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Life support equipment is vital to ensure safety of man and machine in the air and ulso contributes to
aperational efficacy. New factors have cmerged which need to be addressed in life support equipment
design, Protection apainst hypoxia and high +Gz forces remains the mainstay of life support equip-
menl. Indigenisation of life support egipment in India has economic implications, This paper has
reviewed some desipn considerations of life support equipment based on physiolegical requirements

and alse seriogsly compromise MISSIOn accom-
plishment. The two inhereat physiological stresses
of modern military aviation thal require consid-
ergtion ars hypoxia and high +Gz stress, Tt has
eoume imperative o provide protection aganst
these stresses by not only providing appropriaie
suppert (o life but to opumise operational
efficiency in the air

Thers are now supenor and vastly improved
life suppont systems available in newer generation
wreraft. Ditferent personal equipment assemblics
wirrn by the aviator, included under the term
flying clothing' are imerfaced with these life
support systems. The aircraft in the TAF inventory
are of varied origin and consequently the life
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h 0 recent times military aviation has witnessed
L a quantum jump in the operanonal
m capablities: of aircraft. The tactical role of
the pircrafl and its weapon delivery syslem have
been redefined with emphasis on stealth technol-
ogy, more ggile arorafl with higher thrust w0
weight matin, longer fight duration and  high
alutude flight, A single mulo role. all weather
11 atreraft which can be used by different wings of
IhE the armed forces 15 the essence of development
Ita of modern fighter aircraft. Even though physical
1 stresscs may have been mitigated by a beter
o cockpit environment, physinlomical and peycho-
P logical stresses on 1o the pilot have actoally
ith increascd, Physiolopical stresses are performance
' limiting and threaten safety of man and machine
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suppaat systems are specific for the Iype of
aireraft. Indigenisation of 1ife support systems (s
a tormadable  task. This can be  Indigenous
i fac lure of existing imported systoms; which
will earry over problems of desipn defects in the
argimal equipment, 1o the indigenously developed
ol hnprnpr:r SIEINE ool approprodle o
Inddian populaton, load  and
property  nights violatons are other considesi-

higher  thermal
suitahle method 10
adopt s, de nove development of Lite support
equipment 1o sunt Indian conditions. Tlis will
alsn enable commonnlising ttems between air
vl production  may  be
mdensive mbally, but once estabilished, o0 15 cost
effective, Adbwerence w norms and  excellent
guality control will also ensure 2 good expon
pedentid

nons. The otheér and more

Indigenius il

Tiis paper is an atlempl to review some
existing  physiological nomms in life  support
equipment design. The Indian view point and
design considerations are alse distussed.

(reneral Conditions

Lifc support systems in nulizary aviation can be
considered  those equipment mssemblies which
protect the pilot from the main phvsialogieal
stresses of hypoxia, sustuned positive aceslern-
uen and provide thermal comfort during niwmal
[ight conditions; combar, emergencies in the air
and escape from alrerafi.

Life suppont eguipment which-are essennal in
a axlern air superionty fighter aireratt. are a
pilor’s exvgen system and an anyi G svstem
capable of protecting against high sustained G
The vxyeen system fiself has thres  essential
components viz source, regulator and mask. The
oxvgen source Is of three dilferent kinds GASDIA,
140K and mm some of the current generation
arrcealt and in almost all future aircull, the
source will be On Board Oxypen Generating
Systems (OB S

It

For these two systems  appropriate flyis
clothing sssemblies are required depending upe
the operational requirement. For low and mediu
alutudes, overulls, antt G snt, pressure jerkin w
Mying helmet are essential and for high aliit
Mymg, a pressure helmet und parlial pressure su
wold be tundatory.

xyyen system requirements

In any oxygen system the aim is (0 mantas
adequute oxygen partial pressure in the lungs
13 mm Mg, which s the sea level equivalen
duning steady stute Might condinons. Dunng th
ellen encountered emergency of rapid decompres
ston (RDD an thght, the PAO, should por b
allowed o drop Below 30 mm g All thes
conditions must be  fulbilled  with  doin
physiological loading, In addition, supplements
oxygen will be required during inflight emergen
cies like toxie fumes, NIC, pilot injuries and hig
alitude ejection. The basic premise will alway
be avoidance of any perlormance decrement an
b emergencies even it some performance |
campromised there 1s no loss ol consciousnes
such that the pilol can recover the aircraft.

