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A STUDY OF THE HELICOPTER 
CRASH-FIRE PROBLEM* 

FOREWORD 

Agencyls  Technlcal  Development  Center,  Indlanapolts,  Indlana,  under U S Army  Transportatlon 
The  lnvestlgatlon  covered by thls  report  was conducted at  the  Federal Avlatlon 

Research and Englneermg  Command,  Contract 21X2040  709-9062 P 5030-07 S 44-019, Subtask 
701, Project 9-38-01-000 dated  December 11, 1956 

SUMMARY 

Hellcopter  crash  accldents  resultlng ~n fire have  become a serlous  hazard  often 
destroylng  the  alrcraft  and  causmg  permanent or fa ta l   Inpnes  to occupants who normally 
would have survlved  the  unpact 

The  physncal  relocation of some  components In hellcopter  alrcraft could greatly  reduce  the 
probablllty of fire  occurrlng In the  event of a crash 

research  mvestlgatlons  was  renewed and analyzed  The  need  for  developrng  deslgn crlterta 
and  determlnmg  requlrements  for  hellcopter  crash-hre protection was clearly Indicated  The 
results of th~s analysls  indlcated 

Present  hellcopter  deslgn  features  were  analyzed  from a crash-flre  safety  standpornt 

Publlshed  llterature  concernlng  flxed- and rotary-wmg  alrcraft  accldents and crash-flre 

1 The  post-crash-flre  accident  represents a safety  problem of greater  magnltude In the 

tectlon  for  the  transport-type  hellcopter  should be glven prtmary  conslderatlon  over  all  others 
larger  transport-type  hellcopter  than Ln the smaller type The  development of crash-flre  pro- 

emphasls on reportlng  thls  type of lnformatlon Ln accldent  reports 
complete  Informatton  related  to  the  orlgm and propagatlon of flre  There 1s a need for  greater 

3 Abnormal  englne  dlsplacement,  landmg-gear  faxlures, and damaged  dram  cocks  durlng 

by  puncture  from  forelgn  obstacles or by dlrect  unpact  rupture  from  excesslve  gravlty  or 
a crash  all  were  mterrelated to  fuel-cell  fallures and fuel  splllage  Fuel  cells  were  damaged 

shear  forces  durlng a crash 

originated from a hovermg  attltude and low-speed  maneuvers  near  the  ground,  and  durmg 
normal   cruse condlttons  where  control of the alrcraft  was  malntalned so that a near-level 
crash  contact  attltude wlth the  ground  resulted 

the hellcopter  at a normal  cruse  altltude and crash  contact wlth  the  ground at a steep  nose- 
down or  Inverted  attltude 

6 Hellcopter  deslgn  features  In  many  Instances  Increase  flre  probablllty and hmlt  

ment Include (a) engrne  shutdown  durmg and after a crash,  (b)  provlslon of adequate  safety 
passenger  survrval  durmg a crash Recommended measures  for  crash-flre  safety  Improve- 

exlts,  where  necessary. to prevent  entrapment of occupants  should the hellcopter  roll  over on 
one slde. (c) relocatlon of components which contrlbute  to  fuel  splllage  and  lgnltlon (th~s may 
Include  landmg  hghts, fue l  cells ,  landing  gears,  or  other  accessones), and  (d)  the  constructlon 
of undercarnage and forward  skln  crash  contact  panels of materials whlch w ~ l l  not produce 
sparks and  htgh temperatures  as a result  of scrapmg  contact  wlth  runway  surfaces 

2 Available records of hellcopter  crash-flre  accldents  are Inadequate for  obtalnlng 

4 Hellcopter  crash  acctdents  in  whlch  occupants would be expected  to  survive  often 

5 Accldents In whmh occupants would  not survlve  usually  resulted  from  loss of control of 

*Reprrnted  for  general  dlstrlbutlon  from a llmited  dlstrlbutlon  report  dated  June 1958 
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7 The  chief  lgnltlon  sources  common  to  all  types of Jet and reciprocatmg  engme  alrcraft 
durlng  a  crash  are  (a) hot surfaces  lnslde and outslde  the  englne,  (b)  exhaust  system or  tall- 
plpe  flames,  (c)  Induction  system  flashback  (backflre).  (d)  electrlcal  arcs  and  electrically 

(9)  electrostatlc  sparks Hot surfaces  are  present  at  all  tlmes  whlle the  engme 1s operating 
heated filaments. (e)  flames  from  chemlcal  agents, ( f )  sparks  caused by abradlng  metals, and 

of gasollne, 011, and hydraulic  flulds 
and  may  perslst  for  some  tlme  after engme  shutdown at  a  temperature above the  ignltlon  pomts 

llquid o r  vapor  within  conflned areas of the  alrcraft  are  consldered  the  most  hazardous of all  
combustibles  assoclated  with  alrcraft  crashes 

In provldlng  crash-flre  protection  for  the  hellcopter 

of electrostatlc and frlctlon  sparks 
10 Present  crash-fire  systems of conventzonal alrcraft  do not provlde  for the  elimlnatlon 

11  The  use of alumlnum on potential crash  contact  surfaces would reduce  the  probabllity  of 

tested whlle magnesium  was found to be unsatxsfactory 
spllled  fuel  lgnltion  from  frlctlon  sparks Aluminum w a s  found superlor to all  other  matenals 

12 Further  investlgatlon by dynamic tests LS needed to study  certatn  aspects of crash-flre 
phenomena as they are  speclflcally  related to  the  hellcopter  Presently  developed  flxed-wlng, 
crash-flre  protection  system  concepts  should be applled  to  hellcopters  and  proposed  systems 
evaluated  through  dynamic  tests. 

13 The  development of new methods  for  inertmg  hot-surface  lpltton  sources, lookmg 
toward a comblned  in-fllght and crash-frre  protectlon  system  for  hellcopters. is needed 

8 Gasohne.  kerosene, or JP fuel ~n the  form of mlst  outside the alrcraf t   or  In the  form of 

9 lgnrtlon  source  elimlnatton  comblned  wlth f u e l  contatnment  should be the  basic  ob~ectives 

INTRODUCTION 

The  purpose of this report IS to establlsh  the  scope of the  hellcopter  crash-fire  problem 
by enumerattlng factors which  contribute to the s ta r t  and propagatlon of fire,  and by presentlng 
applicable  mformation  abstracted  from  reports  on  crash-hre  research and development for  
flxed-wlng alrcraft. 

accidents  constltute a serlous  safety  problem A study of acctdents  lnvolvlng  flxed-wmg  alr 
carrier transports  has  lndlcated  that as hlgh as 30 per  cent of the  passenger  fatahtles  mlght be 
elimlnated If fire dld  not  occur  durlng or after  the  crash 1 

The  Increased  use of large  rotary-wlng  atrcraft  having  heavy  payloads  has  necessltated 
large  powerplants and fuel  loads,  thereby  addlng  to  the  already  complex  flre  safety  problem 
In recent  years,  considerable  progress  has  been  accompllshed  in  the  development of crash-flre 
protectlon  for  flxed-wing  alrcraft  Research  on  combustlbles and  ignxtlon sources  together 
wlth development of varlous  types of crash-fire  prevention  systems  for flxed-wlng alrcraft   are 
discussed In avallable literature It LS the  Intent of the  author  to  apply  some of these  princtples 
to the  helicopter  crash-fire  problem 

on the  problem  and to ascertam  in whtch parttcular  size  helicopter  the  fatalltles and accldents 
Hellcopter  accident statistlcs are  presented to  glve  the  reader  background  informatlon 

order  that  speclfic  physical  locatlons of the  damage  Incurred and detalls  of  the  ftre  problem 
are  more  numerous  Summaries of hellcopter  accident  Investtgatlon  reports  are  supplled  In 

may be analyzed 

outlined 

The  fatalities  and  Injuries  resultmg  from  flre  followmg a crash In survivable  alrcraft 

