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CONTINUOUS FLOW AVIATION OXYGEN MASKS
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11

1.2

1.3

1. SCOPE:

“ = This standard defines the minimum requirement for the design, construction and performance of
continuous flow axygen masks for crew and passengers of general aviation civil aircrafr.

Types:
This standard includes the following types of continuous flow oxygen masks.

a. Open pon dilution rebreathing masks.

b. Valved or restrictive phase dilution rebreathing masks.

c. Valved or restrictive phase dilution reservoir masks.

d. Open pon or restrictive dilution mask without rebreathing or reservoir bag.

Description:

The masks shall be of an oronasal type covering the nose and mowth, utilizing a continucus
supply of oxygen and consisting of the facepiece, valving, mask suspension device, repreathing
or reservoir bag (except Type “d"), supply tube, and including connector and flow indicator {(when
used).

Definition:
The mask types are defined as follows:;

a. Open pon dilution rebreathing mask - This is a type of mask incorporating a rebreather bag
into which exhaled gasss, high in oxygen content from the first portion of the previous
exhalation, are intreduced 1o be inspired again upon the nexi inspiration. Dilution of oxygen
flowing into the mask is accomplished by fixed nonvariable orifices incorporated in the body of
the mask or system, allowing dilution by introduction of ambient air during inspiration. Valving
is not presem between Ihe mask facepiece and rebreathing bag.
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1.3 (Continued):

b. Valived or restrictive phase dilution rebreathing mask - This type of mask may be either of the

tolio’fting:

(1) A mask utilizing a rebreather bag inte which a consiant flow of oxygen is intreduced. A
check valve between the mask and ambient air is provided so that the ambient air will not
pe adminted before the rebreather bag has been depleted. Valving is not present
between the mask facepiece and the rebreather bag, or

{2) A mask utilizing a rebreathing bag but incorporating a restrictive sponge or other means
which admins diltion air when subjected 1o a significant decrease in intra-mask pressure.
Valving is not present hetween the mask facepiece and rebreather bag.

. Valved or restrictive phase-dilution reservoir mask - This type of mask provides the mast

efficient physiological use of constant-flow aircraft oxygen and may be one of the foliowing:

(1) A mask utilizing a reservoir bag incorporating a check valve between the mask facepiece
and reservoir bag o prevent introduction of exhaled gases into the reservoir bag and to
assure 100% oxygen in the reservoir. Dilution is accomplished at the later phases of
inspiration by a leaded ambient air vatve which intreduces ambient air following depletion
of the 100% axygen content of the reservoir bag, or

(2) A phase-dilution mask utilizing a reserveir bag with valve between the bag and the mask.
A porous restrictive dilution port 1o provide inhalation of ambient air at a siower rate than
oxygen from the reservoir, furthermore permifting the exhaled air to leave the mask.

. Open-port or reswrictive-dilution mask without rebreathing or reservoir bag - This magk is

defined as a mask which incorporates dilution ports or restrictive dilution such as by the use
of open~cell foam construction or ane of more air inlet vaives. This mask is not
recommended for efficient physiological use of the aircraft oxygen, commensurate with
requirements for pilot safety or sutvival in hypoxic environmenits at ahitude.

2. REFERENCES:
AS452A Oxygen Mask Assembly, Demand and Pressure Breathing, Crew
AIRB25A Oxygen Equipment for Aircraft
AIR1089 Crew Oxygen Requirements Up to a Maximum Ahitude of 45,000 Feet
ARP1108 Dynamic Testing Systems for Oxygen Breathing Equipment
Federal Aviation Reguiations Part 1, Paragraph 1.1
NAS 1179, Feb. 1961
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2.

L4
-

3.

3.1
(R

3.1
(B)

(Continued):

An Anthropometric Sizing Program for Oral-Nasal Oxygen Masks Based on 1967 U.S. Air Force
Survey Data, AMRL Technical Report 75-51, McConville and Alexander

Anthropomerry of Air Force Women, AMRL Technical Repon 70-5, April 1872, C. E. Clauser, et al.

Anthropemerric Sizing and Fit-Test of the MC-1 Oral-Nasal Oxygen Mask, WADC Technical Report -
58-505, March 1959, Emanuel, Alexander, and Churchill

Recommended Subject Selection and Test Procedure for Quantitative Respirator Testing, J. T.
McConville, E. Churchill and A_ Hack, Heaith, Education & Weltare Contract HSM-99-75-15,
Nov. 30, 1973

Anthropometry tor Respirator Sizing, J. T. McConville, E. Churchill, and L. L. Lauback, Health,
Education & Welfare Contract No. HSM-088-71-11, April 30, 1872

Selected Facial Measurements of Chikiren for Oxygen Mask Design, J. W. Young, FAA, Office of
Aviation Medicine, Civil Aeromedical instinte, Report AM 66-9, April 1966, Okia. City, Okia.

FAA Conrract No. FAA-885, Feb. 8, 19862

Depanment of the Interior, Bureau of Mines, 4800 Forbes St., Pinsburgh, PA - Report Number
RI-6865

23.1443 of the Federal Aviation Regulations

MATERIALS:
General:
Materials shall be of type, grade and quality which experience and/or tests have shown to be
suitable for the purpose intended. Materials shali not be used which contaminate oxygen or are

adverssly affected by continuoys service with oxygen. Materials shall have at least flame
resistant properties as defined in the Federal Aviation Regulations Pan 1, Paragraph 1.1.

