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I.A.:. Rerort No, 160

A DRIIGSOPLY G FAESSLRE SUITS
vy
Squadren Leader J. Frnsting, O,L.E.

R.AF. Institute of Aviztioa kedicine,
Farnborouglh, Hants.

November 1960

The crew of aircraft flying at high altitude must be protected against
the low eavironuental pressure and low teuperature which characierise the upper
regions of the auimosphere. In modern nilitary aircraf't this protection is
afforded priwarily by pressurisatior of the crew compartment. 3ince at high
altitude preservation of the artificial environment of the pressure cabin is
necessary tor the well-being and in many circumstances, the survival of its
occupants, the principle of duplication of essential systeas is normally
applied to cabin pressurisation. Whilst this principle can be applied to the
pressure control mechanisms it is impractical to apply it to the structure of
the cabin itself. Fxperience has shown that even in modern aeroplanes the
reliability of' the pressure cabin is less than that of other essential struc-
tures such as the main spar of the wings or the tail plane. Further, in
military aircraft there is always the possibility that enemy action may destroy
the integrity of the pressure cabin whilst the aircraft reuains an effective
weapon. Thus a secondary system of protection for the crew against the effects
of exposure to the environmental conditions existing at high altitude is
necessary. Various forms of emergency protective systems may be ervisaged
ranging from personal oxyten equipment to a pressurised escape capsule, Whilst
the pressure capsule is an interesting engineering concept, no fully tested
device of this type is available as yet, and the fitting of such a device to
existing aircraft types would entail major structural modifications.

Protection against the effects of exposure to the low pressure and
temperature existing at high altitude following failure of the pressure cabin
is commonly provided by personal pressurised equipment. iany forms of pressure
clothing have been developed and considerable confusion exists 2s to the degree
of protection afforded by and the operational acceptability of various assem-
blies. The purpose of. this paper is to present a rational philosophy of
pressure clothing based upon physiolosical and operational considerations.

The conditions to which the occupanis of a cabin may be exposed by failure
of pressurisation depend in part upon the nature of the failure. The
pressurisation of the cabin may fail because of an insufficient flow of air into
it, or an excessive loss of air from it through the rormal air outlet system or
a defect in the wall of the cabin. The coumoncst cause of an inadequate inflow
of air is engine failure and this cause occurs principally in single-engine
aircraft. 7hilst failure of supply of air will result in a gross reduction of
cabin pressure differential and of thc supply of heat to the cabin, it is
generally associated in single engined aircraf't with the rapid descent of the
aireraft. it is usually a design requirement for a pressure cabin that the
tie taken for the cabin preszure differential to fall to zero after complete
cessation of flow of air into the cabin wust exceed the time taken for the
aircraft to descend from its ceiling to below 40,000 feet!. Where this
requirement is met the occupant will not be exposed to conditions in which
pressure clothing is required by a failure of cabin air supply. In some

1. All altitudes quoted in this paper are pressure-equivalent
altitudes based upon the I.C.A.J. scale. /




military aircraft, however, tre cabin leak ratve is high and the absolute
pressure in the cziin followilug enmine Uzilure may rall to such a level that
esnergency pressure cloching, 1s necessary even througis the aircrart is
descendin, apridly. Since in these siluations the duration of exposure will
be short it is unlikely tiat the tuwperzture to whicn the occupant will te
exposed will be intoleiably low.

One o the .03t common causes oi' loss of cabin pressurisaticn is a mal-
function o ihe system controlling tre {‘low of air out of the cavin. Thus
the cabin outlet valves may becouwe fixed in the fully open position and
inspite of a very high rate of’ flow of wir into the cabin the cabin pressure
differeatial %111 rall to a ne;lijible valuc. Whilst 2 failure cf this type
results in an absolute pressure within the cabin approaching that of the
irediate environment around the aircraft it may or may not result in a
serious reduction in the catin temperature. The cabin temperature following
such a failure depends upon a number ol factors, including the cabin tempera-
ture befere failure, the temperature around the aircraft, the temperature,
mnass and pressure of air flowing into the cabin, the relative sites at which
air enters and leaves the cabin, the size of the cabin, the thermal capacity
of its walls and the amount of radiant heat entering the cabin through trans-
parencies. There would appear to be a considerable variability in the rate
at which the cabin temperature will fnll and in the final value which may be
reached between one aircraft and another, and in the same aircraf't under
various circumstances. Thus the cabin temperature following failure of the
cabin outlet valves may rapidly approach the temperature of the atmosphere
around the aircraft or it may only fall slowly to a value considerably greater
than that of the aireraft environment

