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472, 1980, Recently TAM was tasked to evaluate two Oxygen Mask-Helmet systems, one locally modified and
T) system: one impaorted, for Cheetah helicopter which has been operationally flying in service for the past 20
ry o pilot vears for IAF and Indian Army. An ideal system hos remained elusive till date, This paper brings out
it i the continuing erosion of the accepted norms and the compromise with dangers of hy poxia, in lerms
 Rsiiooh of high altitude operations of this helicopter, The Might safety ssues of this compromise huve heen
brought out and findings of the two system evaluations are presented as a solution, requiring immedi-
n Psyehol- ale attention.
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alysis. The
gy 1990,
heetah helicopter has been doing opera-  reguire masks to be attached to the inner helmet
C tional flying in the LAl and the Indian Gy oand secondly. since the origimal system las
Armmy since last 20 wears. It is being  mask mounted regulator with RT microphone
wensively vsed in the high sltilude operations  close o the in-flowing oxygen; the resultng
fr multipnrpose role. Cheerah Helicopters are  constant noise is annoying to the crew and is a
equipped with original French Oxygen System, flight safety hazard, even during routine fying.
alhed EROS MRC 511 Series Mask-Regulator
Oxygen System. The mask alsa incorporates the ;
WY mike, and gets fixed on the face by a rubber ) For the past 20 years, we have been scarching
hamess worn on the bare head, The mask shell for an exygen system for the Cheetah helicopter
dso carties the regulator. In high altitude pilot, which meats the following requirements:
Cheetah Mying it s mandatory for helicopter
filots to wear ABEU helmet with inner G helmer.  © Classified Speciulist (Av Med), 1AM, IAF
This original EROS Mask-Regulator Oxygen Vimanapura . Bangalore - 560 (117
Systemn has been found unsuitable for our aircrew. Sctentizt 'L [AM, IAF,
e to two major reasons. One, that the mask Vimanapura PO, bangalore - 360 017
hamess of the onginal system s not compatible ) PG Treinee, 38% Advanced Caurse {Av Med),
Wilh the indigenous ABEL helmets (which FAM. TAFE Vimanapura, Hangalore - 3607
|
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The elusive agyges mosh for Cheetaly @ Tvagr ef al

a) Light weight inmegrated helmet with a clean
and tinted visor,

by Option of using mask KT al high aluudes and
boom mike at low altitudes without noise
induced by oaygen flow,

ey Approprate addittonal oxygen on demand for
flying above 10,000 f1

dy Ergonomic integration of the mask and the
helmet,

eb I required, night vision devices should gt
well mntegrated with the helmet

1} Oxypen hose suitable for prolonged usé and
storage 10 extteme culd conditions

Such an oxypen system could have resolved
e lung standing prohlem of the Cheetah pilots,

Erosion of Accepted Norms in the field

The Cheetah helicopter is cleared for operations
upto 200000 [t. Additional oxygen for day flying
15 a must for altitudes above 10,000 ft (1, 2, 3;
4). The option of flying without cxygen mask s
avatlable to the pilot only for day operations
below the altitude of 10,000 1. During such flving
2 boom mike ix a8 must for BT communication.
Since an idéal oxygen svstem is not available o
the pilors, the present day peactice in the Reid
is 10 use face picec of the oxvgen mask for RT
communication and random “pipe stem’ oxvgen
mhalation for high altitude fiving: In the absence
of the clusive oxygen system, thes World War 11
vintage system 15 most inappropriate for such tyvpe
of flying und has onfortunately become an
aceepled norm despite: knowing fully the Might
cafety hazards.

