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We know what the probable cause of the accident was in the CID program,

obviously, and that was not why we had flight data recorders on the airplane.

We decided, about 3 years ago, to see how well we could get suitable instru-

mentation and flight data recorders on a Boeing 720 aircraft to correlate the

performance data on the aircraft itself with data from the various experiments

we had on the aircraft in the crashworthiness area. Also, in trying to come

up with the scenario alluded to earlier (ref. i), where we had a certain sink

speed, glidepath angle, and so forth, we went through 20 years of air carrier

accident data to try to arrive at an impact scenario. The required data are

not, in all cases, in NTSB accident reports. So, we're hoping that we can

provide enough information from this experiment to be able to develop a

survivable crash scenario should the need arise. (See fig. I.)

Basically, on the airplane we had three DFDRs (digital flight data

recorders), one each from Sundstrand, Fairchild, and Lockheed. We borrowed

them with the promise that we would not hurt them, and they were subsequently

practically destroyed by fire, but they all operated properly. We also had a

Teledyne Flight Data Acquisition Unit (FDAU), which is nothing more than a
signal conditioner. We had Ii sensors, which I will describe in more detail

shortly. In addition, we had a new Fairchild Cockpit Voice Recorder (CVR)

installed. We wanted to make sure that we would get data during the slideout

of the aircraft, or if there had been a second impact we wanted to be able to

get additional data assuming the original power supply of the aircraft failed.

So we had a 28-V battery and a II5-V/400-Hz inverter also installed on the

airplane. We left the existing foil flight data recorder on the airplane, and

we had a Navy Deployable Flight Incident Recorder (DFIR). We also had a

special Lear Siegler Solid-State Memory Unit on the airplane. Neither of

these two devices was attached to sensors or recording; they both had pre-

recorded data sets in them. Figure 2 shows the various groups that

participated.

Figure 3 shows the parameters to be recorded. We wanted aircraft perfor-
mance data during impact and slideout, so we put in a new transducer for

pressure altitude. We could not tie into any of the aircraft systems that

dealt with the RPV system because there is a potential for signal contamina-

tion there, so we wanted a completely independent sensor system with the

exception of two signals. We had new transducers for altitude and airspeed.

For magnetic heading, we were allowed to tie into the existing sensor system

on the airplane. We procured a special triaxial accelerometer for this exper-

iment with a vertical acceleration range of 50 g's, a longitudinal range of 50

g's, and a lateral range of I0 g's. This assumed that we could have a fairly
high kinetic energy impact condition. We found out later that the range was

too high. We lost some resolution as a result. We had a vertical gyro

installed in the aft end of the aircraft to give us our pitch and roll infor-

mation. Because of the ground effect on the airplane, the airspeed and

pressure altitude signals started to get a little unreliable as the plane got

closer to the ground. Accordingly, we also wanted to record radar altitude.

We procured a special vertical speed indicator, which was a pressure trans-

ducer with vertical accelerometer complimentation, from Teledyne to see if it
could record vertical velocity independently.

Figure 4 is a schematic of the overall installation of the three
recorders. Everthing was to be mounted on a common pallet the flight data

acquisition unit; pressure altitude, indicated airspeed, pitch, roll, and
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vertical speed sensors; and the static inverter/battery power supply. For the

final flight we did not use aircraft electrical power; we used the battery

pack and static inverter unit. Figure 5 shows the installation, which was in

the aft end of the passenger area of the aircraft. Here we had the three data

recorders, flight data acquisition unit, static inverter, and battery pack.

Of course, we also had the existing flight data recorder and the CVR units in

the aft closet area. The FAA had put them there some time ago, probably for
easier maintenance.

Figure 6 shows the installation of the existing cockpit voice recorder
and foil flight data recorder in the most aft bulkhead in the aircraft. The

vertical speed sensor (fig. 7) was located on top of that pallet for ease of
maintenance.

On December 2, one day after the crash, we were the first group, as in
any accident, to go in and retrieve the flight data recorders (fig. 8). We

took the flight data recorder pallet out and placed the units, the three

flight data recorders, the flight data acquisition unit, and the battery pack
on the lakebed (fig. 9). We then had the units shipped down to Lockheed for

preliminary checkover (fig. i0). They were pretty well scorched on the out-

side, but later on we found that overall they were in pretty good shape

inside. Figure 11 shows the Lockheed digital flight data recorder. It has a

protection environment for impact and fire. What we were concerned about was

saving the data tape.

Figure i2 shows the tape deck removed from the unit as well as the drive

mechanism. Figure 13, which is a back view, shows some scorching inside in

the tape drive section, but again, this was of no concern to us. Figure 14

shows a closeup of the tape drive system recording heads and the interconnect
module.

Lockheed took this data tape and put it on a regular recorder at their

plant (fig. 15), plugged it into their data reduction or data retrieval and

plotting system, and came up with good data.

What we learned from this was survivability in the impact and fire

environments; all the flight data recorders survived (fig. 16). In fact, the

flight data recorders with the battery pack ran for 8 minutes after the

initial impact. The impact environment was, as far as g loads go, not a

problem from a high-g viewpoint in survivability of the data tape. However,

as far as operations went, regular operation of the recording mechanism was a

problem. Data from the foll recorder were processed by Douglas (fig. 17).
The cockpit voice recorder data were handled by the National Transportation

Safety Board, and the tapes from the DFDRs were handled by their respective
vendors.

