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Optical correction in ametropic aircrew
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Optical correction in am elropic wirerew
presents some unigue problems. The
problems are reluted to the cenrtpaltibility
of spectacles with different mask [heotmer
combinations used in fighter aircra 7,
aviation stresses encountered in uviation
environment and the vivual requirements
and working distances in the coukpii,
Studies were conducted in regard io
problems associated with use of spectacles
Jor [lying high speed aircruft, use af
modulated power lenses by preshvopic
airerew during fiving and wse af trifocal
fenses by presbyopic aircrew isf transport
aircraft so as to include viewing of
overhead panels in the visnal correction.

In the first study, rear rop shaped Ruy-
ban type frame with thin metallic side arms
with CR-39 plastic lens was Sound
computible with most of the mask/hebmet

comnhinations used in Indian Air Force,

In the second study modulated power
lenses were found to give problems like
restricted field of vision and increase in

head movements due to peripheral
distortions. I the third study trifocal
lenses were found to be useful in
correcting presbyopic aircrew of transport

o7

atreraft with overfread parels,

Keywords : Aircrew spectacles, Corrective
flying spectucles, Refractive EFrOrs,
Multifesl lenses,

lying isa visually in lense occupialion

with  visual cues providing

approximately  80%  of  the
intormation needed to My an aircraft. In the
fighter aireralt excellent vision is stll
regarded is a pilol's greatest assct inspite of
the plethora of sensory cquipment availahle
in wilay's modern aircrall [1]. With modern
technology presently used in the cockpits
with infrared imuaging systems, head up
displays (HUD) and cquipment connected
wilh the electronic warfare, emphasis on the
visual requirement of pilols becomes much
mor: important aml in ametropic aircrew
an appropriale correction with spectacles is
imperative. Spectacle correction in
AMEropIe alrcrew presents somo unigue
problems. Proper desiga and well fitting
glasses compatible with Mying environment
s essential, as the pilot is required (o wear
different fying headgear fike helmet and
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mask combination and are pronc o exposum
to avialion strosses like hypoxia, rapid
decompression, accclerative forces,
vibrations, chmatic extremes and pressure
breathing. Over and above, he 15 mvolved
in visual fasks such s targel detection,
reading of staggering number ol panel
instruments, use of optical aids el The
preshyopic pilot is reguired o wear praper
glasses, keeping in view his visual
requircments of sceing the maps and
overhead panels al close distnce, the eve
level instrumenl panel at intermediary
distance and visual tasks outside the cockpit
al far distinees 2] The problems with
spectacles include reduced field of vision,
fopping of lenses, nasal bridge discomfort,
reflecliong al nights, excessive weight
decentration duc L G Ferce or vibratione
and hot spots underneath the helmet

The visual standards of pilots (ollowed in
Indian defence forces are as listed below:-
Atinilial entry plasses are not permitied for
flying pilol dulics.For a trained serving pilol
of fighter stream relaxation upto uncorrected
vision of 6/1% in each eye is permitied
provided the vision is comectable (o 6/6 and
6/% with correclive glasscs of maximum
dippteric power not exceeding £ 3.0 D.
However these pilots would be made unfit
for flying aircraft where pressure clothing
is mandatory. For the trained pilots of
transport and helicopter stream, relaxation
upto uncorrected vision of 6/36 in each ey
is permitted provided the vision is
cormrectable to 6/6 in the bolleér eye and &
12 in the other eye with corrective glasses
of maximum diopleric power not exceeding
+/- 3.50D. The pilot is advised o carry an
extra pair of glasses while Mying |3

nd. . Acrosprce Med, 411 (1) 1996
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Methods and Results:

Aircrew spectacles of high performance
afreralt:

In astudy conducted on the lighler aircrew,
out ol many available frames of dillerent
shapes, it was [ound that tear drop shaped
frame of Ray-ban design with thin metatlic
sidle nrms was compatible with the different
mask/ helmet combinations used {n various
existing fighter aircraft, CR-39 plastic lenses
were [oumd muore comlortable than the
mineral glass lenses by the pilots as they
were Light and impaet resistant, The subjects
were exposed o avistion stresses in ground
simulators followed by inflight trials. In the
human centriluge when the subjects were
cxposed to a maximum ol +5.5G4
aceelemtion, no displacement ol spectacles
wis noticed. During positive pressure
breathing and rapid decompression the
speclscios were displaced upwards due o
lift of the oxygen mask. The mask was lifled
up for the duration during which all the
excess volume of pas was eliminaled [rom
the mask. In hal cockpit studies the subjects
showed [ogging of (he spectacle lenses. In
the inflight trials. the subjects were asked
to note their problems encountered during
different flying profiles, ona proforma after
the flight surtics. Two pilots reported
fogging during taxiing and take off stages
in hot and humid weather and one pilot
reporied limitation o the ficld of vision
while looking through gun sight. The
presbyopic pilots complained of hlurring
of vision at transilion linefzone of the
exeoutive hifocal lenses [4]