Various types of defect can occur in the walls of the pressure cabin of
an airoraft. Since military aircraft are fitted with mechanical escape
systems which require suitable apertures in the cabin wall there i3 a
greater chance of a failure of the cabin wall in this type of airoraf't.
Likely causes of failure in this group are deflation of the seal round a
canopy or natch, inadvertent release of a canopy or hatch or structural
failure of part or of the whole of a transparency. Structurzl damage due to
enemy aotion way also result in loas oi' cabin pressurisation. The reduction
in the cabin pressure differential caused by a defect in the cabin will
depend primarily upon the size of the defect. The site of the defect is also
of importance in this connection as in certain positions the flow of air
over a defect in the aircraft skin umay reduce the absolute pressure within
the cabin to a value less than that of the atmosphere around the aircraft.
This phenomenon of aerodynauwic suck can result, {for example, in a pressure
altitude within the cabin of 50,000 feet in an aircraft flying at a pressure
altitude of 40,000 feet, & further feature of this type of failure is that
the fall in cabin pressure differential iay occur very rapidly. In addition,
vhen the area of cabin wall which is lost is large, for exauple a canopy,
oonsiderable air movement and turbulence may be created within the cabin.
The crew may be subjeoted to severe buffeting by this air movement. The rate
at vhich the cabin temperature will fall and the final value reached in this
type of failure is influenced by the same factors when the defect is in the
cabin wall as whea loss of cabin pressurisation is due to faulty outlet
valves.

Thus various defects can arise in the integrity of the pressure cabin
or in the associated pressure control system that will result in the
absolute pressure within the cabin falling towards, or even becoming less
than the atmospheric pressure around the aircraft. The rate at which the
cabin pressure approaches that of the environment can vary over a very wide
range, the duration of the pressure chanpe varying between about 0.1 sec. and
several minutes., A reduction in the cabin pressure differential nay or may not
be associated with a significant reduction in the te.perature within the cabin.
It may be possible to define wore closely the conditions to which thc crew of
a particular type of aircraft may be exposed, particularly if the effects of




battle damage are excluded. Thus experieace with a particular type of
aircraft may show that the hilot's canouvy coes not corne separated inadvertently
and that the canopy itselr Joes not shatter. Iu these circumstances the
possibility that the crew way be exposec w0 very low terperatures wi.en cebin
preasurisation fails may not be worth tzldn; into account. It is cifficult,
however, to see how ccruain types of failure can be definitely excluded and it
is much wore logical to suvpose that aircrew may be exposed to low pressure
and low tewpcrature f'ollowing failure of the cubin or its associated pressuri-
sation gysieu.

Whenever possible, railure of cabin pressurisation at hign altitude is
followed iimediately by descent o an altitude at which flight with an
unpressurised cabin is safe. ZBei'ore o rilot can initiate such a descent he
must be aware that there has been 2 failure. In wost circumstances it should
be possible for descent to be initiated within 30 seconds of a serious failure
of pressurisation cf' the cabin. Occesionally the flight path nay te such trat
descent cannet be initiated until = .inute or more has passed, e.g. if failure
oocurs during the ascent in a ballistic type flight path. Whilst rapid
descent following failure is highly desirable, there may be aerodynamic and
structural reasons for descending fairly slowly. Immediate descent in the
sense expressed here may, however, be iwpractical for reasons of furel economy
or the nature of the mission. Thus the amount of fuel reumaining in the
aircraft when the emergency arises may te adequate for the return to base only
if' the flight is continued at high altitude. Operationally it may be essential
that an aircraf't should remain at high altitude following failure of the
pressure cabin. Thus failure may occur deep in enemy territory and the safety
of the aircraf't and its crew may depend upon the maintenance of heicht for
several hours. Thus the time for which protection is required following loss
of cabin pressurisation may be either restricted to several minutes or
extended to several hours. When escape from an aircraft is made at high
altitude the duration of exposure to high altitude is, of course, limited to
only a few minutes.

In order that the protection required against the effects of loss of
cabin pressurisation can be considered, the physiological effects of this
situation must be discussed. The physiological effects of loss of cabin
pressurisation at high altitude way be divided into two groups. The first
group of effects is related to the sudden fall in pressure around the occu-
pants of the cabin. The seconu zroup is related to the low barouetric pressure
and low temperature to which the crew are exposcd following the failure.

