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DEVELOPMENT COF CRASH-RESISTANT
ATRCRAFT FLAMMABLE FLUID SYSTEMS

PART I

DELINEATION OF FEE PROELEM

FOREWORD

The lavestigatlion described in this rTeport wes conducted at the
Federal Avistion Agency's Technicel Development Center, Indienapolis, Ind.,
in partiel fulfillment of certain tasks under U. 5. Army Transportation
Research Contract 21X2040 T09-9062 P 5030-07 S 4L4-019, Subtask 12TAV,
Project 9-89-02-000 deted December 11, 1956.

SUMMARY

Investigations, on-the-scene studies of ailreraft accidents, and
some helicopter drop-crash tests have been mede 1n an effort to esteblish the
severlty of crash impact for which crash-resistant flammeble fluid systems,
installed in fuselages of fixed- and rotery-wing aireraft, should be designed.
In edditlon, it was desiraeble to esteblish other basic considerations which,
of necegelty, must be observed In loceting =nd instslling such systems in alr-
craft if e firm, relisble level of protection ageinst crash-fires is to be
attained. BStudies also have been maede to determine the contribution of post-
crash fire to alrcraft accident fatelity rates.

These investigations, studies, and tests reveal that post-cresh
fire is e major factor contributing to higher fatality rates during sircraft
eaccldents, and that a crash-load factor in the order of 35 mey be considered
likely under severe but survivsble crash conditilomns.

There are certein particular locations in the sircrafi where fuel
tanks should not be located unless mesns for affording them substantial pro-
tectlion againat damage in crashes 1s provided. Fuel tanks located in the
outboard portlons of wings provide a certaln level of protection sgainst the
hazards of cresh-fires by virtue of location.

The design of crash-resistant fuel tanks for internsl fluid
Pressure loads resulting from squashing conditions is now known to be fea-
sible. Crash-resistant fuel cells should be equipped with accessories and
components which will not tear the cell and which sre capable of sealing the
fuel inside the cell in the event of any appreciable movement of the cell with
respect to its structural caviiy or with respect to adjacent cells during
crash conditions.
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INTRODUCTION

Considerable progress toward the lmprovement of crash safety in
alrcraft is being made by the combined efforts of a number of crganizations.
The Technical Development Center (TDC) of the Federal Aviation Agency is
engsged In a program to develop crash-resistant flemmable fluid systems for
helicopter and smaller type, fixed-wing aircraft. The objective is to de-
velop criteria for designing crash-resistant, flammable fluld systems for
fuselages of aircraft thet will not rupture in surviveble-type crashes,
thet ig, in those types of sccidents and crashes in which the occupants
normelly can be expected to survive the crash lmpact. Untll such time as
all the characteristics of a survivable crash are positively esbsablished,
it is necesgary to concentrate the maximum effort on severe but survivsble
types of aceldents which are experilenced most freguently.

The flammeble flulds are fuel, oil, and hydraulic fluld. The
confinement of these flulds in & crash would prevent the formation of a
readily combustible mixture and, in eddition, would isolate the flammable
fluids from the many possible i1gnition sources. The fuel constitutes the
great bulk of these flammable fluids. The major crash-fire hszerds, there-
fore, generelly are associated with the fuel, and it has been concluded
that efforts towerd = solution of the crash-fire problem should be
concentrated mainly on the fuel tanks,

Work on the development of crash-resistant fuel tanks for wings
of elrcraft has been in progress e nunber of years end the results obtained
to dete are presented in several Technical Development Beports.l 23 In
the present progrem efforts are being confined to the flexible, nommetallic-
type tank which sppeared to possess the most merit in preventing the spill-
age of fuel in erashes 1n the previous work on wing fuel tanka.

The success of the present progrem depends upon the determination
of certain fundemental facts concerning crashes. These are:

l. The attitudes 4n vhich fixed-wing sirereft and hellcopters
normelly sirike the ground in severe but survivable-type crashes.

1R. L. Feld, Melvin F. Miller, and George L. Pigmen, " An
Investigetion of the Crash-Fire Problems in Transport Aircraft Fuel Tenks,"
Technical Development Report No., 134, Jenuary 1951.

2Richard N. Motsinger, Melvin F. Miller, and Robert J. Schroers,
"Some Physicel Properties of e Number of Proposed Constructions of Materlsls
for Nommetallic Cresh-Reslstant Aircraft Fuel Tanks," Technical Development
Report No. 220, December 1953.

3Charles V. Bennett and Robert J. Schroers, "Impact Tests of
Flexible Nonmetallic Aircraft Fuel Tanks Installed in Two Categories of
S8imilated Wing Structures," Technicel Development Report No. 291,
January 1957.
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2. The magnituie of load factor whleh is assoelated with such crashes.

3. The impsact angles which are mssociated with crashes of thils type.

4, The magnitude and direction of the crash loeds which should be
employed in the design of crash-resistant, flammeble flwid systems.

5. The feasibility of providing cresh-resistent fuel tanks in the
fuselages of rotary-wing alrcraft, especislly in those ceses where fuel tenks,
of necesslty, must be located in close proximity to heavy, concentrated mpsses
such as engines, rotor mest, cargo, and so forth.

6. The limitations which must be observed with respect to the
installation of those systems if a practicel and relieble level of protection
againet post-crash fire is to be provided.

7. It also wes desired to know the benefits in terms of reduced
Tatelitles of occupents which might acerue through the use of cresh-resistant,
Fflammeble fluid systems.

The progrem to develop crash-resistent flammable fluld systems 1s
divided into four perts as follows:

Part I - A study of aircraft asccidents, existing accident reports, end
accident investigation date to obtain certain fundementsl facts perteining
to the attitudes and severity of ilmpeet experdénced by aireraft, particu-
larly helicopters, in severe but surviveble-type eccidents.

Part II - Crash testing of rotery-wing end poesibly a few fixed-wing
alreralflt equipped with experimental fuel celle to estshlish proper design
criteria for crash-resistant fuselage fuel tanks for such alreraft.

Pert ITI - Eateblishment of apecifications for snd the development of
protolype production components end eccessories for crash-resistant fuel
tanke and ereation of e commercial source of supply for such cumponents and
accesscries,

Part IV - Cresh-proof testing of a number of helicopters equipped with
cresh-resistant flammable fluld systems to substentiste unquestionably the
valldity of the design crlteriz and specificstions derived in Parts I, II,
and JIII.

This report covers the work performed under Pert I of the program.
The report ls divided esgentlally into two major parts; the first pertains
to fixed-wing aircraft, the second to retary-wlng sireraft.

DISCUSSICN
Genersal.

The results of studies, tests, and investigations conducted in
ecnnection with this program show that many factors centribute to the



L

occurtence of occupant fatalities during slrcraft accidents. BSome of these
factors are post-crash fire; failure of seats, belts, and floor tie-down
structure; dangerous structural arrengements in cockpit and cabin areas;
flylng depris, megnitude, direction, and duration of impact loads; occupant
position, end 8o forth. Because of these and msny other factors, it has
not heen possible to establish a positive definltlon of a surviveble crash.