Spectacles for presbyopic aircrew:-
Asthenopia or eye strain for near work is
the earliest symptom of a presbyopic. In the
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atrerew it manifests ftself as difficulty in
seeing the Might instruments or Hightcliarts
i ddim illumination or specially under the
cockpit lighting at nights due to chromatic
aberrution. Good clinical knowledye
couploed with the working knowledge of the
mvialars environment is essential in order
s prescribe the preshyopic lenses. Type of
arrerall, erew position, size of print and
working distances st which the flier js
required Lo see are 1o be kept in mind in
preseribing the lenses as near vision
demands and working distances vary with
each aircrafl,

(1) Modulated power (Varilux - 2) lenses ;
Twenly presbyopic pilots were Eiven
spectacles fitted with modulated power
lenses as per their individual power
requirement. They were asked 1o report their
remarks on a questionnaire prolorma, On
ground, 17 pilots reported restricted field
of vision, 16 pilots experienced difficulty
in judging distances and 3 aircrew reported
seeing ghostimages. When flying, 17 pilots
c/o discomforlwith glasses, 16 expericnced
difficulty in reading overhead panels, 3
pilots reported fogging of glasscs. On the
whole 16 of them found the lenses
unsuitable for flying environment [3],

{(b) Trifecal lenses (double "D or douhle
execulive) @ In order to benefit the
presbyopic aircrew of trnsport aircraft, to
sce the overhead panel instruments, trifocal
lenses with top and hollum segments
catering for elose dislance and middle
seginent for [ar distance were evaluated on
201 pilots ol Iransport stream. While
prescribing the near vision eorrectian,
amplitnde of sccommodation, eve position
ol gaze in the cockpit, sitting height airerall
seal position and ambicnt Humination of

o

cockpit lighling system woere taken into
aceount. 50% ol them found the lonsos
vomfortable and wseful and the rest had
minor problems were overcome Wwith
Correctinns,

Discussion:

The present policy or sclection of defence
pilots with no acceplance of optical
correction is the most desinthle, Some of
these cmmetropes develop a metropia during
their flying carcer and of course 41l will
beeome presbyopic as a normal ageing
process. The tear drop shaped fame was
reasonably compatible with the oxygen
mask/helmet combinations cxisting in
[ndian Air Force. Some amount of
adjustment and reshaping of the frame may
be required [or (mme inlegration. Howaever
the spectacle lenses are not suitible for
fighler dircrew who use pressure helmets,
and the new visual aids. As the preshyopic
ptots reporiud distortion at the transition
zone of bifocal lenses, modulated power
lenses with no abrupt line of sepertion were
studied. However | the modulated power
lenses did notl suil lhe majority of the
subjects as they could not get adapted to
the lenses. The trifocal lenses, double ‘T or
double executive lenses were found to be
very useful by preshyopic pilots ol transport
aircraflt for all their visual distances
including the overhcad panels in the cockpit.
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Tear drop shaped frame with P mask and hel

Tear drop sh

met {153 and KM-32 mask and helmet (RL)

i ssnre hreathin
aped frame beforc pressure breathing (Lt) and during pressurc breathing

(RU) showing upward displacement.
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due loa higher pressure change. The time
and severity alfect the transthormeic pressure
dilferentinl which in turn is responsible for
the hang damage that can occorn Faster the
decompression,  higher s the sudden rise
in the trnsthomeic pressure differenee and
grealor s the chance ol lung damage
However, 1t 18 the linal altitude that
determines the physicdogical autcome by
causing acote hypobaric hypoxia, and the
potential problems of expansion ol gases
and Decompression Sickness. In s Gehter
aircralt (it has becn estimeated that) with a
50 ¢u N cockpit and loss ol a canopy ared
af Y sq I he time o decomypression from
1600 L 1 40000 1L is 0007 sves | 3]

The major causes ol inadverlonl
decompression ol military aircratt are
flameonut (in s with single cogines),
malfunclions of the pressure conlrol system,
lailure of ransparency and loss of canopy
[1]. Inn combal there is naturally o nse in

the incidence of decompression due to

CnEmy pums or missiles.
Physialogical effects ol RDNT

The effects of KL} ore many and can be
conveniently divided into those that eccur
during BT and those thal acear post - RD.