Crneal phvsiclogy pormal fligi

Orymen concentration considerations: It is Knows
that above L0000 I L &5 mandatory (o provids
supplemental oxypen in progressively increasing
concentration to overcoms the decrcasiog parliy
pressure o oaygen  associated  with  falling
dtmasphenc pressure. An ideal lung PAG, of 102
mm Hg 15 opimum and can easily be ensured
With some compromise a PAQ, of 60 mm Hg
can be accepted for a short time and will nol
normally atfect mission effectiveness. However s
PAC, of below 30 mm He will lead to rapid loss
ol consciousness and loss of both the pilor and
the arrcraft. At the same thoe there s a hio
O O, concentrativn al an allidode of 20000 17
when the cabin altitude will be R L or so.
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This is the rone where almost all acceleration
manoeuvies  nre performed  and  acceleration
related lung collapse and deloyed olic barotrauma
are potential hazards of 60% vaypen concentia-
tion 15 exceeded,

thygen flow and pressure requinemeniy

Slewdy stale lows are defined i MIL specs and
mnge (rom 19 - 23 Titsfnnin but our own studics
have shown that an Tndia the averuge ventilatory
requirements are around |5 Hisfmin [1]. Maoxi
mum steady state flows i_'.ﬁ!'ll.:l:ﬂl;’:tl can be up 1o
ol lisfmin for short penods of nime
mslantancous low rates are IMportant 1o cnsure
adeguacy  of  oxypen with. minimal - breathing
resistance, Speech und antl G straining manoey
viey place heavy Now rate demands of upto 300
litsfin and i o resistance o breathing 15 o
be experienced, the rate of chanpe of Now, which
is o moment analysis of flow rares, should he 25
litsfsee?, Oxygen pressures in the system are also
relevant in erms of inlet pressure o the oxygen
régulator. Finally mask cavity pressure swings
should be within luid down parameters [2] and
defines resistance v breathing in the system,
Resistance to breathing nself should be minimal
otherwise, it by itself, imposes another physiologi-
cal stress o hyperventilation.

However

Tuhle 1. Uritical Physiology - Normal flight

v Unveen tlows
- Steady state average venrifation 15 ling'min,
man veotilation 60 lilsfimin
Peak instantancous flow ratgs 300 Ha'min
Rate of change of Oow 25 lisfsec

* Bwing 1homask cavity pressures
- Resistance 1o breathimgs

- PIFR/FEFR  Max swing of mask préssire
durng MBS Cyele
{inch water pauge)
a0 20
af a0
1500 7.0
200 12.0

PIFRTETR; Peak InspratonyExpiratory. Flow roie
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Critical physiology rapid decompression;

Dunng ragd decompression i a fighter cockpit
it 15 owell known that hypoxia 15 the most severe
and most rapid an onset amongst all torms of
hypoxia an awviator can encounter. The time of
useful consciousness (TUC) i such situations 1y
also halt of normal, a cnncal factor which necds
to be considered duning high altitude operations
In an KD of above 0000 N surcrall aliitude the
PACY, wall fall below the eotical level of 30 mm
He The air or air-ox in o lorge volume hose and
mask will expand and will amount 1w 2-3 breaths
of dilute oaygen, requinng 12-15 seconds of nme
o breathe, cnough to render a pilat unconscious
in @ hugh alumde RO, Theretore in a high alinude
RD it 15 imperauve than HXYE () reaches the
mask in less than 2 sees or | breath, This has
important connotations on design of  oxygen
mask. The piping and wbing from the regulator
ar hack wp system has o be kept 10 a minimum
[2.3]. It has pow been physiologically swudied and
proven that at cabin alttudes of 16000 1o 20000
i.e. pircraft alntodes of 43000 o 50000 feet the
PAQ, will need 1o be kept higher thun 103 mm
upto ¢ven 262 mm Hg and his implies giving
60t 105 oxygen at these aluledes, instead of
4-60%  oxypen  which the regulator would
ordinanly be required o give [4]
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ITOBOGS 15 in use. which delivers 40% from
ground level, a certain degree of hvperoxn will
be  present. This  should thearetically  provide
added protection during an RD amd Hissihly
nnprove +Gz (oleramce. This important concept
15 however experimental and needs 10 be studied.