Statisticael studles have been mede to determine the freguency of
Post-crash fires and to compare injury rates for the fire and nonfire aecl-
dents. The results of one studylb of serious, scheduled air carrier accidents
involving fixed-wing aircreft, which occurred during the period 1938 to
1951, are shown in Table I. The results of this study, conducted by the
Civil Aercnautics Board, show that crashes not followed by fire were fatal
to 60.8 per cent of the sirplane occupants. In mccidente followed by fire,
the fatality rate increased to 84.6 per cent, an increase of approximstely
25 per cent. A similar study® has been made of rotery-wing sircraft scei-
dents and the resulis of this study are summarized in Flg. 1. These data
indicate that the fatality rate was 38.8 per cent greater in helicopter
aceldents in which post-crash fire oceurred than in theoese aceidents in
vhich such fires did not occur. The study poilnts out thet although fire
oceurred in only 8.7 per cent of the helicopter accidents, 60.4 per cent
of all the fatalities were ceused by these fire accldents.

These stetlsticel studies show that post-cresh fire 1s a major
fector contributing to higher injury retes in eircraft secldents. This
report is intended to supply informetion pertaining to inertia loade
epplied &s well as structural and fuel system damage normally suffered in
crashes, and to define the fundsmental deslign conditions which must be
considered in providing crash-registant fuel tenks in aircrafg.

Fixed-Wing Aircraft.
JImpact Angle, Attlitudes, and Severity of Qrash Impeect.

Eerly in the progrem, s meeting wes held of representetives of
orgenizations who, by virtue of thelr work in connection with ilmproving
safety 1n aireraft, might be sble to help provide the fundamentel informa-
tion needed pertalning to elrcraft crashes. Thlis meeting was atiended by
representatives of the Civil Aeroneutics Board (CAB), Netiomel Advisory
Committee for Aerongutics (NACA), Aviation Cresh Injury Research of Cornell
University (AvCIR); Transportation Corps, Department of the Army;
Directorete, Flight Safety Research, Department of the Air Force; the FAA
Technical Development Center, and the FAA Office of Flight Operations and
Alrvorthiness. The following deseribes the information which was presented
at the meeting and the conclusions which were reached.

ll'Su::mm:l:';,r of Fatelities in Scheduled Alr Carrier Operatlons from
1938 through June 1951 (unpublished), Civil Aeronattics Board, Weshington, D.C.

JCherles V. Bennett snd James V. Burkherd, "A Summary of Crash Fire
and Injury Rates in Helicopter Accldents," Technicel Development Report

No. 313, June 1957.
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The findings of Aviation Crash Injury Research of Cornell
Yniversity showed that the originsl ground impact generally oceurs with the
alrplene longitudinel axis yawed within 30° of the line &6f flight. This is
true particulerly in accidents occurring during tekeoff and landing pheses
of flight (one of the most common types of accidents) whieh normally are
associated with high forward velocity compered to the sinking variety. 1In
addition, the longitudinal stiitude of the pirplene generally is within plus
or minus 15° of level, except in stall accidents whers the nose-down attitude
is as much as L45° from level attitude. It was pointed out that transport
alrplanes involved in very serlous but surviveble crashes often hit the
ground at velocities as high as 150 knots. Substantial structurel demage is
Incurred in such crashes, and ripping and tearing actlon would be expected
to be a blg factor in determining whether or not fuel systems have any
rezsonable cheance of remaining intact.

Results obtained from full-scale crash tests of transport-category
airereft conducted by the NACAG show that, in the vieinity of the floor
structure, such alrcraft experienced load-factor components of 20 for a dura-
tion of 0.20 te Q.30 second, acting simultanecusly along the vertical and
longitudinal exes of the aircraft. Superimposed on each of these wes an
addltlonal load factor of approximately 25, but for a durestien of omly 0.03
seccnd. These creshes were considered to be survivable to cecupants provided
geats of proper design were installed. It also was shown thet the respconse
of the fuel in a fuselege tank to the lozd impulse involved would be a functlon
of the naturel frequency of the contalned fluid. As a result of this work, it
appeeared that e load factor of epproximately 35 was appliceble to the design
of crash-resistent fuel tanks.

Besed on the information obtasined from the impact testing of wing
fuel tenks at this Center, it was believed thet = comprehensive interpreta-
tion of the NACA date possibly could be made with respect to the selection of
a load factor for fuel cell deslgn purposes. The results of this testing,
in vhich the duration of impect loed wes spproximately 0.05 second, indicated
that the meximm fluid ram pregsure developed inside the fuel tenks corre-
sponded to ebout one-third of the pressure which would have been developed
hed the full effect of the impect lo=d on the structure been transmitted to
the fluld. Consequently, it wes conéluded that in mctual crashes, the fuel
ls not cepable of following faithfully impast loads of very short duretion,
and 1t was believed that the fuel would respond to roughly one-fifth of the
short period (0.03 second) load factor of 25, or 5. On the other hand, the
fuel should be subjected essentially to the full effects of the base pulse of
20g for = duretion of 0.20 to 0.30 second. By edding the two load fuctors
5 and 20, load-factor components of 25 aecting along the vertical end loangitu-
dinsl exes are ohbtailned. Because these load-factor components mey be experi-
enced similtsnecusly elong both axes, these components should be sdded
vectorlelly to give & resultant loed factor of 35 for fuel tenk design

purposes.

61, Irving Pinkel and Edmund G. Rosenburg, "Sest Design for
Crastworthiness," NACA TN 3777, October 1956,
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TDC personnel vho had been studying damaged aircrafi at the scenes
of crashes reported that average, crash-load factors in the order of 20,
acting along the longitudinal axis of the aircraft, had been estimated.
These sccidents definltely were of the surviveble type and there wags some
evidence indicating that crash-load factors for the design of fuselage
fuel tanks should be somewhet higher, possibly 35. The data cobtained were
meeger and did not constitute sufficient evidence which would ensble TDC
personnel alone %o establish flrm conclusions on & load factor applicehble
to the deslgn of crash-resistasnt, fuselage fuel tenks.

It was sppsrent that the several organizations, working
independently in different but somewhat related fields, essentislly had
arrived at the same general conclusions; mnamely, that a losd factor of 35
was reasonsble and should be applied to the design of crash-resistant
fuselege fuel tanks. The importance of installing fuselage fuel tanks at
a substantiel distence above bottom fuselage skin and/or in a position
vhich is protected as much as possible from screping sction with the
ground elso was recognized.

Studies of actual crashes and of mccident reports conducted by
TDC in connection with this progrem showed that crash-load fectors may
very greatly in different sectlons of the fuselage of larger alreraft
during crash Impact., To substantlate this statement, the observations made
in connection with tweo typleal elrcraft accldents are presented. In a
B-25 accldent, the nose of the fuselage was squashed back to the wing
front spar, but in the rear of the cebin, a microphone stlll was hanging
on its hook and seat cushions still were in place in the seats. A DC-6
elrplene which ereshed at Elizsbeth, N. J., gtruck the ground in = nose-
down attitude at epproximetely 15° at approximately 145 mph. All occupents
in the forward psrt of the sirplemne suffered fatal injuries, but during the
Initial impaet with the ground, occupants in the aft emnd of the fuselage
apparently were herdly more then Jostled. From s study of accldents such
as these, 1t 1s clear that aireraft structure ls able to absorb tremendous
smounts of energy in crashes, snd wheress one locetion may be subjected to
high decelerations, znother location even a relstively short distance awey
may be subjected to greatly reduced; if not negligible, deceleration. In-
Jury of eny occupant primarily from the effeets of decelerstlon probably
depends on whether or not the occupant is seated in an aree of severe lm-
pact. Likewlise, the deceleration to which a fuel tenk mgy be subjected
probably is pretty much a function of 1ts proximity to aremss of direct
Impast. While grester Ilmpact loads ususlly occur in the forward sectlons
of eircraft, severe lmpact loads may occur snyvwhere along the fuselage as
far back as the areas adjecent to the tail. If erash fires are to be pre-
vented, fuselage fuel tanks, regerdless of posltion along the fuselage,
ghould be designed to s load factor of 35. This 12 consldered to be the
mest logical conclusion thet can be made until such time as more precise
date are available on the distribution of inertia loads along the fuselages
of large alrcraft during crash conditions.
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Crash-loaed fectors in the structure of smaller, lighter aircraft
elso may vary to a eonsiderable extent during crash conditions. Table II
presents the losd factors obtained in six drop-erash tests of small heli-~
copters., It is believed that the load-factor varlation in small fixed-wing
aircraft will be comparable. Generally, ignoring the effects of seat design,
occupants in small sircraft more often than in large alreraft will be sub-
Jected to the maximum decelerations which are experienced by the structure
of the alrcraft. This 1z true primsrily because of the relatively small size
and greater rigidity of the gtructure. Similarly, fuel tanks in general also
will be subjected to the maximum decelerations experienced by the aireraft.
If oceupants are to be spared the hazards of fire in severe but surviveble-
type crashes, fuselage fuel tanks in smaller aircraft possibly should be
designed to somewhat higher load factors than the tanke in large alreraft,
regardless of positicn along the fuselege. For mmaller aircraft, it is
concluded theat the load factor be not less than 35.

