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SUMMARY

This study is o stotisiizal review of 93 major belicopter fire-cccidents thot
occurred during the six-yeor period, July 1357 - June 1963. Findings of the
July 1960 - June 1963 pericd cre compored with those of the three previous
yoors. Findings of she first three-year period were reported in an eorlier USA-
BAAR study, ‘“Army Helicooter Accidents lnvolving Fire.”

The number of fire accidents inrveosed during the lotter period from 42 to

52 ond now account for 9.5% of the mojer helicopter accidents os compared to
7% reported in the initic! study. Fire accidents remained ot 2.9 per 100,000
howrs of flying for both three-yeor periods.

Ninety percent of the fires erupt on, or immediately after, the initial impact
during the crosh sequence. Fire accidents of this type demonstrate the need of
o fuel system designed to prevent fuei cpilloge when the helicopter comes to
rest.

Seventy percent of the crashes involved forces considered within the limits
of human tolerance and ore classified as su:vivable.

Five inflight fires resulted in mojor accidents over the six-year period.
Of these, two occurred during the recent three-year period, and only one of these
resulted in o major accident.

Ruptuwred fuel cells ond lines coused fuel spillage ond subseawerr fire in
80% of she accidents. Fuel served as the flammable source in 87% of the acci-
dents.

Accidents involving collision with the ground during contralled and uncon-
trolled conditions have been found 1o procuce the greatest number of fires. The
greatest number of curvivable fire accid nts resulted from roll-overs and wire
strikes. These two zause factors produced an equcl number of survivable fire
cccidents.

Though a greater number of fire accidents hove occurred during the lost
three-year period, the materiel costs of these accidents hove decreased apgro-
ximately one-holf million dollars. This decrease 1s due to the fact that the
lerger, more expensive mcdels did not show on increase in the number of fire
accidents.

Sixty seven percent of the number of occuponts invalved were injured in fire
accidenrs os compared to 10% injured in other types of major accidents. Forty-
one percent of the occupants involved in fire accidents received thermal injuries.

The occupant survival rate in fire occidents 1s 62% compared to 98% for
other types >f major accidents Twenty-seven fatalities, ten in survivoble azci-
dents, have been attributed to thermal injurses.

Becuuse the final position of o rotary wing awrcraft involved in on accident
it usually other than upright, escape provisions are essential in the reduction
of thermal injury in survivable occidents
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I. INTRODUCTION

Fire ot impoct or post-crash fire continves to remwin one of the majcr
hozords of U. S. Army helicopter operations. When fire erupts in on otherwise
occupont-survivable cccident, it is o grim reminder of the need to improve the
crash-fire-worthiness design of these aircroft.

The fire accident experience of the current generation of Army helicopters
vividly reveals crash-worthiness deficiencies. These deficiencies were pointed
out in or. exrlier United Stotes Army Boord for Avigtion Accident Reseorch
(USABAAR) :tudy,l that reviewed the helicopter fire experiences of the July
1957-June 1960 period. Since the publication of that study, the Army helicopter
has logged mony hours in tactical units flying nop-of-the-earth. Doto reflecting
increased exposure to accidents of this flight p-ofilz show thot previously known
deficiencies ore more unacceptoble thon ever befcre.

The ofl-time high of 25 fire accidents of FY 1963 mokes it quite cleor that
emerging tactical concepts have out-dated th crosh-fire-worthiness criterio used
in the design of the generaticn of helicopters represented ir the tables of this
study. Their design borrowed heavily from the experience of fixed wing circraft.
They did nct have the benefit of expe-ience thoi currant toctical practices offer.
Experience has shown the heficopte:'s behavior in a crash is quite different frem
thot cf fixed wirg aircroft. Fixed wing aircraft crash with ¢ dominating forward
component in contrast to the high lateral and vertical forces generated in heli-
copter crasnes. Perhaps the difference is due » the helicooter’s inherent
instability, relotively low speed, low operating altitude, mass displacemsnt,
torque effects of its rotor systems, and the reacrion of the oirframe when rotor
blodes strike the terrain or other obiects. Furthermore, the fact that the heli-
copter has nc wing to protect the fuseiage, to absorb energy, and to reduce the
tendancy to rcll generotes o greater variety of forces to aoct on its structural
components foliowing impact.

To overcome current deficiencies, the design of new generction Army heli-
copters must censider past Army accident experience. The fire accident ex-
perience of this study is on example. it will illustrote the vulnerability of the
location of crash-susceptible metal fuel tanks of the OH-13 series. In contrast,
the dato will show that protectively located biladder-type fuel cells, like those
of the OH-23 and UH-1 models, are for less susceptible to rupture and fusl
spillags on impacr.

The search for crash-fire-worthiness criteria must also look critically ot the
helicopter's, tactical eavirorment. This environment is porirayed in the 21
different types of accidents shown in Table 4. The impact phenomens in wire
strikes, roll-overs, and rotor strikes of trees musi be studied to formulate design
concepts thot will aid the develnpment of features that will prevent fuel spilloge
and fire in potentially survivable mishaps.

This study relates the past six yeors of fire accident experience ending
June 1943. Its purpose is to show the rature and magnitude of the helicopter
fire prcblem, and to encourage the use of helicopter accident experience as o
basis for needed design changes. Hopefully, it will also serve as o justificetion
for the designer faced with the decision to compromise crash-fire-worthiness for
other design features that may have more appeal at the moment.

The dota presented are taken from USABAAR files of accident investigation
reports submitted by unit investigating bourds as directed by AR 385-40, “"Acci-
dent Reparting and Record.”’ All definitions used in this ctudy such as accident
clossification and degree of personnel injury agree with this regulation.
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Fer the pwroose of aiding onclysis and showing trends, dato from the two,
three-yeor periods ore ccmpored. The firct periad, Jjuly 1957-June 1960, essan-
tiolly includes the same dato presented in the USABAAR study, *‘Army Helicop-
ter Accidents Involving Fire.”” The iost period ircludes dota compiled during

she period July 1960 to June 1963.

TABLE 1

Trend Indicotion of U. S. Army Helicopter Opevotion
Fire ond Non-Fire Mojor Acsiderts

July 1957-Junc 1960 | July 1960-June 1963 | % Chonge
Mejor Accidonts 577 54% -5.2
Alrcreft {Yourly Mean) 2,400 2,500 4.2
thours Flown ° 1,450,090 1,800,000 24.0
Cost — Aircroft Destroyed $6.150,000 $5,575.000 -9.4
Bire Accidems 42 52 23.8
Post-cresh Fire 46 47 2.2
Fire Impect Survivable 30 38 20.0
Occupents lnvelved — Fire Accidents 122 142 16.4
Occupents Injuwed —~ Fire Accidents 74 i03 39.2
Fetalities - Fire Accidents 41 57 9.9

{1. DISCUSSICN

A. Generoi Information

Without establishing o basis for comparisen, it is difficult to clearly say
whether fire accidents are increasing or decrecsing. Any trend depends on
whether the number or the rate of occurrences 1s us2d os o kosis. Based on
number alons. fire accidents have increased during “he post three yeors (Table
15. In the early period of July 1958 - June 1960, the 42 occurrsnces accounted
for 7% of oll major “elicopter accidents This percentage increasec to 9.5%
during the next three year, when fire was present in 52 major accidents. Tne
fire prevention probiem 15 compuonded by the increase n the number of fire
gc:zidents that took ploce while other +,nes of major accidents decreased 5%.
This decrease 1n mo,or accidents 1s equivalent to ten mojor accidents per
100,900 hours of flying However, rote-wise per 100,000 flying hours, fire acci-
dents during the July 1960 - June 1963 period did not increase. The rate of
2.9 fire accidents per 100,000 fiying hours at the beginning of the peried Jid not
change. The significance of no increase in rate 1s apprecioted upon noting that
it was ottained eariy in o growth phose, ot the time when tactical concepts that
exploit the helicopter’s versatility were new 1o the Armny’s operational units.