Within the body, the fluid systens will not be directly affected by a fall
in barometric pressure (unless the pressurc becomes so low that the fluid is
close to boiling point or sgas comes out of solution). Gases contained in body
cavities will tend to expand. Wherever the internai .ases cannot escape to
the exterior there will be a rise in presswre in the organ relative to the
external surface of the body. The gas containing cavities are the intestinal
traot, the nasal sinuses, the middle ear cavities and the lungs. FExpansion of
the intestinal :ases may zive rise to discomfort, pain and very occasionally
circulatory and respiratory embarrassment. There is considerable individual
variaticn as to the degree of discomfort or pain produced by a given change in
pressure. Although in a few individuals the expansion of intestinal gas can
cause incapacitation due to abdominal pain, distension of abdominal gas will
not cause any serious disturbance in the majority of normal healthy aircrew.
The gases contained within the cavities of the skull (sinuses and widdle ear)
generally do not give rise to any disturbance on decompression since the
volumes of gas concerned in relation to ithc size of the ventilating passages
to the exterior are small. If, however, these passages are blocked due to,
for example, an upper respiratory tract infection, serious pain and haemorrhage
may arise. The lun-s differ from the other gas containing cavities in the body
in that they normally contain a larse volume of gas rclative to the size of the
ventilating passage to the exterior and hecause the lungs themselves are rela-
ti-ely fragile. Over a very wide range of rates of decoapression the expanding




gases within the lungs can cscape and no dicturbtance ol those orrans will

occur, If, however, the rate ot deconpression of the catin is very Tast the
expanding zas in the lungs cannot ccceespe rapidly enourh cad in certain circua-
stances damage will be done to the lungs. he limits of hu.an tolerance to

rapid decompression are deterusined pri.ar:ly by the behaviour of the lungs.

The etfects of rapid decoupression upon the lungs mry be nodified by the
personal oxy;en equipment used becuuse the equipment way impede the 'ree flow
of gas f'rom the respiratory tract. The t'low of gas from tihe lungs can be
impeded by two _echanisms. The {'irsi is related to the resistance to :as
flow off'ered by the expiratery port and valve in the oxygen wask. The secoad
is related to the l'act that in all pressure deuwand sysiews the outlet valve
of the oxypen mask is of the compensated type. The compensating wechanism
will hold the expiratory valve shut during 2 rapid fall in cabin pressure and
50 prevent any egress of gas i'rom the luais,

Exposure to low lLaroietric pressures can give rice to three distinct
physiclogical effects, viz:- anoxda, decompression sicluwess and vaporisation
of tissue fluids. Anoxia arises when the vartial prezsuie of oxygen within
the alveolar gas alls belew its normal.sea level value of 100 nmHg.
Significant anoxia does noi arise, i this context, however, until the
alveclar oxygen tension falls telow 60 wmify, At altitudes of up to 40,000 ree*
anoxia may be prevented in the sieady state by delivering 100% oxygen to the
respiratory tract. At altitudes above 40,000 feet even if 1005 oxysen is
breathed a significant degree of' anoxia will arise since the total baremetric
pressure is inadequate to maintain an alveolar oxygen tension of greater than
60 mmHg. The degree of anoxia which ensves on exposure to altitudes above
40,000 feet increases rapidly with increasing altitude. Even a short exposure
to altitudes of greater than 45,000 feet leads rapidly to unconsciousness
(figure 1). Apove 50,000 feet unconsciousness ensues within 15 seconds of
the exposure. The actual time for which the total lung pressure must be
reduced below 90 mmHg absolute for impairaent of consciousness to follow is
only 5 seconds. .

