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AlRCRAFp FTAMWW3 F L u I D  SYSTEMS 

PART I 

-ON OF 'PBE PROBLEM 

DEVEKJPbWNl? OF CRASH-RESISTAFtC 

Federal  Auiation Agency's Technical Development Center,  Indianapolis, Ind., 

Research Contract 21x2040 709-9062 P 5030-07 S 44-019, Subtask 127AV, 
i n  par t ia l  fulfillment of certain  tasks under U. S. !amy Transportation 

Project 9-@-02.-000 dated December ll, 1956. 

The investigation  described in t h i s  report W&B conducted a t   t he  

S r n Y  

Investigations, on-the-scene studies of aircraft  acciaents, and 
some helicopter drop-crash t e s t s  have been made in au effor t   to   es tabl ish  the 

installed i n  fuselages of fixed- and rotary-wing aircraft ,  should be designed. 
severity of crash impact for  which crash-resistant flamnable fluid systems, 

In addition, it vas desirable to  establish  other  basic  considerations which, 
of  necessity, muet be observed in  locating ami install ing such systems i n  air- 
C r a f t  if  a finn,  reliable  level of protection against crash-fires I s  t o  be 
attfdned. Studies  also have  been made t o  determine the  contribution of gost- 
wash f i r e  t o  a l r c ra f t  accident fa ta l i ty   ra tes .  

f i r e  I s  a major factor  contributing to higher fa ta l i ty   ra tes  during a i rc raf t  
accidents, d that  a crash-load factor  in  the order of 35 may be considered 
l ike ly  d e r  severe  but s&vable crash  conditione. 

These inveetigatiom,  studies, and tests  reveal that post-crash 

tanks 8bOuld not be lncated unless means for  affording them substaut id  pro- 
tection against  damage in crashes is  provided.  Fuel tanks located  in  the 
outboard  portions of vings provide a certain  level of protection  against  the 
hazards of crash-fires by virtue of location. 

There are  certab  particular  locations  in the a i rc raf t  where fuel 

The design of crash-resistant  fnel tanks for  internal  f luid 
pressure loads resulting from squashing conditions is now known t o  be fea- 
sible.  Crash-resistant  fuel  cells should be equipped with accessories and 
cOmpOnents which dl1 not  tear  the  cell  and which are cqpable of sealing  the 

respect t o  i t s  structural   cavity  or with  respect t o  adjacent  cells  during 
fuel inside  the  cell   in  the event of any appreciable movement of the ce l l   v i th  

crash  conditions. 
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INplODUCTION 

Considerable  progress toward the improvement  of crash  safety  in 

The Technical Development Center (TDC) of the  Federal  Aviation Agency is  
a i rc raf t  is being made by the ccanbined efforts of a number of organizations. 

helicopter and smaller  type, fixed-wing aircraft .  The objective i s   t o  de- 
engaged in a program t o  develop crash-resistant  flmmable fluid systems for 

velop c r i t e r i a  for designing  crash-resistant, flammable  fluid systems for 
fuselages of aircraft  that  will  not  rupture i n  srulrivable-type  craahes, 
k h a t  is, in those  types of accidents and crashes in which the occupants 
normally can be expected t o  survive the  crash impact. Unti l  such time as 
all the  characteristics of a s m v a b l e  crash  are  positively  eatablished, 
it i s  necessary t o  concentrate  the zrmimum effort on severe  but  survivable 
types of accidents which are  experienced most frequently. 

conflnement of these f luids  in a crash vould prevent the formation of a 
The f l d l e  f luids  are  fuel, oil, and hydraulic  fluid. The 

readily combustible mFxture and, in eddition, would isolate  the flammable 

great brilg of these flaxnuable fluids. The major crash-fire hazards, there- 
f luids  from the many possible  lgnition  sources. The fuel  constitutes  the 

that efforts  tovard  a  solution of the  crash-fire problem should be 
fore,  generelly  are  associated  vith  the  fuel, and it has been concluded 

eoncentrated  mably on the  fuel  tanks. 

of aircraft  has been i n  progress a number of years and  the  results obtained 
to date  are  presented i n  several  Technicsl Development  Reports.1 3 I n  
the  present program effor ts  axe b e h g  confined t o  the  flexible, nonmetallic- 
type tank which appeared to  possess  the most merit in preventing the s p i l l -  
ege of f’nel in crashes I n  the prevlous work on wlng fwel tanks. 

Work on the development  of crash-resistant  fuel  tanks  for rrings 

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

nomeJJy strike the mound in severe but survivable-type  crashes. 
1. The att i tudes @ which fixed-wing aircraf t  and helicopters 

Inves t iga t i a  of the Crash-Fire  Problem in Transport Aircraft  Fuel Tanlrs,“ 
Technical Development Report No. l&, January 1951. 

l R .  L. f ie ld ,  Melvin F. Wl ler ,  and George L. Pigman, “ A n  

h c h a r c l  N .  blotsinger, Melvln F. Miller, and Robert J. Schroers, 
“Some physical  Properties of a Btmber of Proposed Constructions of Materials 
for Noametellic Crash-Resistant  Aircraft  Fuel TaPks,“ Technical Development 
Report Bo. 220, December 1953. 

khar l e s  V. Bennett and Robert J. Schroers, “Impact Tests of 
Flexible  Bometallic  Aircraft Fuel Tanks Installed in Two Categories of 
Simulated W i n g  Structures,“ Technical Development Report Bo. 291, 
January 1957. 
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2. The e t u d e  of load factor which is associated with such crashes. 

3. The -act angles which ere associated w i t h  crashes of this type. 

4. The magaitude and direction of the  crash loads w h k h  should be 
employed in the  design of crash-resistant, flamablle f l d d  systems. 

5. The feasibi l i ty  of providing crash-resistant fuel tanks i n  the 
fuselages of r o t q - v i n g  aircraft,, especially i n  those cases where fuel tanks, 
of necessity, must be located in close  proxhl ty   to  heavy, concentrated nrseses 
such as engines, rotor mast, cargo, and so forth. 

6. The l W t a t i o n s  which  maat be observed with  respect to   the 

against  post-crash fire is t o  be provided. 
installation of those systems i f  a practical  and reliable  level of protection 

f a t a l i t i e s  of  occqpants which might accrue through the u8e of crash-resistant, 
flemmable f l u i d  system. 

7. It a l s o  waa desired t o  h o w  the  benefits in terms of reduced 

The progrsm t o  develop crash-resistant flammable fluid systems i s  
divided  into four parts 8s follows: 

Part I - A study of aircraft accidents,  existing  accident  reports, and 
accident  investigation data t o  obtain  certain funaamcntal facta  pertaining 
to   the  a t t i tudes and severity of impact experdhced by aircraft, particu- 
larly helicopters, in severe but sunrlwble-type  accidents. 

Part I1 - C r a s h  testing of  rotary-wing and possibly a few fixed-wing 
aircrafl; equipped v l th  experimental fuel  cells   to  eetabllsh proper  design 
criteria  for  crash-resistant  fuselage  fuel t& for such aircraf i .  

prototype  production cqponents end accessories  for  crash-resistant fuel 
tasllrs and creation of a camercial  mwce of supply for s u b  cwzgonents and 
acceesories. 

Part  I11 - Establishment of specifications for mad the development of 

crash-resistant fl-ble fluid systems to  subatentiate rmqulestionsbly t h e  
validitg o f  the  design c r i t e r i a  and specifications  derived in Parte I,  11, 
ana III. 

Part IV - Crash-proof tes t ing of a number of helicopters equipped v i t h  

The report i s  divided essentially  into two major parts;  the first pcrtairrs 
t o  fixed-wing aircraft, the second t o  rotary-ving aircraft. 

This report covers the work performed d e r  B a r t  I of the program. 

