FEDERAL AVIATION AGENCY
FLIGHT STANDARDS SERVICE
Washington 25, D. G,

Februsry 26, 1963

REGULATIONS OF THE ADMINISTRATOR DRAFT RELEASE NO. 63«10

SUBJECT: Technical Standard Order C78 "Oxygen Masks, Demand and
Pressure Breathing, Crew (For Air Carrier Aircraft)"”

The Flight Standards Service of the Federal Aviation Agency has under
consideration an amendment to Part 514 of the Regulations of the Administrator
to add a new Technical Standard Order TS0-C78 "Oxygen Masks, Demand and
Pressure Breathing, Crew'. The reasong therefor are set forth in the explana-
tory statement of the attached proposal which iz being published in the
Federal Register as a notice of proposed rule making,

The Flight Standards Service degires that all persons who will be
affected by the requirements of this proposal be fully informed as to its
effect upon them and is therefore circulating copies in order to afford
interested persons ample opportunity to submit comments as they may desire.

Because of the large number of comments which we anticipate receiving
in response to this draft release, we will be unable to acknowledge receipt
of each reply. However, you may be assured that all comment will be given
careful consideration.

It should be noted that comments should be submitted, preferably in
duplicate, to the Docket Section of the Federal Aviation Agency, and in ordex
to insure consideration must be received on or before May &, 1963.

WC,@W

Director
Flight Standards Service



FEDERAL AVIATION AGENCY
FLIGIHT STANDARDS SERVICE

{14 CFR 5id)
[Regulatory Docket No. 1622; Draft Helease No. 63-10]

Technical Standard Orders for Ajreraft Materials,
Parts and Appliances

NOTICE OF PROPOSED RULE MAKING

Parsuunt to the authority delegated te me by the
Admdnistraror (% 15035, 27 F.RL D585, notice iz horohy
given rhat the Federal Aviarlon Agenry has nnder consid-
erfiliot 2 proposadl te amend Parc 514 of the RKegnlations
of the Adntinistrator by arlopting a new Technical Stand-
ard dedee, Thiz Techaoleal Sandard Qeder ostablishes
miniwum perforraance siandards far aiverafl crow de-
mand and pressure Hreuwthing vxygen washs for use ob
Civil airerafl of the Tnited Stares engnged in air carrier
operations, The design and testing requiremenis of the
FFAA Blaodard will provide an adeqoate and wniform
basgis for the approval of crew oxygen masks as an im-
portant comnonent of ap oxygen srstem.  In order fo
prieide for fhe wse of snch TRO approved orew OXrgen
masks by the alr carrier, specific amemdinents to Parts
40, 41 &nd 42 wlll be aecessaey.  TE is anficipated that
such amendiments will be made eoncleresnely with o
pelot tie the adoption of the final TS,

Trterestod persons may parileipate in the waking of
ihe preoposed rule by suhmittiag such wrliten fdata, views
e nrgunmients  as  fhey  may  desire, Oommnnications
should be submitted I duplicate to the Daclet Sectioh
af the Fedeoral Aviatiot Agoncy, Roetn A-I03, 1711 New
York Avenne, NW., Washington 20, Ik, Al communi-
cationg received on or before Maxw 6, 1963, will be con-
sitteret frr the Administrator hefore taking acticn on the
propssd rate,  The proposels conrained in this notice
may he changed in light of comments received. A1l com-
inents submitred wil? be available in the Thcket Section
frr exnmratlon by interasted persnhz &L any time.

TUis mnendwent i peoposes! yrader fhe authority of
Sertions 3130} an G607 of the Foderal Aviation Act of
1958 172 Siatl. TR, ITA; 4D WEO Nafa), 1IE1Y.

T censtlerativon of the forczoing 1t is proposed to
amend ot 514 ns follows;

Yy adiiing the following Seetion H14.84:

4 M4.84  rtheygen masks, demand and pressure breeth-
inmg, erews for air carrier aivoraft)--T80- £778,

{0) Applicadifity.  Minimum performanee standards
are hereby estahlizshed for erew demand and pressore
breathing oxygen masks waich are reguired fo he ap-
proved for use on eivil airerart of the Tnited States
engaged n alr cperier operations,. New modals of such
rrew axiren misks manufactured on or after the offac-
five date of thiz sectlon zhall meet fhe Handsrds ser

farth in Iederyl Aviafion Agwency Siumiaed, “Oxypgen
Maglks, el ami Pressure Breaudsg, Crew™? dated
ficrober 1, 142,

tb) Marking., The mask shall be pertwanently raarkaed
in acenrdance with the marking provigious of § 5043000
except for the following:

[1] 'The serial number and the welght of the mask

need not be incheded ;

(2} The clasz and fspe of the mask shall he io-
cluded ; and

(2} The approved maximnm altitede of the mask
shatl ba included.