A general  discussion is presented,  and  posslble  areas  for  future  development  are 

ACCIDENT  STATISTICS 

A recent  Technlcal  Development  Report2  contalnlng a summary of accldent  statlstlcs 
for rotary-wlng aircraft  lndlcated that 8 7 per  cent of these  accidents  resulted  In  post-crash 
Are, and of the  occupants  involved. 42 5 per  cent  were  inpred  fatally Of the  occupants Involved 

total number of fatalities  were  a  result of crashes mvolvmg f l re  N o  attempt  was  made  to 
in nonfire  accidents, only 3 1 per  cent  were  injured  fatally  Approxunately 60 per  cent of the 

accldent  reports 
attribute  the  fatalities  specifically  to  flre  because of insufficient informatlon  contained  In  the 
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concluded  that f l re  followed  not  more  than  15  per  cent of all  crash  accldents Another andysls3 
An analyslsl of the fixed-wmg commerclal  alr  carrler  accidents  for the year 1946 

merclal  alr  carrler  accldents  for  the  perlod  January 1938 to June 1951  showed  an E4 6 per  cent 
compiled by the  Clvll Aeronautics Board  (CAB)  based on a study of s e r~oua  fixed-wing  com- 

fatallty  rate IP post-crash flres compared w ~ t h  a 60 8 per  cent  fatality  rate  in  nonfire  acc~dents 
The  hellcopter  has  seen  comparatlvely  llmlted  cwmerclal  service,  therefore, in 

comparmg  accident and mnpry rates  for the  perzod 1952 to 1957,  only mllltary  accldenta  were 
consldered.  The two hellcopter sizes considered  and  them  deslgnatrons  are  presented 1n 
Table I The  smaller  sizes  are  capable of carrying two to four  persons,  and  the  larger slzes 
a re  capable of carrying  more  than  four  The  small  craft  were lnvolved in 533 malor  craah 

major  crash  accldents of whlch  11 6 per  cent  resulted  in  flre  The  fatality  rates  resulting from 
acctdents of which 7 3 per  cent  resulted  in  fire,  and  the  large  hehcopters  were lnvolved  in  561 

the  post-crash-flre  accldents  were  approxunately 41 per  cent  for both classes of helicopters 

hellcopters  were  damaged beyond repalr  and 1 6  per  cent  sustalned  major  damage 
A further  analysls of hellcopter  crash-fire  accldent  records  mdlcated  that 84 per cent  of  the 

TABLE I 

SIZE AND DESIGNATIONS OF HELICOPTERS 
INCLUDED IN ACCWENT ANALYSIS 

Alrframe 
Designation 

Manufacturer  Civilisn  Navy/Marlne  Anny/Alr  Force Size+ 

Bell 

Hlller 

KamFLll 

Slkorsky 

Vertol 

47 
61 
12B 

X 
X 

s55 
S52 

958 
S5 1 

PD22 
PDl8  

HTL 
HSL 
HTE 

HOK 
HTK 

HO5S 
Hods. HFS 
HSS, HUS 
HO 3.5 

HRP 
WUP 

H-13 
X** 

H-23 

X 
X 

H-18 
H-19 

H-5 

H-25 
H-21 

1-1-34 

Small 
Large 

Small 

Small 
Small 

Large 
Small 

Large 
Small 

Large 
Large 

* Small - Carries  twg to four  occupants. 
Large - Carrles   more tban four  occupants. 

** X - Deslgnation unknown. 

HELICOPTER ACCIDENT  INVESTIGATION REPORTS 

Mllltary  helicopter  accldent  reports  were  revlewed at the  Naval  Aviation  Safety  Center, 
Norfolk, Va.. the  Army  Avlatlon  Safety  Board,  Fort  Rucker,  Ala , and  the Directorate of Fllgbt 

obtalned  from  the CAB and  Natlonal Flre  Protectlon  Association  publrcations  A  review of this 
Safety  Research,  Norton An  Force  Base,  San  Bernardlno,  Callf  Accldent  summaries  also  were 

materlal  was  dlrected  toward  determining  the  prlmary  causes of post-crash f irea.  the  compo- 
nents  that  contrlbute to the fire  hazard,  md  the  extent and  slgmflcance of crash-flre  damage 
However,  very  little  complete  Idormation of this  type  could be found 

made  the collection of detalled mfoormation very  difficult A summary of Information  abstracted 
occurrrng  wlthln  the  alrcraft. and the  total  destructlon of the al rcraf t  by fire  were  factors which 

from  accldent mnveshgatlon reports  was  tabulated  and 1s presented  In  Table II A  large  number 
of unknown factors  were  luted In  the  reviewed  accldent  lnvestlgatlon  publlcatlons a a  shown in 

The  absence of reliable  wltnesses  at  accldent s ~ t e s ,  the mabllity to observe  Ignltlon 
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TABLE I1 

I d h a l  Ignition  Source 

A SUMMARY OF INITIAL FACTORS CAUSING 
FIRE COMPILED FROM 7 0  HELICOPTER 

ACCIDENT REPORTS 

Pe r  Cent of 
Total  Accldents 

Electracal short circuits 
Hot exhaust  flames  or  surfaces 

Unknown 
Frlctlon of metal  on landing surfaces 

Inihal  Flammable  Fluld Involved 

011 
Gasolme 

Unkmwn 

ImtIal  Cauae of Combustible  Spillage 

Fuel cell  or  fitting  rupture 

Oil  line  or  fitting  rupture 
Fuel  line  or  fittlng  rupture 

Unknown 

Total  accidents - 70 

Number of 
Accidents 

3 
5 

6 0  
2 

13 
1 

56 

10 
3 

5 6  
1 

4 2  
7 1  

85 9 
2 e  

18 6 
1 4  

80 0 

14 3 
4 3  

80 0 
1 4  

this table.  Accident  information  necessary for determining  factors of speclal  interest In this 
analysis w a s  incomplete  Caaes In which  the  Imtial  agnltlon sources and combustibles involved 
could  not be determined  are  omitted  from this table  However.  ruptured fuel cells o r  broken 
combushble  fluid line6 were known to be exlatent in mme of these  cases 

the followiq  information  The  hellcopter had  been  traveling  sideways  at  approxunately two 
The  investigation of one  accldent  involving a Bell  Type 4 7  helicopter, F l g  1,  revealed 

feet  altitude  when Its downwind skid h1t the  ground  and  collapsed  The  helacopter  rolled  on Its 
right  side,  causing  the  main  rotor  blades to hit the  ground  and  splinter Th1s left  only  the main 

with the ground and reaction  forces  were  transmitted to the engrne forcing  It to twlst and work 
supporting  metal  spars of the  blades  attached to the  rotor  head  These  spars  made  contact 