In eddition to fire 1n mojor accidents, fire was also reported in four inzi-
dents and two runor accidents. During FY 1962 ond FY 1963 there were four
such reports. Three of these occurred 1n flight. Causes of these inflight fires
were as foliows: A shorted UH-1A generator shunt, gasol:ne splashing on an
engine when the left cap of an OK-13H come loose, and fuel igniting in the
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E; TABLE 2

Qccurrence =f Fire in Atmy Helicopter Accidents
Zuly 1957 ~ June 1963

T "

Pre- Post. Fire Five in
~ FY Maj Fite | % Fire| Fire* | C:2eh | Crask ! Externcl incidernts &
1 Petiod | Acdts | Acdts | Acdits | Rete Fite Fire l of Acft Miner Acdts

1943 206 25 12.1 3.8
3 1962 204 22 10.3 3.6
1961 134 5 3.7 .9
3 1960 193 14 7.3 2.8

1959 208 13 $.3 2.6

1958 179 15 8.4 3.5
Totel 1124 94 8.4 2.9
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*Rete = No. of eccidents x 100,000

: No. of hours flown
corburetor air intake filter of an OH-13D. The eorlier period reported two inflight
- fires caused by engine malfur.ction and failure sf cn exhaust stack clomp. Both

involved the UH-19D.
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B. Number and Frequency of Occurrences
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Post-crash fires erupting in eight of every nine fire occidents during the
six year period establish a frequency that clearly indicates the need to improve .
the helicopter crash-fire-worthiness design (Table 2). Iimprovements demond '
g priority if the helicopter is to keep pace with the plonned toctical requirements.
Grim evidence of fire, shown in Table 2, points out the :ability of current
models to cupe with increasing tacticol sequirements. Forty-three or 52% of the
reported post-crash fires occurred during the last two years. It was this period
3 that witnessed the introduction and implemeniation of na.s tactical concepts for
: the helicopter in the operational units.
Inflight fire caused only one major accident during the post three years.
Fire broke cut in the engine compartment of o UH-19D when two cylinders foiled.
F The relatively low inflight fire rate in contrast to the rate of post-crash fires
that occur is a credit of current design practicas which guard against them.
The hozard of the helicopter igniting combuystible material external to
itself has reduced sufficiently during the past three years to become less of o
] major problem. Current preventative practices that wisely include the use of
: fire guords, improved field refueling practices, use of ground guides, improved
tit facilities, and, undoubtedly most important, employing ditzct supervision of ali
L these factors, have been resgonsible for the change. The only occurrance in the
k past three yeors involved o CH-34A. Rotor blades of this aircraft struck on
] overhead fuel tank while taxiing intv position to refuel.
modification of the UH-! to relocate the heater exhaust has apparently
eliminated this couse as on ignition source. During the carlier period prior to
modification, there were two reported occurrences of dry grass ignited on land-
ing. One occurrence caused total loss of o UH-1. In o similor situation, engine
exhaust of o UH-19 coused ioss of the aircraft.

AT

C. Fire Experience by Model of Hel:copter

The fire experience of the helicopters cutrently in the Army’s operotiona!




TABLE 3

Fire and Nen-Fire Acciden: Experience by Mede!
July 1957 - sune 1963

ut
(23

T e

FY 1958 - FY 1960 FY 1961 - FY 1963 Chonge
Fire-lmpect Fire-Impoct

Mej | Fire | Survivobie 1} poi | Fire | Surviveble | Ail | Fire Acits

Meode! Acits | Acdts | Nr. | Rote Acdts | Acdts | Ne. | Rete Fire | Sweviveble
OH-22 12 7 |4 22 101 4 | 2] .4 -3 -2
ON-1GH| 12 | 1 s | 35 165 21 |16 | &S 10 7
CH-34 [T 7 | s s 43 s | s |7 1 )
CH-2 102 s s | 24 o s | 5 |28 0 0
UH-19 3 4 3] 1y 45 3 [ 2 |11 -1 1
O 1 ™ 11| 90 63 s | 3 [1.8 4 2
OH-i30,£ 2 (21 1 45 3 {3124 1 1
CH-37 [ 2 1| 39 12 o | 0o} o0 -2 -1
OH-13°* 0 e o] o0 s o [ o[o0 0 )
Total s7 | &2 (30| 2 s¢7 | 52 |3 | 20 10 ¢

*Gress Fire -~ No Impoct
**Serios Not Reported

inventory is shown in Table 3. T2 give an indication of occident exposure, the
models ore listed in descending order according to the total hours each has
flown during the six-year pariod. Note that two series of the OH-13 ore listed.
As will be shown, the series differ significantly in fire experience and in their
fuel cell installation. The D and E series hove a single 29-gallon metal tank
cradled above the engine immediately oft of the rotor mast (Figure 1). The later
G ond H series use twin meta! tonks of 43 gallons total capacity cradled above
the sngine, one located on each side and sutboard of the rotor mast (Figure 2).
In this location, the cells extend beyond the protection of the airframe. They
ore often ruptured by ground contact, disintegrating rotor blades, and, infre-
quently, by linkage about the rotor mast. In wire strike occidents, the rotor
mast moy whip the wire across fuel system components. More important, the use
of twir: cells always leaves an upper tank to spill its remaining fuel on roll-over.

The number and rats ai which fire erupts under survivable impact conditions
is o relative indication of each model's crash-fire-worthiness (Tabie 3).

FIGURE 1
OH-12 models D ond E single fuel cell
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FIGURE 2
OH-13 models G ond H twin fuel cells

For purposes of this study, a survivable accident is one in which the crash
forces imposed on the occupant ore within the limits of human tolerance and
some portion of the inhobitable areo of the sircroft remains reascnably intact.
The definition occepts tha the limits of human tolerance to crosh forces in an
exact sense are still essentially unzsteblished. Also, the difficulty of com-
puting G forces involved in o helicupter accident is recognized. Thete reser-
vations of the definition are nu'lified somewhat by the method used in deter-
mining the clossification. Clas. fication of accidents is determined by the
flight surgeon who serves as o memer of the investigoting boord. Professional
competence, evidence found ot the aiciden? rcene, and subsequent information
uncovered during the investigation dets-mine whether an accident is survivable
or nonsurvivable.

