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Suggested Indian Test schedule, to consolidate the process of
type certification of oxygen mask, a vital component of
integrated life support system for fighters
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The MIL SPEC requirements to test an oxygen mask, for fighter crew were studled. Elaborate
and expensive infrastructure arrangements regquired o conduet such tests have been brought
out in this paper. Suggestions and justifications have been made to have an Indian Test Schedule
with specific tests that could be conducted at the existing facilitles, with slight modifications,
thus creating an in house capability to type cectify an oxygen mask for fighers, which is a vital
component of integrated life support system (TLSS) A different upproach, frum the conventional
mindset Lo lest equipment against foreign test schedules, would be able to save foreign exchange
and dependence on foreign lubs, while maintaining high level of confidence required for such
an equipment.
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he process of Type Certification, to intro-  PTOJet, which in aviaton cammies 4 heavy cost,
duce an item for in-fight usc, is @ par- apart from the setback it can cause to the national

allel development 1o the indigemisation  Prestige. _ - _
process. 1 aims al the assessment of the quality — The whole process is highly technical, involving
of the product being offered, by the manuflactur-
ing firm against the laid down specification, The = Classified Specialist (Aviation Medicine),

responsibility For this, is shared by both the state IAM, IAF, Vimanapura P(? Bangalore-560 017
and the industry, so that the best possible product # Scientist 'L, 1AM, IAF, Vimanpura, Banga-
goes in to the aircraft, as no room for compromise lore - 560 0]7

on the specifications exists in the aviation world. Sr Adv {Av Med), 1AM, TAF Vimanapura,
The ultimate w@im of the process of tyvpe Rangalare-560 (0117

certification is to maintain a very high level of @ Commandant, 1AM, IAE Vimanapura, Ban-
confidence of the user. Any failure in this process galore-560 017

can ultimately -affect the viability of the whole ' Sr Adv (Av Med), DEBEL, Bangalare.
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number of specialists in diverse ficlds and need
a number of Labs with a wide range of test
facilivies. Not only has each component. 1o pass
the relevant tests; the product also needs 1o
integrate with the aircrafl system and prove itself
o fuscton at opumum level under various
environmental and  aviation  stresses. In  the
advanced countries of the west the test facilinies
and cerufication process have evolved over the
years, along with the increasing capabilities in
R & D work to design and develop hetier
products. Egual conuibution, in consolidaton of
this process was made by the Military, by giving
clear tut specifications to the defence ancillary
industry, which responded to them by offening
high guslity product in ume.

The Indian aviation industry, for the fimst
time, is poised lo venturc into the 1ype
certification process of the components of the
Integrated Life Support System (ILSS) for a
fighter aircraft which includes O=xygen
Concentrator, Partial Pressure of Oxygen Sensor,
Oxygen Regulator, Ant - G valve, Helmet and
an Oxygen mask. There 15 a need to have Indian
Defence standards or the Military specificanons
like those of US, UK, France or Germany, as at
present only the internationally available Mil.
Specs, Def - standards are used as reference
documents for the Indian process of Type
Certfication, on case to case basis Narurally,
the lest and the methodology and to an extent
the process of type centification is based on thase
reference documents. As & consaquence the
facility to conduct the specified tests have to be
same as those existing in these advanced
counlrics. This Is as expensive & proposition as
that of developing a new product. 1f the
appropriate Test Facilitics arc not developed or
upgraded as the product takes shape in stages and
finally 1o perform as pant of a subsystem, nut only
does the guality contrel becomes difficult and
expensive ‘but alsg, the valuable inputs to the
manufacturer at different stages of development

48

Suggesied Indian text schedufe: Pankaj Tvagr el

are thus denied. This  adds to the cost in tern
ol money and delays in terms of time, which
crucial for military hardware,

In the field of Life Suppor System it
important for us to take a different approach |
the whole process of type certification, upyrad
our existing facilities to the extent possible i
mimimum time and most imporantly lay dow
Indian Mill-Standards & Specifications, 1o cove
our national projects.