Prolonged exposure to altitudes in excess of 25,000 feet will cause one
or more of the symptoms of decompression sickness (bends, chokes and circulatory
and neurological disturbances) in the vast inajority of subjects Very
occasionally decompression sickness occurs on exposure to altitudes between
20,000 feet and 25,000 feet. The incidence of incapacitating decompression
siokness inoreases with increase in altitude and with an increase in the dura-
tion of the exposure. Thus whilst exposure to an altitude of 35,000 feet for
one hour leads to incapacitating decowpression in only 8: of seated subjects,
a similar exposure to 37,000 feet will cause incapacitating decompression
sickness in 34 of seated subjects (figure 2). Even moderate exercise greatly
increases the incidence of decompression sickness as coupared with the
incidence in the same group of subjects under ideniical conditions but at
rest (figure 3). It is very rare, however, for decomprcssion sickness to arise
immediately on exposure to reduced baro.ietric pressure. Incapacitating
decompression siclmess is seen only very seldom following rapid decoapression
until at least 5 minutes have elapsed (personal observation). Beyond this
time as has been seen the incidence increzses with duration of exposure. The
incidence oi' decompression sickness in a group of aircrew can be modified by
either the selection of rclatively unsusceptible subjects or by denitrogenation.
In order that complete protection may be  iven by denitrogenation the pre-
oxygenation must be rigorous. Pure oxygen must be delivered to the respiratory
tract for a considerable period of time ot low altitude ii' effective protection
is to be given following exposurc to high altitude. For example in order to
provide 15 minutes protection at altitudes above 35,000 feet 100% oxygen mu :t
be breathed for at least one hour at sea level. Denitrogenation at inter—
mediate altitudes up to 25,000 feet is less cffective than denitrogenation ~odes
for the same period at sez level. ’
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Wwhen the total vnrometric pressure is :ess than the vapour pressure of
tissue rluid ot Lody temperature, viporisz.ion off the {luid #ill occur  Thus
the lungs of aniuls cvxposed to pressure =l:iitudes in excess of 65,000 feet
become t'illed with woter vapour aud vapour locking of their circulation
occurs. Such extrere effects do not occur in practical nviation since protec-
tion against anoxiaz ualone demands chat tnc 2bsolute pressure wiihin e
respiratery tract and clirculation be waintiined at a value greater cran 120
mmbg. Exposure of peripheral regions of the Lody, for exauple the hands, to
barometric pressures of less than the vapcur pressure cf the tissue t'luids a-
tissue temperature icads to vaporisation of ihese rluids wiih no avparent
impairaent of pcrformiance over short puricds of tine.

As has alrcauy been discussed exposurc to low baronmetric nressure
following loss of cabin p.essurisation .5 usually associated with exposure to
low teuwperature. The effcets of low tuiperaiures on the body can be divided
into two groups, local and general. The local eifects which _enerally arise
first in the cxvosed regions of the bod:, such as face and the iiands, consist
of i paired fuaction and cventual tissue daucge (frost tite). The general
effects which do not occur until the ecxposure has been of a certain duration
consist of progressive inpzirment of perroruance followed by unconsciousness
and eventually death. An circrew newber wearirn: norwal flying clothing
including an oxygen masX znd gloves will not surfer any serious damage during
aa exposure limited to 10 aminutes to the lewest te.perature conditions which
may be encountered at high altitude. Exposurc beyond this time will, however,
lead to more severe peripheral cold injury and progressive impairment of
perfurmance.

It is apparent from the foregoing tiat the nature of the effects of
exposure to low barometric pressure and temperature depend not only upon the
absolute pressure and temperature but also upon the duration of the exposure.
However extreme the altitude and temperature conditions, provided that the
duration of exposure is relatively short, the only serious physiological
effect will be anoxia. IF however +the exposurc is prolonged then both
decompression sickness and cold injuriecs will occur. Experience has shown that
any exposure may be considered of short duration if the time spent above
40,000 feet does not exceed 5 minutes and that descent to lower altitudes is
carried cut as rapidly as possible. Even if the exposure to altitudes above
40,000 feet is as long as 10 winutes that the incidence of decompression
sickness and cold injury is relatively small. Thus the physiological problews
which arise following loss of cabin pressurisation differ widely depending
upon whether iumediate descent to low altitude is undertzken or whether the
exposure to high altitude is prolonged. This difference in physiological
effects can be linked logically with the differing operztional requirements
of immediate descent and prolonged waintenance of altitude following lecss of
cabin pressurisation.

Protection a,ainst the effects o rapid decompression can only be
provided by artificially reducing the rate at which the gzs pressure around
the body alis when thc cabin pressurisacion fails and thus limiting the
pressure difi'erential developed between the lunys and the surface of the
chest. It is possible to achieve this form of protection with those types
of full pressure suit in which the man i3 enclesed in an airtight bag before
decompression occurs. Under these ocircuwstiances as ithe cabin pressure falls
the suit will rapidly inflate and whilst the pressure within it #ill fall
slightly only a small f'raction of the sudden reduction in cabin pressure will
be transmitted to the man. With a suitable pressure control system the
pressure in the suit can then be reduced at a safe rate to the desired
absolute pressure. In other types of oxygen equinment possibly the best that
can be achieved with respect to rapid d.compression is to ensure that the
equipment does not add any resistance to the ouiflow of gas from the respira-
tory tract. There is a likelihood that in partial pressure suit assemblies
some positive protection may Le afforded by rapidly inflating a bladder around
the trunk to prevent overdistension of the lungs.




In order to preventi si-nificant anoxiz at altitudes ereater than
40,000 feet 100 oxyren -ust be delivered to the recpiratory tract and the
absolute pressurc within the lun S waintained at a vealue of st least 141 mmHg.
In certain situztions where the duration or exposure is extre .ly short (and
the oreathing pressure is relatively low) an intrapuluonary pressure as low as
120 mmHg «bsolute is acceptable.