Compromise with Dangers of Hy poxis in High
Altitude Operations

Gl

The dangers of hyposin while operating in e
altitude envelope of [ 1000 1w 20,000 1L withou
oxygen are well documented. It s also wel
documented thal the Mying effort required by
Cheetah atrerew in their area of operation need
total concentration, peak mental alertness il
perfeet neuromusoular coordimanon under advens
weather conditions, tor each landing and ke of
andd us long ax ane 18 atrborne. The single enging
Cheetah is the liteline for the troops oo gr:lun;li
The postage-stamp sized helipads are located 3l
heights varying between 14,000 ft and 21,0000
Multiple landings and tuke-olfs are carmied ol
in shorl periods of time with increasing loads |
proportionate o weight advantoge gained dug InE
cansumption of fugl [7.R]. Theretore the {lyin
is intensc ax compared to tying from bases In
plains

If we focus on, just the newrological effes |
af hypoxia on the pilots operating Cheetahs, &
their upper hmits of altilude eovelope, withol
proper oaygen management, the picture whih
emerges is alarming,

Liven in the resting subject, the symploms ad b
signs of hypoxiy appear on exposure to altitods
greater than 15000 [t when breathing air [1]
Higher mental processes and  neuromusculi
contral are affecled, and in particular there B¢
loss of cntical judgment and will-power. Breas:
of the Tass of sell-criticism, the subject is usuall
unaware of any detertoration in performance o
indeed of the presence of hypoxia; and it is fhis
effect that makes the condition such a potentially

dangerous hazard In aviation. Thought process
are slowed, mental calculations become unnel
able, sl psychometor  emotional  state i
common. Thus there may be distmhibition of hasic
personality trails end cmotions, and the indk
vidual  may  become clated o eupbionic o
pagnacious and morose, Oucasionally the vidin
may becowe physically vialent, 'Tunneling
VISION 1Y eeour
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In parallel with this group of cerebral features,
disturbances due to hypocapmia commuenly occur,
and indeed may dominate the clinical picture, as
hyperventilation occurs. Lighi-heudedness, visual
thsturbances and paraesthesiac of the extremities
and hips veeur. Central and peripheral cyanosis
may develop and there is decreased muscular vo-
ordination with loss of the sense of 1ouch, so thal
dehicute or fine movements are impsmsaible [1]

Additional factors which are inherent to high
altitucle operation, further influence the encdividu-
al's susceptibility 1o hypozin. Cold environment
reduces olerance 10 hypoxia by virtue of the
pdditional metabolic workload required 10 main-
win body temperature.  Physical exertion, il
health and aloohol exacerbate greatly the soverity
of all of the symptoms and sigons of hypoxia. Such
i silustion would compromise [light safety
gravely and is naturally unacceplable.

The Consequences

In the tetrospective analysis of accidents duning
i) years of helicopler operations by the Indian
Army, there is wo évidence that poor oxygen
management was a direwt cause of any acciden!
[6]. Nevertheless, its role as contributory factor
owards  sccident causation was morc  Lhan
apparent in as many as 24.83% of all the
secidents and of 34.453% human factor accidents
It was noted in this study that this proportion
i not surprising, in view of the inadequacies
gxisting in the oxygen management in vogue 1n
the Tield, In another survey (upto 19920 of
helicopler accidents (IAF & AOF) mvalving 16
Chestah and 2 Chelak accidents (Cat 1 1o Car
M it was found that 8 accidents were due 10
bebavioural Tuctors and O duc to environmentul
fuctors 5], In behavioursl group, all were pilot
errots, which included two as “error of judge-
ment’, tweas Taulty technigue’ and one each as
elayed action', ‘poor airmanship” and “hreach

fnd I Aervaspace Med 43(2), 1999
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al Nying discipline’. Physiologically, the effect of
low-grade hypoxia is well documented [1]. Tt is
also well known as (o how difficult it is to
extrapolale the sublle effects on higher functions
as contrhulury  cause in aviation accident
analysis. Addinve effect of low grade hypoxia on
judgement, orientation crrors and aircrew fatigue
cun never be quantified, however the dangerous
consequences of these effects do not require much
convincing in aviation circles. Despite this, a
suttahle oxygen management system has not been
evolved 1l date for Cheetah operations at high
altitude

Search for Solutions

Since the requirement of the IAF was urgent, it
tackied the issue by attempting 3 number of
modifications at local levels ||-3,-§:1g to match the
AREU helmet and ABEU masks with vanous
available oxvgen systems and not by going in for
an COff the Shell' mpored oxygen System.
However, Indian Army opied for an imponted,
custom made ‘Ulmer' helmet, mask and regulator
system made in France, w malch the original
EROS oxyeen cylinder of the Cheatah helicopler.
IAF  meanwhile tned a number of local
musdifications  such as using ABEU  helmet,
AREU mumsk with Mk 17D series of British
regulator being used n Kiran aircraft, matching
a boom mike faciliy with the original EROS
systemn and the latest amempt o conoect the
ABEU mask with the EROS regulator [Mask
WMourted), Nong of (hese modifications  had
sulisfied the users and since an ideal system was
not made available to the users for a long period
of time, it gradually led to the ergsion of the
accepled norms in prevention of Hypoxia, by
defaull