A grash cconditien in which a resultent load factor of 35 is
experienced is described zbove as one for which fuselage fuel tanks should
be designed. Actually, this loed factor 1s the resultant of two compeonents
of 25g each sacting simltaneously slong the vertical and longitudinal axes
of the alreraft. Also, as stated previously, zireraft may strike the ground
with the longitudinsl axls yewed as much as 30° fram the line of flight. For
a loed-factor component~ of 25 acting in the directlon of the longitudipal
sxle, and with the airplane yawed to one side as mmch as 30° at instant of
Impact, the loed-factor component in the latersl direction is equal to 25 tan
30°, or approximately 1lL.

It is not intended that precise basic losding cenditions which
should be used for the design of crash-resistent fuselage fuel tenks be pre-
sented in this report. However, hased strictly on the ebove reasoning, which
1s quite limited in scope considering the many crash attltudes and gyrations
which mgy be experienced by fixed-wing elreraft during ecrashes, it appears
that a load-factor component in the order of 14, acting in the lateral
direction, may be applicable for the design of such tanks,

Damege to Fuselage Structure.

During impact snd subsequent seraping along the ground, severe
damage may be experienced by forward and bottom fuselage structure. The
extent of damage which may be experienced in severe but survivable-type aceci-
dents, as shown by NACA tests, AvCIR, and TDC crash studies, is discussed
below.

In the case of low-wing airplanes, crushing demage to forward
structure mgy extend from the nose as far back as the plane of the wang front
spar. In the case of high-wing and midwing sirplanes, the damege may extend
congiderably beyond this plane. Damage of this kind to both of these types
of alrplanes may occur even though crash-load factors sometimes may be quite
low. Damage to bottom fuselage structure in high-wing sjreraft may be ex-
tremely severe because the fuselsge does not have the protection inherently
afforded by strong, center-section wing structure located low in the fuselage.

~
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Often, in the case of low-wing alrcraft, this wing strueture not only
Provides considerahble proteetion to the lower porticn of the fmselage, but
also appears to minimize damage to the aft fuselage structure which may
result from scraping end grinding action wlth the ground.

The condition of the ground on which an alreraft crashes may be
en Important factor in the degree of fuselage structursl damage that is
experienced. Soft ground is considered to be worse than hard ground. In
soft ground the fuselage apparently tends to dlg in more and scoop dirt,
thereby imposing severe shearing loads on the lower structure, This can
result in slmost complete disintegretion of whole lower fuselage areas.

A typleel example of this is the case of a Conveir 240 airplane which
crashed at Springfield, Mo. Apparently the aireraft landed quite hard on
a2 thin layer of wet, soft ground and skidded to rest in approximately 250
¥ards. Bottom fuselage structure, including parts of the cabin floor, was
torn away. It would have been impossible for sny fuel tanks loceted below
the floor line to remain intact in the accldent. In this cese, damage to
the lower fuselage structure occurred even though a wing center-section
structure was present to help protect the fuselage. However, other acei-
dents qulte similar to this one have cccurred in vwhich reletively little
demage was done to the lower fuselage areas, and little if any demage would
have occurred to the fuel tanks had they been located there,

Insofar as size of alreraft is concermed, it appears that the
lower fuselage structure of large aircraft tends to suffer relatively more
demege from ripping and teering asction with the ground than smaller air-
eraft. Smeller alrcreft which strike the ground in more or less a flet
attitude, as large transports often do, have been found teo suffer much less
serious demage to the lower structure. For this reason, the problem of
achieving effectlive crash-resistant fuselage fuel tanks in smaller air-
eraft, whether high- or low-wing type, may not be as difficult ae in large
eirereft, but 1t 1z belleved that the advantage lies with the low-wing
types.

Demage to Wing Structure,

In survivable aceidents, it has been found that wing structure
may suffer extepsive damsge without harmful effects to the aireraft occu-
pants. Direct impact forces may be encountered anywhere along the span of
the wing, and these forees generally result In failure of the wing at in-
board locatlons. For this reason, it is highly deslrable that, whenever
possible, fuel tanks be located in outboard rather than inboard portions of
the wing. For present multiengine airplanes, using reciproceting engines,
fuel tank positions outboerd of the nacelles weuld be most desirable.
Placing the fuel conteiners in outboard portions of the wings elso is highly
desireble beceuse of 1ts remoteness from the cabin. If a fuel tank In this
location is ruptured, more time generslly is avalleble for rescue end
evacuation of the occupants.

Experience has indicated that high-wing aircraft experience less
damage to the wing structure in crashes than low-wing alrcraft because the
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wing tends to stay awey from the ground in the high-wing-iype aircraft. In
low-wing sircraft, the fuel tanks may be kept off the gromnd to some extent
by virtue of wing-dihedral end low-slung nacelles.

Limitations Which Must be Observed with Respect ta Placement of Crash-
Resistant Fuel Tanks.

Lover fuselage structure of high-wing, transpert-category alrcraft
1s highly susceptible to severe dzmage even in crashes of moderate impact.
In these cases, it appears that fuel tanks, regardless of strength, locsted
low in the fuselage (below the floor line) of such aireraft, have little
chance of remaining iptact and consequently, cannot be expected to have =
high degree of protection against erash fires.

In the case of low-wing, transport-category aslreraft, because of
scraping and grinding action with the ground, and in spite of the protection
vhich is afforded by the wing center-section structure, it is mandatory that
fuel teanke be located well sbove lower fuselsge skin and/or in a protected
position such that exposure of the tank to sereping and grinding action with
the ground is unlikely. If at all possible, the tanks should be located
above the floor. The importance of providing a high degree of protection
for the tanks is magnified by the fact that fuel from e ruptured tank in this
erea cen spreed quickly to all portions of the fuselage, end if ignited, the
ensuing fire may ceuse a great loss of life in aceldents which otherwise
mlght be relatively minor.

While inherently it mey be somevhat easier to achieve crash-
resistant fuselsge fuel tanks in smaller alreraft as compared to large alr-
craft, 1t is necessary, nevertheless, that the Mawelage tanks in smaller
alreraft be located and/or given protection such that they will not be
exposed to scraping action with the ground. Agein it appesrs most desireble
to install them sbove the floor line.