against ita shock  mounts As a  result.  the  starter and  tachometer  generator  were  dislodged 
The  battery,  voltage  regulator,  relay box, fuel t a n k s ,  and fuel lines  which  were  attached  to  the 
frame  remained Intact The  forward end of the  right  saddle  fuel  tank  was  punctured by a  plece 
d metal which had  been  thrown by the  rotor  spar  The  released  fuel  may  have  been  ignlted by 
an electrical  short  clrcurt  causlng  a  flre  The  fire,  propagated by the flow of fuel  and wmd. 
progressed  toward  the  pllot's  compartment  The  forward engine section and the  pllot's  com- 
partment  were  burned away The d t 1 a l  Impact  damage to the  craft  was  mlnor.  however,  the 
resulting h r e  caused  irreparable  alrcraft  damage and severe  burns to the b o  occupants 

helicopter  manufacturer  representatlves  revealed  the  followlug information 
Accident  record  renews and d~scussions wlth mllitary  accident  lnvest~gators and 

eacape  before the aircraft  is completely demolxahed 

helicopter was hoverlng o r  moving at a very low speed  near  the  ground 

malfunchon at a crl tmal  al t l tude  or  by  plot   mIs~udg~nent whlle  simulating  emergency  proce- 
dures and practicing normal  autorotabons  Complete  control of the arcraft usually IS main- 
talned 1n this type of accident  and  crash  contact  wlth  the  ground Is made  in  a  near-level 
anitude  Occupants  generally  surmve  the  Impact  forces  resultlng from thrs type of accident 

impact  at  elther a steep nose-down or inverted attitude, usually  are of a  nature  where  survival 
of occupants would be doubtful 

1 Many  accldents  which result  In flre a re  of such  a  nature  that  occupants  are able to 

2. Crash-fire  accidents  in  which  occupants  frequently survive have  occurred while  the 

3 Crash-fire  accldents  have  resulted  from  hard  landlngs  brought  about by englne 

4. Accidents  caused by loss of control of the  helicopter  at  cruismg  altitudes.  resultlng In 
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Fig 1 Bell  Hellcopter  Model 47 (HTL, H-13) 

the  puncturing of a bottom fuel  cell 
5 F i res  have occurred  during  hard lanrllngs as  a result of landing-gear  strut  failure and 

6 A hellconter  mav  roll  on I t s  slde as a result of a landlne-eear  fatlure  and  hinder  the 
escape of occupants 

II 

’I A landlnn-near  fallure  may  leave  the bottom fuel  cells and draln  cocks  vulnerable to 
direct  unpact d&-age 

posslbly  rupturlng  fuel cells 
8 A hard  landlng  can  result  m  the engine  breakfng  loose  and  severlng f u e l  and oil hnes  or  

terraln  Emergency  landings In such areas  may  result  1n puncture of fuel  cells by trees,  
9 A large  amount of milltary  hellcopter  operatiow  are  over wooded areas  and rough 

stumps, and other  ob~ects 
10 The  small  slngle-rotor  alrcraft  such as the H-13, F lg  1, and H-23, Flg 2. have the 

maln  rotor  clutch unit  and gear box attached  dlrectly  to  the  engine If this tvpe of hellcopter 

negatlve  torque  on  the  englne  Itself  The  resultlng  engine  vlbratlon  can be sufficiently  severe 
rolls on its  slde  durlng  a  crash.  the  mam  rotors  wlll  contact  the  ground,  hposing  mtermlttent 

to cause  accessorms to separate  from the englne,  thereby  increasing  the  fire  hazard  The 
engine  also  may  continue to run for  some t h e  after  the  crash  unless it 1s shut down by the 
operator 

maln  rotor  clutch and gear-box  assemblles  connected  to  the  englne  through  a  drlve  shaft 
Failure of maln  rotors and  drlve-shaft  coupllngs when the  rotor  contacts  the  ground  precludes 
severe englne  vtbratlon  The  englne  may  contmue to run  or  overspeed  after  the  Impact. 
thereby  creatmg  another  senous  fire  hazard 

loss of all   or  part  of one blade  Thls  type  of  fallure  occurs  when  a  maln  rotor  blade  makes 
contact  wlth  the  tall  cone,  fuselage. or  other  obstacles.  leavlng  the  heltcopter  uncontrollable 

11 Larger  helicopters  such as the H-19.  H-34,  H-25. and H-21. Figs  3, 4. 5, and 6,  have 

12 Maln  rotor  gear-box  tear-out  occurs  when  the  rotor  system 1s thrown  out of balance by 

attltude  at  Impact, and probable  causes of flre. IS glven 1n Table 111 These  data  were 
abstracted  from  mllltary  accident  reports, but were  grouped  for  convemence  under  clvll 
hellcopter  type  deslgnatlons 

A summaryof  accldent  records, showlng causes of accidents, damage  incurred, 



1  Bell 47 

2 Bell 47 

3.  Bell 47 

4 Bell 47 

5 BeU 47 

6 Bell 61 

7 Hiller 1ZB 

8 .  KamanHOK 

TABLE III 

SUMMARY OF  HELICOPTER ACCIDENT REPORTS 

Cause of Damage 

Collided with ground 

Collided  wlth  another 
helicopter 

Mldmr  collision 

Collided  with  ground 

Collided with ground In level 
attitude while autorotatlug 
at forward  alrspeed of 50 to 
70 rnph Aircraft  came  to  rest 
on  side 

While  hovering  near  ground 
forward rotor hit  fuselage 
Helicopter  colllded with 
ground. 

Airframe  failure Collided 
with  ground 

Rotor  failure In flight 
Collided wrth ground 

Damage Incurred 

Broken  gas  line. 

Landing gear  sheared 
off 

Fuel  cell  uheared off 

Two main  fuel  cells 
ruptured 

Ruptured  fuel  tank 

Piece of steel  rotor 

fuselage  fuel  cell. 
spar  split open  mid- 

torn  out, 
Forward  transmission 

Engine  broke loome 

Fracture of all  hold- 

cylinder. 
down nuts on  No b 

Results 

Gasollne  spray  Ignited by 
short  circuit  or  hot  exhaust 
Dunage  Irreparable 

Fire  lnitial  cauee  factors 
undetennlned  Damage 
irreparable 

Fire  Initial  cause  factors 
undetermined  Damage 
Irreparable 

Fuel ignlted on hot exhaust 
Damage irreparable 

Fuel Ignited on hot  exhaust 
Two occupants  recelved 
major  injuries due to impact 0. 

and flre Damage i r rep-  
arable 

Fuel lgnlted  on  hot  exhaust 
One injury and one  fatality 
due to fire  Damage 
Irreparable 

Fire  Initial  factors 
undetermined Damage 
irreparable 

No 6 cylinder  and  plston. 
Gas and 011 fire  destroyed 

Damage irreparable 
and part of Nos 5 and 7 



Type 

9 Slkorsky S51 

10 Sikorsky S51 

11 Slkorsky S55 

12  SLkorskyS55 

13 Sikorsky S55 

14  Slkorfky S55 

I5 Sikorsky 555 

TABLE 111 (conttnued) 

SUMMARY OF  HELICOPTER ACCIDENT REPORTS 

Cause of Damage 

Restrlcted  cyclic  control  during 
takeoff  caused  colllslon with 
ground In nose-down  attitude 
on  left  wheel  from 8-foot 

left  slde 
altttude  Aircraft  rolled  on 

Loss of control.  Collided  wlth 
ground  from 150 feet  (Inverted 
attltude) 

Engine  failure  at 20-foot 

Colllded w ~ t h  ground  on  nose 
altitude  durrng takeoff 

came to res t  on left  side 
and  left  wheel.  Rolled  and 

Collided  with  ground 

Fuel  starvation  necessrtated 

into  trees.  Contacted 
autorotatlon  from 600 feet 

ground  in  level  attitude 

Collided  wlth  ground 

Collided  with  ground 

Damage Incurred 

Fuel  cell  ruptured. 