The ultimate goal of design for crosh-fire-worthiness is to prevent the
occurrence of fire in all accidents regarded os survivable. Seventy percent of
the fire accidents are potenticlly survivable. The tragedy of thermal injury, the
cost of material loss, and subsequent decrease ir. mission capability point to the
urgency of incorporating design features that wiil srevent fire in these otherwise
survivable accidents. It is apparent from the OH-:73 data of Table 3 that the D
and E series which use o single metal fuel tank cifer considerably more fire
protection. The chance of fire in the G and H series which use twin metal tanks
is three times os great. It con be determined from it data thot the D and E
models experience fire in 3.4% of their major accidenis «s compared to 11% in
the G and H series. A comparison of rates in thuse accid nts shows a similar
differenco.

Duwing FY 1958 - FY 1960, the OH-13D's and E'z nuide ur 5% of the
Army's helicopter inventory and flew 12% of the hours and 3ti.ined the lowest
fire-impact survivable accident rate of all models listed (Tabic 3). During the
next three years, an increase of one accident ond o 30% veduction in flying
hours caused the rate to more than double that of the previous ‘hree years,
reaching 2.4/100,000 hours. In addition to showing a chonge in *rend, this
change illustrates the voriability of rates and emphasizes the need ¥, coution
in their use.

The OH-23, during the six-year period, achieved the best overai! fics acci-
dent record of all models. In 213 major accidents diring this period, fire was
reported in only six survivable accidents. This gove it the remarkable reng of
less than one fire-survivable accident for each 100,000 hours of flying (Taii's 3y

The record of the OH-23 suggests that the prosactive locstion of bluwide,.
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FIGURE 3
OH-23 single blodder-type fuel cell

type fuel cells, shielded by the cockpit floor ond outer skin, is neor ideal
{Figure 3). The type of flying done by the OH-23 and the type of accidents it is
invelved in indicotes that the OH-23 fuel cell installotion kas proven to be
highly crash resistunt {Table 5).

The OH-23 accumuiotes more than holf of its flying hours as a student
trainer (60% during FY 1963) ot the Army's Primery Helicopter School at Fort
Wolters, Texas. When comparing it with other models, cne must recognize that
controlled conditions during student training leave it relatively free of many
hazards that are encountered by field units during tactizal operations. Seldom
do the OH-23 accident reports from Fort Wolters show the underside damaged
sufficiently to rupture the fuel cells. OQbviously, the many available landing
areas, relatively clear of stumps, boulders, and other penetrating objects,
ottribute much to the OH-23 record. For these reasons, the OH-23 fuel cell
installation for gircraft committed to extensive field operations should not be
adopted without thorough evaluation of all factors involved. I

The '!H-1 bladder-type cells located aft and outboerd of the cocksit with }
) most of the cells above the cockpit floor provide added protection (Figure 4).
3 - The lower portion of the cells are extra strength seif-sealing, while a loyer of
‘fi : energy-absorbing honeycomb surrcunds the lower portion of cells adjacent to the
4 { skin. As o result, statements taken from a UH-1D, FY 1964, accident report
read: ‘‘Sharp object (tree trunk) penerrcted the fuselage bottom under the left
forward fuel cel® and crushed the protective honeycomb layer without offsciing ]
fuel cell inwgrity."2
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B 3 FIGURE 4
% UH-1 bladder-type fuel cells aft and outboard of the cockpit
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FIGURE S
CH-34 with three fue! cells in the belly of the helicopter

In contrast, a CH-34 (Figure 5) accident report of the study period reads:
““Tree trunk penetrated the belly of helicopter, rupturing the fuel tanks. Ex-
plosion and fire ensued.”3

The UH-1 fire accident record in Tables 3 ond 4 is en indication of the
Army's success in developing a helicopter to meet its requirements. All other
models were adopted by the Army after having been developed and produced for
other services.

With due consideration of its excellent operatival record ond generai
acceptance, the design of the UH-1 does not completely achieve the ultimate in
crash-fire-worthiness. Eight percent of the major accidents it wos involved in
terminated ir fire. Four of these accidents were deemed survivable. One of
these, during FY 1960, was caused by the heuter exhaust igniting toll dry grass.
Impact ployed ro part in fire production. Ruptured fuel lines and fuel cells
(Table 4) were the cause of the fire in the two survivable accidents. The
addition of fuel cells below the cabin floor bears watching as more D's become
operational.

From an inventory and utilization point of view, the record of UH-1's did not
really begin until FY 1961. At the close of FY 1950, only o small number of
these aircraft were on hond and they hod barely accumulated 30,000 hours of
flying. During the next three years, the number grew until the UH-1 now ranks
third to the OH-23 and CH-34, respectively, in hours flown. During this recent
poriod, only the OH-23 has a better fire record. The UH-1 record specks well of
tha Army's initiol development effort. It gives hope for the next genaration of
helicopters to be introduced by the light cbservation model. If an equal step con

be taken, the ultimate in crash-fire-worthiness may be within reack of that
generation.

D. Fire Causation

Data presented thus far has already indicted the helicopter’s fuel and fuel
system. Fuel wos the flommable source in 82 of the 94 fire accidents during the
six-yeor period. In eight of the remaining 12 fire accidents, fuel was strongly
suspected even though oil ond another flommable fluid was present when fire
occurred. ln each instance, fire broke out in the engine compartment ofter the
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TaRLE 4
Fire Covsetion iy Sodel
Nisjer Sarvivebls ond Neaswivivekls Acciients
Joly 1937 - Jewe 1963

Comtes | Foal™] Tk [ Veur | BT | Hovtees | Brvaoiai™ | Eapiee Detve

Lines jLlicos | Cop | Limes | fomcrion ] Evpine | Sourco Foilers
Mods} shuss | siwsg sinvs Lsiws? slwss spes | <iws sws
ons !zig lojojeclojeloialc 1oloa ielo 1
o1 u]ni 6 19l 6210 f2{ 0 0o [efo | 1{s of o
CH-34 sl « J1joiojolijofijo |i1jo ® 1loe o] 3
on-21 7{2 Talcfol alojelafo [ofo | oo ols
oH-19 ¢l 2 Isfcjelcjfsfojz2fo0 |ofo |olo NI
Un? 2f 2 [ojofojofofolojo [1]o | oo e
041306l 5| ;ef ool s iojofJojo Icjo |o]o o] o
cH-37 113 lelocjoiclofolclo fejo I ojoe o o
Yool las}2s Jail of 2f 9 f3) 0] 8] 0 1 2J0 | 2]0 2| o
Porcout | 7% x| = 3% = 2% x 2%

$ = Survivebie Accidents N/S = Neaswviveble Accidents

engine foiled (Table £). Oaly in one instance wcs hydraulic fluid thoosght 1o be
the flommable ogent. This accident involved en GH-13.

Design inadequacy of each mode!l’s fuel systen 1o prevent spilloge during
and following impact is evident in the doto of Toble 4. It moy be determined
that the fuel system foiled to contain the fuel in 75% of the survivable ecci-
derts. Failue of this mognitude strengly suggests the need to design fuel
systems that we crash resistant. The vent system and other fuel system plumb-
ing not only need fo remain intact, particulorly in the survivable asccidents, but
must also prevent fuel spilloge when the helicopter finolly comes tc rest in
some vnusual ottitude. Ia o majority of accidents, the helicopter’- final position
is not upright but lying on its side. For some reason, not yet investigated, the
right side is the most frequent finol pesition.