By wirtue of presence of u mask on the fuce
tere 1 ampedance o the large masy of wr
venung froun the lung when R takes place due
to the mass of mr expanding in the mask cavily
The trans-thoracic pressure differental fi lng
tdamage is now reduced from the permined 80
i Hp with airways open 1o 50 mm He, Lesser
Ihe volume of wir in the mask cavity, lesser the
expanding muss of air Therefore a small volume
mish will be advantageous

Plvstoloyieal and

desivn

FEGNLEERIE LS eguipment

UASOX remaing the gold stundard because 1t
immediaiely  available in the manner  and
concentranon that the lungs use oxygen. GASOX
5 always used in wirerafi emergency siores or
back up oxygen store. The imtations of GASOX
10 terms of guantiny and siorage volume are wel|
recognised.  LOX numercus  advantages,
However ns vse o tropical conditions results in
reduction of the cfficiency of the LOX converor
resulling in cunsiderable wastage, The waorld i
now turnine tix OBOGE, of which the & bad
melecular sieve oxvgen gencration SWECT s
presently considered the most optimal svstem.

ith OBOGS ol airersft operations awe greatly
facilnated, space and volume requirements are
fow. thete are minimal logistical Tequirements
and it muy provide extra protection against
hvpoxia hut aise possibly, G protection. The
Irmitations are mainly O puriny as oply 94-96%
purity can be schieved at best. Therefore Q.
support under T 15 compromised, The newer
onygen concenrrators are the carbon malecula
sicves which provide upio 999 pure oxveen i3],
Oxygen  generation  and  distribution syslom
MMIADS) melude the connectoy hack up
Oxygen syslem 6]

fiis

anel

Oxygen regulntors

The current demand oxygen regulator must fulfil
certaln regquirements i order (o effectively deliver
the right concentrativm of oxygen to the pilon
the nght flows and pressures. Seal mounted
regulitors are preferred 1o keep the  tubing
Fequitements tou minimum. Satety prossure from
sea level by uowseful feature ns i reduces breathing
tesistnce, converts inbourd leaks from mask Lo
vuthoard  leaks, will have wvalue in an NBC
environiment wnd if toxie fumes are encountered
in the cubin. The low rale required from modemn
regulators hus alrcady been elucidated. A pressure
breathing [ucility of 60 mm Hy will be needed
i any atreraft flymg uplo S0-35000 & altiwwde
and when used as pressure breathing Tor G (PRG)
cin provide protection upte 9 +Gz. An NBO
filter, a dump valve to relewse excess pressure
durtng RI) are also equally necessary, Ulilitics
ltke emergency change aver, press to lest and a
How senser, which may now be electtonic, are
built in all conventional regulators, The presenl

Table 2. Physiological requirements for a
pressure demand oxygen repulator

- Demand oxyveen regulator
* High pressure/ow pressure seat mownled
*  Safely prossure from sea level
* Hegh peik flow rates upto 300 lits/sec!
Speech, hypervant, PBG/PPE
*  PPB facility upto 60mm He
Short teem high altitude
profection upte L8000 m (60000 f)
* PBG fucility upto 60 mm Hg +Gx
protecton upto 9 4Ge
« NBC filer

*  Thimp valve « for B0

Table 3. Pressure demand oxygen
regulator: possililities for the future

= Built In flow sensor wath <hisplay
* Buill 10 concenrration sensur wilh display
* Aldioevisusl nodflow oxyzen system lailuee

dnd S Avrespoce Med $101), 1997



generation oxypen sépulators do not incorporate
digital fow  sensors with display us also an
poncentrmtiom  sensor,  Awdio visoal Hillow
axygen systum warnings are also surprisingly nit
available 1 these repulaters considering  the
priticabity of such equipment. These should be
egsential requircments  inooany  future OBOGS
sysiem,

Oxvgen mask

In a siudy of some physiological parameters of
all the oxvgen masks inooseoin the TAER a0 was
evident that each of the masks had drawbacks,
wome were nolicepbly  lmtng o the modern
lying environment  [7]. Therefore  we  have
wlopted o concept of a low volume lugh flow
pressure breathing  mask, one  that will offer
minmum breathing resistance, Various modules
of such o mask would be the connector, the hose
and face picce: The design considerations which
should go inlo an appropriate hose a5 minimal
length and diameter which will reduce volume
of cxpanded am on BDY and will alse suppon
higher Tlow  rutes  when  necessary, A non
cortugated armoured breathing hose wall offer
breathing noise attenuation and avead milkiog
and pumping. A dump valve in the breathing
hose or in the rcgululor is now  conswdersd
mandatory, ‘The face piece should be light weight
al lhe same time support 60 mm Hy PPB/FEG,
It should be well conloured which contribuies in
three ways viz good over nise and luteral vision.
lesser cxpansion of gas on BRD and the preksure
changes, as we have scen in cur own laboratory,
will be under 40 mm Hg. The cente of gravity
of such @ mask should be appropriale for high
Gz envitonment. Silicone or viton rubber i«
| preferred especially for iropicul vperations due 10
its non allergen nature, better flexibiliny and long
shalf life. An antisullocation valve s essential in
an QBOGS compatibie masks. The compensatony
twbe. valves ond ports also necd 0 bhe given due
ateniion e aitain pptimal functioning. The

