
A D—ADho 817 ADVISORY GROUP FOR AEROSPACE RLSEARCK AND OCVELOPNCNT—ETC F/S 6/7

I UNCLASSIFIED 

Tii~ 
PR INCIPLES Of UNDERWATER ESCAPE FROM AIRCRAFT . (U)



-

II I (\ L~ 2 5

II ‘ • ‘—‘ 
~~ ~~

Li

I I

I 25 HIlli~ IIu~

‘/ ~~ )

H



AGARD-AG 230
ct~~~

I
A DVISOPY GROUP FOR AEROS PACE RESEARCH & DEVEEOPMENT

1 RU [ A N C E L E  92200 UlU~Y SUR S~IN~ U R A N C F

AGARDográph No. 230

The Principles of Underwater Escape
from Aircraft

by D D C
A.F. Davidson ~(~IP 11~~~? T

U JAN $Q 1978

~~L~ULfl~~

DISTRIBUTION AND AVAILABILITY
ON BACK COVER 

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _

A p o ~s4 I~, pubI j~, r.ès~~L~ D**gb,bs~ U~1imgI,d

‘

~~

—

~ 

___________



NATO OTAN DISTRIBU11ON OF UNCLASSIFIED
7 RUE ANCELLE 92200 NEUILLV-SUR.SEINE AGARD PUBLICATIONS

FRANCE
Teispitone 745.0t 10 . Isles 610176

AGARD does NOT hold stocks of AGARD publications at the above address for general distribution. Initial distribution of AGARD
publications Is made to AGARI) Member Nations th,ou~t the following National DIstribution Centres. Further copies are somethnes
available from these Centres, but If not may be purchased in Microfiche or Photocopy form from the Purchase Agencies fisted below.

NATiONAL DISTRIBUTION CENTRES
BELGIUM ITALY

Coordonnatew AGARD - VSL Aeronautica Militate
I~tst .Ma~or da is Force Aênennc Ufficlo del Delegato Nazi onale a11’AGARD
Caasme Prince Baudovln 3. VIsual. Adenause
Place DaiSy, 1030 Bruxelles Rorna/EUR

CANADA LUXEMBOURG
Defence Scientific Informat ion Service ~~ ~~~~~
Depsstm ent of National Defence NEThERLANDS
Ottawa. Ontario K IA 022 Netherlands Deleption to AGARD

National Aerospace Laboratory. NLR
DENMA RK P.O. Box 126

Danith Defence Research Board DeIft
Gateibrogades Kasetne
Copenhagen ~ NORWAY

Norweajan Defence Research Establithment
ERANCE Main Library

O.N.E.R A. (Direction) P.O. Box 25
29 Avenue de Is DMsIon Ledeic N.2007 KjeUer
92 Os~tlIIon anus Bagneux PORTUGAL

GERMANY DIT.CCSO do Servlco de Material
Zentralstelle für Loft- ond ~~~~~~~ 

da Force Aires
dokwnentatlon und .lnformatlon Rua de Escola Politecnlca 42
Postfach p60880
D-8 Munchen ~ Atm :  AGARD National Delegate

TURKEY
GREECE Department of Research and Development (ARGE)

HeSenic Armed Forces Cononaiid Ministry of National Defence, Ankara
D Biandt, Athens UNITED KINGDOM

ICELAND Defence Research Information Centre
Director of AvIatIcn Station Square House
do Flugead St. Mary (~ray
R.ykjavlk Orpington, Kent 5R5 3RE

UNITED STATES
National Aeronautics and Space Administration (NASA).

d ViegInk 23365
~~~~~eport ‘Distribution and Storage Unit

THE UNITED STATES NATIONAL DISTRIBITTION CENTRE (NASA) DOES NOT HOLD
STOCKS OF AGARI) PUBLICATIONS, AND API5LICATIONS FOR COPIES SHOULD BE MADE

DIRECT TO THE NATIONAL TECHNICAL INFORMATiON SERVICE (NTIS) AT THE ADDRESS BEL(~~.

PURCHASE AGENCIES
Nklvf lclle or Photocopy MkroftcAe Mk,oJk*e
National Technical Space Documentation Service Technology Reports
Infonnstksn ServIce (NTIS) European Specs Agency Centre (DTI)
5255 Port Royal Road 10. rue Mario P11kM Station S~~ar. House
~prui& eld 75015 PagIs. Prance St. Mary ~.ray

22151 USA OapM~gton , Kent BRS 3RP

Requests for microfich. or photocopies of AGARD documents thould inchid. the AGARD serial number, this, author or editor , and
publication date. Requests to NTIS thould Include the NASA acceition report number. Pull blblkigrsgltlcal references and abstracts

of AGARD publication, are gIve* in the (cloning journmin
Scientific and Tsclmlcal Aerospace Rsports (STAR), Gcvenwn.nt Reports Annoanciensata (GRA),
publidied by NASA Scientific and T.CltnICSI publithed by the National Technical
Infomsatlon FacUlty Information Services. Springfield
Past Office Box $757 VirgInia 22151 , USA
Baltinso.sIWadsMgtou International Airport
Mm’yI.ad 21 240, lilA

~ *ued by T.cdmkstl Edlhi~ end Rqunrdecfion Ltd
K~ tcitd Nones. 7—P ~~~&Ur St. Lon&m WI? 1I~

)

ISBN 92.$35-1262-6

-



(
~~~~~~~~~~~~~R~~~~~~23Ø

NORTH ATLANT IC TR EATY ORGANIZATION

ADV ISOR Y GR OU P FOR AEROSPACE RESEARCH AN D DEVE LOPMENT

(ORGANISAT I ON DU TRAITE DE L ’ATLANTI QUE NORD )

-- - AGARDo gr aph No.230

~~, J THE~~RJ NCIP LE S OF UNDER WATER ESCAi~~~~~~’
-

~~~~

_ _  

FROM ~~~~~~~~~~~~~~~~~

by

~~~~~~~~~ idso n
Princ i fficer 0 0
Royal Naval Air Station //
Heiston , Cornwall , UK .

4~
.

This AGARDograph was sponsored by the Aerospace Medical Panel of AGARD.

4L~ Ø ~5~3 
_ _

-

~~~~~~~~ ~~~
~-



THE MISSION OF AGARD

The mission of AGA RD is to bring together the leading personalities of the NATO nations in the f ields of
science and technology relating to aerospace for the fo llowing purposes:

Exchang ing of scientific and technical infor mation;

Continuous l~ stimulating advances in the aerospace sciences relevant to strengthening the common defence
posture ;

Improving the co-o peration among membe r nations in aerospace research and development ;

Providing sc ientifi c and technical advice and assistance to the North Atlantic Military Comm ittee in the
field of aerospace research and development ;

Rende ri ng scientific and technical assistance , as requested , to other NATO bodies and to membe r nations
in connection with research and development problems in the aerospace field;

Providing assistance to membe r nations for the purpose of increasing their scientific and technica l putential ;

Recommending effective ways for the membe r nations to use their research and development capabilities
for the common benefit of the NATO community.

The highest aut hority within AGAR E) is the National Delegates Board consisting of officially appointed senior
representatives hu m each member nation. The mission of AGARI ) is carried out through the Panels which are
composed of exp erts app ointed by the National Delegates , t he Consultant and Exchange Progra m and the Aerospace
Applications Studies Program. The results of AGARD work are reported to the member nations and the NATO
Authorities through the AGARD series of publications of w hich this is one.

Participation in AGARD activities is by invitation only and is normally limited to citizens of the NATO nations.

The content of this publication has been reproduced
direct ly from material supplied by AGARD or the author.

—___ _
tst --———---—

-. 
Publis hed November 1977 

—— .... 
(‘opyrig ht © AGARD 1977