In this study we focused on the simplest by
a vital component of TLSS, the Oxygen Mask
The USAF Military Specification MIL-M-8716:
for pressure breathing oxygen mask, MBL - 12
P owas analysed with the aim to identity the LI
requirements 1o type certify the Mask and to giy
suggestions to do the same by indigenous means

United states Air Force Requirments

For Oxygen Mask MBU - 12/P w he
introduced in flight, it has o meet successfulls
the requirements as laid down in MIL-SPEC-N
87163 approved by Depariment of Air Force
[h 2] The custodian of this document and in
prepaning activity is by Air Force 11, while the
reviewer is Air Force 99, There is thus an early
involvement of US ALY in the process of laying
down the expectations from a new Mask,

The whole procedure of Type Certification
is  grouped in the following five parts :

Part-T1

Defining Scape, Applicable documenis &
Requirements

The scope is defined o cover the

fnd [ Aerospace Med 4371), 1999
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Table -1
Performance

Tensile bonding strength
Mask leakage

Combination valve installation, nlet

performance (low suction)

Combination valve installation, inlet

performance (high suction)
Combination valve installotion,
exhalation performance
Combination valve installation,
exhalation resistance

Combination valve installation,
mhalation resistance

Subjective use

Silicon Rubber Tear Resistance
Hardness
Low Temperature brittle point

Toxicity

Delivery tube leakage
Delivery tube collapse

Delivery tube strength

Microphone bracket-dielectnc
Strength

e I Aeraspace Med 4301}, {959

To be greater than the tensile strength of the silicone rubber
Not o exceed X)) milliters per minute

The total leakage shall be 15 mbmt
The twotal leakage shall be 150 mlmt or less

A pressure of 20mm of Hg in the facepiece and a
pressure belween 15 and 199 mm of Hg in the inlet
whing to open exhalanon porucn of the valve,

Not to be greater than 4.67mm of Hg with a flow of
100 hit/mit.

Mot 1o exceed 2.80mm of Hg at a flow of 50 liters
and 5.60mm of mercury at a flow of 100 It/mt.

Silicon rubber not to produce any ohjectionable odour, shall
not be tacky, shall not have any property that cause discom-
fort or affect wearability. No freeze up of combination valve
15 acceptable,

Silicon rubber shall have a minimum Tear Resistance of
150 psi.

Shore A Durometer hardness of the silicon rubber for the
face piece shall be 45° 5.

Minimum brittle point of silicon Tubber shall be - 40°

Material used in Mask and combination valve shall not
contain any chemical or material thar have toxic properties
even when cleaned with a mild dish washing solution.

Ne leak sccepled up to internal pressure of § psi

Corrugaled portion shall not collapse up to a suction of
3 inches of Hg for 3 sec while the tube is restrained to

specific length.
Shall not tear or separate when specific stretch force s
applicd,

Microphone bracket shall withstand without flashover or
breakdown, the application of 250 volts altemating potential
of commercizl line frequency.
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Salt Fur Tesl

Colour

Microphone brucket shall mect the sall for requiremes

Caolour of hardshell, webbing and all sihcon rubber sho

be green matching specified colour number.

requirements SPC{'IIEC fo. one lype of pressure
breathing Mask  desipnated as MBU-12Z/P. The
applicable documents available to the manufacturer,
include 11 related Federal Specificauon, 7
Military Specifications, 2 Federul Standards and
B Military Swandards, Copies of 16 Government
Urawings specific lo the mask are also made
available to the manufacturer, The documents are
listed in the Defence index of Specifications and
Standards (13185). Amencan Society of Testing
Materials (ASTM) also  provides the lest
document for war resistance of voleanised rubber.
The Intended use of the oxygen mask 15, specified
as a dispensing gaseous oxygen from pressure
demand regulalors o wrerew members engaged
in high altitude flying. The decumem draws the
attention of the manufacturers, 10 have the
products that they propose to offer 1o the Federal
Government, tested for Qualification, W he
awarded the conmact. The whole process 1s
transparent and thé bids are open 1o all.

