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EVALUATION OI' THE
GECRAL L IILLS-RYAL FLIGIT RECORIIR

SUlARY

This report describes flight observalions and crash and fire
tests of the General Inlls-Ryan flight Jecorder. The recorder 1s
spherical, apprommately 13 inches in diameter, and 16.5 pounds in
weigat. Standard elements contained within the spherical housing are
applied directly to measure altitude, air speed, masnetac compass heading,
vertical acceleration and tame. These data are enbossed on aluminum foal,
and each roll of foial i1s sulficient for 300 hours of flight tame.

Two recorders vere observed in flight for a period of several
monihs, and durang this time they functioned adequately. . recorder vas
crash-tested at an impaci of 97g and was subjected to a 2000° © flame for
30 minutes, which did rot destroy the inielligence recorded on the foil.

INTRODUCTIO!

Sore ten years ago, 1t was decided by the CAB aad the CAA that
the use of flaght recorders in all scheduled air carriers in both passenger
and cargo service would promote safety and would constitute an aid in
determination of the fzets, conditions, and circumstances lea.ing to
accidents in which these aircralt maght be involved, Tierefore, their
use was made mandatory. This regulation was repealed on June 9, 19Lh,
because ol material shortages.

Tlight recorders were acain made mandabory alfter October 16, 1947,
but this regulation was anended .arch 29, 19L8, to include only aircraft of
10,000 pounds or more maxarmum authorized take-off weisht, Investigation
had shown that the construction of aircraft of less than thas weight did
not provide adequate protection for the recording equipient in the event
of a severe crash, rurthermere, the wel it penalty of the sualler aircralt
1s more severe than on the larger types of transport aircrait rhen con-
sidered as a percentace of pay load. Licht aircrait were used mainly in
daytime V.R operations and generally uere flown lfor short distances.

The effective date was changed to June 30, 1948. Due to the fact that
sufiicient quantities of flighv recorders vere not available, 1t was
necessary to further extend the time [or compl.ance amd no deadline date
was established, At ti1s juncture, the .ir Transport Association, on
behals of the scheduled air carriers, agreed to initiate a program for

the service testing of available instruments on various make and model
aircrart used by the air carriers. After sone flight-testing, the regula-
t1on was cancelled; and gualified manufacourers were encouraged to develop
flight recorders.
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The General inlls-Ryan rlight Recorder, developed by Professor
James J. Hyan and sponsored by the General 1hlls, Incorporated, was con-
sidered sufficiently promising to warrant fligint observation and determna-
tion of 1ts ability to survive crash and {ire tests., This report covers
the results obtained during these observations and tests conducted at the
Technical Development and Evaluation Center.

DESCRIFTION

Three General l41lls-Ryan Flight Recorders were submitted by the
slechanical Mvision of General :hlls, Ine., ianneapolis, uannesota, to the
TOLC for flaght observations and tests, The instrument, showm in Fig. 1,
records air speed, vertical acceleration, altitude, and tame., It 1s
incorporaved in a spherical fireproof case. The total weight as 16,5 pounds.
A later model also records headainz and weighs 22,5 pounds, This recovder
utilizes a magnetic compass and an electrical servosystem for recording
the 360° displacenent.

the {rame of the instrument i1s alumanum, and the spaerical fire-
proof case 1s conprised of two walls. The outer 1all 15 a zinc-plated
m21d steel sphere, 15 inches i1n diameter, and the inner wall .is an
alwmnum sphere 13 inches in diameter, The insulation petween tne walls
15 a one-inch layer of Perlite waith uarinite separators at the Vequator"
where the two halves of the case are joined, <The upper henasphere con-
tains the recording mechanism, the air-speed unait, and the drive-iiming
regulator., The lower hemisphere contains tle altimeter unit, the electric
drive motor, and the accelerometer assembly. The pressure lines for the
2ir-speed and altimeter elements are connected at one support bracket.
\n AN connector for the 28-volt-de power source is on the opposite
bracket. For lhe recorders that include heading, 115-volt LOO-cps electrical
pouver also 1s required. The sensing and recording mechanisms are shown 1n
Frps. 241 and 2B.  The air-speed indicator elesent 1s a standard pressure
diaphragm, with a range from 0 to 50C mph, having static and dynamic
cnarbers, This element has about 0,75-inch movement for 500 nmph as
indacated at sea level, The altimeter element 1s an aneroxd bellous
with temperature compensation. It indicates pressure altitude of Ifrom
-1000 feet to 40,000 feet based on standard atmospneric pressure.
Tne altineter record has a two-inch spread for an andication of LO,000 feet.
The moving portion of this unit acts upon a lever uechamism, with a magni-
lication of approximately lour, to displace the indicating stylus.