The two systems ic. TAF's modification
ABREU mask with the EROS repulator) and
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Army’s ‘Ulmer'  hebmel, mask  and regulator
system. were cvaluated at IAM. The relevant
aspects of these studies are discussed below,

Evaluation of TAF's ABEU Oxvgen Mask -
EROS Regulator Assembly

One assembly was sent 10 LAM by ASTE in which
the following modifications hud been carried out -

a) The original French mask was separated fraom
the MRC 511 regulator,

I} Interface coupler of HE-9 1oughened alu-
minium wenufactured by HOQ WAC was
connected 1o the original MRC-511 regulatar,

¢} The indigenous ABEL Mk-I axveen breathing
mask currently n use, in Kiran aircraft was
cannected 10 the MRC-511 regulator through
inferfaced Coupler.

The above modifications were aimed 10
overcome the problems of the origing svstem, in
that the ABEU mask is compatible with the
Helmets of Cheelah pilots and the BT system of
the mask is tumc tested being in use in Kiran
aircrafi.

An, in-use Original EROS Oxvgen System
including Cylinder + Mask Shell with Harmness
+ Regulator + Supply Hose with Flow Indicator
+ Coupling + Microphone, was procured from
ASTE and was compared with the Mudificd
Ayslern,

Physiological Considerations

The major differences, of physiological signifi-
cance nobeed werg!

a) Oxypen Mask which, in the ornginal system

62

is mounted on the regulator itself was shifted
away from the repulator by the length of
corrugated hose of the ABEU mask thereby
ncroasing  the  operating  volume  between
regulator and the pilot’s face:

h} Modified assembly  had  introduced TWO
INSPIRATORY VALVLES [one in the ABEU
mask (IV-1) & one in the MRC 511 Regulator
{(IV-2), which has inspiratory valve incorpo-
rated in [ts design isclf, for use with a mask
mounted  on 1], The effect of  this, on
performance of the modificd system  was
studied.

¢) Modificd assembly had also, introduced TWO
EXPIRATORY VAIVES [one in ABEU mask
(EV-1) & one in MRC 511 Regulator (EV-
211, instead of ONE in uriginal or any other
convenlional systems, ‘The effect of this new
clement on performance of the modified
assembly was studied.

In view of the above, this unconventional
Oxygen System Assembly could not be made 1o
undergo Tests which are generally carried out on
a conventional mask wssermbly. The Punctional
test schedules wers, therefore, devised specific to
the maodified assembly, keeping in mind that the
modified system will be used for the fligh
envelope of Cheetah Helicopter, cven though it
incorporates a mask used for fighter aircraft
Theoretical analysis for possible failure modes
have been brought out in IAM's Test Repon.

Tests Methodology and Results

The detailed methodology, experimental set
ups for various tests are available in the TAM's
test report, The relevant results are enurmerated
below:

I J Avrerspace Med 43(2), 19%
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4] Methodolopy: The ice

General External Examination

tu) Ohservations:

Il was observed that soft, circular, plastic
diaphragm of expiratory  valve (EV-2)1 was
lern in one of the samples. This was replaced
by one spare cover available at Gxygen System
Test Lok ar TAM.

The Warning Intel Connector, usually a part
of standard ABEU mask hod been replaced
by intetface coupler made of HE-S toughened
Aluminium. One end ol the coupler 15 screwed
on 1o the MRC 511 Regulator's inspiratory
end, while the Oxygen hose of ABEU musk
is fixed o the other end.