DISCUSSION 

General. 

connection with th i s  program show that many factors  contribute to the  
The results of studies,  t es t s ,  and investigations conducted in 
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occtw#bce of occupant f a t a l i t i e s  d u r a  aircraft  accldents. Sane  of these 
factors are  post-crash fire; fa i lure  of seats,  belts, and floor tie-down 

fmng depris, magnitude, direction, and duration of  impact loads; occupant 
structure; dangerous structural  apxngements I.U cockpit and cabin  areas; 

position, and BO forth. Because  of these and many other  factors, it has 
not been possible to   es tabl ish a positive  definition of a 6urvivable  crash. 

Stat is t ical   s tudies  have  been made t o  determine the frequency of 
post-crash f i r e s  and t o  compere injury rates  for  the  f ire and nonfire  acci- 
dent0. The r e s a t s  of one st& of serious, scheduled d r  carrier  accidents 
involving fixed-wlng aircraf t ,  which occurred during the  period 1938 t o  

C i v i l  Aeronautics Board, show that  crashes not followed by f i r e  were f a t a l  
1951, are shown in Table I. The resul ts  of this study, conducted by the 

t o  60.8 per  cent of the  airplane occypants. I n  accidents followed by f i re ,  
the  fatall ty  rate  increased  to 84.6 per  cent, an increase of approximately 
25 per  cent. A s h i l a r  study5 has been made of rotary-wing aircraft   acci-  
dents and the  results of t h i s  study are summarized i n  Fig. 1. These data 
indicate that the f a t a l i t y   r a t e  was 38.8 per  cent  greater Fn helicopter 
accidents in which post-crash f l r e  occurred  than in those  accidents in 
which mch f l rea  did not occur. The study points out that  although f i r e  
oocurred in only 0.7 per  cent of the  helicopter  accidents, 60.4 per c e n t  
of all the   fa ta l i t i es  were caused by these  fire  accidents. 

These s t a t i s t i c a l  studies show that  post-crash  fire is a major 

report i s  intended t o  supply information  pertaining to   i ne r t i a  loads 
factor  contributing  to  hi&er injury ra tes  i n  aircraft  accidents. This 

applied 88 w e l l  aa structural  and fuel system damage normally suffered i n  

considered i n  providing  crash-resistent fuel tanks in slrcraft. 
crashrs, and t o   d c f h e   t h e  fundamental design  conditions which must be 

Fixed-Wing Aircraft. 
-act Angle, Attitudes, and Severity of Clraeh matt. 

org'ganizations who, by virtue of the i r  work in connection with improving 
safety in aircraft, might be able t o  help  provide  the fundamental informa- 
tion needed pertaining to  &craft  crashes. This meetiw w a s  attended by 
representatives of the C i v i l  Aeronautics Board (CAB), National Advisory 
C d t t e e  for Aeronautics (NACA), Aviation Crash Injury Research of Cornel1 
University (AvClrc); Transportation Corps,  Department of the m; 
Directorate,  Flight  Safety Research, Department of the  Air Force; the FAA 
Technical Development Center, and the FAA Office of Flight Operations end 
Airvorthiness. The following describes  the Fnformation which was presented 
at the meeting and the  conclusions which  were reached. 

Early i n  the program, a meeting was held of representatives of 

1938 t h r o w  June 1951 (unpublished), C i v i l  Aeronafxtfcs Board, Washington, DX. 
%%vnrmy of Fa ta l i t i e s   i n  Scheduled Air Carrier Operations from 

k h a z l c a  V. Bennett and James V. Burkhard, "A Sunmrary of Crash Fire 

NO- 313, JW 1957- 
and Injury Rates i n  Helicopter Accidents," Technical Development Report 
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"he  ffndings of Aviation Crash InJury Research of Cornel1 
Wniversity showed that  the  original ground  impact generally  occurs with the 

true  p&icularly  in  accidents  occurring during ts3seoff and landing phases 
airplane  longitudinal &XIS yawed within 30" of the  l ine 6f f l ight .  This i s  

of flight (one of the most eCmrmOn types of accidents) which normally are 
associated  with high forward velocity compared to   the shking variety. In  

or minus 15" of level, except i n  stall accidents where the nose-down att i tude 
addition,  the  longitudinal  attitude of the  airplane  generally i s  within  plus 

is as much as 45" from level  attitude. It w a s  pointed out that  transport 
airplanes involved i n  very  serious  but  survivable  crashes often h i t  the 
ground at  velocities  as hi& as 150 hots .   Substant ia l   s t ructurd damage is 

t o  be a big factor  in detemdning whether or not fael  systems have any 
incurred in  such crashes, and ripping and tearug  act ion would be expected 

rewsonable chance of remaining intact .  

Results  obtained from full-scale  crash  tests of transport-category 
a i rc raf i  conducted by the nACA6 show that ,  i n  the  viclnity of the floor 
structure, such a i r c ra f t  experienced load-factor components of 20 for a dura- 
tion of 0.20 t o  0.30 second., aetbg simultaneous- along the vertical  and 
longitudinal axes of the aircraft. SuperLmposed  on each of these was an 
add l t iond  load  factor of  approximately 25, but  for a duration of only 0.03 
second. These crashes were considered t o  be survivable t o  occupant8 provlded 
seats of proper  design were installed. It also was shown that   the response 
of the  fuel in a fuselage tank t o  the load iqpulse involved would be a function 
of the natural frequency of the contained fluid. AB a result of t h i s  work, it 

of crash-resistant  fuel t&. 
appeared that  a load  factor of approximately 35 was applicable to   t he  design 

Based on the information  obtained from the Impact testing of WLng 
fuel tanks at this Center, it was believed  that a coqprehensive interpreta- 
t ion of the NACA data  posaibly could be made with  respect to  the  selection of 
a load factor  for fuel ce l l  design purposes. The resul ts  of t h i s  testing, 

that  the maximum fluid ran pressure developed inside  the fuel tanks corre- 
i n  wWch the duration of impact load W&E approximately 0.05 second, indicated 

spondcd t o  about one-third of the  pressure which  would  have been developed 
had the fwll effect of the impact load on t h e  structure been transmitted to 
the fluid. Consequently, it w a s  con&luded that ln actuell crashes,  the fuel 
i s  not  capable of following faithfully  Qpact loads of veqv shor t  duration, 
and it YBB believed that the  fuel would respond t o  roughly one-fifth of the 
short  period (0.03 second) load  factor of 25, or 5. On the  other hand, the 

20g for a duration of 0.20 to 0.30 second. By adding the two load f u t o r s  
fuel Should be subjected  essentially  to t h e  full effects of the base  pulse of 

5 anii 20, load-factor components of 25 acting along the  vertical  and longitu- 
dinal axes are obtained. Because these  load-factor coqponents may be experl- 

vectorially  to  give a resultant  load  factor of 35 for fuel tank design 
encad shaltaneously along both axes, these components ehauld be added 

purposes. 

C r a s b v o ~ e s s , "  IUCA TN 3777, October 1956. 
h. Inrilng Pinkel and Edmund G. Rosenbg,  "Seat Design for 
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of crashes  reported  that average,  crash-load factors i n  the  order of 20, 
acting along the  longitudinal axrls of the   a i rcraf t ,  had been estimated. 
These accidents  definitely were  of the  survivable  type and there was  some 
evidence indicatlng that  crash-load  factors  for  the  design of fuselage 
fuel tanks should be somewhat higher,  possibly 35. The data obtained were 
meager  and did  not  constitute  sufficient evidence which muld enable TDC 
personnel alone to   es tabl lsh firm conclusions on a load  factor  applicable 
to   the design of crash-resistant,  fuselage fuel tanks. 