In order t> prevent decoupression siclmess following loas of cabin
pressurisation =t high altitude the pressure of the inumediate environment
around each airsrew nember nust not fz2ll below 282 mmi;. absolute.’ In order
to be ervective this absolute pressure must be appliced to the whole of the Lody.
Zven il thu absclute pressure is not gpreater chan 225 iualg the iacidence of
serious decompression sicliness in exposures of' several hours duration will
probably be “aw. The incidencu of incapacitating decouprcssion sickness over
this length of tiume will, however, increase repidly as the pressure is reduced
below 225 mullg absolute. This physiwlogicel requirewent is related to
unselected aircrew. It is posaible to select, by test procedures, subjucts
who are reclatively unsusceptible to decompression sickness. When, however,
the duration of expesure¢ is prolonged the proportion of aircrew excluded by
such a test precedure will be very significent. For example, in one series of
selection tests 50% of the subjects duveloped serious decompression sickness
during a 4 hour exposure to 35,000 feet.

As has been mentioned already protection may also be provided against
decompression sickness by denitrogenztion. Thus in one group of subjects in
order to provide effective protection for a 4 hour exposure at altitudes above
30,C00 feet preoxygenation had to be carried out for 4 hours at sea level.
Thus unless the selection of unsusceptible subjects with its inherent high
wa3tage rate is accepted or prolonged, preflight preoxygenation is used, the
only effective method of providing lon; duration protection against
decompression sickness after failure of the pressure cabin is to maintain the
pressure iwmediately around the subject at or greater than 225 wmHg absolute.

[

Vaporisation of tissue fluids only occurs when a portion or the whole of
the body is exposed to an absolute pressure of less than 47 mmHg. As has been
pointed out already the need to protect againat anoxia demands that the
absolute pressure within the respiratory tract and therefore the circulation is
maintained at a value greater than 120 .mlg. Thus vaporisation of tissue fluid
can only ocour as a local phenomenon on exposure to altitudes in excess of
63,000 fcet. Since the high breathing pressures required to prevent anoxia at
these altitudes demand that wost of the body should be covered, the regions
vhich way be exposed directly to very low pressure are listed. Experimental
work exposing the hands to simulated aliitudes in excess of 70,000 feet
demonsirated that for short duration exposurcs vaporisation of tissue fluids
causes no signilicant impairment of nerforuance and no deleterisus after
effeots, If thc exposure to altitudes above 63,000 feet is to be prolonged
then other considerations demand that no part of' the body should be exposed
directly to the very low barowetric pressure.

When, following loss of cabin pressurisation, aircrew are exposed to low
ambient temperatures for longer than 10 minutes, protection azainst the effects
of these low tewperatures wust be provided. Protcction entails the provision
of insulati:g material between the skin and ambient 2ir and the supply of heat
to the body. If the exposure is to be of long duration then sufficient heat
must be supplied in order to maintain the aircrew member in thernal comfort.
The distribution of the heat supplicd must be such that hands and feet are
protected efficiently and the normel tempcerature controlling mechanism of the
body must not be interfered with. A further inmportant point is that heating
must be supplied to any valves or ports through which moist gases pass.

1. FEven at this prussure an occasional case of decompression
sickness will occur. The incidence at greater absolute pressures
is, however, insipgnificant in this context.




Thus, to swamirice, tiuc physiocloricnl o miiceacn.s o1 protection fellew:i-g
loss of cabin pressurisation may ' e wividce ciearly on & time vasis into tw:
groups. Ina situations where i .cdiac deceent ollowin loss oU catin

pressurisation can te carried out and exyosure to nltitudes in excess of
30,000 fceet does net exceed 10 idnutes, it is -nly necessary to prevent znox:i:
by providing 100% cxygren to the respiratary trict at an ahsolute pressure of
at least 140 wamily. If, nowever, the Jduration oi' the exprsure exceeds 10
minutes theh not only must protecticn a~ainst anoxia be »rovided tut also
ageinst decomnres:icn sickness and the effzscts of low tomperature. In order
to give protection arainst tlese Cuctors tre abzolute pressure around the to
must be maintained at at least 282 wiiz arsi sufficient iteat sunplied to
maintain thermal talance.