Inspirutory Valve Owverload Test

guard over the
mspiratory valve (IV-1) was removed and the
French supply hose was disconnected from the
oxveen eylinder, which amomarically blocks
the inflow of air from the loose end of the
hose, The corrugated tube of ABEU musk was
then compressed along its axis 1o expel the
#r from inside the tube. The tube was then
quickly stretched along its length, TV-1 and
EV-2 were observed. The regulator switch was
in 100% position 10 prevent eniry of air.

b} Result: Maormally if only ABEU mask was
heing tested, the rubber mushroom diaphragm
of IV-1 would net invert and would remain
uniformly supporied over its plastic valve seal,
white the corugated tube would have
puckered. In this medified assembly, the test
showed (hal, the eorrugated tube did not get
puckered. The reason was some inboard Jeak
in the modified assembly, which would need
rectification in the modificd assemblies 10 be
used 1n Might trials, The expected loads in IV-
| and EV-2 could not be created due to the
inbpard Jeak. The guantum and imporance of
the leak has been brought ow n the oxvgen
concentration test as part of dyvnamic testing.

Ind J Aerizspace Med 43(2), 1999
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Leakage Tests

a} Test for regular and mask tube leakage upto

b

]

inspirntory valve-1 (Inhoard leak)

Methodology: The supply hose was hlocked
after the 'Flow Indicator’ amd the corrugated
hose of mask was compressed axially. The
mask with its connections was then allowed
to hang down 1:}' hu]{!ing the regulalorn

Result: The whe did not remain compressed
for any time, there by indicating presence of
inboared  leak,

Test for leakage from composite mask-
réegulator assembly (outboard leak)

Methodology: The composile musk with mic.
with 1V-1, EV-1, regulutor with TV-2, EV-2
aned hoses with Flow Indicator were tested on
the Mask Mounting Rig at IAM. Oxygen was
delivered from the cylinder inta the airtight
musk fixed on the mask-mounting stand, with
uutlel connection o the water manometer o
ascertain outboard leak rates,

Result: No pressure could be built up in the
assembly, as instant leak rates of more than
4 lires/minute developed, even at oxygen
delivery pressure of 2 inches of W.G. The
leakage in the assembly was from the
expiratory valve EV-2 af the regulator, as this
valve does not have any compensatory
characteristics.

Inspiratory valve vpening pressure tesi:

Methodology: The modifisd mask was worn
and anchored on a suitably sized ionner 3
helmet. Normal breathing was intliated. It was
noticed, that when the regulator was either on
'WORMAL or on 100% mode, there was no
flow of oxygen, as indicated by the ‘Flow
Indicater’. The flow occorred only at the
sharp amnd severe, peak inspiratory effort and
not during normal breathing. This was niticed
by three different subjects. Either the modi-
Neation was the cause of this malfunction or
the regulator sent tor testing along with the

fih
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medification was not funciioning. The inspin-
lory valve opening pressures were then tested
on four different tests created on TAM Test
Higp

Results: Four Jdifferent tests were conducted
and i was found that the EROS regulatorn, sent
by ASTE was unservicable and therefare nol
fit for Might trinls, However the medification
with o serviceable EROS regulator was found
o bhe accepluble as the Inspiratory  Valve
Opening pressures were within the sceeptable
physiclogical ranges (Table - 1),

Expiratory Valve Tests

There are two expiratory valves mothe sysiem,
While EV-1 of ABEU mask has compensatory
characieristics, EV-2 of repulator does not. Since
EV-] forms part of the already approved mask
ABELT it mecis the required specifications. The
following test was thorefore coried ot for
Expiratory Valve EV-2 of EROS regulaior

Table 1

Observations:  Suction Pressure inches wg

] (.4 1 owe/0.75 mm Hg
2 0.5 i owgM93 mm Hg
3 0.5 in w43 mm He

(a) Test for inboard leakage through expiratory
valve (EV-1)

Methodology: Afler mounling the mask on
tlie stand gradually incroasing suction was
created in the mask cavity through one of 1
two openings, while the supply hose after the
Flow Tmdicalor was kept blocked. Suction
pressure 1o create inboard flow from the
expiratory valve EV-2 into the regulator were
ineasured.

Results: It was observed thal the diaphragm

13l

of EV-2 caved into its housing at inspiratory
suctions ol pressures as given in Table-2. Any
tnspiratory suction pressure of mare than 7
mm Hg will thus cause a failure mode of the
madifled mask assembly.