TDC personnel who had been studying damaged aircr&  at   the scenes 

It was apparent that  the several  organizations, working 
independently in  different but somewhat related  fields,  essentially had 

was reasonable and should be applied t o   t h e  design of crash-resistant 
arrived  at  the same general  conclusions; namely, that  a load  factor of 35 

fuselage fuel tanks. The iqor6ance of Installing  fuselage fuel tanks at 

which is protected as much as  possible from scraping  action  with  the 
a substantial  distance nbove bottom fuselage  skin and/or jn a position 

ground also was recognized. 

Studies of actual crashes end of accident  reports conducted by 
TDC in connection  wlth this program showed that crash-load  factors may 
vary  greatly in different  sections of the  fuselage of larger  alrcraft  
during  crash impact. To substantiate this statement, the observations d e  
In connection  with two typical  aircraft  accidents  are  presented. In a 
B-25 accident,  the nose of the  fhselage was squashed back to   t he  wing 

on its hock and seat cushions s t i l l  *ere in place in  the  seats. A m-6 
front spar, but in the  rear of the cabin,  a microphone s t i l l  was hanging 

d m  a t t i tude   a t  approx-tely 15’ at approximately 145 mph. All occupants 
drp lane  which crashed a t  Elizabeth, N. J., struck  the ground in a nose- 

in the forward part  of the  airplbne  suffered  fatal  injuries, but during  the 
i n i t i a l  lqpact  vlth  the ground, occttpants in the aft end of the  fiselage 

aa these, it i e  c lear  that   aircraft   structure is able t o  absorb tremendous 
apparently were hardly more than  jostled. From a  study of accidents such 

amouuts of energy i n  crashes, and whereas one location may be eubjected t o  
high decelerations,  another  location even a relatively  short  distance away 
may be subjected to   great ly  reduced, i f  not  negligible,  deceleration. In- 
jury of eny occqpaut primarily froin the  effects of deceleration  probably 

pact. Likewise, the deceleration t o  which a fhel tank msy be subjected 
depends on whether or not  the occupant i s  seated in an mea of severe im- 

probably is pretty much a fgnetion of its proximity t o  meas  of  direct 
mart. lShile greater impact loads  usually occur i n  the forward sections 
of aircraft,  severe impact loads may occur mywhere a l o w  the f’uselage as 
far back as the  areas  adjacent t o   t he  tail. If crash f%ms a r e   t o  be pre- 
vented,  fuselage  fuel tenks, regaxdless of position along the  fuselage, 
should be designed t o  a  load  factor of 35. This is considered t o  be the 
most logical conclusion that can be made un t i l  such time as more precise 
data  me  available on the  distribution of inertia  loads along the €uselages 
of large  drcraf% during  crash  condltions. 



also may vazy t o  a considerable  extent during crash  conditions. Table II 
presents  the load factors  obtdned  in six drop-crash t e s t s  of small heli- 
copters. It is believed  that  the  load-factor  variation in smal l  fixed-vlng 
d r c r a f t   w i l l  be comparable. Generally, ignoring the  effects of  Beat design, 
occqpents i n  amsll a i rc raf t  more of'ten than  In  large  aircraft will be sub- 

of the   a i rcraf t .  This i s  true  primarily because of the  relatively small size 
jected to the maximum decelerations which are experienced by the  structure 

and greater  r igidity of tbe  structure.  Similarlg, file1 t a n k s  i n  generd a l s o  
viy be subjected t o   t he  maximum deceleratmns experienced by the aircraf't. 

type  crashes,  fuselage f ie1  tanks in smaller aircraft  possibly should be 
If occqants  are to be spared the hazards of f i r e  in severe but surrrivable- 

regardless of poslticn along the  fuselage. For 6riaUer aircraf t ,  it Is 
desigued to somewhat higher load  factors than the tanka in lmge  a i rcraf t ,  

concluded that  the  load  factor be not l e s s  than 35. 

Crash-load factors  in  the  structure of smaller, lighter aircraft  

A arash  condition In which a resultent  load  factor of 35 i s  

be designed. Actually, this load factor I s  the reeultant of two components 
eqperienced i s  described above aa one for which fuselage -1 tanks should 

of 25g each acting simultaneously along the  vertical  end longitudinal axes 
of the  aircraft .  Also, as stated  previously, airwaft lnay strike the gmEmd 
with  the  longitudinal aJds yawed as much as 30' f'rcm !&e l ine  of fl ight.  For 
a load-factor components of 25 acting In the  direction of the  longitudinal 
axis, and w t t h  the  airplane yawed t o  one side as m w h  as 30" at instant of 
impact, the  load-factor coupart& in the  latersl   direction i s  equal t o  25 tan 
No, or approximately 14. 

should be used for   the design of crash-reeistant fusela$e f u e l  tanks be pre- 
sented in thls report. However, based s t r i c t l y  on the above  reason*,  which 

which mey be experienced by fixed-* d r c r a f t  during craahes, it appears 
is quite limited i n  scope considering the mauy crash att i tudes and gyrations 

that a load-factor c-nent in the  order of 14, acting in the   l a te ra l  
direction, m a ~ r  be applicable  for the design of m h  tanks. 

It is  not intended that precise  baeic loadlng conditions which 

Damage to Fuselage Structure. 

damage nray be experienced by forvard end bot- fuselage  structwe. The 
Ihrring upact and subsequent seraping almg the pound, severe 

extent of damage a c h  may be experienced in severe bu% sunrivable-type  acci- 
dents, as shown by NACA tes ts ,  AvCIR, and TM: crash  studies, i s  discuased 
below. 

In the  case of low-wing airplanes, cruahing dmage to forward 
structure may extend from the nose as far back aa the  plane of the mng front 
s p s .  In the case of hi&-wJ.ng aad mid- airglanes,  the -e may extend 
considerably beyond this plane. Damage of this ldnd to both of these  types 
Of airplanes may occur even though crash-load factors sometimes may be qmte 
low. Dsmage t o  bottom fuselage  structure in high-wiug a i rc raf t  m q  be  ex- 
tremely  severe because the Puselage does not have the  protection  inherently 
afforded by etrong, center-sectlon wing structure  located low i n  the ftiselage. 
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Often, in the  case of low-wing a i rc raf t ,  t h i s  wing structure not o n U  
provides  considerable  protectlon to   t he  lower portion of the -elage, but 
also appears t o  minimize dmuage t o  the aft fuselage s t ructwe which may 
result  froan scraping snd grinding action .*++A the ground. 

an bportant  factor in the degree of fuselage s t ructaral  damage tha t  is 
The condition of the ground on which an aircraft  crashes may be 

experienced. Soft ground is considered t o  be  worse than hard ground. I n  
soft ground the  fuselage  apparently tends t o  dig in more and scoop d i r t ,  
thereby inposing severe  shearing  loads on the lower structurer This can 

A typical example of this is the case of a Convair 240 drplane  which 
resul t  in dmost  cmplete  disintegration of whole lower fxselage  areas. 

crashed at Springfield, M o m  Apparently the  a i rcraf t  landed quite hard on 

pards. Bottom fuselage  structure, including parts of the cabin  floor, was 
a t h i n  layer of wet, soft ground and skidded t o   r e s t  in approximately 250 

torn away. It muld have been impossible for  any fkl tanks  located below 
the floor l i n e   t o  remain intact i n  the  accident. In this case, damge t o  
the  lover  fuselage  structure  occmed even though a ving center-section 

dents  quite similar t o   t h i s  one  have occurred in which r e l a t i v e l y   l i t t l e  
structure was present t o  help protect  the  fuselage. However, other acci- 

have occurred t o  the fuel tanks had they been located  there. 
damage was done to  the  lover  fuselage  areas, and l i t t l e  if any damage would 

Insofar as size of a i rc raf t  is concerned, it appears that the 
lower -elage structure of large  aircraft   tends  to  suffer  relatively  mre 
demage from ripping and tearing actlon with  the ground than m a l l e r  air- 
craft .  Smeller a i rc raf t  which s t r ike  the ground in more or l e s s  a flat 
attitude, 88 large  transports often do, have been found t o  suffer much less  
serious danrage to  the lover structure. For this reason, the problem of 
achiexLng effective  crash-resistant  fuselage fuel tanks in smaller air- 
craf t ,  whether high- or low-?ilng type, may not be as difficult  as in  large 
aircraf t ,  but it i s  believed that the advantage l i e s  with the low-wing 
types. 

