

This information, on the new airplanes intended for CAT JI, CAT III,

and auto-land i3 very, very useful. He pointed out that many other
countries have similar type regulations, or plan to adopt similar type
regulations. The technology is avallable for such expanded parameter
data recorders, and it was further pointed out that aircraft being ex-
ported to some other countries, already have these installed, The NTSB
representative then pointed out that in a recent accident investigation
involving a landing approach, the airplane involved had a flight data
recorder that recorded 96 parameters, and key information in the investis
gation was obtalned. The ATA representat:lve indicated that the entire
subject of flight recorders has been subject to a series of detalled
regulations over theé years, which has subjected industry to millions of
dollars in cost, and they can see that more will be required to be spent.
This also tends to cause flight delays and cancellation of flights due to
malfunctioning equipment. He pointed oul that the bastc philosophy of
accident/incident investigations has led to requirements for flight
records which have caused the ecconomic burden on iadustry. They felt
that NTSB was missing a basic point; that different accidents would re=-
quire different data to determine the probable cause and it is impossible
to provide all the data, and if expanded parameter recorqers are required,
an accident will occur where required data was not present, which will
again lead to an escalation of the requirements, Pointed out the low
level of reliability these recorders have experienced, and the expansion
of data will tend to cause even lower reliability. The ATA representa-
tive finished by indicating strong oppusition to the proposal, stating
that it could not be technically jstified. AIA representative indicated
that they wish to modify their comments, They stated the proposal was un-
acceptable; that the needed parametera depend on the basic design of the
airplane, that the proposal requires more study Ly thr industry, and they
are deferring specific recommendation., Rapresentative from DOT in
Ireland, spoke of the escalating cost of accident investigation, 2 2 iy
requirement that would tend to raduce this cost would certainly be desir-
able, ALPA representative indicated good accident investigation would

H
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hopefully prevent future accidents and save lives, and that the cost of

the proposed equipment is outweighed by the potential future savings.

They supported the recorders from the first, and then indicated their sup=
port for the requirement for increased parameters, FAA representative in-
dicated that while FAA recognized the validity of 21l comnents submitted,
NTSB does need all of the available data to perform their accident investi=
gation. He gtated that the accident/incident investigation benelits the
entire industry, pointing out that the requirement for flis.it data re=
corders is not an airworthiness requirement but that the requirement
comes basically from the NTSB; that FAA recogn'zes the potential of the
recorder in accident/incident {investigations, and that it should be con=
sidered a continuous airworthiness ftem, and therefore FAA concurs with
NISB. AIA Representatilve {ndicated they wish to endorse the ATA position
on Item 534. ALPA indicated that their proposal 534, was basically the
same as proposal 535, except that 534 would require retrofit om older ailr~
craft. They recognize the expense »f such a retrofit, but believe the
potential savings far outweigh the cost, and you cannot place a cost on
wuman life. A reprusentative from NISB spoke to the ATA and ATA position
on the subject. He stated that they recogaize the background on the
develcopment of the requirements for flight data recorders indicates a lack
of foresight at that time for new aircraft; that some of the foreign para=-
meters required are useless for accident irvestigation, and gave, as ar
gxampla, the requirement for contrcl wheel and control surface position,
which does not give a good fndication of what actually happens on aircraft
with acranced electrica1/uechanical{hydraulic control system. Again,

they reitcerated tae position that,lalthough the proposed rule had addition= .
al cost, it is far offset by the benefits of accident investigation.

1-53 = Preflight checking of flight recorders

proposal 818 :

FAA representative {ndicated that the purpose of the proposal is to im=
prove the reliabili-y of flight recorders, stating that means are availe-
~ able whereby the various parameters can be checked, e stated that this
can be accomplished easily in many cases, and that some operators have
already done this, NISB representative indicated their support of the
proposal, and stated that on many flights they have found that the tane
does not record. AIA representative stated they wish to modify thelr com~
ment ; that 1t was impracrical to check avery parameter, and that the use
of the word "power" in the proposal was too broad. They suggest that a
revision to the proposal to read, essentially, 'preflight means to check
that data is being rucorded.' An ALPA representative indicated that in
the past, and on some equipment, the crews cannot determine that the
recorde:r is working, much less working properly, and support the proposal
that means be availavle to determine that the recorder is working and
that proper indications .re being read. FAA representative indicated
that although FAA recognizes that it may be very difficult to determine
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that the recorder 1s performing accurately, it is easy to accomplish the

intent of the proposal to determine that the various parameters within
the recorder are rking and are within some limits; that crews can be
advised that info tion 18 being recorded; and he used flap position as
an exarple, The F repre'sentative indicated that there are presently
devices available that can check on the various parameters and this

can be accomplished without much additional wiring. !
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