(e} Dafe reguirements.  Beven coples oach, except
where noted, of the leliowing, shail be furnisled the
Chief, Logineering and Manufacturing Branch, Flight
Standamis Division, Federal Aviation Agency, ih the
regiot in which the manufactierer iz locaied,

11y Mapufaeturer’s operating fustroeiiong and oquip-
went Jimltations ;

(2y Installation proesdures with npplicablie Srawings
and specifications, lmmitations, resteictions, end other
ocondltions perrinent te fmstallntion. Limitatlons shall
specify the reguldators which are capable of providing an
oxyzen partial pressure or percentage of oxygen required
by the spplicable Civil Alr Hegoulations and shali in-
clnge the oxygen srsiem gas fow rate and pressure to
the regglaiorfa} which were nzed in estabiizhing the
mAsk perfarmatce ;

i(3) Oae enpy of the matufaclurer's test report; and

(4) Manulacturer's cleaning and sterllising proce-
dures and maltntenance instrrctlons.

! Copiez may be abtained opun request addresssd to Publishing
and Graphics liranch, Inguiry Bection, d5-138, l'ederal Aviation
Agener, Woaahingian 26, TLE

,3@/; ot

Flight Standards Service.

Isanedl in Woshington, IMC, o February 28, 1063



Qctober 1, 1962

FEDERAL AVIATION AGENCY STANDARD
OXYGEN MASKS, DEMAND AND PRESSURE BREATHING, CREW

1.0 PURPOSE

The purpose of this standard is to establish
mintmur performance standards for Crew De-
mand and Pressure Breathing Oxygen Mask
Assemblies which are to be approved for use by
crewmembers in civil aircraft of the United
Stutes engaged in air carrier operations.

1.1 Scope

This standard provides performance criteria
for erew demand and pressure breathing oxygen
mask assemblies when connected to appropriate
automatic diluter-demand or pressure-breathing
regulators.

The mask assemblies shall be capable of provid-
ing to the user the oxygen flow rates prescribed
in this standard and conform with the require-
ments and capabilities as defined herein.

1.2 Test

Inasmuch as measured value of the equipment
performance characteristics may be a Tunction of
the method of measurement, standard test condi-
tions and methods of test are also included in this
standard.

2.0 DESCRIPTION OF EQUIPMENT

2.1 General

The oxygen oronasal and fullface mask assem-
blies described herein are for dispensing gaseous
oxygen from demand, diluter-demand, or pres-
sure-demand breathing-fype oxygen regulators,
Each mask assembly shall include a facepiece, an
appropriate suspension device, a vilve or valves,
an oxygen supply tube agssembly and any other
components required to camplele the assembly.
If a microphone is furnished with the mask, the
microphone shall comply with TSO-C53, Air-
craft Microphones,

2.2 Class
This standard covers the [ollowing classes of
mask assemblies:
(a) Class “A”, Oronasal, Demand

{b) Class “B”, Oronasal, Pressure-Demand
¥

{¢) Class “C", Fullface, Demand

(d) Ciass “D”, Fullface, Pressure-Demand

2.2.1 Oronasal

The oronasal mask shall be designed to cover
at least the nostrils and mouth without inter-
ferring significantly with eyeglasses, goggles, or
communication means. The mask shall be capa-
ble of being used as a protective breathing mask
when used in conjunction with protective goggles.

2.2.2 Fullface

The fullface mask shall be designed to cover at
least the mouth, nose and eyes, and to protect the
user from the harmiful effects of gases or vapor.

2.3 Type

2.3.1 Ready Type

Each ready type mask assembly shall be capa-
ble of:

{a) being kept in a condition for ready use;

(b) being located tc be within the immediate
reach of ihe flight crewmember while at
his duty station; and

(e) being rapidly placed on the face from its
ready position, properly secured, sealed
and supplying oxygen upon demand.