The following quotetion taken from o post-crash fire cccident report illus-
trotes the need for total system design and why design considerations mus®
include provisions for fire prevention ofter the heliccpter hns come to rest:
**Fuel spillage in this accident was the result of the attitude of the aircraft, not
the rather severe impact coaditions. in this instance, the post-crash fire can be
considered coincidental. If thz aircroft had rolled on its right side, e fire would
rcobably not have occurred because of the location of the fuel vent terminal.™$
We may noie that fire would not have occurred hod the fuel vent lires besn
installed according to HIAD* which states that the vent lines should traverse
the three dimensions of o tonk.

To illustrate another design requirement ond the coincidence of post-crosh
fire, the statements of two cccidents are given:

", . .engine stopped immediately and the helicopter completed impact on
its right side. The possenger got out first and discovered gasoline leaking down

*Handbook of Instructions fot Alrcrait Designers, AFSC Manuel 80-5, Alr Force Systents
Commend, Andrews 4ir Force Baso, Washington, D. C

- m————— -~ - . -~
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onto the het exhoust pipe. The aiccraft stortad to burn immediotely. . 5

. . .Jonded the helicopter on o slops, which wos lojer mecswed os 6.5
degrees_loverally from right to left skid and 1.2 degrees downhi!l from raar te
front. The engine wos not shut down. Approximotely two minutes hod now
elopsed. In this time, fuzl level from the right (uphill) tonk was flowing through :
the connecting line into the left (downhillj tank, filling it. At shis iixe, the s
passenger glonced over his ieft shoulder cnd saw fuel spraying out from oround :
the fucl cop. The aircroit burst into flomes. . 6

The susceptibiiity of fuel cells to rupture when locoted in a position similor
to those of the OH-13G ond K series is reflected in this stotement: ““The moin
rotor biodes struck the ground six times ond stopped revolving. The impact of
the main rotor bladez coused the circrofs to roll 2o its left ond strike the ground
; with the left josoline tonk, then bounce and cowe to rest on its right side. As it
| zome 10 rest, the fuel tank and lines were ruptured ollowing fuel fo contzct the
2 hot engine. . -7
. The ignition of spilled fuel is difficult to determine ond seldom pinp-  ated
1 by the occident investigators. The many ignition sowces which the helicopter's
3 engine provides ore cited most often. Because of the extent of fire domoge in
F most occidents, it is often impossible for the investigeting boord to probe ond,
if necessory, conduct odditional tests. In one instance, however, the poth of
spilled fuel to the :igaition source wos determined. In this case, with the heli-
copter (OH-13) engine running, it was Gemonstrated that ¢ liquid sprayed on the
bubble behind the pilot’s head would run down the firewoll, be picked up by the
.cooling fon, atomized, and forced bock through the cooling baffles of the engine
as for cft as the rear of the radio compzrtment on the tail boom. This is farther
bock thon the engine exhaust stacks.6

Bosed on the investigotors’ repcrs of the %4 mojor accidents included in
this study, the helicopter’s electrical system hos ployed only o minor con-
1 tributory role in the fire accidents to date. Ouly three cases could be faund
citing that the electricol system had o part. In two separate but near identical
OH-23 occidents, spilled fus! wos ignired by an electrical short that occurred
'E: when the instrument conscle in each of these aircroft broke loose on impact. In
the other, olso involving or OH-23, on extremely hord landing in o level sttituce
at o high angle c¢f descent is believed to have ruptured the tonk on roll-over.
Spilled fuel from the ruptured tank is believed 10 hove been ignited by an eiectri-
cal source.

Fire erupting due to the londing gear penetrating the fuselage and puncturing
the fuel cells is not an unusual experience for the CH-21 ond UH-19. Figures 6
and 7, respectively, show the relative location of the fuel cells and lending gear
in these gircraft.
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FIGURE &

CH-21 fusl cell lozation in relotion to landing gear
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FIGURE 7

UH-19 fue! cell location in relation to londing gear

The fire hozard in this type of installation is evident in the following
statement: "‘The aircraft (CH-21) contacted the ground with an excessive rate of
descent resulting in o hord touchdown which caused both main geor struts to
detach at the upper end and the fuel cells to rupture. The aircraft immediotely
burst into flames.”"8 Fire in the two CH-21 roll-over type occidents listed in
Table 5 are also the result of gear punctured fue! cells.

The UH-19 and CH-34 experience, os the following stotement from ¢ UH-19
report illustrates, ore quite similar. In addition, the fire origin is pinpointed——
o fact seldom determined. ‘‘The left main gear was forced upward by the impact
ond punctured the left side of the aft tank. Subsequent pitching motion coused
fuel from the punctured tank to splash forward making contact with either the
engine exhaust or the engine itself, causing the fire."9

E. Fire Occurrence by Type of Accident and Cost

Twenty-one different types of accidents produced the fire accidents shown
in this study. The experience of each model in these occidents is shown in
Table 5. For the reader, the classification of accidents into types listed is a
function of USABAAR's coding process preparatcry to machine dota processing.
For example, to classify whether a collision-with-terrain accident is controlled
or uncontrolled, the coder is guided by the statement, ‘‘An aircraft is in uncon-
trolled flight when the aircraft is not responding adequately to the manipulation
of its control system or when the pilot is unoble to operate the controi sysfem."]4

Eight of :ne 21 different types of accidents exceeded the expected fre-
quency, assuming the distribution was equal among them. Controlled and uncon-
trolled collision-with-terrain accidents each occurred 14 times and accounted for
approximately 30% of the fire accidents. Three helicopter models are involved
in o mojority of the collision type accidents. The CH-21 is included among
these.

The incidence of fire in 10 wire-strike occidents is sufficient cause for
concern that fire adds to the hozard in the operotion of the low-flying OH-13 and
OH-23 observation aircraft. The 91 major wire-strike accidents which occurred
during the six-year period establish that the chance of fire in these accidents is
approximately one in ten for all models listed in Table 5. The OH-23 and OH-13
accoint for 74 (82%) of the mojor wire-strike accidents.