The physiological requirements which have been outlined in previous
pacagraphs can be met relatively siurly by means of a ba encasing the wearer
which is pressurised to the desired absoluie value and to which oxygen and
heat are supplied. The principal difficulty, however, arises when the practi:al
requirements concerned with flight are cunsidered. Thus any personal equipzent
developed to protect an aircrew rviember followins loss of cabin pressurisatiocx
should not in principle reduce his rcutine flying efficiency. The ideal in =nis
context is that he should wear no specialised personal equipment. Thus a
compremise has to be struck between a minimal reduction in routine flying

fficiency and adequate protection fellowing loss of cabin pressurisation.
Further considerations which have to te borne in wind in the design of' pressure
clothing is that it must allow the man adequate wobility and the ability te uze
his special senses so that he cau perform the task required of him after
depressurisation of the cabin at hign sl:citude. Further this personal equipzant
must be integrated with the escape and survival systewis which are provided in

the aircraft. In many details the dewands of full routine flying efficiency and
of integration with escape and survival systeus oppose directly the physiolozical
requirements which have already been outlined. Thus in practice and particularly
in the development ci' opgrational pressure c.icthing there wust be a compromise
between these two conflicting demands. iIn the end the success of any preasuce
clcthing system will depend on the correctness of this comprowise.

As has been desoribed, the ideal physiological solution t< the problems of
protection followin; loss of cabin pressurisation is the full pressure suit. It
is pIssible by mcans of this sarment to provide protection against the effects
of 2 sudden reducticn in cabin pressure, against anoxia, deoompression sickness
and the cold. To date, however, no rlexible garment has been constructed w:ich,
whilst fulfilling the physiological requirements, alsc meets the practical
eperational needs. Further, althou h 2 full pressure suit will obviously
provide protection for short duration exposures, it actually ives more physio-
logical protection than this situation demands. It is important, therefore, to
examine the nature or "the personal equipment which is necessary for short
duration protection at high altitude, i.e. which will prevent anoxia at altitudes
in excess of 40,000 feex.,

It has been seen that anoxia may te prevented at altitudes of greater :rnan
40,000 feet by deliverinz 100% oxygen to the respiratory tract and maintaining
the pressure within the lungs at a value of at least 141 mmHg ahsolute. Tke
maneeuvre whereby the absolute pressure within the respiratory tract is
maintained 2t a value greater than that of the environment is known as positive
pressure breathing. Positive prcasure breathing of itself induces a number ef
physiolozical disturbances and, depenaing upon the altitude to which proteotion
is required, counterpressure must be applied to various parts of the body.

Thus at altitudes up to 56,000 feet oxygen under the necessary pressure may e
delivered by ieans of an oronasal wmask. The disturbances induced ir the hez2 and
neck at higher pressures dewand that counterpressuire should be applied to tre
fact and upper part of the neck, i.e. at aliitudes ahove 56,000 feet some Icrm
cf presswe heluet is necessary. Azain ai aliitudes of up to 50,0C0 feet no
body coun:erpressure iz necessary bui at the btreathin. pressures rcquired at
altitudes above 50,000 fvet support must be -iven to the respiratory tract by




applying counterpressure to the crund,  Phe circuiecory disturcances induced by
positive pressure treathing wre such chat at sltitades ia excess of 50,000 It
counterpressure Lase also be cpplied o che lower lilbs. the ceabination of
counterpressure to the trunit and lover liabs will provide adejuitle crotection
at altitudes up to 70,000 'L for snorr duration expJdsures. At sreater alceitudes
counterpressure wust also Le apolied to the upper lictse Thus wiere chort
iuraticn protection a,ainst anoxia at altitudes above LU,000 feet is all that

is required, large regions o the body way be left une.acumhered by pressure
clothing.

The practical advantages of the philosophy outlined in the previous para-
graphs ore well demonstirated by the assemblies of partial pressurc clothing
develeped for the Royal Air Torce. The basic coaponents of this series of
garments are a high pressure sealing oronasal mask, a partial pressure helpet-
the pressure jerkin, a bladder by means of which counterpressure is applied to
the whole trunk, and the stanaard Royal Air Porce anti-G sniv. These components
are combined in various ways t provide adequate physiolopical protection
against the effects oi' sudden exposure to various altitudes for long enough ic
allow rapid descent to below 40,000 feet (Table I and fijure 4).

TABLE I. Royal Air Force Partial Pressure /issemblies

Assembly Ceiling of protection
(maxiaum cabin altitude)

A. Oronasal mask 50,000 feet

B. Oronasal nask 56,000 teet
Pressure Jerkin
Anti-G suit

C. Partial pressurg neluet 70,000 feet
Pressure Jeridn
Anti-G suit

D. Partial pressure helmnet 110,000 feet
Arm Jerkin*
Anti-G suit

* Pressure jerkin fitted with sleeves which pressurise
the upper limbs.