~~~~~~~~~~~ 
cO5~ All Rights Rese rved

- - 
— — ISBN 92~83 5-I 262.6

4
Pri nted by Technical Editing and Reproduction lid

Harford House. 7- V Charlotte St. London, WIP 1/ID

II

~~~~~~~~~~~~~~~~~~~ 

- _____________ — — _____________ —



TUE PRINCIPLE S OP IJNIERWA1ER ESCAPE F~ )M AIRCR&P1’

by

Surg eon Captain A F 1~~vidaon Royal Navy
Principal Medical Offi oe r

Royal Naval Air Station
Culdrose

Releton, Cornwall
England

Since the early days of aviation airc ra ft have lande d in water eithe r intention a lly or by accident.

Thi s pape r atte mpts to review the physical , me chanical arid physiological factor s invo lve d in escape
from aircraft following ditchin g and descri bes some mechanical devices which can be used to assist the
air cxew to reach the surface safe ly. It also include s cornin nt s on the conduct of trials and the training
of pe rsonnel in the technique s of underwater escape from aircraft..~~ -

INT3DWC1’ION

Since the earliest expe riment, in Naval Aviation, airc raft have landed in the wate r eithe r due to
mechanical failure or lack of ftsel or as a rout.ine method of recove ry of the airc raft by the parent ship.

~ie to the li~~tnees of the ai rc ra ft stru c~ure and the low speed at which water impact occurred ,
the se aircraft usually floated and in ueny oases the pilots we re recove red witho ut getting wet.

A. aircraft speeds increased the chances of survival following an accidental cra sh into wate r
d creased and even planned ditching, the controlled landing of a landplane on the wate r ’ s surface , be came
increasingly hazardous.

In the second worl d war 1939-45 fi~~iter airc ra ft were launche d by catapul t fro. merchant ships to
pro tect convoys. On completion of the sortie the pilot was expected to abandon the aircraft by parachute
as this was considered less hazardous than ditching in the wate r alongside one of the ships. It was hope d
that it woul d then be possible to pick up the pilot.

This me tho d of opera tion was discontinue d with the const ruction of emaI l escort carriers which
consisted of a merchant ship equippe d with a fli~~it deck.

With the advent of the mode rn ,je t fitte r the situation changed dra ra tically. The introduction of
e3ection seats improved the chances of escape in the air while the increased densit y of the aircraft ,
increased speed of water entry and increased rate &t which the aircraft sank (Anglo French Trials 1962)
sade airbo rne esca pe the me thod of choice alien the aircraft had to be abandoned . In some circumstances it
is however inevitab le that an aircraft will ente r the wate r before time crew can escape . It in therefore
ne ce ssa ry to examine the factor s infl uencin g their chance , of ,u rvi val.

PEYSIOWGIC.LL FACTORS

Meny crew isembe re who were still in the aircraft when it entered the wa te r have failed to survive,
but some have survived in situation s in which the circumstance s we re hi~~ily unfavourable. The various
cau ses for failure to escape most be considered. The physiological effects of ijimiersion , rapid sink rate
and subsequent ascent to the surface are listed.

1. Airc rew lose effective vision instan taneously on i~~~raion due to the refractive effect of
water, turbu lenoe and air bubbles, lack of ~i~~it and the possible lack of clarity in the water i tself .

2. As the aircraft sinks the pressu re increases. This can cau se difficulty in cleari ng ears and
sinuses and may produce seve re pain. If the crew membe r has not taken a deep breath prior to
i~~~ r.ion or if the aircraft goes such deeper than 30m coepre esion of the chest say exceed the
•lastic limit of the chest wall.

3. Las. of vision assooiat. d with an unu sual attitude cf the aircra ft say produce disorientation.
Ru ptu re of the ear drums with sudden pressure change and caloric stisealation of the middle ear is
likely to result in severe vertigo. The disorientation is accentuate d by the e ffects of buoyancy on
pro pr ioceptive sensations.

4. tlnderwat .r breathi ng, using the ai rcraft oxygen system , say be possible in favourable circus-
stande a but is dependent upon several different factors arid ‘ill be di scussed fully later. Oxygen
tori city is not a pr oblem as th time at depth is too short to be of arty sigeificance unless the
aircraft comes to rest on the bot tom. The regulator is unlikely to permit sufficient sass flow to
meet the requirements for lung ventilation at depth s such in excess of 3(~ .

5. Air embolim is allays possible during the ascent to the surface following unde rwater breathi ng.
It is unlikely to occur if the survi lor breathe s out during the ascent or ~f he has not breathe d after
leaving the surface •
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6. 1, wi th any aquatic incident drowning or asphyxia 1. possible at any ti me from the water entry
until actual rescue.

7. When ope rating over cold wate r Royal Navy and Royal Air Force aircrew normally wear an
j isliersion coverall .  Thi, provid es limi ted protection against cold t~ enable the surv~vor to
inflate and board his l ife raft. It is made of a vent ile mate rial whici~, althoug h wat e rproof ,
is not proof against water unde r pressure. Some leakege can the re fore be expected if  the su rvi vor
goes down with the aircraft to a depth of mo re than 2—3 met res .

PWfSI CAL ANt) I~~ 1W~ICAL ~~ASDN5 FOR PAILtT~~ 10 1~IACH THE SURFACE

SINK R&~~

Mode rn airc raf t  are heavy and have little unoccupied space inside them. Their  density is tl,ere fore
high vnd in gene ral they fl oa t for a ve ry short time . Due to thei r aerodynami c shape they tend to ‘ fly ’
under wate r and they say eink very rapidly, depending upon their attitude . The time available afte r
impact for the cre w to effect their escape is therefore limi ted.

CANOPY JET1’ISCN

Distortion of the cockpit structure on impact say impe de j etti son of the canopy.

If the canopy is still In place whe n the aircraft submerges jetti son becomes increasingly d i f f icul t
if not impossible due to the ri se in exte rnal pressure with increasin g depth. The inte rnal pressure in
the cockpi t say also increase due to ingress of  water but the differential be tween the external and
internal pressures is Iikv ) ~ to reach the level at which eithe r implosion of the canupy or collapse of the
cockpit structure takes place .

EG~~S3 F W) M THE ~)CKPI T

The release of safety harness and other attachments of the cre w members to the airc raft must be
completed prior to egress fro m the cockpit. Any item of clothing or equi peent which snags on any air-
craft stru cture say prevent the occupa nt from leaving the ai rcraft. In a ldition the rapi d wate r-floe past
the cockpi t a. the aircraft sinks may make exit more difficult.

BUOYANCY

Eve n after successful egress from the cockp it the survivor is still faced with the prob lem of
buoyancy. Due to the increase of pressu re with increasi ng depth , the volume of a gas inflated life
jacke t is reduced and it is un likely that any air c re w who reach a depth of 30- 50 metre s will reach the
su rface . At the se depths compression of the air tra p pe d in clothing and the compression of the chest
combi ned wi th the reduce d volume of the life jacke t results in a state of negative buoyancy and the
individual sill continue to sink.

SINK RA TE AIRC RAFt’

The behaviour of an aircraft following impact with the wate r surface de pends on many different
fa ct r s. The speed, attitude , ani fligh t path of the aircraft and its we ight , stre ngth and configu ra tion
all cont ribute to the deceleration app lied to it and the degree of damage or disintegration of struct ure
ahi ~h results.

H igh speed impact , pa rticularly when aseociate d with a steep angle of incidence , wi l l  produ ce
complete disintegration of the airc raft , while a relativ ely slow control led lan din g on the water surfa ce
say be carri ed out with negligible damag e. Accidents involving water entry at high speeds are unlikely
tc be su rvi vable.

Trial s carried out by the US Navy (Greenberg 195 8) in which at. F 86 D was droppe d into the water
f rom heights of up to 50 feet at K~y West, Flo rida , showe d tha t the aircraft floate d for a short time and
then sank tail f iret .  The trial s were not truly represen tati ve, however , in that all orifi ces in the
cockpit , includi ng the inward relief valve of the cockpi t pr essuri sation syste m , we re sealed against the
ingress of later.

In 1962 the Anglo—Fre nch trial at St l~.ndrie r (Rawlinw, ~~lorme , Sen . and Ridde li 196 4) recorded
tr* behaviour of a Scimi ta r and an Etendard VI followin g rep eated drops fro m a floati ng crane . Again
af ter a pe riod float ing on the surface these aircraft subme rge d tail fi rst. Underwate r photogr aphy, and
instru me n tation in the aircraft , showed that the nose then dropp ed and the aircraft  glided th ro ugh the
wa ter in a nose down attitude . The actual angle at which the airc raft descended va nij d but sink rates of
up t~ 21 feet per e’ ~. rkl we re achieved for short pe r iods. (The de scent angle also de tercines the dis-
place ment of th e ~i rc rwf t  f rom the point of wate r -entry, which i n deep wate r way be very consi le r a b le.)

The t i’s t~ett the aircraft  floated on the surfa ce de p nded on i t s  den sity and the amoun t of tra ppe d
air. Engine intakes and tail pi pe s quickl y f i l led but the cockpi t was a major source of buoyancy while
the cano py remained in place . I f the can opy had been jetti sone d the cockpi t quickly fil led with eat ~ r
an i tha t buoyancy was lost.

(me example of this reported by Davi dson (1965) wa~ a Buccaneer from H~C HER~~S in 196 1 wh ich
pit che d up on take o f f ,  the crew jettisone d the canopy prior to wate r Impact but d i i  not have t i me to
eje~:t. The aircraft floate d in a ve rtical nose down attitude wi t h  only the t aL l visible abo ve the surface
for ftft een second s before sinking . In thi s case the aircraft sank verti cally and lan ded on the sea bed
inve rted at a depth of 100 feet trappi ng the crew.
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Relieopte ’v th.~ othe r hand are relative ly light. In additio n , l~ava) helicopters have been
equipp ed with flota tion equip ment and are therefore likely to remain on the surface giving th . craw plenty
of time to .soape . In some cases the flota tion syste m may suspend the helicopter just below the surface ,
or part of it may fail to ope rate satisfactorily resulting in capsize of the machine , the cabin be ing
both imse r.ed and inve rted. The cra w then has to escape from the airc raft in spite of in. diso rientation
produced by the rot ation of the cra ft.

Any damage to the aircraft structure will pe rmi t air to escape thus reducing buoyancy, b~t it is not
impossible that lows of the engine or othe r heavy part of the structure could reduce t~s sink-rate of the
cockpit section.

Ai r filled compartments which ar, intact are subj ecte d to an increass in external pressure when the
ai rcraft sink.. This can result in .uddsr& collapse of the structu re if the pressure differential is
sufficient.  The sft.cts on canopy and 000lpi t will be considered later unde r the beading of canopy
jettison.

Pros the above it will be appreciated tha t the time available to effect an escape is l imi ted by the
time the aircraft floats on the surface and the speed at which it subsequently sinks. In shallow water
a further restraint may be the effect  of impact with the sea bed and the attitude which the aircraft
adopt..

Hi gh perfo rmance ai rcraft can be expected to float for a waxisua of one minute but in many cases the
ti me will be such shorter . The sink rat, will then be rapid , increasing to between 10 and 20 feet per
second. The occupants sust therefore be separated from the aircraft  as quickl y as possible. In the
Anglo-?rench trials it was shown tha t a mode rn jet aircraft would reach 3C)s in 90 seconds , and the other
factors in underwater e scape from such aircraft must be considered in this time scale .

CANOPY ALATCH JE1”PISDN

Systems for jettisoning the canopy or hatch covering the cockpi t of aircraft are primari ly desi~~*d
for satisfactory operation in the air , in this situation various factors such as aerodynamic suction
over the oanopy or hatch and aerodynamic l i f t  to the canopy once it has been released into the airwt resa
contribut , to its successful removal.

If the canopy is j ettisoned prior to water entry the occupants of the cockpi t may be subjected to
impact foroe s from whi ch they could be only partially protected by in. windscreen and cockpi t structure.
They will certainly be subjected to severe buffeti ng during the flooding of the cockpi t and a major
portion of the buoyancy of the aircraf t will be lost . At the same time the oxygen mask may be displaced
from the face thus eliminating any possibility or breathing under wate r. The canopy is however the major
barrier to escape and if it is retained until after water impact other problems ari se.

Any distortion of the cockpit section of the airf r ame say prevent successful j ett ison of the cano py
while the aircraft is af loat and in manual systems the occupant has to push the canopy clear of the
cockpi t , even afte r it ha. been released successfully.

The earlier practice of flying with the canopy open during ta ke—off and landi ng on carriers was
discontinue d following the introduction of the ejection seat becau se the fron t arch of the open canop y
obstruots the ejection pathway. As a result of the deceleration when the aircraft hits the water the
cano py can slide closed and j am , making it impossible fo r the occupa n t to escape .

If the canopy or hatch i. retained until after the aircr a ft sinks , its j ettison is resisted by the
exte rnal water pras w~ r e. In sodern pr essu ri sed ai rc raft , which say enter the water without appreciable
damage to cockpit or canopy, the onl y si~~ificant portal of wate r ent ry is the inward relief valve of
the cockpi t presaur i sation system and the flow through thi s wi l l  be opposed by the build-up of pressure
in the cockpit. In general , however , th. rate-of-sink 1. much that the inflow of water i. inadequate to
prevent a rapid increase in diffe rentia l pressure across the cockpit wall and the canopy as the external
pressure incre ase s by ~lb/in 2 (.035kg/cm 2 ) for eve ry foot of wat er depth (~~ ciIaug hton et al 1959).

Rapi d j ett ison of the canopy at a depth of even a few fe t is therefore impossible unless sufficient
flooding of th. cockpi t , to reduce the diffe rential pressure to wo rn , has taken plans . rrtals with a
Beahawk cockpi t showed tha t this say require as much as 50 second, afte r the jettison handle has been
ope rated , which is an unacceptable delay when the aircraft is sinking .

Aircraft type s will va ry in the time it takes to flood the cock pit de pendi ng on the cockpit volume ,
the area of pre ssur e relief valves, the efficiency of canopy seals and any leake.gs as a result of impact
damage . If •ucoeseful canopy jetti son under water is an essential part of the escape system it may be
necessary to f i t  a suitable implosion orifice to pe rmi t rapid flooding of the cockpit and consequent
elimination of the hydrostatic forces i.psding th. removal of the cano py .

Even when this has been done it may be necessar y to push the cano py clear of ins cockpi t afte r its
release.

The implosion orifice suet open without undu , delay when the aircraft starts to sink to enable
rapi d equalisat ion of external and internal pressure., but in a high perfoz~~nce aircraft during a rapid