Ind I Aerospare Med 41011 1947
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eapirmlory valve should be sphir compensuted in
case an miermal  compensatory  tube s used
Expiratory resistance should be low < 1.3 to 2.3
em H.O depending uptio the How rates,

Tuble 4. Physiological requirements for an
Indian oxygen mask

- {'I\:.t':vr'. mask.
Lo volume Ingh flow pressone
Preathing madsk with menmal

breathing résssrance

o linse

Munmal lengih and dhiameter
reduces volume on B, supports
mgher O flow rnite

- Mon cormegated armoured breathing

hose - 0o pilking/pumping

Breathing notse alieniidion

Dump valve

v Light weight face plece:
Support 60 mg PPU/PBG
wpto 55000 WY +0z
- Well contouered
Guamd “gver ‘niose apd Targral vision
upward and fareral wvisual fOcld us oo
nommal eve. |09 mestnetion: o lower and
fower nasyl feld acceptable)
»  Lesser expansion of gas on KD
« Pressure change under RD
< 40imm Hyg
- &% ot G apprepriate for high +Gv
enviFimunent
* 3 sives for Indian population
(Total face length discance)
amall (11 el
- Mediom (122 em)
- Lurge 1130 cm)
AUIIMALc TeNSionST 3yslem
« Eificone'viton rubber
Fropicalised
Non rmitant
Lang life
= Compensatory fube
Extermal with dump valve pretorable

1
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Emergency oxygen:

A back up or emergency oxygen system is @
mandatory part of uny lfe support system amd
is ubwuys GASOX. It needs 1o be seat mounted
with mumimum piping. In an OBOGS set up a
separate BOS may be reguire] amd  that entuls
raprl sensing using @ fast response PO, oxygen
sensor. The cyhinder capacity well depend upor
the operational capability of the arcran

Flying vveralls

Flying overalls provide o comforuble garment
platforme T 1ife support add on parments. like
antl 4 s, pressure jerkin and arfliquid cooled
system, In India pilos operate under diverse
opetating weather conditions fram the axrame
cald of Siachen to the deserts of Rajasthan.
Incorporating o cooling svstem may be desirahle
if cabin condionming cannet be opumised  Tor
vold weather protection add on clothing is a
highly desirable requirement w0 support pilcls
during Appropriate fahric  for such
overalls would essentially be a breathing cotton
fabric with fire retardunt progerties of appropoute
clo value 1w swit Indian conditions. Added NQC
protection would also be helpful (Table 3).

CEuHpe.

Table 5. Cutline requirements of
Indian flying overalls

+  Approprise Indien sizing
* Cpongal  paramcters
- Light weight. breattmg fabng, fire retardant,
NEC protected, Clo value of L85 001
{Can . incnmporae
+  Full coverape anni-G; suit
*  Pressure jerkin
v AinTiquid cooling system
Add on cold weather privtection

0 valoe: 2.53)
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Ant-G system

Mulern wirerall wre agile and can pull rapid onset
high G rates leading o GLOC and pilot
incapacitation, While 9 0k ix the Lol presently,
gircrall with losdhngs of upto 12 or even 15 +Gz
may be tlying i the not wo distant fwiuee, To
cater o this lagh rapid onset +Gy 10w eriieal
o use mulnple modahives 10 provide  guick
cumulative protection with manimuame distesction
al the pilor wha may be engaged in combat u
that time, The use of antt G swie (s standard 10
G protection and methods w enhanee protection
by oot G straining munoeyvees and PR are also
well entrenched in the truming schedules of
tighter pilons all over the world and i the TAF
as owelll The and G wvalve is central (o the
uperation of both the anu G swi and the pressure
jerkin. The mim of this valve 15 w0 raise suoil
pressure m e G suit. Modern valves already in
use have a ready pressure of U1 o 0.2 P51 and
then buld wp at a rapid rate W o maxioun
pressurs of 10 te 115 PSL Mewer developments
inanti G ovalvey as reporied in the literalure are
the servo controlicd AGY and bang bang AGV
(81,