Damage t o  W i n g  Structure. 

may suffer extensive d-e without harmAzl. effects   to   the  a i rcraf t  occu- 
pants.  Direct -act forces may be encountered anyuhere along the span of 

board locations. For this reason, it is highly  desirable  that, whenever 
the wing, aad these  forces  generally  result in fai lure  of the ving at in- 

possible, fuel tauks be located in outboard rather than inboard  portions of 
the ?dng. For present  &tiengine  airplanes,  using  reciprocating  engines, 

Placing  the  fuel  containers in outboard portions of the wings a lso is highly 
fuel  tanlcpositions outboard of the  nacelles would be most desirable. 

desirable because of i t s  remoteness € l m a  the cabin. If a fuel  tank in this 
location is ruptured, more t h e   g e n e r a y  i s  available for rescue mu3 
evacuation o f  the occapants. 

In h v a b l e  accidents, it has been found that wing structure 

demsge to   t he  wing structure i n  crashes  then low-wing a i rc raf t  because the 
Experience has  indicated that high-dng  aircraft experience less  
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IC@ tends to   s tay away from the ground. in the high-whg-type aircraf t .  I n  
1 o w - a  arcraft,  the fuel tanks may be kept off the ~ O t U l d .  t o  some extent 
by virtue of wfng-dihedral and law-slung nacelles. 

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

Lower fuselage  structure of hqh-wing,  transport-category  aircraft 
i s  highly susceptible  to  severe damage even i n  crashes of mderate impact. 
In these  cases, it appears that  fuel tanks, regaxdless of strength, located 
low in the  fuselage (below the floor l ine)  of such airwaft, have l i t t l e  
chance of rema- intact and consequently, cannot be expected t o  have a 
high  degree  of protection against crash  fires. 

Sn the  case of low-wing, transport-categgry aircraft, because of 

which is afforded by the vlng center-section  structmre, it i s  mandatory that  
scraping and grinding action with the ground, and in spi te  of the  protection 

position such that exposure of the  tank  to  scraping and grindin@; action with 
fuel tanks be located  well above lower fuselage &In &/or in a protected 

the --is unlikely. If a t  all possible,  the teaks should be located 
above the  floor. The importance of providing a high  degree of protection 
for the tanks is magnZfied by the  fact  t h a t  fuel Pzom a mptured tank in this 
area can spread  quickly t o  all portions of the  fuselage, and if ignited,  the 
ep~uing f i r e  may cause a great loss of l i f e  m accidents wkLch otherwise 
aight be relatively &nor, 

While inherently it may be somewhat eas i e r   t o  achieve  crash- 
resistant  fuselage  fie1 tanks in smaller a i rc raf t  as compared to   large  a i r -  
craf t ,  it i e  necessary,  nevertheless, that the Bmelege tanks in smaller 
a i rc raf t  be located and/or dven  protection swh that  theJT will not be 

t o  install them above the floor line.  
exposed t o  scraping  action with the ground. Again it appears most desirable 

If tanks are  located in fuselages such that they may be squashed, 
the  tanks amst be designed  not only for  inlternal fluid rm pressure loads 
caued by the  crash impact but also for  squashing loads, i f  they  are t o  be 
crash-resistant. This i s  discussed in -her de t a i l  later. 

The serious  struetrnral damage wbich generally  occurs t o  forward 
fuselage  areas mndicates that  fuel  containers should be positioned as far t o  
the   rem of the  fuselage  as  possible, and in no c u e  should a tank be located 
foonrard of the plane of the VLag front  spar. !This i s  true i n  the case of 
low- and hgh-wug, small and large  aircrafi. 

Information  obtained from the Depaxhuent of the Air Force indicates 
that landing  gears  Installed in lower fuselage  structare of modern Air Force 

Afr Force experlace  dictates that fuel tanks should be located i n  a position 
a f r c ~ a P t  may cons%ftute a hazard. t o  the  integrity of fuselage fuel tanks. 

pushed upward into  the  fuselage. The location of wing me1  tanks  with  respect 
such that  they ere  not  wlnerable t o  damage i f  landing  gears fa i l  and are 

t o  lauding gear  structure a l s o  should receive  careful  consideration. The 

will not penetrate a fuel tank. 
landing gear shoula be placed such that in the event of i t s  fa i lwe ,   the  gear 
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Rotary-wing Aircraft 
Inlpact Angle, Attitudes, and Severity of Crash Impact. 

As in the case of fixed-wing airplanes, s t u e s  show that the 
majority of rotary-wing aircraft  accidents occur during the  takeoff aud 
lending phases of flight. U n l i k e  the *ed-ving airplane  crashes,  rotary- 

thus,  the initial load is applied  primarily in the  vertical  direction. 
airplane  crashes  often axe preceded by low, forwasd gmmd speed and 

of the  military  services included onLy 97 records which contained  8etaj.led 
information  pertaining t o  impact angle and impact attitude.  Upact  angle 
refers  t o  that angle between the gmmd and the  path  of  the descending air- 
craf t ,  whereas impact at t i tude  refers  t o  the amount of tilt of the bcdy axes 
of the  aircraft .  Data on impact angles  for  these  accidents showed that 
approximately 35 per  cent involved an impact angle of 90" (vertical  descent) 

The inpact  attitude i n  approximately 50 per cent of these 97 accidents was 
and that  approximately 68 per  cent  crashed at an angle  of 60" or  greater. 

longitudhslly and laterally  level,  The remainder of the 97 accidents were 
reported a8 occurring  with some combinations of a i rc raf t  attitude as nose 
high, nose low, and banked, and one was inverted.  Unfortunately,  these 
records dld  not contain information which  would permit the  determination 
of the magnitudes of the impact loads experienced in  these  accidents. 

Records of 342 serious darnage accidents experienced by one branch 

load  factors, on-the-scene studies of seven helicopter  accidents were  made. 
In  order to  obtain some infomation on the magnitude of craah- 

The reeplta of these  studies  are sumarized in Table 111. From the  table 
it msy be seen that   the  crash-load  factors  varied from 2 t o  60. These must 
be considered approximate values. It, d s o  may be seen that in five of the 
accidents  the impact angle was v e r t i c d  (90"). In addition,  telephone 
contacts with on-the-scene investigating  officers of the  military  aenricee 

valuable information on impact angles,  attitudes, and velocities, although 
involving eight more accidents also were  made which provided additional 

no information on the magnitude  of the impact loads w&s obtained. The 
information  obtained from these  investigators end their   reports axe sum- 
marized in Table IV. In three of these  accidents  the *act angle was 90' 
and one wae 6". I n  the remaining four  accidents  the  angle was uuhpm. 