descent from attitud , it is possible for th, increas e in ~ntsrnal cabin pressure to lag behind that of
the sabient pressu r e. I f the implosion orifi ce is actu ated by the dirfe rentia l pressure the seohanime
m.awt not be too sensitive or it may open inadvertently in the air. The mutual pressure differential
selected will va ry from one typo of aircraft to another dependi ng on the efficiency of the cabin
pr eawuri sation system and any inward pressure relief valves which may be fitted.

___ __ _______ —~
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P)W~R ASSISTED IEIZA~~ (CARTRIDGES)

Canopy j ettison in the air in many oases requires powe r assistance to ensure that the canopy wI ll
clear the aircraft structure . Poser is usually app lied by iseane of jacks, operated by the high pres sure
gases produced by the firing of one or more explosive cartridges. Althou gh this is effect ive in the air ,
the system suffers from disadvan tages when i sersed . Activation of the system may be electrical or
mechanica l , and say fa il eithe r partially or completoly if water enter s the system. A short circuit
could prevent an el•ctric al system from operating whi le th e velocity of the f i r ing  pin in a mechani cal
system coul d be reduced by a hydraulic look if water has leaked into the firi ng mechanl wm .

If the cartridge s do fire successfully any delay in separa tion of the canopy or hatch will resul t in
cooling of the ga ses in the system and consequent loss of pressur e . This woul d leave ins occupant at
best with an unloaksd canopy which could be pushed off and at woret with a pa rtially unlock e d canopy
whi ch effecti vely ba r. his egre ss. Any sub sequent atte mpts to penetrate the canopy uming the ejection
seat mould then be ,jeopardi sed.

Th*ri ng tr i al s in 1961 (Rhodes, 19 61) attempts we re made to improve the reliabil i ty of cart ri dge
system. by modifying the firing mechani sm of the canopy jettison system of a Sea Timen airc raft and
insulati ng the pipem to delay the cooling of the gases and prolo ng the application of sufficient gas
pree~ ure to the canopy j et t i son  j acks. Alt hough eome improvement was ach ieved these modifications we re
not enti rely successful and the efficiency of the system was unpredictable.

~l)~P~ lSSED AIR

The use of compressed air to provide canopy or hatch j et t ison proved mush more satisfactory. Since
the compresse d air was already cold when released into the system no lose of pressu re resulted from
reducti on of tem perature. Provided there were no leaks in the system , af tur actuation , pressure was
maintained in the ey .tem until  the differential pre ssure had decayed sufficiently to permit  its normal
ope ration. It was also possible to use longer stroke jacks and conse quently, a lthoug h j ettison was not
rapid i t  ‘as reliable (Rawlinm , 1962).

In aircraft in which the canopy has not beer , jettisoned and which sink rapidly the rapid increase in
di fferential pressure may continue until  imp losion or inwa rd collapse of the canopy takes place. This
has been shown to occur when the differential pressure reache s between 5 psi and 16 psi depending on the
type of aircraft and the area and thickness of the canopy. Assuming no leakage into the cockpit these
pressures repre sent depths from 10—30 feet belom the surface.

Ihen implosion of the canopy occur , the canopy starts to bend inwards and then sha t ters. Large
pieces of the canopy transparency are the n accelerated rapidly towards the floor of the cockpit , and the
occupan t would be suojeoted to inju ry fro m these rapidly moving fra~~~ ntm plus the effects of the sudden
massi ve increase in pre ssure.

It ii considered unlikely that the occupant would survive the effects of implosion (KcNaughton and
Rawlins , 1960).

USE OP EXPW SI VES 1~ 5BA?~~R T~LB~ CA~*)PY

minia ture detonati ng cord hal been employe d in many aircraft  to weaken the canopy prior to
penetration by the ejection seat. While this is accepta ble in an air filled cockpit the situation
becomes completely chan ged if the cockpi t is flooded. Expe riments have shown tha t the blast transmitted
through the mater would rende r the occupan t incap able of further action even if he did not suffer seve re
injur y.

U&NUAL E3CA 1~~

The time available for escape from a ditch e d aircraft is limi ted by the lengt) of time tha t the air-
craft  float., the rate at wh ich the aircraft sink s and the breath holding capacity of the individual crew
member. This may be modified in some cases by the use of oxy gen equipment for breathing uniter water or
by collision of the aircraft with the sea bed.

The crew membe r may pani c when he is suddenly subje cte d to i rslon and this may preclude any
chance of escape by inhi biting logical thou ght and action. A degree of fam iliarity with the situation
as a result of practical training in methods of unde rwater esca pe is likely to improve the individual’s
chance of survival. The details of training devices and methods will be discussed later.

If the airc raft float. , as in the case of a helicopte r fitted with flotation bags, or with a
fuselage designed for water landi ng, escape can be accomplishe d during the normal unstrapping teohnii~ues,
and the crew sembers can l,avo the aircraft either through the normal doors or via escape hatches or
windows which ha,. been jettisoned.

As soon as the crew membe r is imoae r.sd in water the position becomes more di ff icul t .  Time is
l imited.  The cre w membe r is subj ected to diso rientation first by posmible changes in attitude of the
ai rcraft , secondly as a result of buffeti ng as the cockpit fill , with water and thirdly as a result of
the chang es in proprioosptton due to the buoyancy of his body and cloth ing .

It i~ tti.rePors highly d..j ra bl. tha t the individu*l remains securely attach e d to his seat by the
rest ra int harness until movement of the ai rcraf t has ceased and , it the oookpit floods , until after any
buffeti n g produced by in. inflow of water has subsided.

Tht aircraft may the n remain close to the surf ace in an unu sual attitude . Heltoopt ere , dependin g on
the type and efficiency in operation of flotation devices , say adopt any attitude from uprig ht and leve l
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to inve rted , nose-down , cith some degree of bank. Fi xe d wing aircraft have even floated in a vert ical
no se-doen a t t i tude .

Airc rem ar e familiar wi th  the cockpi t layout of their own type of a i r c r a f t  and can be expected to be
stile to place their  han-is on levers, switches, etc., without difficulty even w ith their eye s shut. They
compensate automa tically for the effect of gravity by the ap propriate adju st ment of imisci s tone . However ,
whe n imserse d in wat .~r , the limb s are supporte d by the i r buoyancy and by that of any clothing worn at the
time. Vision is restri cted or completely lost and th.~ effect of the limb buoyancy will also de flect the

P hand upwards, thus making it sore difficult to find and ident i fy  euch items as canopy jet t ison levers and
restraint harness quick-relea se fastenings.

Even after they have been located , it is mo re difficult  to operate quick—release fasteni ngs under
wa ter than in the air. Glo~~~s , particularly t ho se mad e of leather , become sli ppery and may cau se problems
In the ope rati n of any piece of equipment which relies on friction . Air c re w may have to modify their
usual actions in order to operat. the harness quick-release fasteni ng under wa ter.  Many devices require
two separate action s before the harness is releas ed. The crew membe r may have to rotate a plate to
unlock the box then eithe r hit or squeeze the box to effect  the harness release . Whe n subme rged i t  is
not possible to hit the box with s~ f f i c ien t  force and it  is necessary to plan.’ either one or both thumbs
behind th~ box and squeeze . Comp l ications ari se if any of the harness Cebb ing Ic able to lodge behind
the p 1st .’ thus preventing the release mechanism fri a operating. A anag of this type is relative ly simple
to correct In an air fi l led  cockpit but under water it is d i f f i c u l t  to di~~~~se the probl em an-i the
harness webbing becomes s t i ff  making i t  mor e d i f f icul t  to pul l clear.

Eve n after the q uick -re l ea ie  fasteni ng has been operated successfully the s t i f f n e s s  of the webbing
harnese w I l l  impede it a  nor mal run through any rings or buckl es and incre ase the ti me neede d for the
individual to separate from his seat.

The problem likely to be encountere d with any particular harness must be assesse d separately and s i l l
de pend on the typ e of quick-release fasteni ng, the desigu of the harness and any additiona l equip ment worn ,
for example l i fe  jacket. or life raft packs. In some cases in aircraft fitted with ejection seats the
harness lnc!ude s leg res t ra int  lines and it is neoees.~ry to ensu re that t h~ se are comp letely free befo re
attempting to le~~e the cockpit.

C i t h  the exception of the oxygen hose all other attachments to the aircraft should be disconnecte d
prior to the relea se of the harne ss b.’ctuee the cre w membe r wi l l  f i nd i t  much easier to locate the m while
he is fixe d in his seat than afte r he i. free. The oxygen hose can be left t i l l  last with advantage if
the crew membe r is able to breathe unde r wate r from the aircraft oxygen system but , if he finds tha t
unde rwate r breathi ng is not possible , release of the 02 hose before that of the harness would ensu re that
the buoyancy of his clothing i l  not fl oat him upwa rd s leaving the °2 connection beyond his reach .

Having successfully separated himself from his  seat the cre w member must leave the cockpi t or cabin.
The proble ms in fixed-w in g milita ry aircraft and those in helicopt e r. tend to differ. In high
pe rf o rmance fixed-wing aircraft the cockpit is  re la t ive ly  small with a larg e opening after the canopy has
been j ett isoned. The exit path is relat ively clear but there is not much room in the cockpit and the
aircraft is likely to be sinking rapidly. Thi. wil l  produce a rapid flow of water ove r the exit path.
Ame ri can experiments  have indi ated that at the speeds l i ke ly  to be encountered it ia sti l l  possible to
cl imb cut of the cock pit  ( Sond , C H ).

Depending on the confi guration of the harness a decisi on must be made to determi ne policy with
re..ard to l i f e  r aft.. Du ri ng escape they constitute an additional snag haza rd but this may be conside re d
ju5ttfia ilC in view or the improve d survival prosp ec ts  a f ter  the surface has been reached.

In he l icopter s , af te r release of the res t ra int  harness, maintena nce of correct or ientation Is vital
ti. en su -e t h a t  the escape route car be found . Guide rails attached to the inside of the cabin will  lead
the crew members to the available exits  and Heta lights have been used to act as permanent marke rs of
emer -ency ex1 -s to aid tbolr location In the dark. Some escape hatches , windows, e t c . ,  ar e sma l l  and
pose a fu-tro problem. Crew members nay have to squeeze through a r e l a t ive ly  amall opening and the
iearing cf a life raft pack could possibly be sufficient to prevent egress.

In both classes of a i r c r a f t  pro jections and loops of cord , material or webbi ng should be avoide d to
ieduoe the chances of snagging on any part of the aircraft during the escape.

The l i f e  jacke t should never be inflated until after the individual iø completely clear of the air-
craft .  A variety of operat i n g mobs , loops and handles are in use at pre sent. The directi on of pull
require d for their operation al so varies and it is essential that the aircrew are thoroug hly familiar
with the pattern which they tbemsslves use to enabl , thee to inflate the life j acket wi thout difficulty
after leaving the aircraft.

SPECIAL SITUATIoNS

In add ition to the safety of the norma l cre w of an aircraft one has to consider sortie, which present
special problems. In the Search and Rescue role the helicopter say pick up survi vors with no previous
flying experience , in a state of exhaustion and wearing life jack ets of the inherent buoyancy type whio)-
meet the requirement. of the merchant shippi ng safety regulations. It is not impossible for a ditching
of the rescue helicopter to occur , especially in stor m condit ion. whe re salt ingestion by the engi ne s may
result in lose of power.

I t is necessary to consider the al ternati ve s avail able to minimi se the risk to both crew and
passengers in such circw,mtances. l~~ bulk and buoyancy of a Merchant Navy life jacket could impede
escap, from the helicopter, but if th. survivor did escape he would be sure to reach the surface and he
would then have support while awaiting subsequent rescue . If ext ra ges-in~1ate d life j ackets are carried
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i t  say b. desirable to remove the surv i vors ’ inherent buoyancy life jackets and give them the gas-
inflated jackets instead. Although this wo uld reduce the problem of egress fro m the aircraft the
survivore may be unfa miliar wi th  the inflatable lif, jackets and fail to actuate them. They may therefore
fail to reach the surface even if they do get clear of the aircraft. If no alternative life jacket, are
available the choice is reduced to whether or not the inherent buoyancy jacket will improve their chance
of survi val following ditchtng. In my opinion survi vors should retain the i r  l i f e  jackets unles, their
bul k ls euCh a, to reduce the total number of survivor, who can be rescued.

It must be remembered that briefing of the survi vors in a helicopter is d i f f i c u l t  because of the
ambient noise and , becau se of their cond ition and possible language problems, the amount whi ch  they are
l ike ly  to understand will  be minimal.

Casualtie, and medical patients have at time s to be f lown over water  by helicopter. Ideaily a
st retcher patient should be secured in the stretch er ( l i t ter)  by a harness incorpo rating a eingl e point
quick release fasteni ng , and the stret cher in t urn shou ld be secured to stro ng points in the aircraft ,
The patient should if possible be provided with persona l buoyancy of the gas—inflated type which is
capable of supporting both him and the stretcher. In the major i ty  of case s the p at i en t  will  be unable to
help himself  and will rely on the aircrewman or m edical attendant to get him out of the aircra f t i f i t
ditches.

With the increasi n g use of twin-engined helicopters and the development of improved helicopte r
flotation device s it  i, hop ed that in most cases, eve n after a ditching, the crew and patients wil l  be
able to leave the ai rcraft  wi thout  going underwater.

Perhaps the worst situation is th .’ d i t c h ing  of a helicopter carrying f u l l y  equipp ed  troops ashore
fro m the i r  parent ship in Arctic condition, . If the a i rcraf t  fails to remain & ove the surface th~problems of underwater escape will be greatly incre ased by the numbers of people atte’rpting t i  leave the
cabin and the amount of heavy equipment which they wil l  be carrying. This will  impe de t h e i r  egress and
the cold water will make br eath holdi n g much more d i f f i c u l t .  In addit ion the bulk and buoyancy of their
Arctic clothing , part~cularly if cove red by Cr imp ervious exposure suit , may prevent the trocps using
~~~ll  eme rgency exits .  Those near the back of the cabin will therefore have to wait until others  nearer
the cabin door have got out be ore they  themselves  can escape.