Each of these assemblies with its appropriate pressure demand oxycen
regulator has been fully evaluated in an extensive physiologiczl test
programme which included the exposure of considerable numbers of subjects to
reduced pressure in z decompression chamber. The actual simulated altitude -
duration surves for which it has been proved that a given assembly will
provide sure protection are shown ir figure 4. These curves do not necessarily
represent the limits of protection afforded by the various assexblies. In ‘
some instances it is known that an assembly will provide protection for a f
longer period than is shown in figure 4. Directly nowever the duration of
expesure to altitudes in excess of 30,000 feet exceeds 10 minutes the incidence ‘
of decompression sickness will become significant. The protective efficiency
of these various assemblies has teen confirumed by the results of training
aircrew in their use. The total number of aircrew presented for training in
these assemblies and the incidence of unsuccessful field training are
swamarised in Table IT (unpublished data of Ernsting and Wagner).
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TAELE TI. Summary of resulis of traini:n sircrew in the use of
R.A.I. nopticl preasure "zocohlies

icsembl uzz-r o! aircrew incidence of
A53°003L under-oin, Lrainins unsuccesstul training

Orec . 521 uask
™ gzure Jeri.in O 1.9
Anti-3 suit

Partizl pressure helmet
Pressure jerkin 130 2e 20
Anti-Z suit

Partial pressure helmet
Arm jerikin
Anti-C suit

~J

o
—
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In many pressure heluets oxy en at itne required pressure is applied not
only to tke respiratory uruct tut alsoc to ihe eatire surface cf tite head and
the upper part of the ueci. ‘e applicaticn ol pressure by .weans of such a
helmet zives rise te a force which tends to 1ift the helmei oi'f the head.

This force is opposed by tying the helmet down o7 the trunk portion of the
pressure garment. The need fer a connection between the helmet and the trunk
garment reduces the mobility of the head unon the trunk and requires a compli-
cated mechanical device around the reck. In Royal Air Force partial pressure
helmets this problem is cvercome bty not applying pressure to a region over the
orown of the head ejual in area to tre cross-sectional area of the neck. This
partial pressurisation of the head prevenis 1ift of the helmet on inf'lation
and thus eliminates the need for ary conasction between the helmet and the
trunk garment. With this form of helmet no restriction of head movement exists
and very little restrictign is produced by pressurisation of the equipment.

The simple design of the basic pressure garment of this series of
assemblies, the pressure jerkin, ensures that sizing, fitting and donning of
the assembly is also siaple and rapid. Suci: an assembly is comfortable to
wear during routine flight and does not impose an unacceptable heat load
provided that cabin conditioning is adequate. ifobility of the head and upper
limbs is unrestricted when the garments are not pressurised since neither the
neck nor the upper limts are encased by the pressure clothing. In full cover
garments the most severe restriction of wovement caused by inflation occurs at
the neck and the shoulder joints. In the R.A.F. series of partial pressure
assemblies these effects are avoided by not applying counterpressure to the
neck and the shoulder. At altitudes of up to 70,000 feet experience has proved
that, for short duration protection, it is unnecessary to apply counterpressure
to the neck and to the upper limbs. Even at 70,000 feet there is no restric-
tion of movement of the upper limbs when the pressure jerkin is worn. Although
counterpressure must be applied to the upper limbs at altitudes in excess uf
70,000 feet it is unnecessary to apply counterpressure to the shoulder itsglf
s2 that adequate shoulder movement =zy pe retained whilst ocounterpressure 13
applied to the arms thewmselves. ‘"hilst pressure zloves are desirable at
altitudes above 70,000 f'eet no sericus impainuent of manual dexierity and no
permanent damage will ensue il the barc hands are expcsed to . rcater altitudes
for a limited period of' time,

The reclative simplicity of this series of partial pressure asseablies has
enabled complete integration with tze R...F. escape systeius te be carried out
successfully. The use of a robust multi-services connector has greatly reduced
the labour of routine entry to and exit from the ejection seat and has alse
reduced the incidence of ansxic incidents due to inadvertcnt disconnection of
the oxygen supply. Since the pressure jesrkin is the outermost garment the
flotation stole has been attached directly te it, reducing che number of




separate sarments w.ich have to Lo sorn. Fxuernd Slyin by tour tost yilots

and squadron pilot. lLios proved that these partizl pressure agserilics inwe
very little impaliucnt of routine tlving efficie.cy in t ose crow positions tor
which they were designed. T roiy marments celoo virt 2llv no recuctoon o0
trunk or limb wobility The prescut particl prescure colmets w ilor Still ocone
way from the ideal helmet represent & ceasonas le comproulze setween tn rreds

vical and physiological requirenenis.