The effects occurring during RD are due (o
pulmonary overpressure and this can be
aggravated by closed airways but more
importanily by the presesce of o bresthing
apparalus, especially one which uses a mask
with a compensated expiratory valve, and
can lead o pulmonary harotmuma, The
pulmonary overpressure that falls within the
safe 1imit is now reduced to 50 mm Hg
against the value of 80 mm Hg with airways
open [3].

Ind. J. Aerospoce Med 40 ¢l 1996

Hypoxia occurs due to an extremely ropid
tall in PAQ, due to sudden expansion and
exitalair from the Tungs, possible alteration
in the ventilation perlusion mtioand coverl
tung damage that could be expected to occur,
The resultant Gl in PAO, will cause mpid
deterioration in performannce and il oxygen
15 not delivered to the respiralory irnet al
the warlicst, dnconsciousness  will
supervene. The timic of uselul consciousness
is reduced by halt, which above 30000 1t at
altitude, will only be about 10-15 s5ees
resulting in oo rapid loss ol consciousness
due 1o Hypoxia [Hﬂn b b 3OO0
cabin altitude alwoys causes the PAUZL Lo
deop below 30 mm g, This leads o reversal
ol oxyeen low throwgh the lungs and causes
very severe performance decrement to the
highly oxygen dependent and sensilive
brain,

From Table | we note thal whenever RIDC
ocurs at a cabin altitude of 16,000 ft toa
final cabin altitude of 39,000 ft while
Breathing ATR - OX mixture which containg
0% O, PAGQ, drops to 30 mmHg. Above
this cahin altitude, even iF the pilet 15
breathing a linearly rising O, concenlration
which will maintain PAC. at 104 mmHg
helire RIC, the PA('}; will Tall s lower
value than 30 mmig on RDT, However il
100% O, is pre breathed, then an altitude
A4/000 (L ean he reachod withoul the PAO,
dropping o betow 30 mm He As can he
seen from the table, & higher conceniralion
of oxygen ranging trom 30% to 78% instead
af 4 1o 309 normally required o maintain
PADY, of 114 mm Hg is required to ensure
that PAQ, does not drop below 30 mm Hg .
The overall pressore differenee will
obviously atlect the linal PAO, as also the
final pressure. The PAQ, will alsa be

40
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governed by the time of decampression o
the extent that faster decompressions do not
a oy any compensatory mechanisms (o
develop,

Teble 1 -

Requirements of Oxygen during steady
state flying and rapid decompression

Mareralt | Unbie | Miessure LFnygen | Pamia] pressure of
Altide fAltiude [Dilferend Concent Dheygen (alvcuda
{F1) RED] | ration in ———l—
1511 hlr.k‘.lr-ﬂr_ Before I Adter
G (%) | R | RDC
Giround | B 0 | o | mA
ST S0 n 23 104 i
EAEEY SO0 | Sl of 9 104 1
Fressuri-
zalion
150601 | BixK) .63 26 [ 75
20,0048 | SO0 417 i 104 57
IZN00 | S0 5.00 19 104 4%
26,000 | 1000 5 31 104 a6
EITRE] 1 580K 5 ik 102 3
39,060 1 QI 5 40 il 20
43000 | 18000 ] 44 104 25
460K | 1E 3 1t i | 2
49000 | 20000 3 an Jid 16
FEGUE | 22000 5 54 104 4
S0

I,

Ruttorn, Khanuya er al

Talbde ;10

Requirements of Oxygen during rupid
decompression

Cabn ':'I‘ Clane 0 Lone 1o

Mdreralt ]