Recording operations were our major problem. Right at impact, certain

things can happen. The tape can stretch and the electrical-mechanical drive

system can malfunction momentarily. (l'm speaking now of the three flight

data recorders.) We had a momentary recording malfunction to the three flight

data recorders, on the order of 5 to 7 seconds. The three contractors or

vendors from whom we procured the flight data recorders feel that they can

still come up with useful data right at the point of impact and for about 3 or

4 seconds after impact. However, this is a deficiency in the recording
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system. Because we wanted to compare the data that we acquired on the tapes

with those from the experiments on the airplane, this may pose a problem for

the time interval right at and immediately after impact.

We found that the sampling rates were too low although they were higher

than those required now by regulations. For example, the sampling rate for

roll angle is one per second, but you saw what the aircraft was doing as it

was coming in for impact. One moment we got a sample of zero degrees; the

next thing you have is the aircraft in a 6-degree bank angle, then a 12-degree

bank angle. The sampling rate for normal acceleration is also fairly low.

Existing regulaitons require only 4 samples per second; we had 16 samples per

second, and we're starting to lose some data just during the initial impact.

We're not getting the frequency response we would like to have.

As far as correlation with the crashworthiness experiments onboard -

structural loads, seat loads, and anthropormorphic dummy loads - that remains
to be seen.
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REQUIREMENTS

- PROCURE/INSTALLSTATE-OF-THE-ARTDFDRS/CVRSAND

APPROPRIATESENSORSTOACQUIREAIRCRAFTPERFORMANCE

DATADURINGIMPACT'AND"ROLLOUT"

OBJECTIVES

- DEMONSTRATEADEQUACY/USEFULNESSOFADDITIONALDATA

INPOST-IMPACTACCIDENTINVESTIGATION/ANALYSISIN

HUMANFACTORSANDCRASHWORTHINESSAREASANDCRASH

SCENARIODEVELOPMENT

COMPONENTSANDLOCATION

! FAA

- BASICINSTALLATION

- THREEDFDRS

- ONEFLIGHTDATAACQUISITIONUNIT(FDAU)

- 11SENSORS

- ONECOCKPITVOICERECORDER(CVR)

- BATTERY/INVERTERPOWERSUPPLY

- CURRENT13-720INSTALLATION

- ONEFDR

- ONECVR

II NAVY

- DEPLOYABLEFLIGHTINCIDENTRECORDER(FIR)

- ELECTRONICLOCATORTRANSMITTER(ELT)

(NON-OPERATIONALRECORDINGSYSTEM)

(PRE-RECORDEDDATASET)

! OTHER:

- LSIAVIONICSSOLID-STATEME]_RYUNIT

- (NON-OPERATIONALRECORDINGSYSTEII)

Figure 1
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ORGANIZATION KEYPERSONNEL POSITION

FAA(TECHNICALCENTER) LEOGARODZ DFDR/CVRPROGMGR
(ATLANTICCITY,NJ)

LOCKHEEDAIRCRAFTSERVICES DICKNANCE PROGRAMMANAGER,SR
(ONTARIO,CALIF) GRAHAMLEROY SR.SYSTEMSENGINEER

DAVIDGONZALEZ SYSTEMSENGINEER

TELEDYNECONTROLS LARRYFOX PRINCIPALDESIGNENGR
(W.L.A.,CALIF) GEORGEORENDY TECHNICALADMINISTRATOR

FAIRCHILDAVIATIONRECORDERS HANSF.NAPEL DIRECTOROFENGINEERING
FAIRCHILDWESTONSYSTEMS,INC. BARRYHAWKINS (MARKETINGMANAGER)

SUNDSTRANDDATACONTROL RAYE.JOHNSON DFDRDATAREDUCTIONSPEC.
(REDMOND,WASHINGTON) MICHAELRHODE (MARKETINGMANAGER)

NAVY (NATC) DANWATIERS PROGRAMMANAGER
(PATUXENTRIVER,MD)

LEIGHINSTRUMENTSLTD. JAMESW.WELLS PROGRAMMANAGER
(CANADA)

LEARSIEGLER,.INC. ISADORELURMAN PROGRAMMANAGER

Figure 2

PARAMETER RANGE SOURCE

I. TIME (ELAPSED) INTERNALTO FDAU

2. ALTITUDE -I000 to 40,000 ft NEWTRANSDUCER

3. AIRSPEED 75 to 350 knots NEWTRANSDUCER

4. MAGHEADING 0 to 360° EXISTINGAIRCRAFT
SIGNAL

5. VERTICALACC: N +50 g

6. LATERALACC: N +10 g NEWTRANSDUCER

7. LONGITUDINALACC: N +50 g

8. PITCHALTITUDE +82o
NEWVERTICALGYRO

9. ROLLANGLE +180o

10. RADARALTITUDE 0 to 2500 ft EXISTINGAIRCRAFT
SI GNAL

II. VERTICALSPEED 0 to 600 ft/min NEWTRANSDUCER

Figure 3
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720B -- FLIGHT DATA RECORDING SYSTEM
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Figure 7
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Figure 8

Figure 9
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Figure i0

Figure ii
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Figure 12

Figure 13
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Figure 14

Figure 15
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I FDR/CVR

I. SURVIVABILITY

A. FIREENVIRONMENT

B. IMPACTENVIRONMENT

c. BATTERY/INVERTERPOWERSUPPLY

2. RECORDEDDATAPROCESSING/ANALYSIS

A. FDR(ANALOG-FOIL)

B. CVR

c. DFDR(MAGNETICTAPE)

3. PRELIMINARYRESULTS

A. RECORDEROPERATIONS

B. IMPACTEFFECTONRECORDERS

c. SAMPLINGRATES

D. CORRELATION

I LSISOLID-STATEM_ORYUNIT

I NAVYFIR.

I. DEPLOYABILIIY

2. SURVIVABILITY

3. ELT/STROBEOPERATION

Figure 16
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