Among the observation models, the accident experience of the OH-23 re.
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_ TABLE S
Fire Occurrence by Type of Moior Accident and Model
July 1957 - June 1963 B
M ) Models B M
. OH-23 [ OH-13G,H| CH-34 | CH-2)1 { UH-19 | UH.1 OH-13D,E | CH-37  Total
' .ﬁ*ﬁ.u of Accidents SIN/S | § |N/S S [N/S ] SIN/S| SIN/5| S|IN/S | S [N/S SIN/S | S[N/S
Rol! Over o fs] o ojo l2{0fo0flofojo o]o Joflo [sfo
” Collision with terrain-Controlled 0] 1 3 v gt 3] 2 111 0| o0 oj o 0] o0 8] 6
h. Collision with ..o:ow:.C:no.._.l‘o__oms 0 fl_ 2 ;-..o 3 o, 1l 410}0 110 1 0 1] 0 9]s
Collislon in ah-treer, etc. oo |2 Tz el ololoe o[ [1[0 Jo[o Isiz
Collision in air-circraft 0j1v Jo]l o o]o jole]olo|olo [oJo {o]o To[
Collision on terrain-bldgs, ditches o o 1 1] alo o} O o]l o 0] 0 0 0 6j0 11710
Coliision on terrain-other l.oflo 1] o o1 Jolo[ofofola |ofo o{ 1 T2
Fire-before accident occurred 0| o0 1 0 10 o o 110 [ 0| 0 0f 0 310 g
Fire-during ground ov-o.:o:n ) cl o 1 0 110 ol o 0} 0 ‘10 0y o0 6o 370
Wice strike 2{ 1 2] 2 90Jo JoJo]1lof]o [2]0 ol o .83
Toll roter striking londingarea | 2] 0 |1 0 “on [of 0o |ofo]olo [o] ¢ [ofo "3lo
Main roter hits part of alveraft 0 .o 4 0 00 o‘ o, o‘ 0 010 1 0 0] 0 ﬂlu‘ 0
Rotor blades hit part of oircraft oo o] ofl1 iojololololo Tolo [olo 0]z
Spin/stall-landing or takeoff 0| 0 0| 6 o111 0] 0 1{0 0| o )] 0 gi 0 1711
Spin/stall-inverted ¢l Jo| 1 jofjo oo fojo|ojo lojo (o]0 of1_
Spin/stoll-clean configuration 0] 0 0} 1 lofo JojojcCclo [ 6l o \ou ¢ ,0; v
Spin/stall-settling with power 0] o 0} o 110 0] 0100 0j 0 0l 6 (0[O0 ‘1|0
Hard landing 1]o jojo jijo 2lojojolijoljo]o oo 5[0
Under shoot runwuy alo (of o ofo [1Jofloflo}lalo jo] o 6o i1fo
Under shoot other landing area 01 0 [ R 0,0 0; 0 110 0] 0 0 0 0] 0 110
!131- foilure .,.:.‘l__of\o.: ground | 0 1 o] @ elo |1[o0] o] g1 0f 0 o|] o 1{ 3
Other o o0 2| 0 olo 0y 0 aj o 0] 0 0] O 0] 0 210 ’
o wl| o ~] o
D-llor Cost of sls |8 2 (2|83 3leleialels AERE R
Hellicopters Destroyed B BT -3 Bt = I B B Bl B S >l I8l 8
S| 5 =] 8 MEEMEIREEF RIS SIS <=
' ~ | &8 [ 2]~ ~loe ]l m SR B w |2 _ ©] © ~N| -
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flects the highest probobility of fire in wire strikes. Fire occurred in three out
of 16 wire strike accidents os compared to two out of 21 for the CH-13D ond E
and four out of 37 for the CH-13G oad H.

Note the firs experience among the verious models in the roli-over type of
accident (Table 5). This rather chorccteristic type of helicopter accident
which, as a rule, is survivable, appeors mos? frequently in the experience of the
observation models. During the study period, the three models listed were
involved in 72 such accidents. The OH-13G ond H, invoived in 33 of these
azcidents, resulted in fire to five, while the OH-13D ond E hod ne instance of
fire in 29 occurrences. In ten roll-overs, one OH-23 cought fire. In this case,
the fuel cell ruptured because of an extremely hord landing.

The earlier USABAAR study reported that the dollor domage of fire < :cidents
was $6,150,000. Quoting current prices for these models, $11,952,839 is now
the total cost for the six-year period, Table 5. The new total reflects o decrease
of less than o half million dollurs for the recent three-year period, even though
seven more fire accidents occurred during this time. The cost reduction, as
analysis of Toble 3 indicates, is due to o decrease or nc chorge in the number
of fire accidents involving expensive cargo ond utility mcdels. The CH-37 that
costs $606,000, for example, was rot involved in ony fire accidents during the
latter period.

When making o cost analysis, one must consider that 1t is elmost impossible
for the investigators to determine the domage caoused by fire alone. It is also
significant to recall that in 90% of the accidents, fire followed initial impact and
caused most of the damage. And, thot in o majority of the occidents, the impact
forces were relatively light and considered occupant survivable. Becouse of
these facts, the cost of survivable accidents is slightly less than twice that of
non-survivable accidents. It must be remembered, too, thot fire in survivabie
accidents prevented the retrieval of reporable components and assemblies. The
loss of instruments, electronic gear, engine ond accessories n addition to other
Figh volue items not only requires additional dollars for their replacement but
compounds the logistical problems of supply and mamtenonce

F. Where Fire Accidents Occur

Data of Table 6 points out the fundamental difficulty of having fire fighting
and rescue equipment immediately at hand when a fire accident accurs. The
difficulty is that so few of them occur on airfields. Seventy-five of the 94 acci-
dents were in locations remote from station equipment. Too often in these
instances, the accident location 1s inaccessible to the equipment at hand, o1 the
distance is too grect to be reached in time for the equipment to be effective.

14 is not unusual in these instances for the accident report to read: *'. . .the
pilot attempted to extinguish the fire with o hand extinguisher until the fire
went out of control. . .""

“The fire deportment arrived and extinguished the fire, but the helicopter
was o total loss. . ."

‘.. .Area of the fire was inaccessible to crash fire equipment. A1,
the following statement, the investigators give an indication of time (29 minutes
in this case) in which fire fighting equipment must arrive if «t 15 to be effective:
““The aircraft was witnessed ot abou! 0631 hours as 1t descended and struck the
ground .on impact, the engme section was engulfed in flames The airfield
and post fire engines extinguished the fire at appreximately 0650 hours. . 2

The ropidity with which fire spreods veries as do the types of occidents
It is a tunction of a number of factors made evident throughout this study
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Predomincnt is the availobility of spilled fuel and the rote Gt which lecking fuef
is fed to the flame. As hos been shown, the number cnd size of the fuel cells,
their location, and the vulnercbility of inzercornecting plumbing to dcmege, oll
influence the cmount of fuel spilled during cn accident sequence.

The limited opportunity o:rfield stetioned equipment has to serve fire occi-
dents suggests the odviscbility of recruitsng the ossistonce of civil units.
Experiznce shows that, both v:ithin cnd outside the United States, more then holf
of the fire accidents occurred ofi-post. The number of off-post cccidents is
increasing {Toble §). During FY 1963, 88% of the fire accidents cccurred off-
post. This tread, if it conninues, not only supoorts the wisdom of emgioying
the services of civil components, but the need 1o smprove the progrom thot exists
todoy.

The remote inoccessible locotion in which meny of these accidents occur
limits the type of equipment that con effechively rescue personnel and figh? fire.
Only 19 of the 94 accidents took ploce on on oirfield where truck type equipment
could be assured access to the scens. The number of off-bose cccidents that
automotive type equipment reached, or could hove reoched, 1n sufficient time
could not be determined from ovoilatle dots.

Anclysis shows thot becouse of the ropidity with which fuel fed fires con-
sume aluminum and magnesium, the most thot can be ochieved is the rescue and
evacustion of occupants. The chence of saving the helicopter is remote. Of
course, the need to confine the fue to the crash site is essential and necessary.