ASSI~~~D gSCA~~

If aircrew are t eeca . successfully from a sinking airc raft it is necessary to leave the a i rcraf t
before i t  reache s too great a depth.  Due to the high sink rate of mode rn high performance a i r c ra f t  t ime
is sh o rt . It may not the refor,  be possible to j et t i son  the canopy, release the safety harness and othe r
attachments to the aircraft , and climb Out in the t ime available. It was t he re fore  inevitable that
att .ipt s would be made to devise a mymt em which would mecha nica ly a ss iet  the crew ~~mber in leaving the
aircraft undsrwater. As many aircraft we re alrea dy equipp ed with ejection seats for ai rborne escape the
possibility of using the seat was investigated in order to determine i ts  potential unde rwater.

A theoret ica l  assessment of the proble m indicated that the main physiologi cal factors involved
we re, —

(a) Accele ration of the ejection seat;

(b)  Bla st , when the ejection gun sepa rated releasi ng the high pressure gases into the water;

( c )  Drag acting on the man as the seat was p rop elled through the water; and

(d) Rapid pr emsure change if the seat trajectory was near the ver t ica l .

The crew member would s t i l l  have to push himself  clear of the ej ection seat and inflate his  life
jacket in order to reach the surface.

Although initial opinions we re pessimist ic, the successful escape of Li..uten an t MA F’ARLANE f rom a
ditched W yve rn aircraft  by firi ng his e ject ion seat th ro ugh th e canopy while underwater renewe d interest
I n the feasibility of the procedure.

Expe r iments  were carried out nt thø Admira l t y Hyd ro Sallist io Research Establishment (A~.iB~~~), Glen
?ruin , Scotland , to determine the performance of various ejection seats unde r water and their reliability
afte r i ersio n (Be c~~~.n at al , 1960).

These trials demonstrated the need for modifications to the ejection seat gun . The primary
cartridge was detonated by a firing pin which was released when the fir in g handle of the seat was pulled.
The tir ing pin was the npro pelled by a spring and struck the deto na tor of the cartridge. If the gun had
been i~~~ rssd it was possibl. for water to seep inside the firing head and cause a hydraulic lock which
slowed the movement of the f i r i ng  pin sufficiently to prevent detonation of the cartridge. This was
overcome by drill ing a number of holes into the fir ing  head , which allowed the later to escape when the
fi ring pin las released thus avoidi ng the formation of a hydr aulic lock.

later was al so able to seep into the ejection gun i t se l f .  En t ry of even a ~~~ll quantity of water
had the •ffect of quenching any particles of burming cordit. with which it came into contact. This
gre atly reduced the pressure generated by the primary cartridge and since the secomiary cartridges mere
iguit.d by a ao.bination of pre ssure and heat produced by the primary cartridge, they frequently failed
to fir. .

The power of the gun was greatly reduced and occasional ly failed to push the seat clear of the
cockpit. Thi. was corrected by the addition of waterproof seals to prevent water ingre s. past the
cartridge.. The gun then funct ioned mor. r eliably.
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On examination of the physiologir-al I.i~tuu~ it was shown that the accel ezat io n produced by the seat
under water lam as little as 8G which i~ sell within the tolerance of a su~i)ect sitting in the seat,restrained by the harness. It was f l i rt  the re fore  considere d to be a problem.

The blast produced by the release of the gas bubble into the wate r , when the e ject ion gun se parated.
was Isore ser ious , pa rticularly with th~ hig h—powered cartridges which were required to produce a satis-
factory escape envelope in the air.

The gem bubble pulsated producing wave s of positive and negative pressure. The centre was behind
and below , but in olcee pro x imity to , the seat pan. The pelvis and lumbar region we re the refore
subjected to the greatest force.

Human voluntee r. were exposed to the blast from a gun which was capable of accelerating the seat to
6Oft/se c in air , but only anaemthet iee~. sheep were subjecte d to the blast effects  from the more powerful
BOf t/sec gun (Rawlins, 1961).

It has been shown that the blast wave in the firet case produced chest pain which in some subject.
lasted for 24 hour.. In the later expe riments with the more powerful gun, injuries found at postmortem
examination of the expe ri mental animal, included rupture of the attachments of the base of the gall
bladde r , some bruising of l ive r  and bru ising of lung tissue. It was considered too hazardous to risk
exposing human subjects to the underwater blast produced by this gun.

Ejection downward s will of course produce an increase in pressure and a degree of compression c~ thechest. It  1. possible that in some cases rupture of the ear drums may occur. Thi, would be likely to
result in disorientation. The occupant wo uld also be at a much greater depth when he started to separate
himself from the seat and consequently would have less t ime in which to carry out the necessary actions.

In trial, the drag produced by the movement through the water was sufficient to pull the subject’s
hands off the face blind of the seat and displace his head and shoulders downward s and forwards in the
restraint harness. I t  did not however produce injury and was considered acceptable in the types of seat
tested provided that the occupan t was sitting upright with hi~ head braced against the headrest prior to
ejection. But it was possible, in some seats f i t ted  with higher powered cartridges, or with rocket
pro pulsion , that some injury to spine could result.