If tanks are located in fuselages such that they may be squashed,
the tanks must be designed not only for internal fluld ram pressure loads
cauged by the crash impect but 2ls0 for squashing leosds, 1f they are to be
erash-resistant. This is discussed in further detsil later.

The serious estructural demage whiech generally occurs to forward
fuselage areas indicates that fuel containers should be positioned as far to
the rear of the fuselage as possible, and in no cese showld a tank be located
forward of the plane of the wing front spar. This 1s true in the case of
low- and high-waing, small and large aircraft.

Information obtained from the Department of the Alr Force indicztes
that landing gears installed in lower fuselage structure of modern Alr Force
aircraft mey constitute a hazard to the integrity of fuselage fuel tanks.

Alr Force experience dictates that fuel tanks should be locasted in a position
suech that they are not vulnerable to damasge if landing gears fail and are
pushed upward into the fuselage. The location of wing fuel tanks with regpect
to lending gear structure also should receive careful consideration. The
landing gear should be placed such that in the event of its failure, the gear
willl not penetrate a fuel tank.
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Rotary-Wing Aircraft.
Impact Angle, Attitudes, and Severity of Crash Impact.

Ag 1n the case of Tixed-wing airplenes, studies show that the
mejority of rotary-wing aircraft accidents occur during the takeoff and
landing phases of flight. Unlike the fixed-wing airplane crashes, rotary-
wing airplene crashes often are preceded by low, forwemrd ground speed snd
thus, the initiel load is applied primarily in the vertical directionm.

Records of 342 serious damsge accldents experienced by one branch
of the milltary services included only 97 records which contained detailed
information perteining to impact angle and lmpact attitude. Impect angle
refers to that angle between the ground snd the path of the descending air-
craft, vhereas Ilmpect attitude refers to the amount of t1lt of the body axes
of the aireraft. Deta on impact angles for these aceidents showed that
approximately 35 per cent involved an lmpact angle of 90° (vertical descent)
and thet spproximately 68 per cent crashed at an angle of 60° or greater.
The impeet ettitude in approximetely 50 per cent of these 97 accldents was
longitudinelly and leterally level. The remainder of the 97 accldents were
reported es occurring with some combinations of eircreft attitude as nose
high, nose low, and banked, end one was inverted. Unfortunately, these
records dild not contaln information which would permit the determinstion
of the megnitudes of the impect loeds experienced in thease accldents.

In order to obtain scme information on the magnitude of crash-
load factors, on-the-scene studles of seven helicopter accldents were made.
The results of these studies are sumarized ln Table III. From the teble
it mey be seen that the cresh-loed factors varied from 2 to 60. These must
be considered approximate velues. It elso may be seen that in five of the
accidents the impact angle was vertical (90°). In eddition, telephone
contects wlth on-the-scene investigating officers of the military services
involvieg elght more accidents slso were made which provided additional
valuable informetion on impact engles, ettitudes, end veloecities, although
no information on the megnitude of the impact loads was ¢obtained. The
informaetion obteined from these investigastors and their reports are sum-
marized in Taeble IV. In three of these accldents the ilmpact angle was 90°
and one wasg 6°. In the remaining four accidents the engle was unknown.

Fallure to flare or premature flare in the landing phasge of
flight 1s one of the most frequent causes of accidents. About 80 per cent
of the serious accldents, involving one smaller type hellcopter 1ln wide
use by the mllitary services, were of this kind,

A study of ell avallable accident reports plus discussions with
military hellcopter flight safety persomnnel reveeled that the upper limit
of impact veloelty possibly should be assoclsted with the meximm rate of
descent which may be attained in a helicopter during certain controlled,
vertical, asutorotative conditions of flight. For example, this rate for
the Bell H-13 helicopter is approximately 2,600 feet per minute (fpm).
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The results of some free-fall drop tests conducted at this Center
involving three H-13 simulated structures constructed by TDC for this purpose
and three Sikorsky HO5S-1 aireraft are presented in Tsble II. The H-13 sinm-
uleted structure and HO5S-1 helicopter are shown in Figs. 2 and 3, respectively.

The aircraft were dropped intentionally from heights of
approxamately 30 feet in order to produce impact veloeities in the order of
2,600 fpm. A drop height of 30 feet theoretically results in en impact
velbelty of 2,634 fpm. The actusl descent velocities and resulting loed
factors experienced by the structures and by two anthropomerphlc dummles
seated in two of the HOS53-1 helicopters are shown in the teble. The posi-
tions on the structures st which these loed factors were measured are defined
in Figs. % and 5. Although some variation of the peek load factors experi=
enced by different parts of the strueture is shown by these data, it lg con-
gidered significant thet no extreme variations were measured. This is in
direct contrast to the previously discussed crash-load factor varistion esti-
mated for large fixed-wing aircraft. Based on the data obtslned in the six
drop-crash tests, it appears that because of asircraft size the load factor
variation in smell sireraft may not be nearly sc great as in larger eairecraft.
The sbsence of large variatioums in crash-load factors experienced at different
structural locations indicates that an aversge of these load factors, shown
in Teble II, represents reasonably the over-all load factor experienced by
the aircraft.

The average of the three impact velocities experfienced in the HO58-1

drop-crash tests (see Table IT) is 2,240 fpm and this is associsted with an
eversge load factor of 32. Corresponding dete for the H-13 simulated heli-
copter structures show an average load factor of 32 for an average Impact
velocity of 2,243 fpm. The achievement of such close agreement in tests of
this kind is surprising, but the dats are interespting in another respect.
The HO55-1 helicopter is of stressed skin construeticn vhereas the H-13 simu-
lated structure is febricated completely of steel tubes. These deta, though
limlted, indicate that both types of structure espparently tend to respond in
essentielly the same manner to a given configuration of crash impact.

In an effort to appraase the meaning of these structural crash-load
factors in terms of human survival, load factors experienced by two anthropo-
morphic dummies while seated in the helicopters of Tests Nos. 2 and 3 were
recorded. The load factors suffered by the dummies are presented in Teble II
ggd the time history of the pertinent accelerations are shown in Figs. 6A and

High-speed movies of the tests show thet dummy No. 1, seated in the
left front seat snd which was reshrained by both a seat belt and shoulder
harness, deflected downward as the deceleration forces imereased. This action
subjected the seat pan to loads which buckled the floor structure on which the
seat was mounted. Followlng the downward movement, the dummy rotated vio-
lently reerward,its head snapping in thet direction. The loads imposed by
the rearward movement of the dummy and seat resulted in fesalure of the
collective-piteh, centrol-torgque tube behind the seat, but the seat back did
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not fall. The dumny seated in the right front seat (duwmmy No. 2), which
wes restrained by a seat belt only, followed the same kinematic pattern as
dunmy No. 1, except thet its movements were more violent. This resulted
in feilure of the right-side support for the back rest of the right seat
as the dummy rotated beckward to a nearly horizontel position. The dif-
ferences in inertie loads imposed on the two dummles can be attributed
partially to the fact that the left side of the helicopter was crushed
more than the right side and pertielly to the fact that dummy No. 1 was
restrained by both a seat belt and a shoulder harness. A maximum vertical
load factor of 26 for a totel duration of 0.025 second end a rate of onset
of 1,333g per second was sustained by dwmmmy No. 1 in the upper pelvie
region. A leoed factor of 36 for a duration of 0.020 second and a rate of
onset of 2,000g per second was sustained verticslly in the chest of dummy
No., 2. In test No. 3, dumuy No. 1 egain was sested in the left front seat
end restrained by both a seat belt and shoulder herness, For this test,