Fai lure   to   f lare   or   praatnre   f lare  i n  the landing  phase of 
f l igh t  i s  one  of the  most frequent  causes of accidents. A b o u t  80 per  cent 

use by the  military  services, were of t h i s  kind. 
of the  serious  accidents,  involving one smaller  type  helicopter in vide 

A study of all available  accident reporbs plus  discussions  with 
military  helicopter flight safety  personuel  revealed that the upper limit 

descent xhich m y  be attained i n  a helicopter  during  certaFn  controlled, 
of impact velocity  possibly should be associated  with  the maximum ra te  of 

the B e l l  H-13 helicopter IS approximately 2,600 feet  per minute ( fpm) . vertical,  autorotative  conditions of flight. For exaqple, t h i s   r a t e  ?or 
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The results of some free-fal l  drop t e s t s  conducted at t h i s  Center 

involving  three H-13 simulated structures  constructed by TM: for  t h i s  purpose 
and three Slkorsky ~05s-1 aircraf t   are  presented u1 Table 11. The E-13 s m -  
dated  s t ructure  and HO5S-l hellcopter  are shown in Figs, 2 and 3, resgectively. 

The a r c r a f t  were  dropped intentionally from heights Of 
appro-tely 30 feet   in  order t o  produce -act velocities  in  the  order of 

velbcity of  2,634 f p m -  The m t u l  descent  velocities and resulting  load 
2,600 am. A drop height of 30 feet   theoretically  results rn an impact. 

factors experienced by the  structures and by  two anthpomrphic  dwudeS 
seated i n  two of the HO5S-l helicopters  are shown in the  table. The posi- 
tions on the  structures  at which these load factors were  measured are  defined 
i n  F i g s .  4 and 5. Although some variation of the peak load  factors  experi- 
enced by different  parts of the  structure i s  shown by these data, it i s  con- 
sidered  siguflcant that no extreme variations-were measured. This is i n  
direct  contrast  to  the  previously  discussed  crash-load  factor  variation esti- 
mated fox large fixed-* aircraf t ,  Based on the data obtained in   the   s ix  

variation i n  small a i rc raf t  may not be nearly so great as i n  larger a i rcraf t .  
drop-crash tes ts ,  it appears tha t  because of a i rc raf t  s ize  the load factor 

The absence of large  variations  in crash-load factors experienced a t   a f f e r e n t  
structural  locations  indicates  that an average of these  load  factors, shown 
i n  Table 11, represents  reasmably  the  over-all load factor experienced by 
the aircrafi. 

The average  of the  three impact v e l o c l t ~ e s  experkenced i n  the HO5S-1 
dmp-crash tes t s   ( see  Table 11) i s  2,240 fpm and this i s  associated v l th  an 
average load factor of 32. Corresponding data  for  the H-13 simulated hel i -  
copter  structures show an average load  factor of 32 for an average impact 
velocity of 2,243 fpn. The achievement  of such close  agrement rn t e s t s  of 
this kina i s  surprising, but the  data are interest- in another  respect. 
The HOS-1 helicopter is of stressed skin construction wbereas the H-13 sirrm- 
lated  structure i s  fabrlcated  coqpletely of s tee l  tubes. 'Phese data, though 
limited,  indicate  that both  types of structure  apparently  tend  to respond in 
essent id ly   the  same  manner t o  a glven conflguration of crash lmpact. 

factors i n  terms  of human m v a l ,  load  factors expexienced by two anthropo- 
In an ef for t   to  agprazse the m e w  of these  structural  crash-load 

morphic dumdes  while  seated m the  helicopters of Tests Nos. 2 and  3 were 
recorded. The load  factors  suffered by the d-es are  presented i n  Table 11 
and the time history of the  pertment  accelerations axe shown i n  Figa. 6A and 
6B. 

High-speed mones of the   t es t s  show that dummy no. 1, seated  in  the 
left  front  seat and which was reszramed by both a seat   belt  and shoulder 
harness, deflected downward as the  deceleration  forces  increased. This action 
SUbJeCted the  seat pan t o  loads whlch buckled the floor structure on which the 

lently rearward,its head mapping in that  direction. The loads imposed by 
eeat was mounted. Following the downwad movement, the dmqy rotated vio- 

the rearward movement of the d m  and seat  resulted in  f a l u r e  of the 
collectlve-pitch,  control-torque  tube behind the  seat, but the  seat back dfd 
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was restrained by a seat  belt only, followed the same Idnematic pattern as 
not fdl. The dunuuy seated i n  the nght   f ront   seat  (drmmgr No. 2), which 

dtmuy No. 1, except that i t s  movements  were  more violent. This resulted 
in fs3lure of the  right-side support for the back r e s t  of the ri&t seat 
as the d m  rotated backward t o  a nearly  horizontal  position. !?he dif-  
ferences i n  inertia  loads imposed on the two dummies can be attributed 

more than the  r ight  side and partially to   t he  fact that d w  Bo. 1 was 
par t ia l ly   to   the   fac t   tha t   the   l e f t   s ide  of the  helicopter was crushed 

restrained by both a seat  belt  and a shoulder  harness. A maximum vertical  
load  factor of 26 for a total   duration of 0.025 second and a r a t e  of onset 

region. A load factor of 36 for a duration of 0.020 second and a ra te  of 
Of 1,333g per second was sustained by d m  No. 1 in the upper pelvic 

No. 2. In t e s t  No. 3, dunrmy No. 1 egain was seated i n  the  lef t   f ront   seat  
onset of 2,ooOg per second w a s  sustained ve r t i cdJy  in the  chest of dumy 

a 4-inch-thick  sheet of Styrofoam was  substituted for the  seat pad under 
and restrained by both  a seat   belt  and shoulder  harness. For this t e s t ,  

the dunuuy. Dummy No. 2 was seated in the right  front  seat and placed in 
the "hnee-chest" position which is considered to  be good prastice in the 
went of an impeuding crash. It w-as restrained by a seat  belt  only. Re- 
s u l t s  of the   t es t   imcated   tha t   the   ver t ica l   l aads  in the  pelvic  region 
of dummy Elo. 1 were reduced fmm those of the prevdous t e s t  as the   S tPo-  
foam crwhed under the  applied  loads,  thereby  increasbg  the time of de- 
celeration for this dwzuy. The load factor perpendicwlar t o  the spine of 
8- No. 2 was above 45. 

The lo& factors experienced by the dumdes, when Judged  by the 
humen tolerance  data  obtained by the NACA,7 me considered t o  be survivable 
by humans although some injuries would be expected. The fact  that  surviv- 
able  load  factors were experienced by the dummies simultaneously with 

the  desi= of flammable fluid systems t o  withstand l o d  factors of 35 i s  
average ve r t i ca l   l od   f ac to r s  of 28 and 39 on the   s t ruc ture   Wcated   tha t  

a major helicopter manufacturer reflecting  their  stndles of  approximately 
justif ied.  I& addition,  information  received fmm the  representative of 

only that  the  principal impact loads were -plied in a near  vertical ai- 
I20 warthe accidents i n n l r h g  one of t he i r  model helicopters shoved not 

rection, but that  there  weresmvivors LZL all accidents where seat  failure 
did not occur, and that  load  factors  estimated  to be in the  order of 35 
were exgerienced i n  many of the  accidents. 

From a review of available  helicopter  accident  investigation 

the  majority of accidents occur more in a vertical  than in a longitudinal 
data, it is  concluded that  the predominant crash-lpad  factors imposed in 

direction. 

of accidents  probably  are high, there  are  accident6 in which the inpact 
While the impact angles of rotary-wing aixcraft i n  the  majority 

angles me low; that  is, the longitudinal component of velocity at impact 

7Gerard J. Pealaan 4 A. Martin Eiband, "Crash Injmy," NACA 
Conference on Anplane Crash--act Loads, Crash InJuries and F'rinciples of 
Seat Des$= for Crash Wortbhess,  April 17, 1956. 



is higher  than  the component of velocity  in  the  vertical  direction. 
Discusslons with flight safety personnel  of the Department  of the Amy indi- 
cate  that this condition i s  experienced i n  crashes which are preceded ime- 
diately by low-altitude, high-speed f l ight ,  and in landing approaches uhere 
normal antorotative procedures axe  employed. The r a t io  of vertical-to- 
longtltwdbal  inertia loads exgerienced Fn crashes of this type is unknown. 

the adequacy oi crash-resistant  fuel tank des- c r i t e r i a  for helicopters 
It is recognized, however, that   crash  tests being conducted to  substantiate 

must t&e  longitudinal -act loadings into  accomt adequately. 