Fuel  cells  ruptured 

Broken  oil hne,  fuel 
drain cock  damage 
allowing release of 
gasollne, and damaged 
starter 

Ruptured  gasolzne  llne 
and forward f u e l  cell 

Rotors  sheared off by 
trees  md  fuel  cells 
ruptured  Engme 

impact 
started  again  after 

Broken  fuel  pressure 
fittlng.  Damaged 
starter relay 

Intake  manlfold No 7 
cylinder  broke  loose 

Results 

Fuel  lgnlted on hot  exhar 

uninjured prlor to fire 
Three  occupants  escaped 

Damage irreparable 

I S  t 
I 

Spilled  fuel  Ignlted  Initial 
lgnitlon source unknown 
Two fatallties  Damage 
Irreparable. 

Inltlally flre started  as 
a result of 011 being 
lgnlted by arclng  caused 
by damaged starter lead 
No InJurles  Damage 
Irreparable. 

Fire  with Irreparable 
damage 

Flre  Initial lgnltion 

occupants  recelved  maJor 
source  undetermlned Two 

fire One fatality.  Heli- 
inpr ies  due to impact and 

copter  destroyed 

Short  clrcuit  lgnlted  spllled 
fuel Damage  irreparable 

Fire  and Irreparable 
damage 



Type 

16 Sikorsky 5 5 5  

17 Sikorsky 555 

18. Slkorsky S55 

19 Slkoraky S55 

20 Sikorsky S55 

21. Sikorsky S55 

22 Sikorsky S55 

TABLE III (continued) 

SUMMARY OF  HELICOPTER ACCLDENT REPORTS 

Cause of Damage 

Rotor  blade  severed  tail  cone 
Collided  with  water. 

Collided wlth water. 

Collided wlth  ground 

Transmission  fatlure  caused 
colllslon with  ground 

Rotor  severed  tall cone on 
landing  approach  causing 
colllslon wlth  ground in 
nose-down  attltude 

Loss of rotor  rpm  at 100 
feet  caused  colhslon wlth 
ground  whrle 1n nose-down left 
turn 

Tall  rotor  hit  obstacle  whlle 
hovering  Colllslon wlth 
ground m nose-down attltude 
on left wheel  Rolled on left  
side 

Damage  Incurred 

Transmlsslon  broke 
loose  from  fuselage 

Engine  was  pushed  back 
under  fuselage,  rup- 
turing f u e l  cell 

Left   rear landing  gear 
failure  caused  rupture 
of fuel  cell 

Transmlsslon  fallure 
due to 011 starvatlon 
caused by oil pump 
fallure 

Fuel  cells and fuel 
lines  ruptured 

Fuel  cells  ruptured 

Forward  fuel  cell 
ruptured 

Results 

F i re  and Irreparable 
damage 

Flre  and irreparable 
dam age 

Short  clrcult  or  frlctlon 
ignited  sprlled  fuel 
Damage Irreparable 

Transmrsslon  overheated 

irreparable 
and  glowed red Damage 

Initial  cause of resultlng 
fire  undetermlned  Flve 
fatallties  Damage 
Irreparable 

Inltlal  cause of resultlng 
fire  undetermlned Two 
fatalltles  Damage 
Irreparable 

Fuel  ignlted  on  hot  exhaust 

unlnpred, one  recelved 
system  Four  escaped 

mmor q u r y  due to f l re  
Damage irreparable 

m 



TABLE III (continued) 

SUMMARY OF HELICOPTER ACCLDENT REPORTS 

T e e  Cause of Damage  Damage  Incurred 

23 Slkorsky S55 
landmg  on coral  reef and 
Fuel  starvatlon  caueed  hard  Collapsed  right  forward 

555 skidded  about 45 feet  cell  in bottom slde 
gear  Ruptured  fuel 

24 Slkorsky S55 Main rotor fallure  at 600 
feet  caueed  collision wlth 
ground In nose-down 
attltude 

25 SIkorsky 555 Collided with ground In 
longitudinal  level  attrtude 
but In 40' left  bank 

26 Vertol  PDl8 Collided  with  water 

27 Vertol  PDl8 Collided  with  ground 

28 Vertol PDZZ Rotor  failure  caused 
colllsion w l t h  ground  in 
level  attltude 

Fuel  cells and lines 
ruptured 

Fuel  cells and llnes 
ruptured 

Gasohne line ruptured 

Fuel  cell  ruptured 

Mid-fuselage  fuel  cell 
ruptured Mid- 
transmission  oil  lines 
and  oil  tank  ruptured 

Results 

Frlctlon  sparks  lgnlted 

hellcopter c a m e  to a  stop 
fuel  Fire  started  before 

SIX were  uninpred, two 
recelved  minor  rnprles 
due to f l re  Damage 
Irreparable 

Imtlal  cause of resulting 
flre undetermlned  Four 
fatalities Damage 
irreparable 

Initla1  cause of resultmg 
fire  undetermlned Two 
rnaJor mpr l e s  and  one  fatal- 
ity due to Impact and fire 
Damage Irreparable 

Flre  In englne  compartznent 
Initlal  cause  undetermined 
Damage Irreparable 

Inltlal  cause of f ire 
undetermlned  Hellcopter 
destroyed 

Fire  started  forward of fuel 

forward  Three  fatallties 
compartment and progressed 

Damage Irreparable 
due to Impact and f i re  

Ul 
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Fig 2 Hiller  Helicopter 1ZB (HTE, H-23) 

comparhenta  to each  other  are shomn in the helicopter  ~llustratlous. Fige 1 to 6 .  Inclusxve 
The cloae  proximity of engine.  fuel  cells,  electrical  compouents, and passenger 

helicopters  mere  &d.  The  following  general  observattdns are  presented and pertain to hek- 
D e s l p  features  such  as  locations of items which  m%y add to the crlsh-fire  hazard m 

copters  lllnatrated  in F i g a  1 to 6 ,  inclusive 

1  The small  helicopter, F i g s  1 and 2 .  generally  has all electrical components  withm the 
engine cornparbent  and in close  proximity to both fuel  cells and fuel  lrnes  These  components 
could  provide an ~pnition source if  damaged  durlng  a crash 

lower part  of the  engine  compartment,  are  vulnerable to Initial  Impact  damage  See  Figs 1 
and 2 

3 In some types of hehcopters.  Figs 3 and 4, the  landing gears  are  attached to the 
fuselage  structure In areas  where  failure of the landing gear could lead to fuel-cell  puncture 

4 Engine  accessorles  are  located on the  bottom slde of uprlght  or  angled engmes as shown 
m Flgs 1. 2 ,  3. and 4 These  accessories, 1n some types of hellcopter  accidents,  are  imme- 
diately  susceptlble to impact  damage  Where  electncal.  oil, and fuel-pump accessories  are 
side by side, igmtron and  flammable flud  sources  are  present 1n very  close  proxmlty to one 
another 

5. 011 cells and hydraulic  reservolrs oi dry  sump  englnes  often  are  located 011 the engine 
slde of the  firewall.  See  Figs 3, 5. and 6 Oil  or hydraullc flmd spilled  from  a  ruptured  tank 
and lgdted  either on  the englne hot surfaces or by electrical  sources could  provide  an 
additional ignitlon  source  for  the  main  fuel  supply 