The degree of pressure change depended on the amount of vertical movement of the seat throug h water.
If the seat was f ired vert ical ly it would travel about 17 feet causing a reduction of pressure of about
half an atmosphere with consequent expan sion of gas contained in the body cavities. Assuming a ful l or
nearl y full lung this degree of pressure change could be sufficient to cause rupture of lung tissue and
ai r embolism , particul ~rly if the mouth and glottis are closed.

After the seat has f i red the occupant still ham to carry out several actions befo re he is free to
ascend to the surface . The combination of seat and man is negatively buoya nt even with the life jacket
inflated , althou gh their sink rate is muoh lees than tha t of the aircraft. The time taken to achieve
separation from the ejection seat i~ therefore important and any delay will reduce the chancee of
survival.

The actions required will vary slightly depending on the type of seat and the harness used but the
survivor has tos

(a) release the parachute harness and survival pack attachments and inflate hi~ lif e jacket; or

(b) release the parachute harnew, and pull the survi val pack clear of the seat , then infl ate
the life jacket.

Dri l l  ( b )  tends to be more d i f f icu l t  because the survival pack is u sually a close f i t  in the seat
pan and there I. in addition the possibility of snags occurring an it i, pulled out of the parachute
harness. A survivor who does succeed in retaining him life raft is in a better position when he reaches
the su rface than he woul d be without one , but one ‘suet remember that ditching in aircraft fitted with
e~ .ction .eats is only likely to occur in close proximity to the a i rcraf t  carrier d’~ring launch or
lending and the l i fe  raft i~ therefore less essential than it would be at a longe r range from the parent
vessel.

I t  is by no means certain t r a t  the occupant of the seat, following exposure to the blast produced
when the ejection seat gun se pa rates and the pressure effects  re sulting from the changes in depth , will
be capable of carrying out the se actions successfully. I n some case s othe r it.~ms such as leg res t ra in t
l ines  may consti tute ar addit ional  potential snaggi ng hazard.

(X)~~ 1W5~~D AIR C PERA TION ~)F THE EJECTION ~~AT

Due to the lack of certainty of reliable ..~nction of the ejection seat cartridges end f i ri ng system
unde r water and the unacceptable risk of injury to th. occupant resulting from the blast which follows
the release of the propella nt gase s into the water at the time of separation of the ejection seat gun, it
was considered neoessa ry to develop an alternative method of propelling the seat. This method had to be
reliable and safe , but suf f ic ien t ly  powe rful to ensure satisfactory canopy p enetra t ion in aircraft  in
which canopy jettison under water was considere d undesirable .

As in the case of canopy jettison the use of compressed air was found to be the most satis factory
solution. Initial expe riments we re carried out by Roytl Navy men i al of f i ce r s  in collaboration with the
Walt , r Kidde Company using a Martin Baker ejection seat mounted on a platfo rm which was lowered to the
bottom of the trials tank. Compressed air wae released into the gun which extended re la tive ly  slowly,
pu hing the seat and subject seoothly upwards. The gun separated satisfactorily leaving the subject
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clear of the platfonu but  s t i l l  attached tn the seat. The cartridge system is of cou r se re tained fo r
ai rborne emoa pe and i t  was essential that no modi fication carried out would in any way impair the
p rformance of the ejection seat in the air.

Further  e f f o rt s were  directed toward s the deva lopu ent of a sati sfactory method of ensuring auto ma tic
release from the seat and automatic inflation of the life jacket. The correct sequenci ng of the release
mechanism is vital if  successful separation from the seat is to be obta i r ed. It  was found tha t the
Ba rostat ic  t i m e  re lease unit functioned satisfactorily under wate r and r elease d th e seat harnes s but
automatic release of the pa rachute was no’. conside re d desirable because of the diea strou ~ effects of i ts
inadvertent release duri ng esca pe in the air.

Separation fro m the seat the re fo re required release of the eat harness and disconne ction or cut t i n g
of the line conne ctin g the seat sta b il isin g drogue to the parachute , in addi t ion  to a means of ensuring
t hat the ~ur~ i* iI pack was extracted fro m th e seat pan and tha t the pa rachu te , s t i l l  in it~ pack , was
pushed clear of ~ts stowage on the back of the seat. I n f l a t i o n  of the l i fe  jacke t had also to be
automatic.

Since a sepa rate means of actuation was required for underwater escape and a separate source of power
was available it was possible to use the operation of the compressed air system to t r igger  the inflation
of the l i fe  jacket .  Bags placed behind the pa rachute pack and under the survival pack in the seat pan
we re inflated by a charge of carbon dioxide , ensuri ng tha t they were pushed clear of the seat. It was
importan t that release of the seat harness should take place prior to inflat ion of the seat separation bags
to prevent pretentsioning of the harness and consequent failure of the harness release mechanism to
operate. Simultaneous actuation of both inflation bags and harnesm locks was satisfactory due to the time
which the bags took to inflate ful ly .  It was convenient , therefore, to use the Sa roetatic time release
mechanism to actuate both systems. ( Rawlins 1962).

Repeated trials in 1961 showed that the system could be made to operate reliably and initial
experi ments with automatic inflation of the life raft were also undertaken.

The method used to achieve automatic inflation of the life raft under the survivo r was the direct
attachment of the rigid seat of the survival pack to the inside of the floor of the single seat life raft.
Foilocing release from the seat a water actuated inflation system was armed. The time taken for it to
operate was suf~iciently long to permit the life jacket to bring the survivor to the surface and float
him in a stable attitude on his back. Carbon dioxide was then released first into a high pressure tube
round the life raft which unfolded it and ensured its sati sfactory deploy ment prior to infla t i-n  of the
main buoyancy tube. Baffles in the main buoyancy tube of the life raft then prevented the carut’ dioxide
reaching the head end of the life raft until full inflation of the foot had been achieved. The remainder
of the buoyancy tube then inflated lifting the survivor clear of the water. Arrangements for the quick
release of the survivor from the life raft were also made to enable him to esca pe if the life raft
floated upside down. (Rawlins 1963).

The Martin Baker Company then took over develo~ sent and incorporated a method of automatic actuation
of the complete Underwater Escape System. A pressure sensitive device, ope rated by the action of water
pressure on a diaphragm, released compressed air into the ejection seat gun at a depth of approximately
15 feet (5 metres) thus firing the seat, through the canopy if nece ssary. The power of the gun in the
early stages of movement of the seat was considerably increa sed by the insertion of a blanking plate into
the lowe r end of t ie inner tube of the gun . Thi e reduced the e f fec t ive  volume of the gun prior to f ir ing
and t~erefor. reduce d the amount of compressed air whic h wee needed.

In the Buccaneer the power of the system wa~ sufficient to enable the seat to penetrate the canopy
but the poser pro vided reintroduce d some of the problems associated with  the cartridge opened seat. If
the canopy had been jettisone d end the subject had not braced himself before the sy stem fire d the head
was pushed forwards and downwards by the drag pro duce d by passage through the water , until it approache d
the knees , with the possibility of back or neck inju ry as a result.

Witn the canop y in place it was found to be even more essential to keep the helmet firmly againat
the head rest. Canopy breakers on the head box of the seat punched a neat hole in the canopy but this
hole wa~ enlarged by the helmet. If the dwnmy ’s head wa~ al lowe d to move it tended to slide forwards
along the inside of the can opy applying considerable force to the neck of the dumey before the next
section of the canopy broke free. ( Raw lins 1963 ).

In an attempt to devise a system whi ch could save an unconscious crew member, the risk of injury to
a fully conscious but unprep a red crew member was increased as he had no warning of when the seat was
g~ing to fire .

Only one l ive test ejection through an aircraft canopy underwater has been carried out. The subj ect
saw Surgeon Lieutenant Conmiande r A P Davidson RN , and he was ejecte d throug h an intact Sea Ra ck canopy
using the Martin Baker f u l l y  aut Oma tic system designed for the Bucoaneer. (Rawlins 1963), At the time
of the trial the major hazard was believed to be that of incised wounds caused by broken piece s of
perspex from the canopy . Subsequent experlsientw using du,msiee indicated tha t neck inju ry from forcible
fl exion due t impact with the canopy is a much more serious danger to the individual and a means of
providing automatic head retraction and restraint would add considerably to the safety of the airciew.

In the Sea Vixen , which had a canopy reinforced with longitudinal and trsn,veres metal supports for
the pilot’ s cockpit and a metal hatch covering the observer’s cockpit , jettison of the canopy and hatch
we re necessary befi re the crew members oould esca pe . With automatic actuation of the underwater escape
system th . movement of the seats was restricted by the canopy and hatch , and duri ng trial s it was
demonstrated that even a mi nor leak from the syste m could result in Ice, of pressure in the ejection
seat gun before the escape path was cleared. Pre matur e firing of the seat could al so result in inte r-
action between seat and hatch causing a mechanical look and preventing both completion of the jettison of
the hatch and any further movement of the seat.
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~~luct an t ly the automatic actuation of the eywtem was discarde d and separate levers for manual
act uation of the canopy and hat ch jettison systems , and the ope ’tion of the seat, were reintroduced.

Even in airc raft ne t  fi t ted wi th  ejection seats , attempts have been made to provide a..ietan oe to
aire rew to escape fro m t o.~ cockpit underwater. A system was designed, again operated by compressed air
in which the r estraint harness could be released from the seat and the crew member pulled out of the
cockpi t by the harness whi c~ was a ttached to a cross beam behind his  head , leavi ng the meat in the cockpit.
Twi~ exte nd ing tube s fastene d to the rear bulkhead of the cockpit provide d the powers the outer and inner
tubes separated when the individual was clea r of the cockpit. Automatic inflation of the l if e jacket
then brou ght the subject to the surface in the usual way. Thi. system wa m tested in a Gannet cockpi t in
ope n sea at a depth of 100 feet and worked satisfactorily.

Although a system of this typ e may work satisfactorily in test conditions it has to be sufficiently
robust to function reliabl y even after it ham been subjecte d to the severe b ade imposed by a ditching.
Any distortion of the tubes, which may be of small diameter compared with that of an ejection seat gun,
or of the bul khead on which the y are mounted , could cause one or both to fail to function correctly and ,
as the system is of no use in assisting airborne escape , i t is considered more satisfacto ry to use an
eject ion seat with the well—tried underwa ter modification. instead.