This above procedure highlights the
imponance of institelionalising the Standards, the
Tests and the free avatlability of necessary
documents to the manufacturer. Indiz nesd to
strengthen this area

Part -11
Design and Construction

This part covers the main and subsidiary
drawings. in accerdance of wiuch the mask and
ity compuncnts will be constructed. The weight
of the mask is specified here which 13 not to be
exceeded, The components included in the mask
assembly are also listed in this section

fli]

Part -IT1

Performance & workmanship

This part defines the lmits of
performunce und gualdity of workmanship expec
from u mask. The specific ranges of resu
expected from mask MBL-1Z/P are pgiven
Table-1

Part-1V
Crualification Testing Methods

This part defines the methods which he
to be followed to conduct the tests as listed
Table 1. which would qualify the product, int

cuse the mask.

Pari-¥Y

Quality Assurance Provisions

A wvery imporiant area which  assurcs
consistent quality of the product to be suppli
to the Federal Government is covered in this pe
This is an arca which neads further strengtheni
in India. The mspection requirement, as follow
in USA is split in two levels :

{a) Qualification Inspection : The lest samy
for this consists of one mask of each s
and test sheet of silicon material. The
report 15 required to include the resulls
all the wsis and a detailed statement
compliance or noncompliance with ea
requirement of the Mil -Specs, identified
the  applicable  paragraph  number.  TI

Fredd J Avrospiace Med 43(1), 19
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CERTIFICATION OF FLYING CLOTHING

. Specification

Test Schedule

Test &
Evaluation

*
| Aircraft Trials |

No
Yix

breezing of

Design

4

Chuality
Assurance

+

Provisional
clearance

L

Supply or
Tlems

4

Service
BExperience
Feed back

No

T

Yes

ACTIVITIES & AGENCIES

.............. @ Mol :
______________ @ D - Designors/
DEREL

T @ 5 - Services ) Al
@ H - RCMA

2 - DGAQA

............. A - ASTETAF
[ - TAM/AF
C - CEMILAC
V- Mendor
.............. @

I Docum L'nmtj-:m']

: NG)
| Type Appmval1 IR @
©

1

| Supply of ltems|

Service
Expencnce

@
D Fecd back | oo D
@

— Nci Yes

T A Benewal

& Supply | e @

-

Ind J Aerospace Med 43(1), 1999

{Fig.1}

il



Suggested Indian test schedule; Pankaj Tyagi et al

requircment brings out the importance of
covenng all that needs 1o be covered while
formulating  the specification, us the
specifications become the basis of  all
gualification requircments of the future,

() Quality conformance  inspection This
consisty of individual Tests which each and
every mask is required o undergo. For the
purpose of MBU-12P mask five such Tasts
have been sdennfied. Swmpling plans and
tests identify three ways of sampling the
masks provided by the manufacturer and
also lays down the Reject Criteria

Infrastructure required

The infrastructure required to conduct the
tests as per US requirements is in the form of
well developed labs with all modern simulators
and auxiliary instrumentations. Such labs in US
are financially viable due 1o it having the largest
aviation industrial base in the world, in terms of
volume of equipment nceding the tests as well
as the financial support available w R & D
agencies,

Type certification system for flving clothing in
India

The procedure of type cenification flying
clothing items, as practiced in India is brieflv
given in the Fig 1. [3]

Suggested Indian Test Schedule of an oxygen
mask for fighter aircraft

Let us now consider a way 1o assess a given
oxygen mask to meet the requirement of modem
day fighter flying with a ceiling alutude of 50,000
feet on the following bhasis -

Experience and the infrastructure availabl
our country : [AM has been conducting
evaluation of different types of Oxygen M.
since Td slxties and has over o period of 4
developed a test protocol that has stood the
of lime as evidenced, in the manper the AR
masks were introduced in service. Full use of
Alutude Simulstor was made in this proto
Modifications to upgrade existing test rigs

o computerise the datd acquistions aned

results (to bring in repeatability and indepenc
scrutingy ) und methods to do underwater tests h
already been suggested w the Human Engineer
Panel, Pollowing protocol is used by 1AM, |4

(#) ‘Statc Tests
General Parternal Examination
Inspiratory Valve overload (est
Leakage Tests

Test for mask tube & Inspiratory va
leakage

Test for Leakage from Composite mask
Test for owtward Leakage through inspirate
Alve