See FLg 2 Impact  forces  during  a  crash  could  cause  this  englne to be drsplaced  into  the  cell. 
6 The  engme IS located  directly  over a bottom fuselage  fuel  cell ~n one  type of hellcopter 

vslnerable to dlrect-umpact  damage and rupture when a landmng-gear failure  occurs  These 
7 Fuel  cells  located In the bottom of the  hellcopter  fuselage. Flgs 2 ,  3, and 4, are  

fuel-cell  locatrons a re  undesirable  from  a  crash-flre  prevention  standpolnt 

lower  fuselage  section  The  locations of these  exhaust ports Increase the  probability  of 

2 Electrical components which a re  not a  part of the accessory, but are  located 1n the 

8 Hot exhaust  gases  are  ernltted  overboard  in  some  helicopters  from ports located  in  the 
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spilled fuel ignition  from  exhaust flumes or  hot surfaces  dunng  a  crash The most dangerour, 
condltrons  occur  vhen  the  helicopter  roll# wer on tiu? side  where the exhaust port is located 

problem of spilled  fuel  ignition  from  friction  sparks  during  a  crash  Magnesium ahould mot be 
9 The use of magnesium on probable crash contact aurfaces of hel~copters presents the 

used on crash contact  surfaces 
10 External landing  llghts are  sometimes  located on the boh section of the helicopter 

when a  landing  gear  fails.  The  heated  lamp  filaments have h e n  lmown to ignite  flammable 
fuselage  as shown in Figs. 3, 5,  and 6 These  lights  are  susceptible to damage  during  a crash 

f luds  durlng  an  aircraft  crash. 

C W H - F l R E  RESEARCH 

Extensive research  has h e n  conducted by the  National  Advisory Committee for  
Aerouautics (NACA) to determine  the  interrelationship of combustible  ignition. c-buetible 
spillage,  and  ignihon  sources  in  fired-wing  aircraft  crash-flres  Most of the information 
obtained 1s directly  applicable to the  helicopter  crash-flre  problem  The  fo lowing 1s a resume 
touching on only slgdficant  mformation  abstracted  from NACA reports 4.5, b 37 
Fuel  Spillage 

source of the aircraft is considered to be the most  dangerous  fire  hazard During crash-fire 

present as mist,  liquid, and vapor  Results of these  tests  lndicated that 
tests of both  reciprocating and gas turbine-powered  fixed-wing  aircraft, mpilled frul was 

The  flammable fluid (ganoline. JT fue l ,  o r  kerosene)  which ruppliea the prime v e r  

1  The  hazard of fuel-mist ignition by sources  around an englue  located  forward of the 
fuel  source was greatest  durlng a crash 1n which a combinahon of lw f u r w u d   a p e d  and high 
deceIeratlon of the alrcraft  occurred 

requred  for the mist to reach an lgdtlon source  around the engine. 

slgmficantly when the f u e l  IE mpllled aB a m i a t  

2 The ignition of fuel mist  occurred  several  seconds  after  initml  =pact due tm the t ime 

3 The  use  of  fuel of low mlatillty does mot reduce the fire  hazard in an aircraft   crash 
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LEGEND 

not more  than 17 seconds  The  length of tune  for  fuel mist to remain in the  crash area 1s 
Inversely  proporttonal to the wind velocity 

IS remote  unless  the  rgnitmn  source 1s very  near and withln  a few inches of the ground 

rapidly,  presenting a large  concentratron of ignrtlble  mixture T b s  spillage In liqmd or vapor 

posslbly through  anti-iclng o r  cabln  air-conditioning  ducts  The  former  type of fuel  movement 
form  could  move to electrlcal  igmtlon  sources  nearby  or  other  sources  at  some  distance. 

and Igmtion  can  occur  dlrectly  after  Impact wh1le the  latter would require  several  seconds 

of alrcraft  can  occur 
7 Movement of hqud  fue l  to ignitlon  sources by gravlty Row along the outslde  surfaces 

8 Ignitible  fuel-air  mixtures  from  the  engine  Induction  system  can be released by unpact 
damage and lgrnted by sources walthin the  englne  nacelle  Such quaantitles are  small  and  would 
not  produce a serious  fire  unless  lgnitlon of other  fuel  spillage  occurred 

Ignltlon of Combustibles 

the  fuel-atr  ratio,  temperature,  pressure, and velocity of flow, together with the fuel chemlcal 
composlbon and dlluent  gases  The  following IS a summary of information concermng  rgnltlon 
of combustible mlrtures by hot surfaces,  sparks,  and  flames 

4 The fuel mist in  ignitlble  concentrations  can  be  expected to remain  in  the  crash  area 

5 The  danger of lgnition of fuel  vapors  in  open a1r from l q u d  fuel spilled on the  ground 

6 Casohne  spllled  wlthln  cantles of the  aircraft  where  there IS llttle  airflow  can  vaporize 

The ignrtlon of fuel  mlxtures  depends upon a  number of common  varlables,  includmg 

stream veloclty  but decreases as residence time and surface  area  mcrease  The  contact  tune 
1. The  Igmtzon temperature of avlatlon gasollne on  hot metal  surfaces  mcreases wwlth 

for  ignltion of TP-4 fuel,  kerosene. and aviation  gasobne  decreases with an  mcrease of 
surface  temperature and mlxture  pressure. Minxmum ignition  temperatures of gasolmne. 011. 
and hydraullc  fluid  sprayed  on  an  exhaust  stack of an  operatmg  engine  were  found to be about 
960' F , 760' € , and 600' F , respectlvely 

size of electrodes and mirture  velocity and decrease w ~ t h  Increasing  electrode  spacing 
2 M l n m w  spark-ignitlon  energles of combustlblc  mixtures  increase  wlth  increasing 
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Flg  5 Yertol Helicopter  PD18 (HUP, H-25) 
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Fuel-air mixture  ignition  from a capacitor  discharge  (electric  spark)  was not affected by 
electrode  matenal. A condrtion of low humidity  and  moving  dust  concentratlous  was found to be 
capable of producing  electrostatic  sparks that would ignite  fuelvapor  mixtures  Tests  dls- 
closed  that a dust flow rate of 400 grpme per second 1n a 45-mph airstream over  a  landlng 
gear  strut  was  capable of producing 3,900 electrostat~c volts.  whose  discharge  could  ignite the 

production of a  high electrostatlc charge 
proper  gasoline-a1r mixture  in 0 75 second High humidlty,  however, wan unfavorable to the 

decreaees as the  electrode  material  density  decreases  This  mlnimum  Ignition  energy of 
inductance  sparks  also  decrease6  as  the  inductance  potentlal  increases and is unaffected by 
alternating  or  direct  currents  Energles  required for spark ignition  vary  with  the  stoichio- 
metric  mlxture  of  the  combustible in air The  energy  reqrured  for Ignition of some  constiu- 
enta of gasollne  decreases  from 0 9 to 0 1 millejoule as  the  stoichiometric  mlxture  ratlo 
increases  from 1 0 to  1 8 and then reverses and increases  as  the  ratio  increases 

lnstantaneously 

Igmtion  Sources 

fixed-wing aircraft  The followlng 1s a  summary of information concermng  these  Ignlhon 
sources in both gas  turbine and reclprocating  engine  powered  aircraft 