2 L-inch-thick sheet of Styrofosm was substituted for the seat pad under
the dummy. Dummy No. 2 was seated in the right front sest and placed in
the "knee-chest" position which is considered to be good practice in the
event of en impending crash. It was restralned by e seat belt only. Re-
sulte of the test 1ndicated that the verticel loeds in the pelvie region
of dummy No. 1 were reduced from those of the previous test as the Styro-
foam crushed under the spplied loads, thereby inereasing the time of de-
celeration for this dummy. The load factor perpendicular to the spine of
dumry No. 2 was sbove 45,

The load fectors experienced by the dummies, when Judged by the
humen tolersnce data obtained by the NACA,T are considered to be survivable
by bumans althouzh scme injurdies would be expected. The fact thet surviv-
eble load factors were experienced by the dummies simultaneously with
gverage vertical load factors of 28 and 39 on the structure indicated that
the design of flemmable fluld systems to withstsnd load facteors of 35 1s
Justified. In addition, information received from the repregentative of
a major helicopter manufacturer reflecting their studies of spproximately
120 wartime accidents invelving one of thelr meodel helicopters showed not
only that the prinecipal impact loads were applied in & near vertlcal di-
rection, but that there were. swrvivors in all accidents vhere seet fallure
did not occur, and that load faetors estimated to be in the order of 35
were experienced in msny of the accidents.

From a review of availgble helicopter sccident investigstion
data, it 1s concluded that the predominant crash-lpad factors imposed in
the majority of accidents occur more in a verticel than in s longitudina]
direction.

While the impact engles of rotary-wing aireraft in the majority
of accidents probably are high, there are accldents in which the impact
angles are low; that is, the longitudinal component of veloeity at impact

TGerard J. Pesmen and A. Martin Eiband, "Crash Injury,” NACA
Conference on Airplane Crash-Impact Loads, Crash Injuries and Principles of
Seat Deslgp for Cresh Worthiness, April 17, 1956.
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1s higher than the component of veloecity in the wvertieal directilon.
Discussions with flight safety personnel of the Department of the Army indi-
cate that this condition is experienced in crashes which are preceded imme-
distely by low-altltude, high-speed flight, and in landing epproeches where
normal autcrotative procedures are amployed. The ratio of verticel-to-
longtitmdinel inertis loads experienced in crashes of this type is unknown.
It 1s recognized, however, that crash tests belng conducted to substantiate
the adequacy of crash-reslstant fuel tank design criteria for hellcopters
muet teke longitudinel impect lcadings into account adequately.

In an effort to select e ressonsble cresh conflguretlion which
would simulate this type of crash, some data on actuel flight-path velocitles,
flight-path engles, snd fuselage attitudes versus height sbove the ground of
four different model helicopters meking normsl sutorotative lendings to a
Panel were obtalned by mesne of a Fairchild flight analyzer cemera. The
data obtained are shown in Figs. 7, 8, 9, and 10. A summary of information
derived from these figures for an arbitrerily assumed height of 50 feet
above the ground ie presented in Teble V. From this tsble 1t mey be seen
that the flight-path angles, fuselege attitudes, end velocitles along the
flight path vary apprecisbly among the four helicopters involved. These
engles and velocities do not represent the only ones which can be experi-
enced by these helicopters during autorotative landings. In any case it 1s
believed that the angles and veloeltles essoelated with a peint 50 feet
gbove the ground can be maed to establish expleorstory test conditions for
these helicopters to be crash tested for the explicit purpose of simulating
this type of cresh. The vertical drop-crash test conditlonm will simulete
the type of accident in which lmpact angles are high.

In the case of the H-13 helicopter, for example, and referring to
Table V, one test condition would be a forward speed of 2,610 fpm and a rate
of descent of 1,440 fpm which results in a flight or impect angle of epproxi-
mately 29°. Fuselage attitude cowld arbitrarily be 0°. The second test
condition would be an impact angle of 90° and a vertical rete of descent of
approximately 2,600 fpm.

Damage to Basic Structure.

Damage to the H-13 simualsted helleopter structures and the HO53-1
helieopters In this Center's drop tests is deseribed in Teble II. From the
standpoint of damage to the structures only, it can be stated definitely
that these crashes would be survivable to occupants.

Of particular inferest is the amount of sguashing of lowver
fuselage structure that was obtained in the HO5S-1 tests. In the ares of the
fuel cell which is located under the two rear seats, the bottom structure
wes displeced upward 4.75 inches. The depth of the structurel cevity for the
fuel cell is spproximately 16 inches. Therefore, about one-third of the
height of the fuel cell cavity was compressed out of existence during the
impact. When a fuel cell having a tensile strength of approximastely 140
pounds per inch of width was installed, rupture of the cell oceurred imme-
diately upon impect and fluid from the ruptured tank flooded the csbin 1ln-
terior in the form of mist end solid fluid. However, in two tests im which



1k

self-sealing fuel cells having a tensile strength of approximately 860
pounds per inch of width were used, failure of the cells dld not occur. In
these two ceses, one-third of the height of the strictural cavity and con-
sequently, approximately one-thlrd of the volume of the fuel cell, were
displaced upward and outward by the crash impact. This describes the type
of action which a successful squash-resistant tenk mist be eble to with-
stend without rupture under squaghing conditions.

In Tests Nos. 1, 2, and 3, Table II, which involved the HO58-1
bhelicopter, the gross weight of the helicopter in each case was epproximately
2,700 pounds. The average peek load factor for 0.0l second in Teste Nos. 1
and 2 was 28, In Test No. 3, it was 39. The peek loed imposed on the bottom
fuselage structure in Tests Nos. 1 end 2 therefore was 2,700 times 28 or
75,600 pounds. In Test No. 3, it was 2,700 times 39 or 105,300 pounds.

The totel ares of bottom fuselsge structure exposed to these losds wes in
the order of 55 square feet, or 7,900 square inches. Therefore, the lcad
intensity on the bottom fuselage structure 1n Tests Nos. 1 and 2 18 cal-
culated to be approximately 9.6 pounds per square inch, while in Test No. 3
it wes 13.3 pounds per square inch. In all three cases the totael dlsplece-
ment of bottom fuselage structure as mentioned ebove was 4.T75 inches. This
information is presented beceuse it constitutes the type of basic detae which
will be vitelly necessary in connection with future attempts to design
squash-resistent fuel tanks for hellcopters.

Drop-cresh tests on the H053-1 helicopters and H-13 simulated
helicopter structures indicete that the fuselege structure obtelns very
little shock-ebsorbing protection from the landing gear structure. The
tests involved hydreulic-strut-type and solid-gteel-tube (nonenergy-
ebsorbing) type.leanding gears. In the case of the hydraulic strubs, the
struts were unable to abeord the sudden onset of the cresh impect and snapped
off irmediately at points of ettachment t6 the fuselsge., Very little of
the kinetic energy of the falling alreraft was absorbed. The same was true
of the solid gear. This gear reduced the felling veloclity only sbout 4
feet per second out of e total felling veloelty of 40 feet per second even
though the geer, which wes very rugged, failed completely during the impact.