Thss experience points te the necessity of using o vehicle such os the
helicopter for this purpose. It hos both speed ond the capability fo reach acci-

dents in inaccessible locotions. I addition, ofter unloading rescue personne..

the helicopter con toks to the e cnd use 115 rotor-wash 1n an effort to establish
an escape avenue for occupants and to aid fire rescue personnel in goining
cccess to the aircraft.

The need for fire fighting and rescue equipment plus the copobility of using
1t effectively is an Army-widc requirement During each of the post three yeors,
the number of fire accidents overseoss has paraileled the experience within the
United States (Table ). In FY 1963, the overseas units operated 48% of the
helicopter fleet ond flew 42% of the total hours.

It ts not difficult 1o determine why 61% of the :njured are occupants of
occidents that occur off the military base ond off an airfield. 1t 1s not entirely
o matter of the degree of sofety each location provides, even though it is ac-
cepted that the ofi-bose and particularly the off-ai-field environment offers many

more projections ond depressions to increase the hazards of o crash lending.
TABLE 6

Locotion of Helicopter Fire Azcidents
July 1957 - June 1963

FY Within Outside On Post ' Off Post
Period USA_ | Usa On Airfield | Off Awficld | On Airfield | OFf Airfield
1963 13 12 2 6 1 16
1962 10 12 8 4 1 9
1961 2 3 0 | 2 ) 3
19¢0 | 10 VR 3 6 o | s T
1959 N 2 T T T % 0 7
1958 0 5 R s 0 7
Totol 56 B, U 2 2 g
Annual ' i

Meaon 93 6.3 i 28 4_7_ .t 3____ 78 o
Percent 60 40 } 'y 30 2 ! 50
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TABLE 7

Hclicopter Firc Accidents
Occugpant Injury Expericnce by Locotior
July 1957 - Junc 1963

Within OQutide ! Cn Posy Off Post

No. of Personnel Total USA USsA Or Airficld Off Airficld  On Airfield GIHf Airfield
javolved 254 350 e 32 68 15 49

\ Injor=d 177 101 76 17 3] 108

4 Fatal 98 . 68 30 3 32 83

Thermol Injury 67T 6 o 8_ 32 67
4

Fatalities Due tn 27 15 12 e 12
-3 Burns i

ojloijo) e

1
!
i
-

i

The injured percentage found is a function of accident frequency. It has already
been shown thot 80% of the fire accidents occur off base and off on airfield.
However, there appears to be o distinct difference in the severity of the acci-
dents of the two locotions if number of fatalities 1s accepted as an ingicaticn.
1 It con be determined from doto of Toble 7 thot §7% of the fatalities which in-

. cludes all of the fatalities (27) due to burns occurred in off-base, off-airfield
3 accidents.

CH DCEHNE

RGP PG

£ The occupants’ injury experience shown in Table 7 more thaon justifies the
> need fcr prompt 7escue and medical evacuotion. Mor2 than 65% of the occupants
suffer injuries ranging from minor to fotal.

In fire accidents, the time period
during which no njuries, moior injuries, and deaths due to fire occur 1s only o

motter cf o few sececnds. The degree of burns that two-thirds of the injured

received is shown in Tobie 11. This experience points out that ollowable time
; between crash rescue and evacuotion 1s critical.

3 The importonce of evacudtion i1s indicated in o flight surgeon’s statement
4 i concerning on occident that occurred in the remote jungle area of Colombis,
South Americo: ‘. . .Rescue was accomplished by an accompanying helicopter,
and the injured man was in a hospital within 20 minvtes. Hod the rescue heli-
copter not been present, the only occess to the acciden: site would have required

i
t
i
: i o two doy trig by mule. A mon with 25% body burns undoubtedly would not have
: E survived @ two day “.ap. . "'}
¥

' G. Comparison of Occupont Injury Experience

7
[e"3

The dota of this study hos dwelled primarily on the materiel ond operational
aspects of the fire problem. Emphosis i these oreas 1s necessory because 1t s
clear that the solution of the fire problem can only be ochieved by eliminating
known design deficiencies. However, accepted soluticns must be tempered by
their suitcbifity to meet current ond projected operational requirements.

E If these requirements are not met, no decided change toward improvement in
: the occupant injury exserience can he expected Though occupant experience

holds no key to the post-crash fire problem, 1t does 1llustrote in terms of person-
& nel loss the effect o mission capability
loss

e

—

The follow:ng facts clearly show the
Fire accidents *hat acceunt for only 8% of the mojor accidents are respon-
sible for 42% of the njured ccupants and 62% of the fotalities in oll major

b helicopter uccidents  Of the 467 injured occupants, 22% suifered burns  Of the

3 107 thermally injured occupants, 25% received fatal burns  Fire occidents
4

4 accoun® for 18% of the 150 fatalities experienced 1n helicopter accidents shown
i in this study Tragicclly, from the occupant's point of view, 10 of the fatoliies
were due t¢ thermal rjuries recerved in accidents clossed os survivable
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3 TABLE 8 .
3 ; :
Mojor Helicopter Accidents : i
3 Occupont Injury Experience Excluding Fire : .
2 July 1957 - June 1963 ’ ;
Choange ?
No. of Occuponts Totol FY 1957-1960 FY 1061-19463 No. | Percent g
No. of Accidents 1053 538 515 -2 4
Involved 2792 1429 1363 ~66 s §
{ Injured 2%0 107 183 76 n i
; Fotally Injured 52 22 29 6 26 H
; Percent Injured 10 7 13 é
i Percent Survived 98 | 98 928 ) ¢
H
' To place o dollar value on personnel Joss due to injury ard fatality is an [
' almost impossible task. Quolable Army figures for the study's purpose could not ¢

- be readily located on-l the cost figures of other services were used. For exam-
) ple, one service states that each of their aviators, equivalent to the Army’s rank
, of major, represents o replacament investment cost of one to one ond a quorter
. million dollars. Using these same cost figures, the deoth of the 12 Army avie-
: tors due solely to thermal injuries would be ploced between 12 and 18 million
dollors. This amount, grecter thon that shown for materiel loss in Table §,
includes only those aviators who ot the time of the accident were =t the controls.
It does not include aviators flying as passengors. For example, in a CH-2}
accident}3 cwo of the thermai fatalities were aviators.
The degree of injury reflected by the occupanis in the tables thot follow are
of four classifications:

Minor:  Injury from which recovery s expected and which is considerad
(for reporting and coding) an injury less than mojor,

Major:  Injury lecs than critical, recovery expected, requiring more than
five (5) days hospitalization and. or quarters.

Criticel: Injuries which threaten to result in death, =ither from injuries
sustained 1 the occident, or from complications.,

Fatai:  Any injury which results 1n death prior to submission of Flight
Surgeons Technical Report of Aircroft Accident.

The experience of the 177 injured firs-cccident occupants revecis o distri-
bution injured severity of 21% minor, 23% moajor, 4% critical, and 52% fatal.

Omitting the fire accident fotalities, the percantage of occupantz suiviving
o major non-fire helicopter crash is remarkobly high ond we!l above normal

{ expectation. Only 2% of 2,792 occupants in 1,053 major accidents are fatally
injured {Table 8).