the  cylinder  heads  in  reclprocatlng  enghes  were found to be the most  cntlcal  hot surfaces 
Time-temperature  studies on a C-82  arcraft  exhaust  system  Indicated  that  normal cooling 
after engine  shutdown  from  a maximum temperature of 1,200e F at takeoff  power  to 950' F 
(the  mrnimum  lgnrtion  temperature of gasollne)  requlred 30  seconds, and 84 seconds  were 
reqrured to cool to 760' F (the m i m u m  lgnltlon  temperature of oil)  The  crltlcal  areas  in  a 
gas turblne  engine  were found to be the  combustion hner.  transition h e r ,  turbme  Inner  cone, 
tall  cone, and  tailpipe Tests  indicated  that  ignitlon of fuel by those parts In the  maln  gas 

elther  hot  surfaces  wlthin  the  engine  downstream of the compressor  (not  in  the  main gas 
stream is not  probable  because of the  high veloclty of the  gases  lgnitlon  may  occur  from 

stream)  or  from the  outside  surfaces of the  tallplpe 

metal  whlch is abraded,  the  bearlng  force,  beanng  surface,  and the  contact  time  Igmtlon 
occurs  most  frequently  when  the  aircraft  moves  over  a  very  hard  surface,  such as concrete 

3 The  minimum  energy  needed  for  inductance  dlscharge  ignition of inflammable  mixtures 

4 Igmhon of a  stoichiometric  mixture by flame  contact  was found to occur 

A number of igmtion  sources  were found to be present  dunng  full-scale  crash t e s t s  on 

1 The  exhaust  disposal  system,  heat  exchangers,  combustion  heaters,  and  the  Interior of 

2 Frlctron and  chemical  sparks  from  abraded  alrplane  metals  depend upon the type of 
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and asphalt  runways o r  rock-filled  terrain.  Testa  indicated that alrrmamrm bearing on asphalt 

or  preheated oil up to bearing  pressures  of 1,455 psi and at a  maximum  sliding  speed of 
and concrete  Rlnvays would  not igrdte  combustible mixtures of gasoline. TP-4 fuel,  keroeenc, 

40 mph  However,  titanium.  magnesium,  chrome-molybdenum  ateel. and rrtainleas steel 
would produce  frxctlon  sparks  that would ignite  combustible  mixtures at bearing  pressures 
and slidxng speeds  well below those that would  be expected in an aircraf t   crash  lading 

expelled  from  a  combustion  chamber rmd is ignited on the interior surface of the hot  exhaust. 
Disruption of normal  engine  operation by impact  or  Ignition shutoff prior to impact may  set  up 
condltions  for  this type of igruhon  Flames  are  exhausted  from the tmlpipe in the jet engine 
when  Ingested fuel Is mixed  wlth  the  compressor  air and directed into the combustor,  or when 
the  ingested  fuel is bled off w ~ t h  coollng a1r to the  turbine  section and ignited 

4  Induction  flames  in  a  reciprocatmg  englne  occur  during  abnormal  operation of the 
engine,  that Is, when ignltlon of the  fuel-ar  mixture In the  cylinder  cauaes  backfire  though 
the  intake  port and Intake  system  by  either preignition or  faulty  valve  operation.  This  source 
of xgmtlonmay be present  several  rnlnutes  after engine  stoppage  during II crash  Flames 
from a jet  englne  Intake  usually  occur when the ignition downstream  backfires  or  explodes 
through  the  engine  during a surge  or  other  abnormal  condltlons 

may  appear  in  either  gas  turbme or reciprocatmg  engme  alrcraft when  the electrical  system 
IS dlsrupted by impact  Severed  wirlng  may  produce  arcing,  short-circuited  wiring  may 
become  Incandescent, and broken  lamp  filaments  may  remaln  hot  for a short  tune  These 
conditions could  result Ln the Ignition of combusbbles 

aircraft  during a crash when 011. hydraullc  fluid.  or  deiclng flrud a re  Igmted.  These  flames 
often  occur initially and pronde  the Igrutlon source  for the main body of spilled  fuel 

can  accumulate  enough  electrostatlc  charge to cause a spark to ]ump  between  the  parts or to 
7 Par ts  which a re  torn from the alrcraft m a  crash  and  propelled  through  dust and air 

mlst  left  in  the  alrcraft's wake. 
ground  The electrostatlc  sparks  may be of sufficient intensity to lgrute fuel vapor or  vaporized 

3 Erhaust  flames  occur 1n a reciprocating  engine  when an unburned fuel-air mlxture is 

5 Electrical arcs  and electrlcally  heated  wmmg and filaments  are ignition sources which 

6 Flames  from  chernlcal  agents  may  occur in gas turbine o r  reciprocating-engine powered 
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Development of Crash-Fire  Preventron  Systems 

discussed brlefly  for  therr  possible  appllcatlon to the  hellcopter  crash-fire  problem 
A number of systems developed to provlde alrcraft  flre  protection  are  listed and 

1 A fuel-tank  lnerting  system  developed by the  Cornel1  Aeronautlcal  Laboratory  utlllzes 
the alrcraft  englne  exhaust  gases  for  merhng  fuel  tanks Hot exhaust  gases  are  cooled  and 
directed lnto fuel  tanks to replace  continuously  the fue l  vapor  remalnrng  in  the  top of the  tank 
until  the  entlre  fuel  supply is exhausted  This  merting  system  was  developed  orlgmally  for 
military  alrcraft  as  a  protection  agatnst  fire  caused by tracer  bullets  entering  the  fuel  tanks 
Fuel-cell  rupture  durlng LL crash  or  exhaust-gas  leakage  lnto  passenger and pilot  compartments 
in flight would render  the  applicatlon of thls  system  undesirable  for  crash-fire  prevention in 
a  helicopter 

2 An englne f i re  zone  rnertmg  system  developed by the  Cornell  Aeronautlcal  Laboratory 
for fixed-wing arcraf t   u t rhzes  englne  exhaust  gases to imrt confined  powerplant  zones  The 
confined zones near  the wing and the wing Itself  were  protected by restrlctrng the f i re  to the 
forward  engme  nacelle  zones  Present  hellcopter engine  installations  generally  are not 
divided  into  confined f l re  zones s h l l a r  to flxed-wmg  multlengine  transport-category  alrcraft 

Manufacturlng  Co  Ltd of England  for uae in mllitary  alrcraft to suppress  explosions of fuel 
3 A  fuel-tank  explosion  suppressron  system has been  developed  by  the  Graviner 

tanks  hlt by tracer  bullets  The  detection of explosive  flame  triggers  a  detonator  enclosed 1n 

discharging its contents of fuel  and  exhngushing  agent  to  enrich  the  explosive  mixture to a 
a  capsule  containing ~ m ~ x t u r e  of fuel and extlngulshlng  agent  The  capsule  In  turn  explodes, 

degree  that  suppresses  explosion  For  crash-Are  protectlon,  Graviner  suggests  that  an 
extingmshmg  agent only be used  The  posslblllty of crash damage  causing  fuel-tank  rupture 
or puncture  also llmits the use of this type of protection  However,  the  use of a  capsule  system 
within  the  engine compartment may  be  feasible  for  rnertmg  purposes  during a crash 

reduclng  the  rnagmtude and  inteaalty of my resulting fire Bladder-type fuel  cells to  resist 
4 The  contaimnent of  fuel  during  a crash would be of great  value in preventlng o r  

the  fluid pressure  built up  by the  high  decelerations  experienced  durmg a crash  have  been 
under development a t  this Center It has not  been  determrned  whether  this type of fuel  cell 
could  withstand p i n t  penetration as caused by fragments of a propeller,  rotor  blade,  landing 
gear,  or  any  obstacle which  mlght be encountered  durlng  a  crash  accident 