The accelerometer elerent, whach :s a cube of metal, 1s supported
upon cantilever beam sprangs, so desicned that Lhe movenent of the weight
and the stylus 1s in a straicht line. The accelerometer measures betueen
lirits of [ron =35 to #127 with about 2 incaes spread on the record. The
natural frequency of the element 1s approxamately 30 cycles per minute.
Jarping is obtained by an air dashpot. The styli ol these iluwee slements
are sli htly displaced to prevent interference. A fourth stylus indicazes
the reference position or base line for the recordings. The recording
medium 18 aluminur fo1l, 0.00) inches thiek and 2.20 anehes wide, in rells
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of 100 feet. The foil moves at a rate of four inches per hour, so that
one roll can record continuously for approximately 300 hours or the
equivalent of two weeks flight time, The recording styli emboss the foil
as 1t moves over the backing plate. The foil 1s rolled on a reel and 1s
caused to move across the backing plate by means of a small 28-volt-dc
permenent~magnet motor which moves so slowly as to approximate a stalled
condition, The "stalled" motor operates at apprexamately six revolutions
per hour and contanually applies a torque bthrough a short lengih of coil
spring to drive the rewind spool. The speed of the foil advance is
~overned Ly a clockuork escaperent recnanism., A cam-operated scriber
merks the edge ol “he foil each minule of time with major indications
every 15 ranutes and ave,y hour. Jlir speed 1s given in miles per hour,
al.itude 18 1n Jeeb, and vhe acceleration 15 1n multiples of g.

The a_r-speed indicator elenent 1s connected to the aircraft
strhic-pressare and the dynarmc-pressure lines an parallel with the
insvrunents in the ceekpit, The altimeter unit also 1s connected to the
srauis-pressure 1ine. The interior of the recorder housinz is at amnpient
oubszde pressure,

The draive for the [o1l aperates for apnroximately ten mnutes
after the pouer to the metvor is turned off or the porer fails, This 1s
obtained by a rctchet and the spring between the motor shaft and 1ts
comecting zesr,

A flicht data reader, Iag. 3, that facilatates obtaining inwella-
gence from the foi1l, 15 availadble, Tt 15 a metal boix containin, an ontical
system by ihich the alumnuwifoil records from tue fiignt recorder may be
scanned with a yanimwn ol difficulty.

The aluminum foil on spools from the recorder is placed 1n a
holder in front ol tue box. The eyep.ece, localed above the lLiolder, allows
the foal to be scamned as the record i1s turned in the holder. .3 seen
from the eycpiece, the record appears at 1ts natural size inside tne box.
The 1llummnation 1s obtained by edpe lizhting of ti.e record. in overlay
calibration chart, mounted simlar to a projection slide, 15 placed in a
lamp housing at the side of the bax. This (lluminated overlay is then
nrojected so as to be superimposed upon ithe ima e ol the recorder record.
Suitaole lighting for maxumur claraty of the scribed warks on the £ilm and
the intensity of the overlay 1s obtained by adjusting lmobs. Other con-
trols line up the reference line on the foil wnith the reference line on
tne overlay and advance ihe foil. sJrom the colibration overlay, {for any
instant of time, values of air speed, altitude, acceleration, and heading
may be observed. A typical record as vieuwed with the dota reader is
shoim in Fig. 4.

L 35-mm camera attachment s nlaced so thal any portion of the record may
be photosraphed. The phologrsph may be enlarged to any size desired for
Jsccurate study and measurement. Jrrom a roll of foil, any number of photo-
graphs ol the pertinent i1nforaation may be taken for future enlargement
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and study. The data reader is 12 inches uide, 25 inches long, and
16 inches high. It weazhs approzamately LO pounds.

A darect-readin, transport overlay also 1s provided for
imediate analysis of the records wacre tne data reader is not available.
Other optical masnifiers such as enlarged ‘hotographs or rucroscopes may
be used.