The 98% survival indicates o degree of safety which occupants of Army
helicopters can expect when post-crash fires become as infrequent os inflight
fires. This expectation must, of course, discount the 29 non-survivable post-
crash fire occidents in which the injuries produced by fire are of secondary
importance.

To achieve this degree of occupant safety wouid establish Army helicopter

! experience well above the level of three other forms of oviation. The Aviation
r i Sofety Engineering and Research Division of the Flight Scfety Foundation in o
recently completed study‘3 reported fatality percentages of (o} cerial application
(crop dusting) 14 6%, (b) general aviation not inveiving aerial application 10.3%,
and (c) scheduled dumestic air carrier operations 8 8%.
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TABLE ¢

Helicopter Fire Accidents
Occupont Injury Experience
July 1957 - June 1963

Change

No. of Occuponts Total FY 1957-1960 | FY 1961-1963 | No. | Percent
Involved 264 122 142 20 16
Injuced 177 74 103 29 39
Fatally Injured 98 4 57 16 39
Injured-Theemal 107 Y 56 5 10
Fotol-Therma! 27 12 15 3 25
Psrcent Injured 67 61 73

Percent Survived 63 66.4 60

Petcent with Burns 41 42 39

Adding the experience of the 255 fire-accident occupants of Table 9 in-
creases the Army's helicopter experience by 3% to an overall figure of 5%.
Though the increase is significant, the survival percentage remains at o re-
spectable level when compared to othzr forms of aviution.

To place whatever conclusions that may be drawn from the comparison in
proper perspective, the voriability of the factors that determines the degree of
exposure of each form to accidents must be considered. This is necessary
brcause of the distinct differences that exist among the various forms of avia-
ticn. The differences are due to type of operation, number of landings, mission
length, crew selection and training, and cthers which need noi be discussed
here. They are well known to those familiar with aviction safety.

From an injury production standpoint, it is significant to note that in 90% of
the non-fire accidents, occupants escape even minor injury (Table 8). The
addition of fire experience decreases the injury-free survival picture by 5% to
85%. The fact that 15% of the occupants are injured is sufficient justification
to consider improving the crash-fire-worthiness of the helicopters selected to
remain in operation.

The need is not necessarily protection from therma! injury clone, but other
types of injuries as well. This point is made by the 58% increase in the number
of occupants injured during FY 1961-1963 when the number of accidents and
occupants involved decreosed 5% (Tables 8 and 9). Fire accidents alone during
this period were responsible for increasing the number of occupants injured by
29. Of these, fire coused o thermal injury increase of only five. Additiona!
study, exploratory in nature, failed to reveal an acceptable explanation, other
than the added UH-1 experience shown in Table 10, as to why the other types of
injuries are increasing. The rcte of this upword trend warrants additional study,
particularly if the responsible models continue to pace the acceleration of nap-
of -the-earth operation.

H. Occupant Experience bv Model of Helicopter

The degree of occupant safety aach model provides in survivable end non-
survivable fire accidents is evident in Toble 10. However, caution must be
exercised when comparing models. Erroneous conclusions may be drawn unless
one keeps clearly in mind that injury production 1s largely o function of impact
severity. And in fire accidents, thermal injury depends upon the occupant's
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TABLE 10

Occupant Injury Experience in Firs Accidents
By Mode! of Helicopter
July 1957 - June 1963

AT

[ITUPIC W SYURP TS FREL N

Number of Occupants

Ne. of Percent| Percent | Injured Thermal
Acdts Involved | Injured | Fotalities | Injured | Survived | Thercal | Fatelities

Mode/ SIN/S | SIN/S JSIN/S | SIN/S | SIN/S | S Mss | S{N/S | SIN/S
OH-23 6 9] 8 8| 8
OH-13G,H |25 3710 [22]n
CH-34 10 34 {14 18] 14
! CH.21 10 37|38 [15135
i UH-19 21
UH-1 20
OH-13D,E 8
CH-37 9
% Survivoble

AMrte 2

8 [89[100 j67] 0
9 [s9]i00 T92[ 18 |1
14 |53)100 [94] 0
33 41|92 |97| 13
240100 {95] 0
601100 [75] o
7s] o |88
56100 100 | ©
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location relative to the main bulk of the fire. The experience of the observation
models is o good exomple. Datc of Table 10 effectively shows the OH-13's to
have a much higher degree of occupont safety. However, this study has shown
that higher impact forces are required to cause fuel to spill and ignite in the
OH-23 than in the OH-13's. The location of the OH-13 fuel celis relative to the
cockpit usually places the occupants very near the maoin fire. This statement ;
from a flight surgeon's report is descriptive of what often hoppens: ‘‘When the
aircroft fell over, the bubble broke and the right tank ruptured releasing fuel
which ignited on the hot monifold. It then spilled into the cockpit seating orea.
The spray of burning fuel on the pilot's face, hands, and clothes continued to
burn as he exited through the shattered plexiglos. . _"36

The survival of seven occupants in non-survivable accidents of the OH-13G,
H, ond CH-21 is an example of the ineptness of the definition of accident sur-
vivability to meet the variety of conditions accidents present. The CH-21 was
involved in two accidents of this type. In each case the sequence of impact was
quite similar. The crew compartment impacted first and sustoined sufficient
damage to cause the accident to be clossified as non-survivable. The collopsing
structure of the crev: comportment reduced the forcas tronsmitted to the corgo
compartment, thus permitting this area to be survivable. In one occident,‘ Q
possenger thrown clear of the wreckage into the snow escaped with only minor
injuries. He was able to rescue a more seriously injured possonger from the
fire that caused the death of four cthers.

The respective records of the UH-19, CH-21, ond CH-34 show that these
three models reflect the highest degree of occupant safety of all medels in tho
survivable fire-accident exparience shown in Table 10. The UH-19 record shows
that in these accidents where fire, in addition to impact, increases the exposure
to injury, 76% of its occupants are free of injury. The combined experience of
the three models shows that 59% of the occuponts are not injured. With the

, exception cf the CH-37 which was iavolved in only one survivable fire accident, f
3 these models reflect o high degree of occupant survival.
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Also among these models, the record of the CH-21 in survivable accidents
stands out, porticularly in regard to thermal injury. Only one of its occupants
suffered thermal injury even though its fire-accident experience was equal or
greater, and involved more occupants than other models. Undoubtedly much of
its record is due to the availability of escape exits. Its cargo compcrtment,
vnlike the UH-19 ond CH-34, has convenient openings on both sides including
the large cargo door on the right. Frequently, the location of the exits relative
to the location of the fire does not require the occupants to pass through a well
of fire to escape.

The injury experience of the observotion models controsts the findings
mentioned for the three larger models. The degree of occupant safety in the
observation models is muck lower. In survivable fire accidents only 33% of
observation-mode! occupants escape injury. The 87% occupant-survival rate
indicates that the degree of injury incurred is much more severe in the smaller
models. The fatality experience of the two types is evidence of this fact.