In addition, cach ready type mask for flight
crewmembers shull be so designed that upon com-
pletion of the donning action, the assembly does
not prevent the crewmember from being able
immediately to communicate with other crew-
members over the airplane intercommunication
gystem. Ready masks shall be of the ready wear
type or the ready reach type. The ready wear
type shall be designed to ba worn on the persen.
The ready reach type shall be designed to be
installed in the airplane in a ready position.
Each ready mask ghall be identified as follows:

(1) Ready wear type (RW Type)
(2) Ready reach type (RR Type)



2.3.2 Quick-Donning Type
Fach quick-donning type mask assembly ghall

be capable of niecting the criteria speeified for
ready type mask assemblies. lu addition, the
quick-donning type mask assembiies shall be
capable of being donned, within five seconds, with
either hand, without disturbing eveglasses, ov
preventing the crewinember when using the mask
from executing his assigned normal er emergency
daties.  Quick-douning nasks shall be of the
quick-donmuing wear type or the guick-donning
veady type. The quick-donning wear type shall
be designed to be worn on the person. The
quick-donming ready type shall be designed to be
installed in the airplane in a condition for ready
use.  Boeh quick-donning mask shal! be identi-
fied as follaws:

(1) Quick-donning wear type (QDW Tyne)

(h) Quick-donning ready type (QDR Type)

2.4 Material
Materials used in the manulacture of crew
oxygen nask assemblics shall not:
{(n) contaminale oxygen;
(b) be adversely affected by continuous con-
tact with oxygen;
{c) contain or enuse shiectionable odory;
(d) be allergenic or irritating when in con-
tact with the sking
{e) be aflected by ozone to a harmful extent;
{f) be less than {lame resistani, by ireatment
or by selection.

2.5 Finish

The finish of the facepiece and other mask
components within the field of vision of the user
during normal nsage shall be nonreflective.

3.0 PERFORMANCE

The test procedures and equiptient upplicable
to o determination of the performnnce of crew
demnand and pressure breathing oxygen masks
operating under test conditions ace set forth in
Appendix A of this standard.

3.1 Pedormance of the Mask

The performance of the mask assembly shall be
satiefactory when worn-on the fuce, connected to
w regufator of the {ype used in the mask manu-
facturer’s testing or with any other regulator
which is capable of supplying equal or grealer
oxygen partial pressures or percentages of oxygen
and flows within the [imits of the negative and
exhaust pressures specified in thig standard.

3.1.1 Focepiece Chamber

The design of the facepiece chamber shall he
such thal the carbon dioxide level during use
shall not exceed two perceut at any time during
the entire inspirtery eyele and cne percent maxi-
mum average during the entive inspiratory cycle.

3.1.2 Vibration and Noise

The inask, while in use, shall not exhibit ex-
cessive vibration, flutter, ov chalter characteris-
tics sutlicient 1o be distracting to the wearer, while
performing his duties.

3.1.3 Cleoning
Tt shall be possible te clean and sterilize the
mask.

3.1.4 Defogging

Means shall be provided in the fullface mask
which will preclude fogping of lenses aud permit
the mask to be used under conditions of extrere
ternperature and pressure changes. (ras circula-
tion within the mask shall preciude a direct flow
of gas into the eves of the user.

3.1.5 Antilreeze

Means shall be provided for the simple removal
af frosl, manually or oftherwise, to prevent the
tormation of frost at the exhalation valve or any
other locafion which could interfere with the
operation of the mask.

3.1.6 Condensation

Operation of the mask shall not be adversely
affected by moisture condensation which could
accumulate daring use.

3.1.7 Attachment Provisions

The suspension device attachments on the face-
piece shall be capable of withstanding a static
load in all directions of at least 33 peunds for a
period of three seconds.

3.1.8 Vision

3.1.8.1 Oronasal
The oronasa] mask assembly shall not mterfere
significantly with the field of vision of the weurer.

3.1.8.2 Fulitace

The fullfree mask assembly shall be of such
size and eoniour that. the nser shall have a visual
field of at least 120° horizontally and 130° ver-
tically and bincenlar visual field of at least §0°
horizontzlly and T0° vertieally,



3.1.8.2.1 lenses

The lenses shall be of optical quality safety
glass or appropriate clear plastic without opticnl
or other defects.

3.1.9 Connector Warning Means

Connector fittings, tnstalled at the free end of
the mask supply tube, unless the connector is
designed for permanent attachment, such as hose
clamps or threaded couplings, shall have means
provided to alert the user when his tube has in-
advertently become disconnected. The fit of the
connector components shall be snug and require
a pull of at least 15 pounds to separate,

3.2 Flow
There shall be no damage to any of the com-

ponents when the mask is delivering flow to the
user in excess of 120 LPM (BTFS).