RESULTS OF TLSTS

figat Gbservations.

-_— Flight recorders were installed in two ol tae Center's JC-3
airplanes. decorder serial ilo, 1l was ins.alled in airplane . ~-162, and
recorder serial Wo. i was installed in airplane 11-183. These anstallations
were made in February 1954. Up to June 20, 1954, N-182 has {loun 105 hours
anu {-183 has flown 58 nours.

The recorders were wired in witl: the master switch so that they
were turned on at all times when the engaines were operatiang. The purpose
of the flicut observations was mainly to determiuae vhether tne recorders
would continue to operate for an extended time immen installed in an airplane.
The recorders were inspected periodically to determine il tney were func-
tioning properly. Only minor mecham.cal dafiiculties occurred. These were
corrected and neu recorders have been revised accordinTly. HNo tests vere
condacted to calibrate or detecrmine the accuracy of these instrumeats.

Ground Tests.

Tlight recorder serial Wo. 5 was used for the ground tests.
The tests were conducted during ihe ~onth of Apral 195h. Toey consisted
of i1rmmact and fire tests in uhich a crash [olloved by a fire was simulated.

For uhe impact test, the recorder was mounied in a sirucuure
vhich simulated conditions thatv could exast if the recorder were nounted
in an airplane cduring a crash. TFig. 6 shoirs the recorder installed for

his test, The test vas conducted on the TILC tank-catapull track used
Lfor crashing fuel tanks. The test structuvre -1ath tne stbtached recorder
uas crashed into a sandbag barcier. Higa-speed motion sictures were talen
of the impact ab 1500 fraces per second. .rom the photograpns, the
distance~versus-tine relation was plolted to obtain ithe time aistory of the
deceleration. This 15 showm in .1z. 7. ‘The speed ol the recorder =t the
tine of irpact was 3L moh and the mariwun leceleravion was 97g.

During the impact, the top hall ol the spherical case of the
recorder moved foruerd approxiaately one-hall inch with respect to the
lower balf of the sphere. Oue to the one-inca wall thackness, ilhe
interior of ihe recorder was not exposed, See Fig, d. Sance a {ire
following a crash was to be simulated, the recorder housing was not
opened to inspect the alumnum foil record until after the fare test.
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It was removed from the standard test structure without dastwrbing the
misalignment of the upper and lower hemispheres and was then mounled on

two pieces ol one-inch angle i1ron and subjecled to fire. The outer surface
of the sphere had previous been coated with 0.6 pounds of fire-resistant
pant {(Albr Tem-Kote 99). This was equivalent to 1.75 ounces per sq. ft.
The flame was nroduced by a modified conversion oil burner which consumed
12 galloas of Wo. 3 fuel oil per hour. The flame impinged on the louer
half of the recorder at a tempsrature of 2000° ®. The [flame at slightly
louer temperatures enveloped the rear lover half, the sides, and most of
the upper halfl of the recorder as shown in fig. 9.

The Alba coating fluffed ancd blackened over the entire outer
surlace of the recorder in the first minute. usfter {our munutes, the
al.ranum-alloy fitting and connectors wmelted and dropped off; and, at
12} manutes, large pieces of the [lange dropped fron one side. The burmer
was turned off at the end of 15 minutes so the damace to the outer shell
could be determined. Wing nuts and studs on one side and the Albi coatang
on che underside of the sphere had dropped ofl. The flame was turned on
anain after three minutes ol inspection tue. AL 1?% rinuies, anotier
large piece of molten aluminwn dropped from the {lange. No further damage
was evident during the remainder of the 30-manute test. Juring the last
15 minutes of the fire test, the sphere had no albi coating on 1ts under-
s1de., This was enveloped in flare, The recorder was allowed o cocl and
was then opened for inspection, It was found that the impact had in no way
damaged the record. The flame had caused the exposed portion of the aluminum
fo1l to become darkened by a srmoke and soot deposit, as may be seen 1n
Fig. 10, However, the intelligence recorded was readily obtainable.

CONCLUSIONS

It 15 concluded that the General Ills-Ryan Flight Recorder can
operate satisfactorily in an airplane, and can withstand an .mpact of 97g,
followed by a 2000° T fire for 30 minutes without destruction of the record.
1t also 1s concluded that an outer coating of fire-resistant paint is not
Necessary.
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