Table 6. Ouline requirements of an
anti-{z valve
« Alm- Raped acting mechamsm o mise soit
pressure o YER within 1 sec

«  Prosenr stamws of AGHE-AGY combination-
Present day AGS-AGY combination acls os
winous peclusion cull,

Max pressure - 100 PRI
- Ready pressure high flow valves
- Bul pressure pre mflated wath 001002 P51
- bhgh flow valves reduce inflaton rime by
REL
- Upder development:
< hervo controlled AGY
Bang bang servo AGV

i
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Along with the maodern anti G valves the full
eoversge unli G oswt provides  encompassing
bladders covening 93% of the lower hall of the
hody measured from xiphisternum, as aganst the
present 20% of a standard AGS. Such swis
incorporate 5 bladders and a foot hladder i some
ises, Most modern airerafl will now have an O
regulator which receives and  pives pneumanc
signals 1o the anti G valye activaung its operation
during lagh G or during PPB of alutude, PRG
pormally comes on At shove 4 +Ge o and
progressively wnereases @ 12 mm /G, with
high fow rates and 90% inflation within 1 sec
Adequate physiological protecnion apuinst lower
limb pooling and deop 1w hydrostate pressuee (s
terelore immediately  avalable, In the USA
higher enset rates of PBG have been advocated
and upto 40 mm HgfG rates of PRG have been
tried with Y5% of targel suit and mask pressures
being teached in < D7 sec. |9 10]

In the future it is proposed that the calf
bladders are siamesed and air delivery into the
thigh and abdominal bladder will be microproc-
essor controlled to not ealy  inhibnl venous

Table 7. Omdine reguirements of an

anti-G: suil

«  Full coverape anli-0 suit
Wi coverage of lower body
5 bladders with foot bladder
- Infiation co-pidinated with (0, toe
- Migh few stats at +20G7
- 90.95% inflation within | seefl2 sec
- PBG wl above d +Gz @ [2-15mm Hg'h
- G0ED mm Heg a9 <02

«  Possible tuture voncepls
- fralt hladdess sinmesed, thigh and abdomina
bladders micioprocessor controlled Lo provide
high pressare milking action (o premoke Yenos
return

Ind  Acrospace Med £11), 1957
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pooling, but alse to milk the graviraung blood
back 1o the heart. Swampg +z  protecuon
afforded by these mixlern systems can be in the
range of 10.5 G agamst a value of 9.4 G with
a standard anti G oswit, Relaxed G owlerance can
also be mmproved by almost 1 G by use ol such
anii G sunts |11)

Pressure jerkin

with positive breathing pressures of G mm Lig,
for alutude pressurc breathing or for lugh G
protection, @ chest jerkin s advocated 1o he
imtegrated with the ant & s and npayeen mask
The same pressures are provided i the mask and
jerkin,  Such an assembly cases  breathing,
prevents over distension of the lungs and thereby
decreases fangue. The drowbacks of such a system
expecially in the tropies would be a hugh heat loud
and an calrzordinary large volume of air in cdse
of an KD, 400 ml of air ¢can become 7-9 lits and
the assoctated risc in pressure can impede
breathing and lead 1o cessalion of venous relurmn
and rapid loss of consciousness. Therefore 1t 1s
ahsolutely essennal o meorporate a non relum
compensated valve in the circwt 1o let off the
excessive air ‘and préssure |2]

Conclusion

A modern life support equipmenl assembly as
envisaged in the western aeromedical lilerature.
would include a pressure jerkin miegrated with
an appropriate mask, both being connected to the
paygen regulator, heing fed by a OBOGS syslem.
The uaygen regulator is in lurn connected by
preumanc signals from the anti G valve which
feeds on cooled engine air. For PPB the regulator
activates the anu G valve and both the jerkin umd
full coverage anti & swit gets simultancously
inflated During PBG the anu G valve signals
the oxygen regulator, dhove 4 +Gz 10 provide
linearly increasing positive hreathing  pressure
upto &0 mm and can afford protection upto Y
+Ci,

21
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Though design and concept of life support
equipment is the same the world over, it would
be appropnaste to suit Indian development o
operational  flving as pracused in the Indian
subcontinent, o Indian pilot population and 1y
our weather conditons. I would be prudent 1o
adaptund modily as well as 10 imnovaie our own
life cupport sysiem, be it an URYECH SYSIEH
an ant G system, rather than indigenise western
svslemns
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