In these partial pressure assemb-lies tho pressure jerkin and the .ask or
pressure tielinet are inflated by a pressure demand oxygen regulatoer. Whilste,
in order to achieve protection to the .axiwmum possibleu altitude, cuch nssently
must te uzed with a specific tync of oxygen regulator, all the assemilies can
Le used with the same type of regulater. Thus any of the assemilivs uay Te
used in an aircraft fitted with a regulator deliver: ., oxygen a3t an a.solute
pressure of' 141 muwrlg at altitudes in cxcess of 40,000 feet. Lhe liaicaticns
te the protecticn a’forded ty cacin of the asse:nblicc when used with such a
regulator are _iven in Table [IT.

TACLE III. Limitatica of protection ot portial pressure assewblies wner
used with a regulator delivering oxygen at 141 mallz absolute

Ceilinz of protection

Assembly (aximum cabin altitude)
A. Oronasal mask 45,000 feet
B. Oronasal mask 52,000 feet

Pressure Jerkin
Anti-G suit

C. Partial pressure neluet 70,000 i'eet
Pressure Jerkin
Anti-G suit ’

D. Partial pressure i:elizet 110,000 feet
Aru Jerkin

Anti-G suit

Thus it is possible to provide short duration protection against the
effects of exposure to high altitude with a series of assemblies which euwploy
the same aircraft installation. Connection between the assemblies and the
aircraft (or seat) mounted regulator is made by way of a single standard
personal equipment connector. It is possible for the aircrew to be
encumbered with the minimum of pressure clothing consistent with the maxinum
altitude of the sortie to be flown. The versatility of such an aircraft
installation may be extended even further by mwodifying the panel (or seat)
mounted main regulator so that by manual adjustment it will deliver oxygen at
any absolute nressure between 232 and 141 mmHg in addition to automatically
delivering oxyeen at 141 mmHg absolute at altitudes in excecs of 40,000 feet
With a wodified regulator of this type a full pressure suit may he used in
addition to the {ull range of partial pressure assewblies described above.
The full prrssure suit will of ceurse also require an air supply for ventila-
tion and pressurisation of the body part of the garment. Such a supply should
be available however even when partial pressure assemblies are used.




Operationclly two silstinat Cequiremen. - o Lo distin niashed o ith
resnect to tie use of »reusure clodhin . Coliocdn e foss of oo bhin prossuricaizon
ot high altitude. On the one naad icaedicte deoncent to o 5 i ~llitude will
be undertiken following loss ol cabin pressurisction, 50 oot she lenelh of
time for wvhich pootection ainst b2 el:ects -0 exposare to high  lilvudes
will bo short, not loncer tasn 5 minutes .bove 40,000 i-et. Cn the other
hand it may be necessary Yor tic sircr.ii und its occuionts to rcemain at
high altitude for sowe time «fter i'ailure oi the pressure cabin hin occcurred,
the actual time verying ffrem 10 minutes to several hours. Thysiolo-winwl
consideraticns i1sad te the conclusion that il the dursiion of the exmasure
to cltitude in cxcess of 40,000 veet is limited to five minutes ther protec-
tion asninst the =flects of anoxin ~ione is recuired, whilst if the duration
of the exposure is greater the airerew muzt be protecied not only =z::inst
anoxis but zlso ~gainst decompreszion siclmess .nd the effrcts of exposure to
low tempercture. Adeguate long durztion rrotection can only be - covided by
a full pressure suit in whicl cxyzen is delivered to the »espirztory trect,
the absolute prescure ¢t the surfice of the body is net alloved io fall below
232 mnlg ond thermsl brlznce is maintained by supplying heat. ‘hilst such a
suit will also provide cilenquate protaction for o short durztion exposure with
vresent designs the wedrer is encumbered unnecessarily by = ~crment covering
his whole body when only pz2rtial coverase will provide sufficient protectiun.
Thus short duration protection cin be arforcad by zssemblies which cover
only part of the body and which therefore ..llow greater mobility and ceuse
less reduction of flying efficiency thi'n a full pressure suit. Proceeding on
these lines 2 series of pzcr:izl pressure zssembiies have been developed for
use by the Royal Air Force, =0 thot the zircrew members c.n wear the minirwum
of pressure clothing consistent witik the aliitude and n.ture of the sortie
he is to undertake., This philosophy hus been zdopted in order to muintain
routine flying efficiency in face of the need for pressure clothing owing to
the higher operating alﬁ}tudcs of service aircraft,
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