3.3 Mask Leakage

The total leak rate including facepiece periph-
eral leakage shall not exceed 0.10 LPM (BTPS)
for any negative pressure from 0.0 to 6.0 inches
of water.

3.4 Negative Pressure

The negative pressure within the mnask shall
not. exceed 0,60 inch of water when the inspira-
tory flow rate iz 30 LPM (BTPS) at sea level.
At an inspiratory flow rate of 70 LPM (BTPS),
the negutive pressure within the mask shall not
exceed 1.2 inches of waler. Al an inspiratory
flow rale of 120 LIPM {BTI*S), the negative pres-
sure within the mask shall not exceed 2.5 inches
of water.

3.5 Exhaust Pressure

The pressure buildup within the mask without
safety pressure shall not exceed 0.80 inch of water,
when discharging a flow of 30 .PM (BTPS) ai
sea level. At a flow of 70 LPM (BTPS), the
pressure buildup shall not exceed 2.0 inches of
water, and at a flow of 120 LPM (BTPS) shall
not exceed 3.0 inches of water. For pressure-
demand magks, the pressure buildup within the
mask shall be within the limits specified in this
standard.

3.6 Vibration

The mask assembly shall function satisfactorily
and not be adversely wffected when subjected to
vibrations of the following characteristics:

Marimum Double Mazimuin
Cycles per Second Amplitude (Inches) Acreleration

5-500 0.036 5g

* The term “double amplitude” indicates total dis-
placement from positive maximum to negatlve maxi-
mum. In addition, valves shall not operate inad-
vertently under applied loads corresponding to 10g
applied it any direction.

3.7 Cycling

The mask shall operate satisfactorily after
being subjected to 50,000 simulaled breathing
cycles following the regime outlined in Appen-
dix A.

3.8 Oxygen Supply Tuhe leakage

The oxygen supply tuhe between the oxygen
regmlator and the mask shall not Jeak or show
signs of damage when subjected to an internal
gns pressure of 1.5 pounds per square inch.

3.9 Extreme Temperatures and Humidity

The mask assembly shall be capable of being
stored at a temperature of 160° F, for 12 hours
and at —67° F, for 2 hours at relative humidi-
ties varying from 5 percent to 95 percent with
no adverse effects on the mask performance upon
return to room temperature., The mask face-
piece shall not be gummy or sticky and shall pro-
vidoe o normal seal on the face after the high
temperature storage test.

3.10 Low Temperature Test Delay

{a) The mask assembly when tested at 70° F.
shall function properly without appreciable de-
lay, after being stowed for at least 2 hours at
--40° F.

(b} The mask assembly shall be capable of im-
mediate and continuous operation in 3 —40° F,
environment for a minimum of 15 minutes after
being stowed at 70° F. for 12 hours.

3.11 Sudden Loss of Pressure

The mask assembly, when worn, shall be capa-
ble of withstanding without permanent func-
tional impairment a sudden loss of cabin pressure
from 12.2 pounds per square inch to the pressure
existing at the maximum approved altitude of
the mask assembly within 10 seconds. If this is
not. feasible, compliance with Paragraph 3.11.1
is required.

3.11.T Pressure Relief Volve

A pressure refief valve, when installed, shall
be capable of maintaining the pressure buildup
in the mask below I6 inches of water pressure



differential when the mask is in use during a
rapid decompression.

Notr: The relicf valve should be capable of open-
ing at approsimately i2 inches of water pressure
differential and allow 2 maximum pressuce bulldup
of 11 inches of water while rellesing the mask assemn-
bly gas content to 10 inches of water pressure within
a d-second interval. Ilte shopld eclose at 4 pressure
differentinl of approximately 10 inches of water.

3.12 Human Suvbject
The validity of the hreathing machine per-
formance shall be demonstrated on haman sub-

jects. Subjects may be familiar with oxygen
equipment. to the cxient expected of flight crew-
members and may be instrueted to adjust the
mask assembly for comfort as would be done in
gctual flight conditions. During all tests, the
mask shall be held in place on the face by the
sugpension device only. In all tests, all subjects
shall reach a rate of approximately 30 LPM
{BTPS), both at ground level and at an altitude
within 5,000 feet of the mazimum altitude for
which approval is desired.



APPENDIX A
TEST EQUIPMENT AND PROCEDURES

Tests shall be conducted at laboratory ambient conditions with test apparatus capable of applying
suction to the mask and indicating pressure. The apparatus shall, also, be capable of supplying leak-
age data arising from the fit of the mask to the face. This apparatus should not significantly affect
mask fit or performance. Tt i3 the responsibility of the manufacturer to work out his own arrange-
ments for carrying out the required tests, performing the amount of required data reduction and
preparing the required test report. Test procedures and equipment which provide equivalent infor-

mation may be used.