5 An igmtion  source  inertlng  system  was  developed by the  National Advlsory Commrttee 
for Aeronautics6.8 con tadng  a number  of  components,  each of wbch lnerts a certarn type of 
ignition  source  The  following is a brlef  descrlptlon of ths InertIng  system 

a The external hot  surfaces in the  reclprocatrng  engine  are  cooled by application of a 
liqvid mth a  high  latent  heat of vaporization W a t e r  was  used  durrng  lrutial  testing 

manufactured  by  Walter Kidde and Go , Inc  The  orlglnal  hot  surface  cooling  system, 
but a salt solution with a low freezing  temperature was used  In a production  model9 

conaistrng of a  pressurized  bottle of coolant, a release  valve,  distribution  lines, and 
nozzles.  sprayed  coolant to the  insrde  and  outside of the  hot  exhaust  surfaces A 
wate r  M Z Z k  spray system utllized  for  cooling  the  engine  exhaust  system of a C-82  

the  spray  The  coolant  contamer  was  attached  to  the  exhauat  system to remain 
airplane  was  tested  and  found to be inadequate  because  the  nacelle  airflow  disrupted 

intact  during a crash.  A  further  development  produced  an  arrangement of mesh 

to distnbute and retain  the coolant.  This  provided more  effective coolrng  than  the 
screen  wrapped  around and welded to the  stack  and  entwined by perforated  tubing to 

splay  system.  Stack  interior-surface  coollng  also w a s  integrated Into this  system 
The hot outside  surfaces of  the  Jet  engine  were  cwled in a shnrlar manner 

b  The  combustion  chamber  interior  was  inerted by discharging C02 into the  Intake o r  
inductron  syetern  The CO2 bscharge  shut down the  engine and elimlnated  exhaust 
and inductron system  flamer A qurck-operatrng  fuel shutoff valve at  the  carburetor 
was made  a  part of this system  Hot  Interior  sections in the  jet  englne  were  cooled 

c  The  electrical  system w a s  inerted in both  types of alrcraft  by removal of the  power 
by a water  spray. 

from the main bus  and by groundlng all circuits  Special  conslderation  was  given to 
grounding  the  fields of electrlc  motors and generators 
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d  Marn  fuel  and  oil-supply  lrnes  were shut off in  the  reciprocatrng engrne by quick- 
operating vnlvea located  at  the  firewall  Fuel was shut off m the Jet engrne prior to 
enterrng  the  combustor by a quick-operating  valve  All  residual  fuel  bekveen  the 
shutoff  valve  and  combustor was vented and drained  overboard 

reclprocating  engine  aircraft  were  successful wtth three  exceptions (17 the  impact  forces 
Full-scale  crash  tests to evaluate  the original type of inerting e mpment on 

manifold whch  was attached to the  engine  and  rendered  the  cooling  system  ineffective. 
during one test caused  separation of the engine from  the  exhaust  system and  the spray  ring 

(2) gasoline  vapor  which  flowed  through  a wing heating  duct to the  heat  exchanger  was  Ignited 
during  another test, and (3)  electrostatic  discharge  from a landrng gear strut whlch  had been 
propelled  by  Impact  forces  Into  the  am  provlded a spark of sufficient intensity when It 
approached  the grrmnd to ignite the  fuel  spilled in the  wake of the aircraft  during  a  previous 
kst. 

T h e e  fu l l -ade   c rash   t es t s  also indicated that ignition of the  spilled  engine fuel by 
hot erhaut surfacem, erhawt flames. hot  gases.  electrical  sources,  induction  system  flames, 
ChSBicd agentm. and electrostatic sparks occurred in 0.7s 1.3. 0 1. 0 6, 2 2. 3 5, and 2 4 
second8 minimum. respectrvely,  after Initial -pact  The components to inert  the hot surfaces, 
exhaust flames. exhaust gas.  electrical  system, and induction  system  flames  functioned in 

ignition sources were Lnerted by all system  components  Electrostatic  discharges and sparks 
0 19. 0.M. 0 34. 0 10, and 0 06 second,  respectively,  after initid h p c t  Chemical-agent 

caused by sliding  friction  were two sources of ignrtron not prodded  for  in this system 

reacticm,  cable-type  deformatlon, pressure  contact, and Inertia switches Each  switch 1s used 
6 Many typrs of triggermg  switches are used to initiate t4e rnerting  system  includrng 

to detect  certpln  damage that mlght result in  flammable fuel spillage or othervise  create a 
hazardous  fire  situation.  The  following  recommendations10  have  been  made  regarding the 
installation of trrggering  devlces in fixed-wing aircraft  

a. The initiating  system  should  not operate isadvertently or under  minor  damage 
conditions. 

b  The  system s h u l d  have  selective rnerting which would leave  the  aircraft  flyable 
wbile  nonessential  electrrcal components m a  wing area  are  merted  when a wing 

c Reaction swnltches should  be  used to detect  either  engine  tear-out or abnormal 
tank is breached 

d  Cable-type  deformation  switches  should be placed in the  leadrng edge of each wing 
vtbration  whch  occurs  when the propeller  contacts  the  ground or other  obJects 

e A reaction-type  swltch  should be used to detect  excessive  forces  which  mrght  cause 
to detect  structural  damage  that  mlght  cause  fuel-cell  fallure 

f Pressure  contact  swrtches  should be placed in  various  locatlons  at  the bottom of the 
landimg-gear failure  leading to fuel-cell  rupture. 

fuaelage and the  engine  nacelles to detect  lrutlal  ground  contact of these  surfaces 
durrng  a  wheels-up o r   c r a s h  landing 

g Provtsron for  manual  operatron of the rnertmg  components  should be made so tbat I f  
a c rash  is foreseen, maxunum  protectlon  can be afforded  prror to unpact 

protection  system  usrng  methyl  bromlde  as  an  extlngruslung,  coolmg.  and  rnertlng  agent In the 
'1. Graviner  Manufacturing Co Ltd  has  developed a combined  In-flight and crash-fxre 

event of a crash,  the  system 1s lrutiated by a  combination of contact  and  Inertla-type  trlggerlng 
switches. The methyl  bromrde+ 1s directed Into hot  surface  areas and the cnglne  induction 
system to stop the  engine  and inert  the  combustion  chambers An electrical  system  shutoff 
also is provlded In this  system  The  methyl  bromlde  contamers  usually  are  located  aft of the 
flrewall  with  plumbing  used to distrlbute  the  agent to the vltal locatlons  The  posslblllty of 
englne or distrlbuhon  system  tear-out  durrng  a  crash  might  render ths system  useless 

~.~ 

nacelle and kept away from  passenger  comparhents. 
*Since methyl  bromide IS extremely todc. its use  should be confined to the  engrne 
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DISCUSSION  AND  CONCLUSIONS 