The roteting rotor blede has been found to present & hezard to
fuel tenks in some accidents. The rotor blade 1s quite flexlible end is
highly susceptible to damege, particularly in the rollover type of creash.
In an accident, the blades tend to break into smell pleces and fly in all
directions except for the spar vhich generally is metal, and deforms and
continues rotating, thereby becoming a potentiel source of damege to the
fuel tanks., In one accident in which the cresh-loed fector was very low
(1.5 to 2), 1little demsge wes sustelned by the structure in contacting the
groundi. In the subsequent rollover, the bledes, except for the spar, dis-
integreted and the tip of the spar punctured an externelly mounted fuel
tank and a destructive fire resulted. The use of crash-reslstant fuel
tanks, which congist of an outer metal shell and en inner flexlble bladder
cell, should help to minimize the type of tank demage.
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Limitations Which Must Be Observed with Respect to the Placement of
Crash-Resistant Fuel Tanks.

As a result of the tests discussed ebove, and from studies of
actusl accidents, it is quite evident that locatioms in almost eny part of
the helicopter, except dlrectly under or pogsibly immedlately adjecent to the
engines or other highly concentrated heavy masses, spparently are sulteble for
the placement of fuel tenks provided the tanks are designed, protected and
instelled so as to be cresh-resistant. In the tests. iavolving the H-13 sime-
Jated hellecopter structures and HO5S-1 helicopters, the engine mounts in ell
cases broke at low inertie loeds and the engines then plunged downward to
strike the ground. In the one case where recorded data were obtained (see
Table II), the engine struck the ground with a loed factor of 58. The engine
and rotor component messes attached to it weigh approximetely 800 pounds,
and therefore, esny fuel tank located beneath 1t would be subjected theoreti-
cally to squashing, penetration, and tearing loads in the order of 46,000
pounds, a very severe load. As a general rule, 1t sppears that fuel tenks
should not be loceted directly beneath or adjecent to highly concentrated
heavy masses unliess (1) the structures supporting the maases are cepable of
supporting them without failure under epplied crash-loed factors, (2) the
supporting structure, in failing, will prevent the messes from felling on or
impinging egainst the fuel tanks, or (3) it can be demonstrated that the
masses, in falling on or implinging againat the tank, will not demage it to
such an extent that any aspprecieble amount of fuel is lost from the tank.

AB a result of thege crash tesis, evidence hes been obtained which
shows that fuel tenks located low in helicopter fuselages, but not exposed to
posalble demage by highly concentreted heavy messes, caen be crash-resistent.
These fuselage areas are subject to severe squeshing loaeds in creshes end
originally it wes consldered impraectical to try to provide cresh-resistant
tanks in them. Crushing of lower fuselage structure and squeshing of the
fual cells was experienced in the three drop-crash tests on the HO58-1 heli-
copters. In Tests Nos. 2 and 3, as mentioned above, the fuel cells did not
fail end it is now recognized that the design of squash~resistant fuel tanks
is feasible. A speclel deeign criterion will be reguired to solve the fuel
tank squashing problem. Until this criterion is avasileble, it i1s concluded
thet fuel tanks should not be loceted in positions vwhere they will be subject
to squashing loeds.

Flammable Fluld System Components and Accessories.

Scme ceses were noted where crash fires were fed by broken fuel
lines even though the fuel tenks apparently were intact after the crash.
Firea from such sources can build up to large msgnitudes but more slowly
than 1f failure of the fuel tenks occurred, thereby permitting more time for
evagcuation. However, such fires cen spread to the fuel tenk and result in
rapld destruction of the alreraft.

Crash-resistent fuel tanks should be eguipped with components and
eccessories whilch will not detract from theilr crash resistance. In crashes,
forces exist which tend to move the tenks in eny direction relative to each
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other. The amount of shifting and resultant tearing of tanks by the
components and accessories can be expected to increase with the severity
of the crash.

A guiding concept for the design of components end aceceasorles
for cresh-resistant fuel cells has been esteblished. Under this concept,
& crash-reslstant fuel cell, employlng the desired types:.of components and
accessorles, is visualized es having the ability to unhook, unsnap, or
uncouple ltself from adjecent tanks and from surrounding structure during
crash conditions and roll free of the damaged structure with the fuel
gealed inside the cell., This obviously is an objectlve which cannot be
fully attained. Nevertheless, it is the basie objective aimed at in the
design of components and accesscories for crash-resistant fuel cells.

It is belleved that this concept should apply only to those
components and accessories which are assoclated direetly with the fuel
tanke themselves. The major fire hazard is consldered to be the fuel tenks
vhere the great bulk of the flammable fluid i1s carrled. If these tanks
cen be kept from rupturing and if fuel can be kept from spilling from them
through tank components and accessorles, a high degree of crash-fire
protection for sircraft will be achieved.

CONCLUBIONS

The following conclusions are made, based upcen investigetlons,
on-the-scene studies of aircraft accildents, and some helicopter drop-crash
tests:

1. A crash=load fector in the order of 35 is qoneidered likely in
glreraft under severe but survivable crash conditions.

2. A load factor of 35 1s recommended for the design of creash-
resistant flammable fluld systems instelled in fuselages of fixed~ and
rotary-wing elrceraft. BSystems designed to this lcad factor and properly
located, protected, and inetalled should effect a substantlel reduction 1ln
the occurrence of crash fires.

3. The fatelity rate in crashes of fixed- end rotary-wing asircraft
wvhen such creshes are followed by fire is epproximately 25 and 39 per cent
greater, respectively, than in crashes not followed by fire.

L. While attitudes and flight-path angles of fixed- and rotary-wing
alreraft vary wldely in actusl crashes, these can be reduced to a small
number for crash-resistent flammeble fluid system design purposes.

5. With certain limitations, almost eny location in helicopters
eppears to be sultable for the placement of craesh-reslstant flemmaeble fluild
syetems,

6. Fuel tenks located in outboard portioms of the wings of fixed-wing
elreraft provide apprecleble protectlon sgainst the hezerds of crash fires
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by virtue of location. On the other hand, inboerd portions of the wings are
Prone to suffer severe damsge more often than outbosrd portionzs. For thils
reason, 1t is highly desirsble that whenever possible, no fuel tenks be
located 1n inboard portlons of the wings.

T. Fuel tanks in fuselages of fixed- and ro¢tary-wing aircraft should be
located and/or protected such thet exposure of the tenks to screping action
with the ground is unlikely. Also, they should be located and installed so
that they are not readily susceptible to severe damage from other causes in
erashes. Relatively speaking, large fixed-wing aireraft suffer much more
demege to bottom fuselage structure than smeller fixed-wing alrcrafi and
helicopters.