1.0 TEST CONDITIONS

1.1 Atmospheric Conditions

When the pressure and temperature are not
specified, tests will be made at approximately
29.92 inches of merveury and at room tempera-
ture. When pressures and temperatures are
other than 29.92 inches of mercary and 70° F.
respectively, all flow measurements shall be cor-
rected to these values,

1.2 Gas

The oxygen used to test the mask on human
subjects shall be aviation breathing oxygen con-
taining not less than 99.5 percent by volume oxy-
gen and not more than 0.02 milligrams of water
vapor per liter of gas at 70° F. and 760 milli-
meters of mercury. Water pumped air or nitro-
gen having an equivalent dryness of oxygen may
be substituted for aviation oxygen in tests where
haman subjects are not used. If nitrogen or any
other gas is used, density correction factors shall
ke applied.

1.2.1 Gos Sampling

The end expiratory gus sampling methed shail
be used to obtain gas samples when a breathing
machine is used. All gas samples shali be taken
during stabilized conditions. Sampling and
analytical techniques shall be in accordance with
commonly accepted procedures.

1.2.1.1 Qxygen Parlial Pressure Determinafion
These methods shall be used to reaffirm that
the mask will deliver to the human the same
percentage of oxygen as determined on a breath-
ing machine. Oxygen partial pressure shall be
measured by one of the following methods.

1.2.1.2 Direci Measurement

The total percentage of oxygen in the ingpired
gas shall be measured directly. In direct meas-
uremeni, care must be taken to measure a thor-
oughly mixed gas rather than a stratified layer.

1.2.1.3 Gas Analysis Method

The total percentage of oxygen in the inspired
gases reaching the lungs shall be estimated by
adding the percentage of oxygen and the percent-
age of carbon dioside in the expired end tidal
gases, or alternatively by subtracting the percent-
age of nitrogen in the expired end tidal gascs
from unity. All samples shall be taken during
stabilized conditions.

1.2.1.4 Arferial Bloed Oxygen Sofuration (Oxi-
meter} Method

The subject’s arterial blood oxygen saturation
ghall be determined by use of a continuous record-
ing oximeter. A “base line” of blood oxygen sat-
uration shall be established for each subject.
Throughout the test, a dip below this “bage line”
shall not be allowed. Insofar as possible, the
test subject shall be exposed (o the same condi-
tions when the “base line” is being established as
those to which he will be exposed during the alti-
tude mask testing, This shall include such things
as his sitting posture, degree of activity, instru-
mentation and other devices which might affect
his blood oxygen saturation.

1.2.2 Minufe and Tidal Volume Determination
To obtain minute and tidal volumes of the

magnitude specified in the Civil Air Regulations,

induced hyper-ventilation or a standard exercise



shall be performed under close medical super-
vision,

Note: To simnlate a representative degree of ex-
pected] passenger excitement, etc.,, eXercise corre-
sponding to walking at 2 and 4 miles per howor should
result in minuie volumes of the order of 15 and 30
LPM (BTPS), respectively.

Exercise seems to be the most critical procedure
for obtaining the minute volumes specified in the
regutations. It is possible that the higher level
of exercize does raise the metabolic rate (oxygen
consumption} somewhat more than do other meas-
vres for obtaining the required minute volumes.
However, exercise should have no effect on the
oxiygen partial pressure of the inspired air and
should have only slight effects on the partial pres-
sure of oxygen of the alveolar air and on oximeter
readings. The minute and tidal volumes so ob-
tained should permit performance values to be
extrapolated graphically or by other suitable
means to provide for an estimated 93 percent of
the population when breathing in accordance with
the minute and tidal volumes specified in the Civil
Air Regulations. Minute volumes may also be
directly determined on the subject by collecting
the expired gas in equipment suitable for the pur-
pose. The tidal volume may be taken as the
minite volume divided by the number of respira-
tions per minute.

2.0 TEST EQUIPMENT

Test equipment prescribed herein has been
found to be acceptable in demonstratimg compli-
ance with the provisions of the standard con-
iained herein.