Table 2

1 Ny, Valve opening pressure (suclion pressine)

VA inch owe (709 mm Hg)
39 inch wg (7.0 mm Hg)
4.3 inch wg (8.03 mm Hg)

b pad =

a) Subjective Comfort Test: While there was no

h

discomfort reported by six non aviators who
wore the assembly, it was felt that o suitable
anchoring nng for atachment of regulalon
portion on the pilor's averall or jacket elc.
required o take the dircet weight of the
assembly from the face and to make the
assembly [ixed 1w the fying clothing to
prevent fouling with pilot’s hody during Might,
It was also observed that since the warning
inlet connector has been replaced by locally
made, screw in Aluminium conneclor, it will
adversely affect the time of egress [rom &
disabled helicopter in emergency.

Oxypen concentration studies during simu-
lated flight conditions in an altitode
chamber: Measurements were made of the
concentration of oxygen in the expired mas by
tapping the sample from the Expiratory Valve
of modified mask. Readings of percentage of
oxygen were taken using the SERVOMEX@
Oxyeen Gas Analyser

Results:

The resulls were satistactory, except for 25000
feet with regulator in Mormal position as (he
omyEen concentratuons given by the regulator wis
found tn he 529 which is inadequate to mainkiin
PA O, (Alveolar parhial pressure oxygen} of 108

Ind T Aerospace Med 4372), 99
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min Hg, This performance 15 considered unsat-
isfactory.

Hecommendations

This modified mask regulator assembly was fournl
unsuitable for Cheetah operations due 1o 118
limitntions and following recommendations wers
made:

wy For Nying obove altitudes of 18,000 0, the
regulator should be used in T0O0% bxygen
misde.

by The limitation of the diaphragm of the
expiratory valve of the regulator is that it will
create an inboand leak in case of deep
inspirations without any waming lo the pilot.
The diaphragm opening was recommenied 1o
be permanently scaled.

¢

The procedure for emergeney escape from the
aircraft be evolved in consultation with ASTE.
IAM and No. 1 AMTC, including any further
moedifications envisaged for the same.

d

—

In view of the ABEU mask having not been
used for operational flying in subzero
condilions and the incidence of oxygen hose
failures in fight at Ladakh remon it was
recommended that the modified assembly be
also lested in subgzero temperature conditions
at ADE {Aeronautical Development Establish-
ment) Bangalore where the test facility exists.

Evaluation of army’s *Ulmer' helmet. mask
and regulator system

IAM was approached by Army Avialion lo carry
ot acromedical trials on Flving helmet. oaygen
mask and regulator assembly items for Cheetah,
manufactured by Ms Ulmer Acrumautigue and

Ind  Aeraspace Med 43(2), 1999
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give recommendations on the suitability of the
items for induction into Indian conditions, The
following  documents were also  provided for
reference,

a1 Constructor Tests General Dossier Acronaulic
Helmal

bt Sizing schedule: “Ulmer Osygen Mask (Mo,
42H)"

¢) Technical manual: “Ulmer Oxygen Regulator
100% demand or diluter”.

Stnce the armny aviation sircrew at NFTC had
already  commenced  (ight  1nals  with  this
assembly in Cheetah aircraft, issues of in-flight
comfort, subjective ecvaluation was done by the
Army test pilots. Tno the initial trials, it was
phserved that the microphone in the mask
reverherated causing poor RT reception by ATC
(strength 1 or 2) and the change over from Boom
microphone 1o the mask microphone or vice versa
was difficult.

There were no other drawbacks observed like
helmet/mask vibration in-flight, tendency of the
helmet (o Gl forwards, neck/head symptoms,
mask reiated allergy, mask instability/discomfort,
suffocation during the use of the mask ete. The
testing protocal and the observations were made
after trials o assess broadly the following
aeromedical aspects.