In  srt effort   to  select   a reasonable  crash  configuration  vhich 
would sianilate this type of crash, some data on actpsl  flight-path  velocities, 
f l ight-eth angles, and fuselage  attitudes  versus  height above the ground of 

panel were obtained by means of a Fdrchi ld  flight analyzer camera. The 
four different model helicopters maldng normal autorotative  landings t o  a 

data obtained me shown in Figs. 7, 8, 9,  and 10. A s u m m y  of infoowation 
derived from these  figures for en arbi t rar i ly  ass- height of 50 feet  
above the ground is  presented i n  Table V. From this   table  it mey be seen 
that  the flight-path  angles,  fuselage  attitudes, and velocities along the 
flight path  vary  appreciably among the  four  helicopters involved. These 
mgles and velocities do not  represent  the only Ones which  can  be experi- 

believed that  the  angles end velocities  assoeiated with a point 50 feet  
enced by these helicopters  during  autorotative  landings. I n  m y  case it 1s 

above the ground can be used to  establish  exploratory  test  conditions  for 
these  helicopters  to be crash  tested  for  the  explicit purpose of sianilating 
t h i s  type of crash. The ver t ical  dmg-crash t e s t  condition wi l l  sirmilate 
the t3ipe  of accident in which Impact angles  are high. 

Table V, one t e s t  condition would be a forward speed of 2,610 fpm and a rate 
Of descent of 1,440 Ppm which results Fn a fl ight  6r impact eagle of approxi- 
mately 29'. Fuselage att i tude could a rb i t ra r i ly  be 0'. The second t e s t  
condition would be an Impact augle of 90" end a  vertical   rate of descent of 
approximately 2,600 am. 

In the  case of the E-13 helicopter, for example, and r e fe r rhg   t o  

Damage t o  Basic  Structure. 
Damage t o   t h e  8-13 simulated heliaopter s t m t m e s  and the HO5S-l 

helicopters in t h l s  Center's drop t e s t s  is described in Table II, From the 
standgoint of damage to  the  structnres only, it can be stated  definitely 
that  these  crashes would be survivable t o  occapsrtts. 

Of particular  interest  is the amount of s q u a s g  of lower 
fuselage  structure that was obtained in the H O S - 1  tes ts .  I n  the  area of the 
me1  ce l l  which is located under the two rear  seats,  the bottom structure 
Was displaced upward 4.75 Inches. The depth of the  structural  cavlty for the 
fue l   ce l l  i s  approximately 16 inches.  Therefore, sbont one-third of the 
height of the  fuel  cell   cavity was compressed out of existence  during  the 

pounds per inch of width was installed,  rupture of t he   ce l l  occurred m e -  
impact. When a fue l   ce l l  having a tensi le  stre-h of approximately 140 

diately upon impact end fluLd from the ruptured tank flooded the cabin in- 
t e r ior  i n  the form of mist and solid  fluid. However, in two t e s t s  i n  which 
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self-sealing  fuel  cells  havhg  a  tensile strength of approximately 860 
pounds per h c h  of width were used, failure of the  cells did not  occur. In 
these two caaes,  one-third of the  height of the  structural.  cavity and  con- 
Sequatly, approximately  one-third of the volume of t h e  fuel cel l ,  were 
displaced upward and outward by the  crash *act. This describes the type 
of action which a successfW  squash-reeistant  tank must be able  to with- 
stand without  rupture under sqa&ing conditions. 

helicopter,  the gross weight of the  helicopter  in each case was approximately 
2,700 pounds. The average peek load  factor  for 0.01 second in  Teste Nom. 1 
and 2 vae 28. In Test No. 3, It was 39. The peak load imposed on the bottom 

75,600 parnda. In  Test No. 3, it was 2,700 t imee 39 or 105,300 pounde. 
fueelage  etmcture in Tests Floe. 1 end 2 therefore m e  2,700 times 28 or 

The total   mea of bottom fuselage  structure exposed to  these  loads wae in 
the  order of 55 square feet,  or 7,900 equere  inchea.  Therefore, the  load 
intensity on the bottom fuselage  stxucture In Teets Nos. 1 an8 2 is cal- 
culated  to be wprdrimately 9.6 po\mde per  square  inch,  while in Test No. 3 

ment of bottom Sueelage etnrotrere aa mentioned  above was 4.75 inchea. Thia 
it wae 13.3 pound8 per square  inch. In  all three caaea the  total  diaplace- 

information le preeented becauee it conetitutes  the  type of baeic  data which 
dl1 be vite;lly  neceeaary in  connection  with  Alture a t t q t a   t o  design 
squeeh-realstant  fuel  tanke  for  helicoptere. 

I n  Teste Nos. 1, 2 ,  and 3, Table 11, which involved the HO5S-1 

Drop-craah tes te  on the HO5B-1 helicopter8 end A-13 s U a t d  
helicopter  etructuree  indicate t h a t  the  fueelege s t m t u r e  obtain8  very 
l i t t l e  ahock-ebeorbing protection from the  lending  gear structure. The 
teete  involved  hydraulic-atrut-type and aolid-ateel-tube (nonenergy- 
abbeorb-) t y p e - l d i n g  gems. I n  the  cam of the  hydraulic stru*s, the 
atruta were unable t o  abrorb  the .mudden onset of the  craeh i q a c t  end enwped 

the ldi%$tic energy of the fd l ing   a i r c ra f t  waa abeorbed. The a m  was true 
off  himediately at point8 of attachmant t& the iueelage. Very l i t t l e  of 

of the  aolid  gear. This gear reduced the falling velocity only about 4 
feet  per eecond out of a t o t d  falling velocity of 40 feet  per eecond  even 
though the  gear,  Jbich m a  very rugged, idled c m l e t e l y  during t h o  impact. 

fuel tanks in acme aecidenta. The rotor blade 10 quite  flexible and is 
highly aueceptlble t o  d-e, p&Scularly in  the  iollover  type of craeh. 

direction8 except for  the spar which generally i s  metal, and deforma and 
In an accident,  the  bledes tend t o  break into emall pieces and fly i n  all 

continues rotating, thereby b e c d n g  a potential  source of demsge to   the 
fuel tanks. In one accident i n  which the  crash-load  factor was very low 

ground. I n  the aubaequent rollover,  the  blades,  ekcept for the spar, die- 
(1.5 t o  2), l i t t l e  damage wae auateined by the  stlvcture i n  contacting  the 

tank and a destructive  fire  reeulted. The uee of crash-resistant fuel 
integrated and t h e   t i p  of the spar punctured an externally mounted fuel 

t a n k a ,  whlch cowis t  of an outer  metal  shell and an inner  flexible b l w e r  
cell ,  should help  to  minimize the  type of tank damage. 

The rotating  rotor  blede bae been found t o  preaent h hazard t o  
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Limitations Which Mmt Be Observed with Respect to   the Placement Of 
Crash-Resistant  Fuel Tanks. 