TEE I~~ OF b~~.Ai~iING EQU I PMENT 1K 1JN1ERWATER ESCAPE

If the crew of an aircraft  are able to breathe after the aircraft enters the water it increases the
time available in wh ich to prepare for, arid carry out, their e scape. In some case s the ai rcraft will
float and the head. of the occupants cill remain above the water surface. In others , if the canopy
remains in place , the occu pant. may be able to breathe air trapped in the cockpit for a short period but
whe n the ai rcraft fi nally submerges and the canopy has been released the occupants must rely on their
a b i l i t y  to h”ld the i r  breath.

Tc be able to breathe un der cater one must be provide d with a supply of air or oxygen at a pressure
app r~~~mt. t ely e’iua l to tha t of the hydrostatic pressure applied to the chest. The level of the bifurcat.
:or . of the trache a m considered to be a suitable datum and thus represents the equivalent centre of
p ressure of the thoracic cavity.

If  p ressu ’e of the gas supplied during inspiration is too low it is not possible for the subject to
expend his l ungs against the external water pressure. Conversely, an excess of pressure could result in
over expansion of the chest and consequent rupture of lung tissue.

It is convenie nt to use depth of water as a measure of pressure in this context and the l imits of
tolerance vary in d i f f e r e n t  individuals. It is considered however that a negative pressure of 30cm. water
at the datum leve l is acceptable but it is unlikely that satisfacto r y respiration can be ach ieved i f the
negative pressure exceeds 50cm, water. Positive pressure on the othe r hand could possibly cause lung
damage if it exceeds 45cms water but in practice the oxygen mask is usually l i f ted off the face by the
gas pressure, allowing gas to eecape and the pressure to fall  to an acceptable level.

Many expe riments have been carried out to determine the usefulness of aircraft oxygen systems for
underwater b reathing. lontinuous flow economi ee r systems do not function satiefactorily under water.
The se systems incorpo rate an inward re l ief  valve through which air enters the system once the economi ser
has emptied.  If the pressure in the system drops below the ambient water pressure in the region of the
valve the valve will open and water will  enter the system. Even with the oxygen flow increased to as much
as 27 li tres/airs NT? , a~ coul d be achieved by selecting the emergency setting on the Bri t ish Mk II
regulator, it i. unlikely that the inward relief valve will remain shut throughout the breathing cycle.
One minit remembe r tha t 27 litre/win flow at sea level is reduced to 9 litre/win at a depth of 20 metres
and this  ceprewents only two deep breaths per minu te .

Similarly the small vo lume obtaine d from continuous flow emergency oxygen systems is totally
inadequa te for underwater breathing. Most deman d oxygen systems in which 10(~ oxygen i s used or my be
selecte d wo rh sell under water. Delive ry pressure is norma lly equal to the hydrostatic pressure applied
to the diaph rage of the regulator.  therefore the position of the regulator re la t ive  to the datum leve l is
of vital impo rtance .

In el rcra ft  the oxygen regulators may be mounted on the instrument panel, the seat , the man or the
oxygen musIc , and t lrcra f t  are f i t t e d  with  regulator. of the type which is most suitable for the pa rticular
ta sk wr i ch they nave to perform . I t  ie unl ike ly  tha t any modifi cation of exis t ing  equi~~~nt wil l  be
considered for the improvement of unde rwater breathing performance alone , but appreciation of the
l imi ta t ions  of d i f fe ren t  Systems is of value .

Th’. mask-mounted re gu lator wi l l  maintain a re la t ive ly  constant pressure in the oxygen mask which
reduce. the problems of possi ble ingress of water, but with this system the pressure at the datum level

va ry by as much as + or - 30cm. wate r dep ending on the aircraft attitude. It i. howe ve r likely to be
mat ie f i c to ry  provided a sufficient maximum mass flow of gas is available.

h- dy- mounted reg u lators are usua l ly  on the front of the chest close to the datum level . In this
case the internal pressure in the chest w i l l  remain nearly constant with changes in a t t i tude  but the ma sk
pressure wi l l  vary from positive to negative relative to the surrounding wate r as the aircraft attitude
chang es. A system of th i s  type should function satisfactorily as long as water doe s not enter the mask.

Seat-mounte d reg ulators are usually mounted at the leve l of the subject’s hip and close to the long
axis of the body. Whe n the ai rcraft is uprig ht the oxyge n mask will be l i f ted  off the face by positive
pre ssure in excess of 60cm. water. Breathi ng I. possible as all mask leakage is outboard but the
du ration of the supply wi l l  be limite d by the high rate of flow which will r apidly empt y the system. This
is not serious as it is the aircraft sink—rate in most case s which dete rmine , the ties ava ilable for
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escap e. ~~~ contin uou , escape of oxygen from the maek interferes with vision and hence the necessary
actions prior to leaving the aircraft will be de pendent upon prop rioceptive and tactile information.

If the ai rcraft inverts the situation is oomp lete ly altered. It is not possible to breath e in , due
to hydrostatic pres su re on the chest and the relatively low del iver y pressure . As there is no resistance
to expiration it i. likely that the occupant will breathe out and be lef t  with his lungs close to
residual volume .

The panel-mounted regulator creates similar problems but as i ts  position in the cockpit varies in
different  types of aircraft one cannot generalise . The ease pri nciples apply howeve r ari d the distan ce
and direction of the regulator from the chest datum level and the oxygen mask will determine the ef fe ct s
of changes in aircraft attitude when under water.

Experiments have bee n carried out using a remote pressure sensing device m a n  attempt to control the
delivery preewure of the regulator. This device (Davidson and ~-aguer 1965) had limited success but wou ld
have been affecte d by rapid sink rate of the aircraft and was therefore discarded.

So far only the oxyge n regulator has been considered. The design and construction of the oxygen
mask are also of importance. The mask u sually consist s of a rubber mouldi ng which has a reflected edge
seal and which is supported by a rigid carapace and is secured to the wearer ’s helmet by a harne ss , chain
or lever system. I t  has inspi rationary and expi ratory valves which are moun ted in the lower hal f of the
mask.

A mask of this type is designe d to provide a satisfactor y seal duri ng pressure breathing, provided
the mask is held firml y against the face. At altitude the regulator provides a seall safety pressure.
A minor degre, of oute r leakag e is acceptable as it does not alte r the inspired oxygen concentration
while ai rbo rne . Its  resistance to inboa rd leakage whe n subjected to negative pres sure is less
satisfactory.

Under water, while the wearer is sitting upright, the diffe rential pressure across the mask seal is
usually positive thus produci ng outboard leakage if the seal is not perfect. If for any reason some
water does enter the ma sk it is expelled through the expirato ry valve whe n the wearer breathes out , th us
clearing the mask prior to the next inspiratory phase.

As the attitude of the subject alter , the relative position of the expiratory valve change s and some
of the wa ter which leaks into the mask till not be removed during expiration , thus maki ng the next breath
more di f f icu l t  to obtain.

The worst situation is obviously the inverted position. Any water which gets into the mask collecte
around the nose and cannot be removed via the expiratory valve which i. now at the top of the mask . In
addition the negative pressure in the mask encourages leakage and some water way eve n ente r throug h the
expira tcry valve before it closes. In pressure breathing maaks which have a pressure compensated
expira tor y valve the negative pressure applied to the compen sating capsule may tend to resist the closure
of the valve and to reduce this effect a split e xpiratory valve is used. This modification allows the
compensa t ing capsul e to load the val ve during pressure breathing but permits the valve to function
indep endently if negative pressure is applied to the compensati ng capsule.

Even it the regulator and mask function satisfactorily some aircraft have modification . to enable
the emerg ency oxygen s,.tew to work in the air and duri ng airborne ejection prior to separation of the
crew membe r fro m his seat. The use of a continuous flow emerg ency oxygen system requires the f i t t ing  of
a relief valve to allow excess oxygen to escape at high altitude , but , as ejection at high altitude may
resul t in a long delay prior to separation from the seat, an inward relief valve is necessary to pe rmit
the survivor to continue to breathe if the oxyge n flow becomes insufficient to meet the inspira tiona ry
requirement before seat ejection occurs . This inward relief valve, if f itted , is mounte d close to the
pe rsonal equi~~~ nt connector on the side of the ejection seat and may well be in a negative pressure
zone, depending on the site of the regulator. Water will in that case be sucked into the oxygen hose
between the regulator and the mask, resul t ing either in the cessation of oxygen supply or in water bciiig
sucked into the mask , making breathi ng impossible .

Unde rwater breathi ng is thus possibl e in favour able circumstance s , pr ovided that the aircraf t remains
uprig ht. It i. unlikely that anyone will be able to breathe unde rwa te r from an aircraft oxygen system
for more than a few breaths if the fuse lage is inverted.

The method of supplyi ng oxygen to the system may have an effect on its efficiency. High pressure
gaseous oxygen is the most reliable unde r water. Trials with liquid oxygen converters demon.trated that
a considerable drop in regulator inlet pressure may be expected when the liquid oxygen conve rte r is
immersed in water. The tor~~ tion of ice round the evaporating coils reduces the heat transfer necessary
for vapourtsation of the liqui d oxygen and the situation is aggravated if the time between recharg ing
the system and ime.rsio n of the oonwerter is short.

It was however possible in a recoapr ession chambe r trial at the Ro yal Naval Phy siobo~~oal Laboratory
in 1962 for two subject. to breathe with a degree of restriction down to a simulated depth of 150 feet
for a pe ri od of two minute s froa regulators suppliCd by a single liquid oxygen converter. Although it is
not impossible for an individual to suffer fro, the effects of oxygen toxicity at partial pressures in
excess of two atmosp he r es, it is unlikely to develop in the time involved in unde rwater e scape from air-
craft and it should therefore be iguoru d in this conte xt .

It has been ind icated that subjects breathing 100$ oxygen have found subsequent breath holding easier
and have been capable of holding their breath for a longer period than they oould have done if they had
been breathing air. Thi. constitute s a possible benefit fr-os underwater breathing. Underwate r breathing
on the aircraft oxy.n equi~memt is not always successfu l arid the ozew es.ber of a ditche d aircraft mast
not rely on its satisfa cto ry function.
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In most helicopters no oxype n equipeent is required but in the Search and 1~~eoue role a diver is
carried and he is ideally equippe d not only for unde rwater escape himself but also to asei~ t the othe r
crew member. if necessary. The possibil i ty of providing helicopter crews with a compact emergency under-
water breathing device has been considered at various times. The first problem ie to decide on the
expecte d duration of the breathing equipment. Lw a compre ssed air supply f i t t ed  with a mouthpiece demand
regulator is the simplest and most compact system , it is the most attractive pro position . The duration of
the set depends on the ambient pressure and the rate and de pth of respi ration. This results  in great
variation depending on the experience of the ind ividual. Assuming that a mouthpiece is used it sill be
necessary to provide a nose clip and possibl y, if vision is re quired , a (ace mask. As time is required to
insert the mouthpiece , and put on the no se clip followed by do nning and clearing wate r out of a face mask
if used , one mast weigh the advantages of being able to breathe against the increase in time before the
crew member is able to leave the airc raft.