Altitude Aldlude e keep r'."l.ﬁ_ keap 10A J_,
at J|Hm|l|”g whove
Sl | 1

WK cremirs

—l

19000 1 &0 qrl b
430000 LHIHIN 44 51)
Aa000) [0 46 G2
S7000 22000 54 1O+

PPR

. |
It can be seen from lable 11 that with a
reguiator delivering 50% 0O, al 20,000 ft
altitude (the requircment to keep PAC), ol
104mmHg) the PAO, will drop to 16 mm
Hg. on a decompression 1o 41,000 ft, This
is cquivalent to an R 0 40,000 (T breath ing
air. The time taken for the PAQ, 1 41l to
16 mm Hg is 2 seconds. Lufl, Clammann
and Alder found that over a wide range of
altitudes, the PAO, immudiately following
4 2 second RDC was close to that which
was predicled on the assumption that there
is no exchange of Q, belween the gas in the
alveoli and the blood in the lunps. Hence
the importance of giving 100% oxygen
wilhin 2 seconds of the onset of RDC [2]
The level of PAQ, rises slowly on giving
0% oxygen tollowing a RD. It takes 10
seeondds 1o rise o 30 mm Hg and another
200 10 30 seconds o rise 1o 60 mm Hg - the
acceptable PAO, - to prevent any serious
pertormance decrement, The time of Useful
Consciousness (TUC) is restricted o 12-
14 seconds 4l 40,000 ft [4]. The brain has
an oxygen reserve of 6 seconds, Also the
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blood already oxygenated in the Tungs, just
prior 1s RDC, supplies oxygen need 1o the
brain for another 6 seconds (i.e. lung-brain
cireulition time), Hence performance
decrement and loss of vselul consciouncss
oceurs only atter 10-12 sees. Total LOC will
pecuralter 20 sces aler ROC due o oxygen
lick in the Brvin slem arens, specilically the
reticular activating system which subserves
consciousness. |2

Though uselul consciousness is maintained
upto 1012 sees, some deteriomtion ol
performance occcurs much carlier Le. al 5
i seconds [2]. This may be because, when
P.‘Hﬂ: drops helow G0 mmH e, produetion
of biogenic amines gets cffected. These
hiogenic amines act as neurolransmillers in
the central nervous syslem and henee
essential for normal brain funchion. Lossol
consciousness can be predicied i the ares
under the PAQ./ time curve relerred o
carlier exceeds 140 mm Hg. sec. However
A minivm time o LOC of 10-15 secs i
always available in decompression at 30-
52000 [t and abowi,

AL RD, gases in the lungs, mask and hose
expand due to ihe decreased aimospheric
pressure cheying Boyle's law

Table 11T gives us Lung volumes and Mask
and hose volumes, before and after RDC.

From the figures it is seen thal : -

{a)) Gas expansion in the lungs is
influenced by the altitude at which RDC is
taking place.

(b) Theincrease in lung volume is greater
during RD occcurring al inspiration than
expirntion,

ind. 1. Aeraspace Med, 40 (1) 19946

{€)  The increased lung volume will
impase o physiwological stress on the Tung,
The tlal lung capacity is aboul 5500 ml in
anadult male I final Tung volume increases
above thas valow, the lungs will tnitiadly over
distend and thén rupture.

(d) When the pressure difference across
the lung exceeds B0 mmHg, lung rupture
will take place.

Lung expansion due to increased volume
will resalt tnoa rapid outllow of gas into the
mask cavity, thereby increasing the mask
cavity pressure, The gis in the mask belore
KD also expands on RO which Turther adds
to the mask valume thereby increasing the

[ressurs Furthir.

The volume of gas! air in the hose cavily
increases, il is prevenled fraom enlering the
mask cavity due lo the simultanaous
expansion of air/gas in the mask cavily
pressurcs. The net result is an increase in
pressure in the the hose cavity. This rise of
pressure is transmitted through the
compensiutary tube to the rear of the
expimatory valve. The mask cavily prossure
also increases since venting ol the air
through the cxpiratory valve is
compromised, The incroase in mask cavity
pressure further produces an ohstruction (o
the outflow of air from the lungs causing
over distension and rupture when the lrans
thoracic pressure difforential exceeds 50 mm
Hg. Therefore the mask pressure should
nol exceed 40 mm Hg to prevent lung
damage [2,6].