As a result  of the  tests  discussed above, and from studies of 
actual accidents, it is quite  evident that locations in almost any part of 
the  helicopter, except directly under or possibly immediately adjacent to   the 

the placement of fuel tsslke provided the tanks are designed,  protected mfl 
engines or other  highly  concentrated heavy masses, apparently  are  suitable for 

installed 80 as t o  be crash-resistant.  In  the  testainvolving  the E-13 simu- 
lated  helicopter  structures and HO5S-l helicopters,  the engine mounte in  all 
cases broke a t  low iner t ia  loads and the engines then plunged downward t o  
etrike  the ground. In the one case where recorded data were obtained  (see 
Table 11), the engine  struck the ground with a  load  factor of 58. The engine 
end rotor component masses attached t o  it weigh apgroxhately 800 P O U ~ E ,  
and therefore, any fuel tank located  beneath it uwuld be subjected  theoreti- 
ca l ly   to  squashing, penetration, and tearlng l o d e  in the  order of 46,000 
pouad6 , a very  severe l o d .  As a general d e ,  it appears that f w l  tanks 
should not be located  directly beneath o r  adjacent to highly concentrated 
heavg masses unless (1) the  structures s w r t i n g  the masses are capable of 
ellBporting them without f a i l w e  under applied  crash-loed  factors, (2) the 

inlpinging egelnst the fwl tanks, or ( 3 )  it can be  damonatrated that the 
EUQporting structure, in failing, wi l l  prevent  the maeeem frmn f u l n g  on or 

DmUses, i n  falling on or iqpinging against  the  tank, will not demage it t o  
sWh an ertent that any qpprecieble amount of fuel is  lo& from the  tank. 

Aa a reeult of these  crash  teats, evldence haa bean obtained which 
ahowe that iuel tanka located lm in helicopter  fueelages, but not W o s e d  t o  
possible damage by highly concentrated heavy maeees, cen be cre,sh-resiatant. 
'IrheSS fuselage meaB are  subject to eevere squaehing l o d e  i n  CreEhee and 
originally it waa considered  kqpractical t o  try t o  provide craeh-resistant 
tanka in thsm. Cmehing of lower fuselage  structure and sqnsehing of the 
fuel ca l l s  was experienced i n  the three drop-arash t es te  on the HO5S-1 heli- 
copters. In  %ate Woe. 2 end 3, as mentioned  above, t h e  -1 cella did not 
fell el%¶ it ie now recognized that the  design of eqtmeh-resistent  fuel  tanks 
i s  feasible. A spec id  d e e i s  criterion will be requlred to  solve the  fuel 
tePk eqrpaehing problem. Until this criterion is  available, it le concluded 
that fbl tanks E b o u l d  not be located in positions where they will be subject 
t o  S q u e c l h t n g  loads. 

Flanmable Fluid System  Com&mnents end Acceeeoriee. 

Fires flmm such ~OUTCKB can build ug t o  large magnltudee but more slowly 
liner even though the fuel tenka  apparently were intact  after the crash. 

than i f   f a i lu re  of the fuel tenks occurred,  thereby  permitting more time for 
eVWUation.  However, such f i r e s  can spread to the fuel tepk and reenlt in 
ragid destruction of the aircraft. 

acme cmes  vere noted where craah fires were fed by broken fuel 

acCesBOrie.9  which will  ZIot detract frm their  craah  reeietance. In craehea, 
Cruh-resistent fbel t& should be equipped with colqponents and 

forces  exist which tend t o  move the tanks in m y  direction  relative  to each 
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other. The  emount of shifting and resultant  tearing of tan!&$ by the 
components and accessories  can be expected to increase  with the severity 
of the crash. 

for crash-resistant fuel cells has been  established. Under t h i s  concept, 
a  crash-resistant fuel cell, -10- the  desired types:)of  ccoaponents and 

uncouple  itself from adjacent tanks and from smunding structure  during 
accessories, is visualized as having the ability to rmhook, unsnap, or 

crash  conditions and r o l l  free of the dmaged structure vith the Fuel 
sealed Inside the cell. Tbis obviously is an objective which cannot be 
fully  attained.  Nevertheless,  it is the basic  objective ahed at in the 
design of components and accessories for crash-resistant fuel cells. 

A guiding  concept for the design of components and accessories 

components and accessories  which  axe  associated  directly  vlth the fuel 
tanks thanselves. The major fire hazard is considered to  be the fuel tanks 
where the great bulk of the flammable f l a d  1s carried. If these tanks 
can  be kept from rupturing and if fuel can be kept fYom spilling f r o m  them 
through tank Components and accessories, a  high  degree of crash-fire 
protection  for aircraft will be achieved. 

It is believed  that this concept  should  apply only to those 

comm10Ms 

on-the-scene  studies of aircraft  accidents, and some  helicopter  drop-crash 
tests: 

The follovlng  conclusions are  made,  based upon investigations, 

1. A crash-load  factor in the order of 35 is aonsidered likely in 
aircraft  under  severe  but  survivable  crash  conditions. 

2. A load factor of 35 is  recammended  for the desi@ of crash- 
resistent  flammable f luid systems  installed In fuselages of fixed- and 

located,  protected, and installed should effect  a  substantial  reduction In 
rotary-wing aircraft. Systeme desiaed  to this load factor and properly 

the occurrence of crash  fires. 

vhen  such  crashes  are  followed by fire is approximately 25 and 39 per cent 
greater,  respectively, than in crashes m t  followed by fire. 

3. The  fatality rate in craahes of fixed- end rotary-* aircraft 

4. While attitudes and flight-path angles of fixed- and rotary-wing 
aircraft  vary  widely  in  actual  craahes, these can be reduced to a small 
number  for  crash-resistant  flammable fluid system  design pwposes. 

appears to be  suitable  for the placement of crash-resistant flammble fluid 
5. With certain  limitations,  almost my location  in  helicopters 

SySt-6 rn 

6. Fuel tank0 located In outboard  portions of the v inge  of fixed-wing 
aircraft  proxide  appreciable  protection against the hazards of crash  fires 
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by virtue of location, On the  other hand, inboard portions of the wings are 
prone to  suffer  severe damage m r e  often than outboard  portions. For t h i s  
reason, it is highly desirable tha t  whenever possible, no fuel  tanks he 
located 1n inboard portions of the wings. 

7. Fuel  tanks i n  fuselages of fixed- and rotary-wing aircraft  should be 

with the ground i s  unlikely. Also, they should be  located and i n s t d l e d  so 
located and/or protected such that exposure of the taabs t o  scraping  action 

that they  are  not  readily  susceptible  to  severe damage m m  other  causes in 

damage t o  bottom fuselage  structure  than  smaller fixed-wing aircraft and 
crashes.  Relatively speaking, large fixed-wing aircraft suffer mtlch more 

helicopters. 

the  plane of  the wing front  spar. 
8. Fuel tmks i n  fixed-wing a i rc raf t  should not  be  located forward  of 

heretofore  thought t o  be impossible o r  at  least impracticable, now is 
recognized as  being feasible. 

9. The design  of  crash-resistant fuel tanks for Squashing loads, 
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TABLE I 

S W Y  OF FAWTIX 
w SCHEDULED PAssEmcER AIR c m m  OPEFiAnoN 

1938 through June 1951 

Domestic international 
Fire i n  Crash No Fire in Crash Fire   in  C r a e h  No Fire i n  Crash 

F a t d -  
i t i e e  

10 
8 
35 
34 
54 
20 
24 
20 

164 
52 

43 
55 

116 
5 1  

occu- 
pant s 

10 
12 
41 
35 
65 
22 
24 

97 
20 

170 
56 
61 

146 
58 

Fatal- 
i t i e s  

15 

10 

17 
10 

10 

45 
32 

28 

43 
61 
58 

-- 

-- 

-- 

Fatal- Occu- 
i t i e e  pants 

686 817  329  565 110 124 123 179 

Per Cent 84.0 58.2 88.7 68.7 

Combined Dmnestic and Internatlond 
Scheduled Passenger A i r  Carrier Operation 

1938 through June 1951 

Fire Fn Crash No Fire €q Crash 

Per Cent 

Fatal- Occu- 
i t ies   pants  

796  941 
84.6 

Fatal- OCCU- 
i t ies   pants  

452 744 
60.8 



311 0 





TABLE I11 

RESULTS OF ON-TBE-SCENE STUDIES OF E [ E L I C O m  ACCIDENTS 
BY TDC INVES!l'IGATORS 

Acci- .Helicopter Load No. of 
dent Designation Factor Occupants Fatal i t ies  

2 H-23 18 
Vertically 

3 E-23 1 5  
Vertically 

4 E-23 
Vertically 

11 

5 BTL 2 
Vertically 

6 H-34 "* 

7  47-li 50 
Vertically 

2 2 

1 0 

1 0 

2 0 

2 0 

2 2 

1 1 

Post-Crash Impact 
Fire  Attitude W e  Remarks 

(W.1 

Yes Slightly nose --- 
down, l a te r -  
ally level.  