2.1 Breathing Machine

The breathing machine shall be designed to
simulate closely the human breathing system and
have dynamic pressure charaeteristics similar to
those present in human respirations. The ma-
chine shall simulate the breathing pattern of
inhalation and exhalation and the mizing action
in the human lungs, provide a tight gas seal, and
afford good mising of the gas. Provisions shall
be incorporated for varying the number of
breaths per minute from zero to approximately
80 and the total volume (the amount of gas ex-
haled per breath} from zero to 2,000 cubic centi-
meters. The simulated tracheal tube shall ap-
prosimate the human trachea in its volume and
diameter, approximately 100 cubic centimeters
and 34 inch, respectively. The simulated mouth

10

ghall be eylindrical or approximate a cylinder
with 50 cubic centimeters volume when the mouth
diameter iz approximately 1 inch. The face-
piece design shall simulate a replica of a human
face or cquivalent, and shall permit sealing the
test mask agamst the replica. Deans shall be
provided adjacent to the mouth cylinder to per-
mit the application of calibrated peripheral leak-
nge into the mask. In addition, means shall also
be provided fo permit gas samples to be taken.
The sampling means in the mouth shall be di-
rected downward in the trachea to avoid any pos-
sibility of enriched readings caused by oxygen
impingement. The sample gas shall be continu-
ously circulated at a low flow rate through the
mouth Lo avoid affecting the composition of the
mouth gases.

2.2 Oximeter

An oximeter shall be used to estimate the
arterinl oXygen saturation of each test subject at
altitude., (are shall be taken to properly use this
tvpe of instrument so that the results obtained
will be relinble within the reliability of the
instrument.

3.0 TEST PROCEDURES

Test procedures prescribed herein have been
found to be ncceptable in demonstrating compli-
ance with the provisions of the standard con-
tained hereinbefore.

3.1 Breathing Machine

The mask shall be functionally tested on a
breathing machine to test the operation of the
inhalation and exhalation valves and to determine
mask leakage to assure that the mask is capable
of delivering to the user the oxygen supplicd by
the regulator less the amount lost by leakage.

3.2 Leokuge Test

3.2.1 Mask Leokaoge

{a) The facepiece periphery of the mask shall
be sealed against a replica of a human face or
some equivalent test fixture. The mask inlet
valve shall be held open and the loose end of the
oxygen supply tube sealed. The inward leakage
under 0.0 to 6.0 inches of negative water pressure
at sea level shall not exeeed 0.10 LPM (BTPS).

(b) After the above tests have been completed,
the facepiece periphery of the mask shall be
sealed against the faces of humans and the in-



ward leakage under 0.0 to 6.0 inches of negative
waier pressare at sea level shall not exceed 0.10
LPM {BTPS).

3.2.2 Inward Flow fesisiance

The fucepiece periphery of the mask shall be
sealed against a repliea of A human face or some
equivaient test Hixtore with the loose end of the
oxvgert supply tubwe opet. The nepafive pres-
stire within fhe nrask shall not exceed 0.60 ich of
waker when the flow is 30 IPM (BTPS). When
the fAow is 70 LEM (B'TPS), the negarive pres-
sture shall not exceed 1.2 inches of water. Where
the flow is 120 LPM (BTPS), the negative pres-
sure shall not exceed 2.5 inches of water.

3.2.3 Ovivrard Flow Resistance

The pertphery of the mask facepiece shall be
sealed and the free end of the oxygen supply iube
connected to the test gas source throngh an ap-
proprizte measuring device. The differential
pressure between the interior of the facepiece and
ambient shall not exceed 0.50 inch of water pres-
sure at a steady gas flow of 30 LPM (BTPS).
At a atendy flow of 70 LPM (BTPS), the differ-
ential pressure shall not exceed 2.0 inches of
water pressure. At a steady flow of 120 LPM
{BTYS}, differential pressnre shail not exceed
3.0 inches of water pressure. For pressure-
demand masks, the differential pressure shall be
within the exhaust pressure limits specified in
Paragraph 3.2.4 of this appendix.

3.2.4 Exhalution Yalve Tesf {for masks with pres-
sure compensated exhalation valvea)

The mask assembly shall be placed in a suitable
test sfand and a pressure of 20 mm of Hp. ap-
plted to the mask tobing, The pressure al the
mask ftubing shall then be gradually reduced,
causing the inlet valves to close and causing a
pressure differential to be applied across the
exhalation walve, The mask exhalation valve
shall open with a pressure in the tubing between
15 and 19.9 mm of He.

3.3 Strength Test

The mask shall be supported by the intet end
of the oxygen supply tube and a static foree of
30 pounds shall be appliad to the facepiece for a
period of at least } seconds, The assembly shall
suffer no damage which could adversely aflect
subsequent operation.