The increase in lung volumes post RD, is
dependant on the phase of respiration of the
fung at the tme of RD; itexceeds the TLE
(total lung capacity) in decompressions

51
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above 30000 K 11 even if the lungs @ in O, system desipgn considerably. Tocaler for M
expirtion at the time of BD, This has been the expansion ol gases we will need 1o
depicted in table 111 provide a dump valve so thata rise of more In o
than 40 mm Ig s not allowed, Similarly volu
! the ¢
Talile ITI evil
Expunsion of gases in lung, mask hose und mask cavity pre and post BRI, st
{abin Finul I ) Hﬁm_- j'.,-_,u-'_'[-:ln'—_ Misk “,m_ j-[,_,-__g_- W masl
Albtude [ Adrinde _l:l.il_'l“:.:_:r 48 Tae1 Lu.-:E Woilue l:lclﬂr:' Alter BRI Belore  Alter I?;I'.H.: HITE
(Feet) | (Feel) Insp Exp | lusp Exp R WL
_mil il il mil mi il ml il ml il turn
1O | 2600 AN 23K 400 45000 25 i i) 250 A4 Thu
from
L5000 | 3a000 | 2800 2300 TN SHIN) 125 315 250 f30) al ih
16000 | 30000 | 2800 | 2300 | 7847 | etd6 | 125 | asq 250 | 700 o
WETE:
[RODD | 440000 | 2800 2310 9172 T334 125 i 250 5l8 20000
200000 [ 49000 RN 2301 11232 G224 125 477 250 95 Lo
KT und Expanson of [hees o Llung> & Mack = Ther Assembly e
* Vose volume: of mask is 125 0 snother 125 iz for (ke conne |i|-g|-Jlnn!;1cl the PEC. This iy durwever be variable: RES]
The expected expansion of gas in the mask breathing a high O, cancentration pre RD The ¢
cavily and hose, caleulated for various will prevent the PAO. from dropping below (4)
decompression profiles are presented in 30 mm g - a moditication required in the
g : eXCe
Tablelll. The expansion of gases in the lung regulitor. Further the repulator should
does not pose a problem if free venting of deliver 100% O, within 2 secs of start of RD Kook
pases is permitted. With the personal o obviale any performance decrement and '
breathing cquipment interfaced. 4 trans LOC beyond 12 to 14 sees. We have seen
thoracic pressure differential ol more than that it is within 2 sces (hat the PAOD, reaches
50 mm Hg results. As discossed earlier the the nadir and by that time if  100% 0, is KM
problem is further aggravated by 2 rise in available in the mask. the PAC, will rise toa
mask pressure due 0 venling and expansion minimum acceplable 30 mm Hg within 10- KM-34
ol existing gas in the mask cavity and by 15 sees and in another 8 sees o 60 mm [g.
the simultancous rise in the hose cavily This will prevent LOC definitely and severe Ulmer
pressure which also prevents the performance decrement will also be
compensaled expiratory valve [rom avolded. However, for all this to happen it ABEL
opening. The rise in the volume of air in is vital to deliver 100% oxygen within one
the mask and hose cavitywill now provide breath of 500 ml, as more delay than this
a larpe reservoir of dilute air which the pilot will not only increase the lime since each —_—
will breathe immcdiately post breath takes uplo 6-8 secs but will also
decompression. provide additional diluted tyvpen Lo the
] N 1.4 ;' Lk
Therelore it can be seen that RI influences pegtprolonging theshypordn (4],
52 Ind. 1. Avrospace Med, 40 (1) 1096 Ind.
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Material and Methods

In order to test the hypolhesis of larger
volume masks giving higher pressures all
the existing masks in usc by the JAF werne
eviluated at LAM finding out the rise in
mask pressure during RDC. The various
masks in use in the Air Foree which have
differnct volumes of mask cavity and hoses
were connected 10 a headlorm and this in
trn was connected 1o a breathing machine.
The mask cavily presures were messurod
from a dedicated port [rom the mouth cavity
ol the head Torm connecled oon mercury
manomeler. Two decompression profiles
were used viz, from 8000 Lo 20000 11 and
20000 to SOOUL 1. Both RO profiles were
completed in 1.0 secs.