BO Level --- 

Yes Level 90 

NO Level 90 

Yes Level 90 

Yes 27' nose YO 
-down 

No 27" nose 90 
down 

Flew into power 
l ines,  

Autorotated into 
t ree .  

Low-level maneuvers. 

Struck  tree with 
t a i l  rotor on 
takeoff . 
Moving sideward 
close t o  ground, 
rolled over upon 
striking ground. 

Lost g r o d  refer- 

t o  land. 
ence upon attempting 

Lost  control upon 
takeoff. 

*Parallel  to  flight-path  angle which was i n   t he  order sf 30" with the 
ground. 
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TABLE Iv 

ACCIDENT DATA RECEIVED FROM ON-!CEX-SCBiE 
MILITARY IFNEST'IGATORS 

Helicopt* 
Accident Dssignatton 

8 YRVL-1 

9 IISS-1 

lo H-21C 

11 H-21C 

12 

13 

14 

. '15 

H-21C 

H-21C 

H-34 

a-23 

Phase of FUght  
in Which 

Accident Occurred  Occupants Fatalities 

Landing 3 0 

Landimg 3 2 

-1% 3 0 

cruising - lost  3 3 
reference La 

into ground. 
flight and crashed 

cruising - los t  3 
reference i n  
flight and crashed 

NO. of 

into ground. 

C d s i n g  - lost 3 
reference in  

i n to  ground. 
flight and crashed 

Hovering 3 

cruising - loet 2 
control in flight 
and flew into 
ground. 

0 

3 

0 

2 



Accident 

a 

9 
10 

u E-2lC 

I 2  H-21C 

1 3  H-21C 

14 X - 3 4  

15 11-23 

Yes 90 Level 

Forvard Descent 
Velocity Velocity 

(*./rain.) 

20-29 knots --- 
Qirspeed 

0 

Airspeed 
W c a t o r  
jamshed at 
50 h o t s .  

40 knots 
airspeed 

-_- 
135 h o t s  
airspeed 

0 

Yes !Phis report has not been received. 



(1) 

Helicopter 

8-13 

HOK-2 

8-19 

n-21 

(2 )  ( 3 )  (4) (5) (6) 

Flight-Path  Fuselage  Velocity Along Parallel  Pergendicular 
Velocity  Velocity 

W e  Attitude Flight Path t o  Cmuud t o  Ground 
(aeg.1 (aeg.1 (,ft./min.) (fit./&.) (ft./min.) 

t Nose-Up (4) cos (2) (4) sin ( 2 )  

29 -2 3OOo 2 610 14-4.0 
(est-ted) 

8 ?20 5700 5650 795 

7 t10 3200 3175 390 

14 e11 3800 3690 920 





FIG. 2 PHOTOGRAPH O F  H-13  SIMULATED  HELICOPTER  STRUCTURE WITH 
DUMMIES  INSTALLED 



FIG 3 PHOTOGRAPH O F  AN  H05S-1  HELICOPTER 



MAIN  ROTOR 
C 

~ F R E W A L L  

LONGITUDINAL R ~ F E R E N C E  

FIG. 4 SIDE ELEVATION  REFERENCE  FOR  ACCELERATION  MEASUREMENTS 
ON H05S-1  HELICOPTER  FULL-SCALE  GRID  SPACING IS 1 FOOT. 



MAIN  ROTOR 

% 

I 
I 

ROTOR  TRANSMISSION  MASS 

TAIL BOOM 

PILOT 'S SEAT 

EXPERIMENTAL 
F U E L  TANKS 

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  
1 3  5 1 9  1 1 1 3 1 5  

FIG. 5 SIDE  ELEVATION  REFERENCE FOR ACCELERATION  MEASUREMENTS 
ON S M U L A T E D  H-13 HELICOPTER 
FULL-SCALE GRID SPACING IS 1/2-FOOT 
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-10 

RESTRAINT - 3 IN  STD  MILITARY 
LEFT  FRONT  LANDING  GEAR  WEB  SEAT BELT AND 
FAILED  COMPLETELY  SHOULDER  HARNESS 

HELICOPTER  FUSELAGE  LEFT  TEST  VEHICLE  DATA 
IDE  CONTACTS  GROUND SIKORSKY H05S-1 HELICOPTERS 

\\ FREE DROP  HEIGHT - 26 F T .  
IMPACT  VELOCITY - 41 FT./SEC. 

10 

0 

-10 

-20 

-30 

C 

IMPACT SURFACE - CONCRETE G 

I 5 13 26 39 52 65 78 93 106 119 132  145 158 
FRAMES AFTER  IMPACT 

FIG. 6A ANTHROPOMORPHIC  DUMMY NO. 1 ACCELERATIONS  EXPERIENCED DURING 
TEST NO. 2 
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-10 

-20 

-30 

TEST  VEHICLE  DATA 
RIGHT  SEAT  BACK  FAILS  SIKORSKY  HO5S-1  HELICOPTER 
DUMMY ROTATES  TO  NEAR - HORIZONTAL  POSITION -IMPACT VELOCITY - 41 FT /SFX. -I 

FREE  DROP  HEIGHT - 26   FT .  
~~~~~ . .~-  

IMPACT  SURFACE - CONCRETE  PAD 
,---. 

20 

10 

0 

-10 

0 5  13  26 39 52  65  78 93 106 119 132  145  158 
FRAMES  AFTER  lMPACT 

FIG.  6B ANTHROPOMORPHIC D U U Y  NO.  2  ACCELERATIONS  EXPERIENCED  DURING 
HO5S-1  DROP  CRASH  TEST  NO. 2 
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6,000 < 

0 100 200 300 400 

HEIGHT ABOVE  GROUND  (FEET) 

BELL H-13 VELOCITY.  FLIGHT-PATH ANGLE, AND  AIRCRAFT  ATTITUDE 
VERSUS  HEIGHT ABOVE GROUND FOR A  NORMAL  AUTOROTATIVE LANDING 



6000 'r 

0 
0 .a w > 

E: 

FIG. 8 KAMAN HOK-2 VELOCITY,  FLIGHT-PATH  ANGLE,  AND ALRCRAFT ATTITUDE VERSUS 
HEIGHT ABOVE  GROUND  FOR A NORMAL  AUTOROTATIVE  LANDING 



FIG.  9 

0 100 200 300 400 

HEIGHT  ABOVE  GROUND (FEET)  

SIKORSKY H-19  VELOCITY.  FLIGHT-PATH  ANGLE,  AND ALRCRAFT AT 
HEIGHT ABOVE  GROUND  FOR  A  NORMAL  AUTOROTATIVE  LANDING 

TITUDE  VERSUS 
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HEIGHT ABOVE  GROUND (FEET)  

F I G  10 VERTOL H-21 VELOCITY,  FLIGHT-PATH  ANGLE, AND AlRCRAFT  ATTITUDE  VERSUS 
HEIGHT ABOVE  GROUND FOR A NORMAL AUTOROTATIVE  LANDING 