8. TFuel tanks in fixed-wing sircraft should not be located forward of
the plane of the wing front spar.

9. The design of cresh-resistant fuel tanks for sguashing loeds,
heretofore thought to be impossible or et least impracticable, now is
recognized as belng feaslble.
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TABLE 1

SUMMARY OF FATALITIES
IN SCEEDULED PASSENGER AIR CARRIER OPERATION

1938 through June 1951

Domestie Internatiocnal

Fre in Crash No Fire in Crash Fire in Crash No Fire in Crash

Fatal- Occu- Fatel- Occu- Fatel- Occu- Fatel- Qeccu-
Year ities pants 1ties pants itles pants itles  pants
1938 10 10 15 26 -- -- 19 19
1939 8 12 - - 1k 16 - --
190 35 L1 10 10 -- -- - --
19h1 34 35 10 30 -- - 2 27
1942 54 65 17 19 -- -- -- --
1943 20 22 10 10 14 15 -- -
19kh 24 24 32 W -- -- 17 31
19k45 20 20 L5 99 - - 27 by
1946 52 97 28 73 52 62 -- -—
19h7 16k 170 - - -- -- 18 18
1948 55 56 43 15 30 3 -- --
1949 43 61 61 78 - - - -
1950 51 58 58 56 -- -- - --
1951 116 146 -- - - - L0 Lo

686 817 329 565 110 124 123 179
Per Cent B4.0 58.2 B8.7 68.7

Combined Damestic end International
Scheduled Passenger Air Carrier Operation

1938 through June 1951

Fire in Crash No Fire in Crash

Fatal- Occu- Fatal- Oceou-
jtles pants ities pants
796 941 L52 Thi

Per Cent 84.6 0.8
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TABLE IT

ERESULTS OF S0ME OROP-CRASH [ESTS OF SIKORSKY NHOS58-1 HELICOMTERS AwD >IMULATEDR H 13 HELICOPFTER 3TRUCTURES

IMPACT
MUGLE 10AD FACTUR APFLIED I8 VERTICKL DIRECTION AVERAGF VER 1GAD PACTORS OF DUMMY PTLOTS
TEST RO ATTITUTE T STRUCTUNE TICAL LOAD DUMMY IN LEFT DIy IN RIGHT
AND AND (BIGHEST VALUE HAVING A DURATION OF o 01 SECOND) FACTOR ON FRONT SEAT FRONT 3EAT
HELICCPTERS VELOCITY (CrORDIRATRS DEFINED ON FIG 4) STRUCTURE COMMERTS ON STRUCTURAL DAMAGE
1 IMPACT €-8 FIREWALL RISET SIDE 260 28 - - - LANDIRG GRAR SHEARED OFF AT PUSELAGE ATTACHMERTS
ANGLE 90 B-8 FIREWALL RIGHT SILE 18 0 SEAT FATLED AT FLOGR ATTACHAMEWE
HO55-1 ©-G, BEEIND FEONT SERT #LGET SIDE 260 SEAT PAN FALLED
[2EE FIG %) LATERALLY B & EEHIND FRORT SEAT RIGHT SIDE 8 o TAIL BOOM FAILED AT JUNCTURE TO TATL ROTOR
AND ¢ 2, EEFORE F'ONT SEAT RIGHT SIDE 430 ENQIRE MOUNT (FORQING) FAILED
HORIZONTALLY B 2, EEFORF FRONT SEAT RIGHT SIDE 28 0 BOTTOM OTL LINE FITTIRGS CAUSHED
LEVEL FUEL CELL SURROUNDING STROCTURE OFENED
FUEL CELL FAILED ARD FILLFD COCEPTT WITH FLUID SPRAY
2100 (TERSILE STNEMITE OF FUEL CELL MATERIAL, 140 LB /TN
{PT pMIH ) UF WIDTH)
FUSELAGE EOTTCM STAUCTUHE CRUSHED UPWARD b 75 IR
PLEXICLAS FAILED IR MDST WINDOWS
FLOOR BUCHLED UPWARD
OIL TANK DID NOT FAIL
AYDHAULIC FLUID SPRAYED PROM BRONEN LARDING GEAR
LIVING SPACE WAS NOT DECREASED SUBSTARTIALLY
POVEXPLART OBEERVATION WINDOWS SHATTERED
FUEL /ND OIL LINRY WEAE FOT DAMAGED EXCEFT WHERE
EXPOSFD 0 CRUSHING
THI., CRUSHING ALLOWED THE CCMPLETE IRAINAGE OF THE OIL
HESERVOTH
DOORJ WERE THROWN CLEAR OF THE HELICOPTER UPDR IMPACT
2 IMEACT E-4 FRONT SEAT CENTEH 23 3 age HORIZONTAL ACCELERATIONS HORIZONTAL ACCELERA-  STRUCTURAL DAMACE WAS IDERTICAL TO TEST 80 L1 EXCERT
Ho55-1 ANCLE 90 A-& AFT SEAT FOQTWELL RIGIT CENTER 2L 7 OF CHEST Two PULSES OF TICKS OF CHEST AS FOLLOWS
A & AFT SEAT FOOTWELL LEFT GENTER 25 10C WACH AND ONE OF »10G FOSITIVE PULSES OF 5,  FUEL CEL. DID FOT FAIL [TENSILE STRENGTH 960 L3 /IA
LATERALLY G 8, FIREWALL RIGHT CENTER = 10, 30, AND 5¢ TWO OF WIDTR) (SELF JEALTNG MATERTAL)
AND B-7, AFT SEAT CENTER Le ¢ VERTILAL ACCELENRTIONS OF NECATTVE FULSES OF 23  FUSELAGE LOTTOM STRUCTURS AGKTN CRUSERD UPMIRD & 75 IN
BORIZONTALLY  0-9 ENGINE CEWDER sho UPFER FELVIC RRGION WO BACH RIQHT FROFT SEAP BACK FAILED HEARWARD
LEVEL E-8, FIREWALL RIGHT SIDE 26 ¢ PULSES OF 256 AND ONE OF VERTICAL ACCELERATIONS THE ATTACHMENT FROM THE OIL RESERVOIR To THE ENGINE
E B, FIREWALL RIGHT SILE 2k 5 2 56 OF CHEST  ICATTVE WAS CRUSHED ARD AGATN ALLOWED COMPLETE DRAINAGE OF
2200 ¢ 6, HEHIND FHONT SEAT LEFT SIDE 2k o PULSER OF 34 WD 276 OIL
(FT jumn ) b 6, HEHIND FRONT SEAT RIGHT SIDE 175 POSITIVE PULEE OF X
3 IMPACT B 1, BEEFURE TASTRUMERT CONSOLE CENTER 775
BO58-1 AWGIE 90 B &, FRONT SEAT CENTER ka a k>l ACFLERATIONS #OT AS HIGH 456 PERPFNDICULAR TO SIHUCTURAL DAMAGE WAS INENTICAL T0 TEST RO 1 EXCEPT
A-;, AFT SEAT FOOTWELL RIGHT CENTER 25 8 A5 IN TEST O 2  FOUR- SPINE, DUMMY WAS PLACED AS FOLLOWS
LATERALLY C B, FIREWALL RIGAT CENTER Lio IACH-THICK SHEET OF STYRO- IN KNEE-CHEST POSITION — FUEL CELL IID ROT FAIL (TENBILE STRENCTH 850 LB /EN
AND C B, FIREWALL TEFT CENTER L B FOAM WAS SUESTITUEED Foft OF WIDTH) (SELF-SEALIRC MATERTAL
HORIZOWNTALLY — B-7, AFT SEMT CERTER 8 SEAT PAD UNDEER DUMMY FUSELAZE BOTTOM STRUCTURE CRUSHEDUPMARD 4 75 IN
LEVEL € 2, EEFORE FRONT SEAT RIGHT SIE ] BACK OF RIGET FRONT SEAT DID HOT FAIL AS IN TRST NO 2
s £ & mut rrom swe wowe s %0 A S PO Daet 3 FLACED T - o
(FI Aan ) usmmmmmsmrmrﬂm ghlo
c ]

FIREWALL KRIGHT SIDE

#.0AD FACTOR ON ENGINE NOT USED IN DETERMINATION OF THIZ LAAD FAOTOY  THE LOAD FADTOR OF 58 WAS EXPERIENCED WEEN ENGINE STRUCK GROUND
SUBSEQUENT TO MAIN JTRUCTURAL IMPACT