Results:—
The results show (hat @ -

(1) The mask cavily pressures did not
exceed the upper safe limit of 40 mmHg

Mask Aliitude Rise in
Mask iy
Bnskd befre HDH | Ao RO pressuTe
Hase Vol {mmHg)

(in ml)
K3y 224 {a) SUC0 | 000G 40
1y 20000 | 000 &1
EM-3q| 237 {a) B0 | 20000 2=
() 2000 | SO00 45
Wimpe | 192 [ay BOOG | 20004 35
() 20000 | SH0DN 50
ABEIl | 222 a) BIK) | 20000 40
{b) 16000 ) SO0 50
(c): 22000 | Z000 &0
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during RDC from altitudes of 8000 ft 1o
20000 {1 in any mask except the large
KM34,

(b) Musk cavity pressures  exceed
41 mm HH Liu:‘iug B from altitude of
00 (1 o 0000 1L in all masks.

fc) Whenever RDC ocours al & cahin
presssure exceeding 8000 1t in a 5 Psl
differential cabin, the mask pressores will
exceed 40mmHg which can potentially
cause lung damage due to over distension,

Discussion ;

Asmentioned eatlier, 109 O shauld start
within 2 scts of the ONSET of RD. The
intensity ol 4 RD will be greater if

(a) There isadelay in giving 100% O,
(h) Final altitude is grealer

The amount of air being inspired with every
breath is about 300 ml (Tidal Volume) out
of which only 350 ml is actually ventilating
Ihe slveoli. the remaining valume occupying
the dead space volume.

Immadiately after RDC, the lirst breath
tzken by pilol comprises

{a) Dead space volume (150 ml)

(t
(¢)  Volume of air in the hosc(Table I}

Y Volume of air in mask cavity(Table 11T}

B

AL49000 1 (Cabin altitude}, the volumes
are ; Dead space volume of 150 ml and a
Mask cavity volume of 477ml. (normal -
125 ml) Making # correction for leskape
of air which oecurs when the mask lifts off
the face due to excessive rise in mask cavily
nressure on RD, the volume of air would
be 150-250 ml (approx). Air/gas in Hose
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cavity volume is 950 ml (normal - 250ml)
The lotal volume will thus be 1200 mi
{approx} (9504 250). Fven il 100% 0, iy
telivered ot the vnset of RDC, the first 3.4
breaths will thereafter contain diluted air
which is already present in the hose, mask
cavily and the respiratory tract, The alveoli
recieves 1004 O, at the 3nd or 4th breath
(e, aller 12 to 16 sees) and the bain will
gel the increased 'O, concentmtion afler
another U Em:nruinﬂ_.un;.: Brain circulation
time). Thus even il 1005 G, isdelivered
immedintely (ie, <2 seox), brain receives it
anly alter 18- 22 sec. [T brain receives | 007%
O, under ideal conditions alter 18-22 secs,
and keeping in mind that deteriomtion of
performance oceurs in &8 secs and loss of
consciopsncss in 10-12 secs, RD would
have a disastrous outcome lor both the pilul
and the aireralt, Henee it is essential tha
the mask-hose volume is ke pt L the barest
minimum ( ideally the volume ol expanded

air should he below 600 ml after RDY),

It should be noted that these time values
nave been calculsted, in the eventof a RD
occurring 4l 20000 11 cabin altitude with a
5 P81 presssure differential . to a final cahin
altitude of 49000 [1 - the worst scenario.
EDC necurring at lower altiludes wil] have
lesser lime value and i Betier dnd more
favourable outcome of the event,

Therefore it is important that the different
valumes of the mask are kept at the
minimum Lo ensure that 100% O, reaches
the alveoli earlier. This can be done in two
WaYs,

(a) Introduction of # compensated
dump in the hose bhelween mask and
reguiator. This results in reduction of
pressure in the hose cavity, which is

A4
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transmitted through the compensatory tube
to the expirtory valve. Hence the expiratory
vialve can open and vent out all the Hases
coming from the lungs. The utility of such
a vitlve can be seen in the KM 34 which is
#t large mask his o dump valve incurpanted
in the compensalory tube.

(b} Reduce the hoseand mask volume
e A minimum by -

(i) Decreasing hose length

(i} Use of a tirm and relatively
rigid hose (as i Ulmer rask) rather than g
corrugated hose Such o hose prevents
expansion of the gas and promoles venting
outinlo the mask cavity,

(1L} Keeping the hose diameler (o
the minimum without imposing any
resislance iy breathing,

‘This aspect can be seen by the fact that
the ulmer mask gives relatively lower
pressure changes than the larger volume
KM32Z and ABEU masks.

Conclusion

RD is a potential ¢mergency in lighler
atrcraft in modern day (lying. Tt is during
RD that the pilol is likely to experience
severe and rapid onset ol hypoxia.
Appropriate modification in oxygen system
design can however obviate these innminent
threat and need to be carclully evaluated
on the design considerations for modern
DEyEen cquipment,
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