Inspiratory valve opening pressure test
Anti-suffocation valve opening pressure e
Back pressure through Expiratory valve i
Test for compensatory characteristics of ma

(b} Dynamic Tests

Subjective comfort test on ground,
varying rates of ascent & descent 10 specif
altitudes and during explosive decompression,

Oxygen concentration studies during norm
breathing, while talking & on force
hyperventilation on ground and during simulate
flight conditions in an altitude chamber

Incd J Aerospace Med 437 1), 194
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Crperstional requirements from TAF's point of
view : The LIS MIL-SPECS take into consideration
world wide climatic range, for operational
deployment  and  for  logisucs  support. This
information  is  then  extrapolated  inte the
ENVIRONMENTAL TEST SCHEDULES and in
the methods of conducung these tests, Since
Inclia's peopraphical features covers all the ranges
from desert, sea, snowbound arcas 1o tropical
Jungles, it is prudent for us o follow the same
test canpes and methodaology as specilicd by USA,
for the purpose of type ceruficatnon of mask and
other ILSS items. For this reason. no change 15
reconnmended inthe exisung Environmental Test
sSchedule bt the methodolopy needs 1o be dove
tailed into  the exisung  Environmental  Test
Facilities, The st of such tests are given 1n
Tuble-2, nol all of these wre reguired for the
oxygen mask, To this end the Hot Cockpil,
Human Centrituge ond Small Aluude Chambers
aviailable st the Instrement Test Lab at 1AM have
to meet the requirements gpecific 1o the selected
lesls.

Table - 2
Environmental Tests for determining
aatural and induced environments on
equipment used in military applications

Low pressure (Altitude)
High Temperature
Low Temperature
Temperature Shock
Solar Radiation (Sunshine)
Eain

Humidity

Fungus

Sall fog

Sand & TDhusl
Explosive Ammosphere
Leakage (immersion)
Acceleration

Ind f Aerospace Med 43(1), 1999
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Yibrauon
Avouytic MNoisc
Shock

Temperature, Humidity, Vibration,
Altitude

Ieing/Frecsing Rain

Suggested Additional Tests in the Indian
protocol

In addiwon (o the Tests conducted by TAMS
protecol, which cover the assessment of physi-
olopical  requirements  exceptionally well, the
following  tests are  suggested 1o cover  the
gperational requirements. 6]

The anchonng mechanism eg Chain &
togele tests

Dynamic Pressure holding test for Occipital
bladder + Mazk combination

FPG + Mask combination

Visual Field Mapping

Underwater Performance

Rubber Tear resistance

Hardoess Test

Low temperature brinle point Test

Toncity Test

Delivery Tube leakage, collapse & strength
Tests

Microphone bracket dielectric Test

Salt Fog Tesl

Colour Spectfications a5 per [8] standards
IcingFreezing Rain Test

Acceleration Tests

Fungus Test

High & Low Temperaturc Tests

Solar Radiauen Tests

33
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Importance of ficld trials for India

Since whole range  of  environmental
conditions  are  available within  the esisting
deployment locaucns of our armed forces, in
different climubic scasons, any drawback that may
extsd in the infrastructore ¢an be overcome by
conducuing extensive Neld tmals  These tnals
should be conducted not only o assess subjective
and ohjective performance bul also o pole the
cifect of actual field condiions on the shelf Life
of the equipmentfitem being introduced. This arca
needs specific projects o identify the field trials
requirements n conjuncuon with the approved
Indion Test Schedules.

These studies will alse evolve for the user,
the tests required o assess the serviceahility stale

of ILSS components in the field The perodic

nraintenance schedule will also come out of thess
tests and  tmals, The reasonable life of the
equipment or component would also be formulated
on the basis of the oputs from the Qualification
lests and Field Trials,

54

Conclusion

This study  has attempted to define an
indigenous approach to Type Certify an Oxygen
Mask for fighter flving, Similar approech needs
o be taken W cover other components of LSS
A clear demarcation 15 required in the developing
agency and the testing agency, it highest quality
i5 1o be maintained.
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