In the majority of helicopter ditchinge the crew esca pe quickl y and wit hout d ifficulty, so such a
breathing device would onl y prove ueeful in a very small number of cases. It 1. therefo re debatable
whe ther or not the increase in personal safety equipment to be wore by the airc rew , the tine require d for
training, and the expense involved , woull be worthwhile.

FLC IVRS IN PLANNING OF TRIALS OF UN1ER WA~~R ESCAPE P1t)CEDW~~S AN~ EC~UI PNENT

In trial s of life saving equip~~nt it is essential to ensure that the risk, if any, to which the
trial s personnel are .ubje cted 1. minimal. It is also valuable to simulate as closely as possible the
conditions in which the equip ment is expected to function.

1~.ctozs such as wate r tempe rature may seriously affect the efficiency of a syste m and an item of
equi pment which appears to function satisfactori ly on its own may fail to do so , or adversely affect the
ope ration of anothe r item , if insufficient care is take n in the sequenci ng of the system as a whole.

Let us first consider Safety P~ cto r s,—

Ideally direct visual control of operations by the officer in cha rge of the trial should be possi ‘le .
He should have made an assessment of all the foreseeable failure s or emerg encies which may occur and plan
how to deal with the se individually. It is considered that provision should also be made to cover the
possibility of any simul taneous double failure.

E rgencie. may be caused by failure of the equipment under teet , the breathing app aratus or of the
crane or other lifting device which may be used to lower the equi pment into the water and subsequently to
recover it.

In all experiments involving the use of human subj ects it is essential to provide safety divers who
are capable of rendering assistance to the subj ects if an emerg ency occur s . Subjects , safe ty di ver. and
the surface personnel must be adequately briefed , unde rstand both the function and limitations of the
equip ment being used , and th. correct action to tak. in the event of any likely emerg ency.

The use of an anthropomatric duney in some circumstances is a valuable means of carrying out the
initial testing of mechanical function without r isk , prior to the employment of a live subj ect.

It should , however, be stressed that even when a dummy is used the dive rs most remembe r to keep clear
of the ejection path of the seat , and that devices such as drogue guns way fi re a potentially lethal
projectile. The use of the underwater lighting necessary for photography involves electric cables carr ying
relatively high voltag es and care must be taken in handling them under water.

3~~LThING EQJIIP*iNT ANt) ~X~~UNIC&?ION

The subj ect , in a trial of an underwater escape system , will inevitably be immersed for a prolong ed
period be fo re the escape. Breathi ng app aratus provided should the re fore have a suitable endu ra noe . As
it mast be wore in conjunction with aircr ew equ.t~~~ nt it si.~t be compatible with these items and with the
restraint harness.

In the early Royal Navy trial s the standard RN oxygen rebreathin g appa ra tus (Patte rn 5562) was uwu d
but the bul k of the sodalime cannister necessary for CO2 absorption was inconvenient and restraint was
impa ired by the need to route the ha rness stra ps round the .ide , of  the ooun te rlung of the breathi ng set.
I t did , however, have an advantage over oo~pressed air breathing app..eatus in that photography mae not
impeded by clouds of bubbles.

Compressed air has the advantag e of simplicity of oonst na ction and use when compared with oxygen
zebrea thing apparatus , It doe s however require larg e r cylinder, to provi te the sane duration. The most
satisfactor y solution to this problem is the use of a larg e storag e cylinde r in the test fuselage with a
high pressu re hose to the subj ect’ s bre athi ng apparatu s. A quick means of disconnecting the hose from
the breathi ng set should be provide d and unplugging should ope rate a change over valve which will pe rmi t
the subject to breathe from his personal cyl inde r followin g disconnection from the main supply . In any
tr ial, involving depths of greater than 25tt it is inadvisable to breathe 100$ 0~ because of the r~sk of
02 toxtoity and either oo.pre seed air or a nitrogen/oxygen mixture should be used.

(I t is advisable to pro vide a separate emergency breathing system for any subj ect who is enclosed in
an aircraft cockpi t unde r water to cover the po.eibility of failure of the canopy or hatch j ettison
system followed by any malfu nction of the subj ect ’s own breathi ng set.)

The safety di ve rs may use either self oont~ tned breathing sets or one of the systems ut ilteing a
surface air supply. In th. latter case they mast r.aeab.r that the test fuselage may be surrounded by
cables from in.t rume ntation and lighting , and it is likely to be supported by uize, fro, a crane. The
diver mast therefo re ensure that afte r any appro ach to the fuselage he retire s by the sane route to
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prevent his air hose from becoming tangled in the nu~~ rous cables surrounding It .

Adequate coneuni cations mast be maintained between control , divers and subjects. Ideally two way
voice comman icatjon shoul d be established by use of  an unde r water telep hone system employi ng bone
conduction transducers or by unde rwate r loud speakers. Alternat ively information may be passed by hand
si~~a ls o r the use of light.

A flash bulb can be used effect ively as an indication to the subject to commence his escap e. As the
(lash can be seen clearl y on any cia. fi lm taken of the trial, and it. operation can be linked
electrically to the recording apparatus,  it provide s in addition a simple system of synchronising fi lm
and instrumentation records.

PHOI\)~a&PHY

A photographic record of the trial , should e made wherever possible. This should consist of
adeq uate coverage by both cia. and .t t l l  photog ra phy in the preparation phase , during the trial and to
r..co rd the resul ts  particularl y whe n problems arise. The clarity of the water and suitabili ty of the
facility for unde rwater photography shoul d therefore be considere d in selection of the location for  the
t rial.

Ideally it shou ld be poeeiol .~ to record each teat using fi xed cameras at both norma l and high speed
and, in add i t ion , the use of a hand held unde rwater cine camera is of value to obtain a d i f f e ren t  view of
the action .

In certain .~ircumstances it may be necessary to use specialised equipment such as the camera which
was mounted on the wi ng of the Scimi tar in the 196 2 Anglo-hench Sink Rate Trial . This was tr iggered by
a differential pressure gauge f i t ted in the cockpit of the aircraft  and succeeded in f i lming the actual
implosion of the cock pit canopy at 1 000 frame s per second.

Photography is es3ential for satisfactory assessment of the actions of the subject and the function
of the escape eq ui~~~nt .  It enables the trials team and the subject to examine each test in detail f rame
by f ra~~ if  necessary and so demonstrate clearly any snags which occur. Without adequate photographic
cove rage much valuable infor mation would be lost.

U~~ OP AIR~~~i l~~ 1ING AND E~tJ I Pt(~NT

Alt h ou~h trial s may be carried out in the early stage of development of an unde rwate r escape systeL
usin 4 ’ anthropometr ic dummies or subjects wearing diving equipment , it is de sirable , prior to the final
acceptance of the system , to carry out a limited numbe r of tests in which the subject is wearing the
co rrect Airc rew I-q u l p rnt? nt Assembly. In aircraft which have suitable oxygen equip ment he shoul d also
breathe from taie system using the correct typ e of oxygen mask. In this phase it is particularly
impo rtan t for the safet y of the subject to provide a reliable compresse d air emergency breathing apparatus
w Ith  a simp le .i~outhpiece regulator in a convenient position inside the cockpit. Thi s final p hase of
t’ sting the system may well bring to light deficiencies in the clothing and equi pment which would have an
adverse effect on the survi val prospects of airczew involved in an actual escape from an aircraft which
h~t i to di tch at some later date.

~~DICAL ~~ UIREWNT5

~~ny trials of equipment for use in unde r water esca pe from aircraft  require major expe rimental
fac i l i t ie s  which we re designed and built for other  purpo ses. The prime function of these ostablishmente
may not involve the use of human subjects and only very basic medical facilities are l ikely to be
provided.

The risks in any particular trial vary and the degree of medical support required should be assessed
acco rdingly, It is suggested that in most cases adequate first aid should be immediately available and
suitable transport should be provided to enable the casualty to be move d to hospital if necessary. In the
series of trials conducte d by the Royal Navy two or sore medical off icers  we r e membe r. of the trials te am
and they provided the necessary medical cover. It is however considered that one doctor preferably aide d
by a medical assistant would normally be sufficient to deal with any medical emergencies which migh t arise.

In any situation involving the .ovement of heavy equipment or the use of  explosives physical trauma
of one fo rm or another must remain a major hazard . In underwater operations the possibility of drowning
must aso be conside red. In addition panic or thotaghtlesenees on the part of a diver may result in his
fo rget t in g  to breaths out while ascending to the surface , particularl y if he is attempting to cope with
Othe r emergencies at the same t ime. This could easily result in overdistension of the lungs , ra pture of
lung tissue and air esbolim*.

If explosive s are used to br eak the canopy or to power the ejection seat there is also th. po ssibility
of blast effects causing injury to the lunge and other internal o rgans.

I woul d not presume to discuss the treatment of suoh inju ries but I would emphasis. the importanoe of
planning in detail me thods of removing potential casualties from any situation in which inju ry could occur.

This may involve the safety diver, removing the injured man from the fuselage wh ile it is unde r mater
and his subsequent t ransfe r from the water ,f i rs t  to the worid ng platfo rm at the tank top and then to the
fi rst aid room for further resusci tation . Life saving measures mast be carr ied out te soon as access to
the patient is possible. Rx pi re d air resuscitation may have to be given by the safety diver on reachi ng
the surfac , eve n prior to the pa tient’ s removal from the water.



If the injure d men is in the test fuselage after it has been removed from the water an unde ra rm
lifting sling , similar to that used by SAR Helicopters, and a length of rope zeeved through an overhead
block say be neede d to l i f t  the patient clear of the cockpit .

As wi th  all  d iv ing  ope rations knowledge of the location and state of serviceability of the nearest
i.~compression chambe r is valu*ble and confirmation of the procedure to be adopted if it is necessary to
nie rt the facility should also be made. The method of t ranspo rt and route from the trials si te to the
r ecoa pression facility should be planned before the start of the trial.