A portion of this difference may be expiained upon noting rhat the smaiier
models experienced 11 more survivable fire accidents than did the larger meuels
(Toble 8). Though the additional accidents increase the exposure and chance
of injury, a more logical explanation is the difference in structural configuration,
increcsed occupant protection, particularly the structure surrounding the cockpit
area, and the location of the fuel cells relative to the position of the occupants.
The observation models have a plexiglas ‘bubble’’ enclosing much of the cock-
pit. This encloesure breaks away in most occidents to provide on excellent
escape exit; however, when it breaks away, it offers no resistance to the path of
fire in these post-crash fires. In aoddition, the shattered plexiglas is o source of
injury. Plexiglos fragments often act as flying missiles ond the jogged remain-
ing pieces cause laceration during exit. Fortunotely, most of these injuries cre
not of a major consequence.

The relative location of fuel cells to the occupants in the larger models is
a significant factor in the reduction of thermal injury. The thermal-injury ex-
perience of the OH-13G and H is an example. This model is responsible for 44%
of the thermolly injured occupants in survivable accidents. The chance of
thermal injury in this model is highest of all models. From Table 10, it may be
determined that 46% of the occupants involved received thermal injuries. For-
tunately, the number of fatalities is much less.

However, aoll fuctors that contribute to occupant safety are not necessarily
inherent in the design nor in the operation of the larger models. Data of Toble
10, to consider both the survivoble ond non-survivable accident experience,
supports this observation. The accidents involving the larger models are much
more severe; the impact forces are greater. Proportionally, these models ex-
periunce three times as many non-survivable accidents as do the smaller obser-
vation models. Their accidents occount for 75% of the fatalities. However, the
occupancy factor in the larger models is almost three times as grect as in the
smaoller obse:vation modeis which occounts for the difference in number of
fatalities.

I. Thermal Injury

Of the vorious injurizs that can be experienced by occupants of helicopter
fire accidents, skin injuries ore repo ted most frequent!v. Whether other types,
like those to the respiratory system and those due 1o toxic gases, do not occur
as frequently or are not reported could nat be established. It may be, and
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TABLE 11

Occupont Thermal Injury by Body Area ond Degree
July 1957 - June 1963

ivoble Accidents Non-Survivabie Accidents

Porcont | Boarse ghlniier . Porer™ HBmmoss tymier
Body Area tnhivries | 1°8 2° | & wp njweian | 1°8 2" {FP& v
Heod & 40 60 ¢ 0 0
Foce 17 92 8 0 b []
Neock 9 57 43 0 o ]
Upper Extremitiss 24 8! 19 10 P24 71
Chesr H ¢ 100 4 50 30
Abdomen 0 0 4 0 0 0
Pelvis 0 0 0 0 0 0
Back 1 33 66 4 0 100
Legs i3 50 50 10 9 100
General 29 23 ] 77 86 o 100

No. of Cccupants = 29 No. of Occupents = §6

particularly among survivors, that the significance of reporting other types of
injuries is overlooked in the presence of extensive skin injuries. Among the
deceased, an autopsy iu not performed in all cases ond often the findings,
thaugh required, are not inciuded in the investigation report.

ln reported cas < of resuiratory system injuries, the occupant’s escape was
hindered in some cianer. in one case a crewchief panicked ot the sight of
flames. He forgot chout the quick release of his shouvider horness ond lap belt.
He struggled until he mon: j¢d finelly to slip beneath the beit. in onother, o
pilot fought the reiease of his lag belt (he hod learned ot the preflight inspection
that it was improperly installed in the aircraft and would require the reverse of
the normnal procedure to is'aase it). Others were not so fortunate. In two coses,
occupants suffered blows to their heads and, in an unconscious state, inholed
superheated cir of the flosh fire thar swept through the cockpit. One of them
wore o helmet, but a blow on the forehead was thought to have caused loss of
consciousness. The other did not use his heimet; he placed it in the seat next
to him because the flight was to be **just a short hop.’’

Dota of Toble 11 shows the pattern of skin injury by body area and the
degree of thermal injury to that area. The injury potrern and degrae are given in
percentages. For example, the experience of 39 thermally injured occupants of
survivable accidents shows that 6% of their iriuries were coafined to the area of
the head, and 60% of the burns were third degree or more severe.

Thermal injury to the head could have been prevented in many cases and
reduced in severity in others had the heimet been avoilable, remained con she
occupant's head during the crash, und had the occupant not removed it prior to
exit.

Prior to the fall of 1959, before the APH-5 was available, cnd for o period
after initial distribution, helmet availability was a problem. It is not ¢ serious
problem today for pilots. There were oniy six reported ccses involving fire
accidents in which helmets were not available fc - pilots during FY 1963. How-
ever, helmet availability remains o problem for crewchiefs, other crew membars,
ond passengsers.

Heimet dislodgemsnt is a problem and will probably remain so until wearer

. R S TG TR R

Lt xSl PRIPIVRARPURSRRRR. P 1 SR

t




N Mmoo

L e —— o~ ———— e S mhe -

combert is solficient to promote the need 10 keep the chin strep fustened and the
asps sircp in adjustment. Of the 100 occuponts who were helmets in this study,
24 los: their kelnet sometime diring the occident sequence. This group occounts
for much of the heod injuries shown in Toble 1i.

Removing the helme? prior 10 exit is o pilot reaction 3t is not understood.
Why it eccurs is not known. One pilot questioned on the point said: *‘I released
my sect belt ond for some reason thinking thot the helnet would keep me in the
hel:copter. | removed it also.17

Anothsr who hod the presence of mind 10 hold his breath while exiting
removed kis helmet. The only buwn injwries he suffered ware 10 kis heod ond
meci.

The isswonce of chemically treated fire resistomt flight suits would heve
reduced the injuries of mony survivors. Only 21, less thon 10% of the aviaters
involved, wors fligh suits. The number of suits properly traated 1o resist fire
is not kaown.

The citcumsteaces involving gloves ond the preventicn of hond injuries is
somewhot similor. The problem is not, however, the availability of gloves!
Instead it is thot the issued gloves ore unsatisfoctory for the requirements of
most pilots. Consequently, in these occidents only 22 avictors wore gloves of
some fype. One pilot suffered second degree buwens to both hends. He had
removed his gloves only ten minutes prior to the crash becouse his hands were
foo worm.

Gloves would have helped others in escoping. The expecience of five
poessengers tropped in o CH-34 is explcined by one of them who said: *. ..
everytime | reached for something, ry hands would burn.”18 They were trying
to reach the axit which was located five feet overheod because of the aircroft’s
final position.

The relationship of impoct severity and the production of thermai injury is
evident ir the datc shown by Tcble i1 when comparing the two accident cate-
gories. As expected, the thermal injury occiponts of surviveble cccidents
sustgin is iess severe. A review of the surviveble fire accidents provides these
reasons: Rorely ore the impact forces sufficient to incopacitate the occupants
ts hinder escape; escape provisions of the OH-13, OH-23, and CH-21, responsi-
ble for 70% of the survivable accidents, have proven to be excellent and of
great importance as fire in 3% of these accidents followed impact and aliowed
time for escape. Only in o few accidents did fire completely engulf the aircraft
before it came to rest and prevented those capable of escaping from exiting i
sufficient time.
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