TEST N0

SIMFLATED
13

STMUILATED
H-13

IMPACT

ANGLE
ATTITUDE
VELOCITY

IMMACT
ANGELE 90

LATERALLY
HORTZONTALLY
LEVEL

1750

THEACT
ARGLE 20

LATEHALLY

HORIZONTALLY
LEVETL,

2400

IMPACT
ANILE 90

LATERALLY
AND
BORLZONTALLY

2580

20

TABLE II |CONTINUED)

NESULTS OF 30ME DROP-CHASH TEST3 OF SIKOASKY HDSS 1 HELICOPTERS AND SIMULATED H 13 HELICOPTER STRUCTURES

LOAD FACTOR APPLIED IN VERTICAL ULRBCTION
TO STRUCTURE
(EIGHEST YALUE HAVING A DURATION OF U 01 SECOND)
(COORDINATES DEFINFD OF FIG 5 )

G-5, ENGINE MOUNTING BLOCK LEFT SIDE
G-5, ENGINE MDUNTING BIOCK RIGAT SIDE
A-1, AFT FPUEL TANK - LFFT SIDE

A-1, AFT FUEL TANK - RIGHT SIIE

A-1, APT PUEL TANK CENTER

A-12, FORWARD FUEL TANK CENTEN

o he

]
BeSEs R
@ @D o

ERRERE

PaD , FUEL TWEX AIGHT CENTER
FWD , FUEL TANK RIGHT CENTER
F¥D FUEL TANK LEFT CENTER
» WD FUEL TANK LEFT CENTEH

?Qmﬂ

=

i

R PR PR RO NN

?

55

}-'H\!n::’!:b:b\layl-'i-'

CLEL

EH

ﬁég

i

ThE

i

BH
TRBBELNERBER

ococOe>0m

» AFT FUFL TANK RIGHT CENTER

G-L, AFT PUEL TARK RIGHT CENTER
©-1, AFT FUEL TANK RIGHT CERTER
C-1, AFT PUEL TANK RIGHT SIDE
F-2 AFT FUEL TARK RIGKT SIDE
D-2, AFT PUEL TANK RIGHT SIDE
3-2, APT FUEL TAWK RICHT SITR
C-12, WD FUFL TARK CENTER

B-12, FWD FUEL TANK CENTER

C-9 FWD PUEL TANK LEFT CENTER
A9, WD FUEL TANK RIGHET SIDE
C-1, AFT FUEL TANK HIGHT CENTER
F-1, AFT FUEL TANK RIGHT CENTER

EghulepRsial
oF0ONCcOoOQQCWMOC

AVERAGE VER LOAD FACTORS O PUMMY PLLOTS
TICAL LbaDn DUMMY IV _FFT DUMMY IN RIGHT
FACTON ON FRONT SEAT FRCHT SLAT
STRUCTURE

29 --- ---

35 - - --

2 I

COMMERNTS ON STRUCTURAL DAMAGE

LANDING GEAR FATLED AT FUSELAGH JUNCTURE FOINTS

SEAT PAN FATILED DOMNWARD

‘TAIL BODM BENT DOWNWARD AFT OF FUSELACE ATTACH
MENT POINTS

ENQINE SUPPORTING STRUCTURE FATLED ALLOWING
ENGINE TO STRIKR GROURD

MATN FUSELAGE 9THUCTUAE SUFFEMRD OMLY NECLIGIBLE
DAMATE

STHUCTURAL DAMAGE WAS ESSFNTIALLY IDENWTICAL TO
TEST No U

STRUCTURAL DAMAGE WAS FSSENTIALLY IDENTICAL
70 TEAT §O L4, EXCEPT AS FOULLOWA

SEAT PAN DID MOT FATL KO WEIGHT WAS USED IN
THE SEAT



TPABLE IIT

RESULTS OF ON-THE-SCENE STUDIES OF HELICOPTER ACCIDENTS
BY TDC INVESTIGATORS

Accl- Helicopter Load No. of Post-Crash Impact
dent Designation Factor Occupants Fatalities Fire Attitude Angle Remarks
LA ( d_eg. )
1 H-13 *60 2 2 Yes Slightly nose --- Flew into power
down, later- linesa.
ally level.
2 H-23 18 1 0 No Level --- Autorotated into
Vertically tree.
3 H-23 15 1 0 Yes Level G0 Low-level meneuvers.
Vertically
by H-23 11 2 o] No Level 30 Struck tree with
Vertically tail rotor on
takeoff.
5 HTL 2 2 0 Yes Level 90 Moving sidewerd
Vertically close to ground,
rolled over upon
striking ground.
6 H-34 “u 2 2 Yes 27° nospe 90 Lost grouﬁd refer-
“dowmn ence upon attempting
to land.
T YT-H 50 1 1 No 27° nose 90 Lost control upon
Vertically down takeoff.

*Parallel to flight-path angle which was in the order of 30° with the
ground.

12



22
TABLE IV

ACCIDENT DATA RECEIVED FROM ON-THE-SCENE
MILITARY INVESTIGATCORS

Phase of Flight

Helicopter ln Which No. of
Accident Designation Accldent Qccurred Occupants
8 YHUL-1 Landing 3
9 HSS-1 Landing 3
10 E-21C Landing 3
1 E-21C Cruising - lost 3

reference in
flight and craeshed
into ground.

12 H-21C Cruising - lost 3
reference in
flight and crashed
into ground.

13 H-21C Crulsing - lost 3
reference in
flight and crashed

into ground.
1k H-3h4 Hovering 3
. X5 H-23 Cruising - lost 2
control In flight
and flew lnto

ground.

Fatelities
0

2
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TABLE IV (Continued)

ACCIDENT DATA RECEIVED FROM ON-THE-SCENRE
MILITARY INVESTIGATORS

Helicopter Fost=Crash Impact Forward Descent
Accldent Designetion Fire Angle Attitude Velocity Veloelty
(deg.) (5. /min.)
8 YHUL-1 No -— Nose lown 20-25 knots ---
Laterally Alrspeed
Level
9 AS5-1 Yes Q0 Level 0 -—
10 HE-21C No 6 Level Airapeed 500-600
indicstor
Jjarmed at
50 knots.
11 H-21C Yes 90 Level 4G knots ---
alrspeed
12 E-21C No - — -_— ——-
13 H-21C Yes --- Nose down 135 knots 5000
Right bank airspeed
1k H-34 No 90 Level 0 —
15 H-23 Yes This report has not been received.
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TABLE V

FLIGHT-PATH ANGLES AND VELOCITIES AND FUSELAGE ATTITUDES

AT A POINT 50 FEET ABOVE THE GROUND FOR FOUR HELICOPTERS
MAKING AUTOROTATIVE LANDINGS TO A PANEL

(1)

Helicopter

H~13

HOK-2
H-19
¥.21

(2) (3) (1)
Flight-Path Fuselage Veloclty Along
Angle Attitude Flight Path
(deg.) (deg.) (f£t./min.)
t+ Nose-Up

29 -2
(estimated)
8 $20 5700
T +10 3200
14 £ll 3600

(5) (6)
Velocity Velocity
Parallel Peryendicular
to Ground to Ground

(ft./min.) (ft./min.)
(4) coe (2) (4) sin (2)

2610 ko
5650 195
3175 350
3690 920
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FIG. 2 PHOTOGRAPH OF H-13 SIMULATED HELICOPTER STRUCTURE WITH
DUMMIES INSTALLED
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