1

3.4 Oxygen Supply Tube

One end of the supply tube shall be supporied
by a fitting which simulates the mask connection.
The other end shall be connected to a fitting
which simulates the reguiator connection. A
weight of 30 pounds shall be attached to the hose,
g0 as to exert a stratght puil on the tubing, for a
period of at Jeast 3 seconds.  The tube shall not
fear, suffer any damage or be adversely affected
in such & way as to hnpair the safety or perform-
ance of the equipmment. After the static weight
test, the supply fube shall be subjected fo an
internal air pressure of 1.5 psi. There shall be
no leakape or visihle damage to the tube assem-
bly after being subjected to the tests.

3.5 High Temperafure Exposure Test

The mask shall be placed in an atmosphere of
166° F. for a period of 12 hours. The mask shall
then be placed on a breathing machine and the
tests specified in Paragraph 32 shall be per
formed. The breaihing machine tests shall begin
within 15 minutes from the time the mask is
removed frem the hot atmosphere. The mask
shall function satisfactorily and shall not be
gummy or tacky when returned {o room tempera-
ture. Repetition of the breathing machine test
snould produce corresponding results as origin-
ally obtained.

3.6 Low Temperature Exposure Test

The mask shall be stowed in an atmosphere
matntained at —67° F. for a period of 2 hours.
The mask shsli then be tested within 15 minutes
at room temperature for pitubility of the flexiblo
components and per Paragraph 3.2. There shall
be no visible damage to any portion of the magk
and repetition of breathing machine tests shall
produce corresponding reselts as originally ob-
tained.

3.7 Low Temperatvre Shock Operation—Human
Subject

While wearing and using a mask at room tem-
perature, connected to an oxygen walk-around
bottle and regulator, a subject shall step inte an
atmosphere mamtaimed st —40° F. The subject
wearing and using the oxyzen mask, shall remain
in the low tempersture environment for a period
of at least 15 minutes. There shall be no adverse
eflect on the operation of the mask during or
after this period. The oxygen supply tube and



facepiece shall remain pliable during the test.
The mask shall operate sati=factorily during its
axposure to the low temperature.

NoTte: Use of undiluted 100 percenty oxyzen by

the subject to avoid dilution with aic —30° F. is
accepiable.

3.8 Human Subjecis

Tests on human subjects shall be performed
under close medical zupervizsion and the usual
precantions in this iype of test shall be observed.
Individuals being subjeried to aliitude sests shall
be medically sereened before being placed in an
altitude chamber. In such tests, the following
are considered to be normal precantionary meas-
ures and shali be observed.

{a) The mask shall be pur ou before a dan-
gerously high aluitude is reached.
If the subject is not getting sufficient
oxygen to maintain himself during the
course of the experiment, or for any
other reason that might make continu-
ance of the test dangerous, descent shall
he made immediately.
NoTes:

i. If any of the early symptoms of an evolved gas
dysbariems develop. such as bends, paresthesias, ete.,
the chamber should be immediately lowered. This
is in addition to hypoxia ssmptoms.

2 Preoxrygenation of the subject prier to asecend-
ing to altitudes above 23000 feet is considered de-
sirable as a safetr precaution. The subject should
prebreathe 100 percent oxyrgen for at least 30 min-
otes 1f it 5 anticipated that he will remain ahove
23.000 feet in excess of 5 minutes.

3. On the test subjects, the percentage or partial

pressore of oxygen teaching the lungs should be
determined as specified berein.

3.8.1 Sea Level

The subject shall don the mask and adjust it
for comfort. With the oxygen regulator in the
100G gxrgen position. the subject chiall breathe
oxygen through the mask for a period of at least
10 minutes. Safety pressure shall not be unsed
through the mask. a ventilation rate of approxi-
mately 30 LPM (BTP®) shall then be induced
for a period of 3 mimutes. At the end of each
period the measured percentage of oxveen in the
mspired gas mixture shall be 05 percent or
greater as measured by any of the generally
acceptable standard methods.

3.8.2 Altitude
When the method of Appendix A, Paragraph
1212, is used, the procedures shall be as fol-

(b)
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lows: Ascend to 5,000 feet without oxygen and
take expired gas samples which shall be used to
validate the sampling analysis techniques. With
either procedure, after the mezsurements at 5,000
feet and preoxygenation have been compieted,
the subject shall put on the test mask assembly
and ascend to the maximum ajtitede for which
approval is desired, level off, and remain at that
altilude until oxvgen saturation stabilizes for at
least 1 minute. The lowest reading for blood
oxygen saturation or oxygen partial pressure ob-
tained shall be recorded. The reading shall not
fall below the “base line™ values established in
Appendix A, Paragraph 1213. The subject
shall then descend at steps which are not. greater
than 7,500 feet. The blood oxygen saturation or
oxygen partial pressurs shall be taken at each of
these intervals.