The statistlcs show  that  the  crash-fire  problem is of a  serious magnitude for  all  types 
of hellcopters, and that remedial  steps  should be taken to miniml5e It Primary  consideration 
for crash-fire  protechon should be given to the large  helicopters  from am economic  standpoint 
and  because of the  greater  number of passengers involved 

accldent  were  inconclusive  regarding the indlcatlon of exact  prunary  sources and causes of 

would or would  not su rnve  Accidents  resultmg In fire  whch  occur  during  hovering  or slow 
helicopter  crash  flres  Crash-flre  records  Indicated the  type of accident  in  whlch  occupants 

maneuvers  near the ground.  and  those  where  control of the  aircraft IS maintained so that  a 
near-level  crash  contact  attitude  at  impact  occurs, would result  in the survival of occupants 
in  most  cases. 

in  military  helicopter  operations, i s  that  combination of c r i t l c d  altitudes and airspeeds  at 
Another  conaiderahon  for simulating mroimun  adverse  flight  conditions,  espcially 

wluch  the  design  landmg  gear sink rate will be  exceeded on contact  with  the g r m d  ahould 
complete  englne  fallure  occur  According to K&enbbrger  and RIch.11 the  moat   cr l t lul  flight 

mately 140 feet  altitude  The  minimum  sink  rate  at  impact  for this helicopter.  which  could be 
conditim  for an S-55 helicopter of 6.835 pounds gross weight, Ia zero  a i raped  a t  approrl- 

expected  under the aforemenhoned conditaona if  the engine  failed and  blade stall occurred. 
would be approximately 4-4 feet per second  The  maximum  vertical  contact  rate  considered 
Mninjurlous to paeaengers  was 25 feet  per  accord. and the dealgn  ground  contact  vertical 
deflection  rate  for  the S-55 helicopter  landlng  gear w a s  8 feet  per  second 

Helicopter  engines  conbnue  operating  after  Impact  in  many  accldents,  prementing  a 

the  fuel flow  when an accldent is foreseen and  when  time  allows  Residual fuel in the lines 
serious fire  hazard. The operator  should  shut down tbs engine prior to impact hy m h u t t i n g  off 

w111 be  consumed,  the  engrne will be purged  with air. m d  the ignition  hazards of exhaust and 
anduction  system  flames w11l be  reduced  Automatic  engine  shutdown and merting of  com- 
bustion chambers would be very  desirable  for  accideuta which a re  not foreseen. 

wlnng,  landmg  and positlon llghts.  landing  gear,  engine accessories. engines. fuel and oil 
cells.  hydraulic  reservoirs. and fuel  drain  cocks.  create  potential  ignition a d  flammable 

hazards  should be studied by helicopter  design g r o u p  and steps taken to minimize  @dial 
fluid-splllage  hazards  whtch  may  be  directly  responrible  for  fire  following  rccideuts  Apparent 

igrutmn sources and causes of fuel  spillage  Relocation of engines, f u e l  cells, and landing 
gear 1s sometunes  impractical on present  machines,  however,  electrical  components,  wlrtng, 

otherwlse  protected  in  many  cases to rninlmize the fire h a r d  Also,  the  undeslrable  fire- 
external  bghts, 011 cells,  hydraulic  reservoirs, and  fuel  drain  cocks  could be relocated  or 

hasard  features of present  helicopters should  be  studied to establish  criterla  for  future 
hellcopter  deslgns to mlnimlse  crash-fires. 

alrcraft  concerrung  combustibles and ignition  hazard.  are  spplicable to the  hellcopter  The 
helicopter  usually has its prime  mover.  fuel  supply,  passenger  compartment,  electrical 
components. and so forth, in close  prorlmity with each  other  in  a  fuselage of limited  space. 
The  fuel  tanks.  electncal components.  passenger  compartments, and so forth. In the fixed- 

move to the ignibop sources and propagate  fire to passenger compartments In a  helicopter  may 
wlng alrcraft  may be separated by some  dlstance. The  time requred  for  combustiblee to 

be f o d  to be shorter  than  that  experienced in hxed-wing crash-fire  accidents. In faxed-wing 
alrcraft  accldents  (usually on takeoff o r  landing) In which  occupants would be expected to 
suryIve. the aircraft  has a  hlgh  forward  speed and low rate of descent an compared to the 
helicopter's low forward  speed and high rate of deacent. Hence. In a  crash  where  each  oper- 

would  tend to sllde  further  forward than the  hellcopter on the same  terram. These  charac- 
ator would maintam  aerodynamic  control  until  the  moment of impact. the flxed-wmg aircraft 

unlte, and fire propagatron  patterns  from  those  found in flxed-wing aircraft  craeb  firea 
terlstics  could  alter the  fuel-splllage  patterns.  time in wluch  igmtlon  bourcea and combustibles 

Llmltcd  full-scale  crash-fire  tests  should be conducted on helicopters to determine if 
differences  occur . 

An lgnltlon  mertlng  system  combmed  wlth  a  fuel  contalnment  system  probably would 

would survive It would  be advantageous to cornblne  both an In-fllght  and crash-fire ayah 
glve  the maxmum protection to any type of alrcraft under crash  sltuatlons In  which occuPmb 

from an economlc and operatlonal  standpolnt 

The renew of crash-fire  accldent  records and the  investigation of one helicopter 

Design  characterlstics of helicopters.  including the location of electrical  cornponrnts. 

Many of  the  previously discussed results of research work  accomplished on fixed-wing 
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lgdtlon  sources, and stopplng flammable fluid flow by using valves  between  the  engine and 
Present  means of e lhinahng  e lectr ical  ignitlon  sources,  exhaust and 1n-e flame 

f lud  supply  can be adapted to the  hellcopter  readlly  The  main  problem is to provide  pro- 
tection  against  flammable  fluid  ignition by hot external  surfaces of the  reclprocating  engine 
and by internal and external  hot  surfaces of the gas  turbine  engine T h ~ s  could be accomplished 
by cooling  and/or  lnerting with agents that would be effecbve  crash  or In-flight f ire cxtln- 
gu i shan tn .  Testing of such  agents and meaus of application are  necessary and could be 
accomplished  through  ntatlc  tents 

prodded  for in present  craah-fire  protection systems Electrostatic  spark Ignition of spilled 

would be limited.  therefore  limiting  the  fuel-spillage  area  Debris  propelled by impact could 
fuel probably wodd not occur  frequently  in  helicopter accidents The  crash  area  genexally 

m e w .   e s p e c i d l y  frsn steel  (lauding gear) and mqnesium parts of the  fuselage. would be 
very well land outeide the fuel  epillage  area  Sparlrs  generated by frictlon of the  aircraft 

present if the  accident  occurred on coacrete.  asphalt,  or  rocky  landing  surfaces. To reduce 
this source of ignition,  the use of aluminum on probable  helicopter  contact  surfaces would be 
bcneficial  From an operatmud  standpoint, avoiding bard  surface  areas  insofar as possible 
during  emergencles,  simulated  emergencies.  practxe  autorotations, and normal  landings 
would reduce  the  occaaton of this type of fuel  ignition  in  the e v h t  of a  crash 

imtlating an inertlng s y s t e m  fo r  flxed-wing aircraft  were  based on failures that resulted in 
fuel  spillage.  The  same  criterla  should be used  for  the  hellcopter  Evaluation  of available 
triggering  dedces to tndicata  hellcopter  engine  tear-out,  landing-gear  failure,  transmission 
tear-out. and fuselage deformation  should be made  during  simulated  crash  tests 

Igmtion of cornbustlbles  brought  about by electrostatic and friction  sparks  are not 

Criteria  used to eatablish  the  locatlon and type of triggering  device  required  for 
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