Helmuet:

General workmanship/defect analysis
Noise Allenuation

Field of vizsion (Along with mask)
Optical assessment of visor

C of G studies

Human Factors

65
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Mask and Regulator;

Genersl workmanship

Leak lests

Cieneral workmanship

Valve performance tests
Anthropometric considerations

Lecompression chamber trials

Additional tests conducted by manufpcturer
with certifications;

Shock Absorption Tests & Perforation Resisiance

‘Test

Opthalmologie: Tests:  Colour Perception
Visual acuity
Contrast of vision
Cculomotor equilibrium,
Sterepscopic vision,
Astigmalism

Retention system resistance

Resistance o pulling off

Breakage of ladder locks

Fire resistance lesi

Storage tests

Observations:
Oxypen Mask

Mask is made of Silicon rubber and is large in
size: The mask cavity volume of the given picce
uf the mask is 155 ce. The length of the hose
and the regulator attachment is 4%cm (normal)
and 50.5cm (Suetched). No inspiratory valve
lcaks was detected. The same type of the mask

fads

is heing used in the LAF for Mitage 2000 aircrow
and study carvied out carlicr at the Institute ha
shown that the siving schedule is adequate.

Oxygen Regulator

The regulator is a demand-diluler type of OXYged |
regulator with additional 100% oxygen delivery |
capabilities. It is a man mounted regulator and |
was required o be clipped on (o the harness of |
the wircrew by means of @ metallic clip provide |
at the rear of the regulator. Por the passengess |
in Chectah  helicopter  however, the  harngs
systern consists of only o lap belt Tt was found
that the regulator when connecled to the lap bel
had fouling possibilities, The passenger needs i
be carefully briefed about this. The selectin
switch for 100% uxygen can be easily operaied
and not oo loase (o cause inadvertent selectian
of 100% oxygen. The quick release connecior of
the mask-regulator assembly was satisfactory and
unlikely to get disengaged in-flight.

Dynamic testing of the sample mask-reaulator’
assembly in the aliitude chamber was satisfacton,

Recommendations:

The Ulmer helicopter helmet was found satisfic
tory in workmanship and finish. The weight of
the helmet and the C of G was within acceplable
range, The prolection afforted by the helmet wi
tn accordance with the required standards, The
helmet mask combinations provided acceptabls
range of the field of vision, The visor had
adequate transmittance and did nol have oy
distortions.

The mask and the regulator was found to b
satstactory and provided protection uplo b

fred 7 Aerospace Med 43(2), 188
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operational celling of the aircraft

The assembly was recommended 1o be flight

tested in the glacier region for extreme climatic
comditions,

The helmet was recommended for westing by

(he manulacturer ot higher range of temperatures
for Indian Climatic conditions. The change over
switch for boom and mask microphones, provided
over the helmet
erponomically design.

'y

was recommended for beties

Asscmbly was recommended for operational
inductanee into army  avialion.

Conclusion:

The French system meets all the requirement of
Chestah helicopter operations, while the indig-
enous effort falls short of the requirements on
maty counts, Army is alrcady in the process of
procuring the French system for its needs. Tt is
recommended that the TAF should also go for the
sime system, to immediaicly fulfil its long
standing need for an appropriate CXYEen sysiem
for Cheetah operations.

ndJ Aemspace Med 43(2), 1058

-

The eluzive osygen mask for Cheerah : Tyvagi et af

References

$3

Aviation Medicing: Emsting 1 Eds. Hurterworths
19H%

Ernsting J Operational and physiological reguate-
ments for areraft oxygen systems. AGARD report
Mo, 697, 1984, Paris. Advisory
Aerospace Hesearch and Developinent
Ernsting 1. Pressure Breathing In high altiiude agle
wpreralt Ind J Aerspace Med 1994; 330253945,
brmstng 4, Prevention  of © hypoxia-acceptable
compromises. Aviar Space fmviron Med, V7R, 4
455002

Harpal Singh, Jha YN, Survey ol airerafl accideils
over Stachin Glucier fnd J Aerospace Med 1992

Cirpupe  lar

n(2y 3234
Impathy KK, Gupta JK. Kapur RR, Aircrafi
accidents in Indian Army Aviation - A generul

review since s inception, fnd S Aerospace Med
(996, 40(1) 7-21

Rajora ¥ Flying i hgh-altilude  wreas: Ao
apermtors point of view, Jrd T of Avrospaes Med
1904, 3802 2324

Carappa KO, The Siachin Pioncers. Flight Safery
Mapazine, TAF, Mar 199, 44-7.

(7