When the procedures of Appendix A, Para-
graph 1.2.1.3, are used, the pracedure shail be as
follows: Affix an oximeter to a seated subject
breathing ambient air in an altitude chamber
nnd aseend to 5,000 feet. Level off and for a
period of 3 minutes establish his blood saturation,
The resuiting recorded percent saturation shail
be the subject’s “base line” for altitude up
through 35,000 feet. Descend to ground level
for a period of preoxygenation.

3.9 Vibration

The mask shall he dynamically vibrated simi-
larly to the most =evere conditions likely to be
encountered in service. The vibration equipment
shall vibrate along each of the three mutually
perpendicular axes of the mask. The vibration
frequencies and amplitude shall be as specified in
the standard.

3.10 Resonance
A freguency survey shall be made along each
of the three perpendicular axzes of the mask over
the frequency range specified in the standard.
The masimum donble amplitude and the maxi-
mum acceleration shall not ezceed the values
specified in the standard, If resonance s ob-
served, the mask shall be vibrated for one million
cycles or 8 hours, whichever occurs first af the
same amplitude and direction the resonance was

observed.

Note: When resonant frequencies aré not appir-
ent, within the specified frequency range, the mask
shonld be cibrated at the maximum double ampli-

fude specified and at a freguency whieh will provide
maximpm accelerations of 5g.



3.11 Cycle Test

The mask shall be subjected to 50,000 total sim-
ulated breathing cycles. Forty percent of the
cycles shall be at the rate of 20 cycles per minute
with a minute volume of 20 LPM (BTPS) with
1 liter exchange per cycle. Fifty percent of the
cycles shall be at 30 LPM (BTPS), minute vol-
ume at 20 cycles per minute with L5 liters ex-
change per cycle and at least 10 percent of (he
total eycles at 70 LPM (BTPS) minule volume
rate af approximately 35 ecyecles per minute and
approximately 2 Titers per cycle volume exchange.
A congtant time interval between respirations
shall be maintained in each case.

3.12 Microphone Functional Test
The operation of the microphone shall not be
adversely affected by the tests.

3.13 Carbon Dioxide Determination

When the mask is worn hy a human subject,
the carbon dioxide level in the facepiece chamber
shall nol. exceed 2 percent of the total volume at
any time during the entirve inspiratory cyele and
1 percent average during the entire respiratory
cycle.

3.14 Vision

The fullface mask shall be tested to any of
the recognized methods for testing binocular
vision for compliance with the provisions of the
standard.

4.0 REQUIRED TESTS

4.1 Design Qualification

The mamufacturer shail perform ihe lests cov-
ered by this standard for initial qualification of
the mask. These leslts shall be conducted on a
minimum of five masks except that the vibration,
eyeling and temperature tests may be conducted
on only one mask, The mask performance tests
on human subjects shall be conducted on at least
10 subjects. At least five of these subjects shall
be subjected to the required low temperature
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shock operation and attitude tests. Iach test
mask shall be representative of production units
and shall be individually identified.

4.2 Individual Performance
Each mask assembly bearing the TSO label of
this standard shall be subjected to the following
tests:
(a) Tenkage Test, Appendix A, Paragraph

A2,
(b) Strength Test, Appendix A, Paragraph
3.3,

4.3 Random Scmpling

One mask shall be selected at random from each
lot of masks and subjected to the design qualifi-
cation tests. During the random sampling tests,
the tests which involve human subjects may be
omitted.

5.0 TEST OMISSIONS

Although specific tests are not required to dem-
onstrate compliance with every requirement of
this standard, this does nol. release the manufac-
turer from the responsibility of furrushing erew
demand and pressure breathing oxygen masks
which are capable of meeting these requirements.

6.0 ABBREVIATIONS AND DEFINITIONS

Symbol Definition

LPM . Liters per minute.

BTPS . __. Body temperature, Pressure,
Saturated (98.6° F. am-
bient pressure, saturated
with water vapor at 98.6°
F.).

°F - Degrees Fahrenheit.

2 P (iravity.

Flame resistant - Flame resistant material is
materinl which will not
support combustion to the
point of propagating, be-
yond safe limits, a flame
after the removal of the
ignition source.
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