~ino r injuries  and illne sses and treatment of such conditions as otitic or sinu s barot re.uma can be
can -ted out eithe r by the medical member of the team or by the local medical organisation. They are only
of importance from the safety aspect in the measures required for their pre vention. They may , however,
have a majo r effect on the conduct of the trials progra~~~ if one or more key members of the trials tea m
are affec t ed.

TRAI NING

Lircre w have received training in the technique of unde rwater escape from ai rcraft for many years.
Initial ly c~u4e device s we re used. One such device was simply a canvas covered fra mework with an aircraft
seat and restraint harness. This was lowered with the trai nee into a swimming pool. I~ ter more
sophisticated equipment such as the Dilbert Amim r was developed and mo re rec ently tra ining has become
apecialised with separate courses for fixed wing aircxew, and for helicopter passengers and crews. This
has beco me neoessary because the problems of escape from the se two classes of aircraft diffe r in many
re spects.

An underwater escape training scheme should be designed to eliminate all risk to the trainee while
simulating the expected conditions of an actual esca pe sufficiently closely to provide realistic training.

Pized wing naval aircraf t tend to be dense and sink relatively rapidly. They are usually fitted with
oxygen breathing systems for the crew members, Ditching may well occur wi th  the cockpi t canopy still in
place . J~ lloving di tching each crew membe r will  have to jettison the canopy , release his harness and
leave ~he cockpit , then inflate the life jacket and ascend to the surface . It is therefore desi rable tha t
they unde rgo theoretical instruction in the procedures and then pract ice underwater escape s from a
specially constructed training device .

It is conve nient to combine the training in breathi ng unde rwa ter using the airc raft oxygen system
w i t h  the release of  the harnesa and egress fx: ,a the cockpit of the training device. A. buoyant ascent to
the surface entail, a definite risk to the indi vi dual part icularly after breathing unde rwater at an
ambient pressure above that of th. atmosp here , it is beat to separate the inst ruction in buoyant ascent
f rom tha t of esca pe from the cockpit. The cockpit of the tra ining device should the refore never go
deepe r than one o r two me t re s below the surface.

If buoyan t ascent traini ng is considered necessa r y it shoul d be carried out in a similar manner to
that emp loye d for training personnel in escape f rom submarine.. Close medical supervision is required and
a re coimpression cham ber must be immediately available, preferably at the top of the training tank , thus
enmu ricg that the time taken to re compres e a suspected casualty is reduced to an absolute minimum .

Wl~ile it is desi rable tha t the cockpi t dtmensi~ ns ar, as close ~e possible to t hn q p  of th e ai rcraft
20  La n~ r sa l ly  flown by the t rainee, and that the canopy jettison handles are in the proper position

rel .t i ,e  to the seat , it is not essential and in many case s not practicable to use the actual aircraft
equipment and ~~ normal canopy release mechanism. Ai rcraft canopy jetti son systems are designe d for
op~r,tion in an emergency. The re is no a.~-d to reset the system rapidly. The equi~~~nt itself may notbe ~u~ ficiently robust to withstand repeated operation, and as it is not intended for  routine regular
im rxm ntslo ra in sat~ r cor rosion is also l ike ly  to create problems. Similarly aircraft  

~2 regulators end
ha rness qu ick releaue fastening s function satisfactor i ly underwate r in an eme rgency but need modification
or replacement by alte rnative items to ensure re liable operat ion duri ng a l ong term training programme.
Trainees should use the type of harness and quick release fastening Rhich Is fitted to their own aircraft.
This si~ould b~ pre packe d with waterproof grease as a protection against corrosion.

As aircraft oxygen regulators may wuffe r from severe corrosion when use d unde rwater it is preferable
to use a deman d val ve designed for diving. The del ivery of gas from the regulator depends primarily on
the re la t ive  position of the regulator to the chest of the subject , so small variations in regulator
characteristics are unimportant. The regu lator should be corrected to the supply hose of tne oxygen mask
in the usua l way.

The release of the canopy should be actuated by a handle or lever similar in operation and position
to that in the subject ’ s usual ai rcraft. By fitting the appropriate jettison handle the same cockpit can
b used to re p re sent seve ral diffe rent type s of aircraft.

The canopy release mechanism moat be capable of being reset quickly to enable a course of several
stu dents to gain practical experien ce in the shortest possible time. It is not necessary for the canopy
to be detache d from the fuselage as long as it completely clears the escape path. The mechanism can be
very simple as it doesn’t have to withstand a.rvdynami o loads , and by allowi ng the cockpit to flood freely
there will be no d if fe rential pressure to distort the structure.

It •ust be poss ible to lowe r the cockpit into the water rapi dly down to a predetermined depth and if
a trainee gets caught underwater , it must be possible to raise the cockpi t above the surface without delay.

A saf et y diver, who must be able to open the cano py usi ng an exte rnal lever ,  and release the
subject’ s ha rness , should obser ve the subject continuo usly during the t ime that he is unde r eater. The
di ver must carry a knits with wh ich to cut the harn ess if necessary if he is una ble to open the quick
r e1ease fastening.
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After ditchin g helicopters frequently float for a long time and in some oase, they may even remain
upr ight. Usually they turn upside down and although they stay close to the surfa ce both cockpit and cabin
ar , flooded. As the cre w do not normally use oxygen , they must re ly on breath holdin g from the t ime of
their i~~~rsion until they reach the surface .

The re..r cabin is relatively large and it may not be possible to reach an exi t prior to releasing
the restraint harness. Disorientation is also a problem and this 1. increased if the harness is re leased
before the turbulence caused by flooding of the cabin has ceased.

Training must be directed towa rds the prevention of panic and should encourage the tra inee to remain
secured in his seat until water movement in the cabin has stopped. Jettison of door s and windows should
be carried out as soon as ditching is inevi table end the crew membe rs should then place one hand firmly on
the sill of the window or door whiob they intend to use as an escape route.

Th. pre sent RI H.Iicopt .r Unde rwater escape trainer can be f i t ted wi th al ternative sections resembling
either the pilot’ s cockpit plus the rear fuselag e f i t ted  like tha t of an mnt~ submarine helicopter, or the
rear fu selage only in the passenger configuration.

In both cases the fuse lage can be l owered into the water adopting a nose down attitude and rolling
eithe r to the right or left , as selected by the instructor , until it reache s the inverted position. On
cessation of movement the trainees release their harness quick release fastenings and pull themselves out
through their selected escape route.. ~ach trainee carries out four escapee via different routes and the
instructors in sist that the se are repeated if the trainee shows a lack of confidence .

A. several trainees are unde rwate r at one time it is necessary to provide more than one safety diver.
Noi~~ lly tour are employed , two inside the fu selage and one on each side of i t .  The se diver, are
i dlate ly available to render assista nce if necessary and as they can see what each subject does during
the escape they can advi se them prior to the next run .

The usual time taken for the escape is about 5 seconds fro, the time the fuselage stops moving. This
mean s that the maximu, period of breath holding required seldo. exceeds 15 seconds. Many non-swimeer,
have carried out the drill successfully and in thø last few years lar ge numbe r, of civilian employees of
the oil co p.nies developing offshore oil fields have completed the training.

It is not considered neoes.ary or desirable to instruct helicopte r crew s in buoyant ascent from
depth. It is unlike ly that they will be able to breathe unde rwater as few helicopte rs ever use oxygen ,
m d  most crew members escape before the helicopte r has sunk more than a few metres. The definite risks
involved in buoyant asoent training ar , therefore unjustified.
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Figur, 1.

Figures 1 , 1A & 1 8. Obser ver ’s window
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opened by water pressure thui allowing
equalisation of the differential pre ssure
prior to canopy and hatch j ettison.
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Figure  1A .
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Figure 1C

Figures 1C , 1D & 1E. Je ttison of
• ‘.5 ~~~~~ 

______________ 

observer ’s hatch fol lowe d by ejection
______________- using the compre ssed air operated unde r—

water escape system. Note that the
subjec t is weari ng di ving equ ipemnt________________________ ________________________ ____________ 
in this trial.
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Figur. 1D
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Figure 2. Right (utarboard) side of Sea Vixen Figure 3. Left  ~port) side of the seat shoeing
ejection seat showing gas cylinder which the cylinder containing compressed air which
inflated the seat sepa ration bags, propelled the seat duri ng underwate r escape .

The drogue link—line guillotine can also be seen.
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Figure 4. Sea Vixe n ejection seat gun modified Figure 5. Sea Vixen ejection seat with
for unde rwater escape showing compressed air seat separation bags inflated.
cyl inder and opsrating lever.
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Figure 6. Automatic operating head and connection Figure 7. Gun fitted in iluccaneer pilot’a cockpit
to lowe r end of ejection gun . showing the tube which t ransmits external pleasure

to the ope rating head .

I I

Fi gure 8. Buccaneer obse rver ’s ejection seat
being lowered into fuselage .
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Figure 9. Ejection throu~~ canopy from floode d obse rver ’s cockpi t (du .y).
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Figure s 10 & 11 . Recon structed canopies shoving typical break up
pattern s following ejection throu~ t the Buccaneer canopy under water.
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Fi gu re 12. La rge p i .‘ of pe rspe x from the Figu re l~~. He lme t damage following
canopy ‘~ompa red with a 2 ft rule, ejection through canopy .
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?igure 14. Buccaneer cockpi t prepared for underwa te r
ejectio n trial showing unde rwate r lighting and cameras.
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Figure 15. Gannet pilot’ s underwater escape system.
In t h i s  System t ie compressed air ra ms pull the pilot
out of the cockpit in his parachute harness leaving
the seat in the airiraft,

~~~~~ 
. -— —

~ 
~~~~~~~~~~~~~~~~~ 

— 

~~~ 

—•---—- •—--—-----••-.---- -— .5-  - — —— -  — -——

~

-—-—-

~~~~~~~~~
.——- • V



-5- . “ ‘~: - ______________

- .~V- - •

:~.
-
~
- . .~

-
- - -- -- 

~~~~~~~~~~~

Figure 16. Zt.ndard Vi be ing droppe d into the sea.
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Figure 17. Flotation attitude of Etenda rd V i before it sank .

Figure 18. Scimitar ready for dro p in nOse down atti tude .
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Fi gu re 19 .  f lota t ion at S it u l e  of Scimitar a f te r  the dro p before it sank.
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Figure 20. floating crane barge and tug fol lowing recove ry of trials
ai rc raft from the sea bed.
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