3.1.1 Facepisce: The facepiece shall be free of objectionabie odors. Materials in contact with the

skin shall be selected 10 be as nen-initating, non-allergenic, soft and compliant  the facial
configuration as practical.

3.1.2 Cleaning and Sterilizing: The mask shall be made of materials which will permit cleaning and

sterilization without aaverse effects and without disassembly. The methed of cleaning and
sterilizing shak be recommended by the manufacturer.

3 Elastomer Components: A tag or leaflet describing elasiomeric components with service life
limits and a suggesied method for inspection and detection of any deterioration in these
components which may adversely affect the performance of the mask shall be attached to or
included in the packaged mask prior 10 defivery 10 the user.

-3-
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3.1.4 Fungus: Components shall be fungus-proofed by selection of pans and materials that are non-

nwerient to fungus, or by treaimsnt of the parts and massials pnor to hcir uce,

3.1.5 Dissimilar Metals: Unless suitably protected against eiecirolytic corrosion, dissimilar metals

shall nbt be used in intimale contact with each other.

4. WORKMANSHIP:

4.1

42

43

General;

The mask shall be tabricated and finished in accordance with the highest grade practice in the

_manufacture of this type of equipment. Tna finished mask and all internal parts shall be clean
tmoughout and frae of fins, burrs, scals, oils, materiais or any other conditions which might
adversely affect the safe operation of the mask.

Finish:

All maretials which are not inherently corrosion-resistant shall be finished with a protective
weatment or coating o minimize the effect of exposure 1o the enviranmental conditions which
may be encountered in the service for which the equipment is intended. The protective reatment
or coating shall not chip, flake, or powder, or otherwise contaminate the mask.

Swength:

The rebreather bag, reservair bag, exygen supply ube, and facepiece shali be assembled in such
a manner that when supported at the inlet end of the supply inlet, the assembiy shall supporta
static loaa of 20 Ib (90 N), applied at the facepiece for a period of 3 seconds afier having been
subjected to the environmental conditions as specified in 4.4.1.1.

All components of the mask assembly shall be resistant 1o tears, spnags, embritiement and
cracking, and all other defects leading to malfunction of the articie, which mignt be caused by
normal handling during the service ife.

4.3.1 Rebreather or Reservoir Bag (when used): The rebreather of reservoir bag shall be easily

removed and replaced, but shouid be so designed that it may not be inadvertently detached
while in use.

4.3.1.1 Bag Stwength: The rebreather of reservoir bag shall be capable of withstanding 2 psi

(R)

(13.8 kPa) pressure for 3 seconds without failure or damage and constructed of a pliable
material to preclude compromise of vaive sequencing and the oxygen/dilution cycie of
rebreathing and phase dilution masks.

4.3.12 Bag Assembly: The bag, when used, shall be anached 10 the facepiece and tubing with

(R)

sufficient strength to withstand a puil force on the bag in any direction of 5 b (22.2 N) for
3 seconds and made of fiexible material which will collapse when not in use. The bags shall
have the following minimum and maximurn capacites when inflated 1o 0.5 inch H,O (124 Pa)

positive pressure:
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TABLE 1
Minimum Volume  Maximum Volume
Type (cm®) (cm®)
Rebreather BOO 1.000
Reservoir 1,000 1,800

4.3.2 Facepiece Assembly:

-43.2.1 Fitt The facepiece shall be of sufficient resilience, size, and shape 10 contorm readily to facial

CONTOUrsS using no more pressure than supplied by the mask suspension device. Mask design
should consider exiremes of Nasion-Menton, Bizygomatic, Bigonial, and Nasion-
Supramentale distances and other applicable anthropometric information required to provide
an adequale fit. Suggested sources of information include:

Aduls:

Children:

An Anthropometric Sizing Program for Oral-Nasal Oxygen Masks Based on 1967

U.S. Air Force Survey Data, AMRL Technical Repon 75-51, McConville and
Alexander.

Antnropometry of Air Force Women, AMRL Technical Repon 70-5, April 1872,
C. E. Clauser, etal.

Anthropomerric Sizing and Fit-Test of the MC-1 Cral-Nasal Oxygen Mask, WADC
Technical Repon 58-505, March 1959, Emanuei, Alexander, and Churchill.

Recommended Subject Selection and Test Procedure for Quantitative Respirator
Testing, J. T. McConvilie, E. Churchill and A. Hack, Health, Education & Weltare
Contract HSM-99-75-15, Nov. 30, 1973.

Anthropometry for Respiraior Sizing, J. T. McConville, E. Churchill, and L. L.
Lauback, Healh, Education & Welfare Contract No. HSM-039-71-11, April 30,
1972.

Selected Facial Measurements of Chiidren for Oxygen Mask Design, J. W. Young,
FAA, Office of Aviation Medicine, Civil Aeromedical Institute, Report AM 66-3, April
1966, Okla. Ciry, Okla.

4.3.2.2 Volume: The chamber formed between the face and the mask shall be so configured as to

provide proper fit and adequate comfort with minimal deadspace which could contribute to
carbon dioxide retention.

Resilience: The main bady of the mask shall be resilient encugh 1o minimize deformation dug
10 stowage and incorrect handling, which might compromise operating performance.
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4.3.2.4 Vaive Design: When used, dilution vajve cracking pressure and resistance must be related 1o

cxygen inflow resistance in order 1o assure proper phasing of the oxygen/diluticn =ycle. Other
valves, when used, shall be designed to offer the following meximurn resistance:

Oxygen inflow valve: 0.8 inch H;0 (200 Pa) a1 30 L/minute (.030 rn’lmmute) NTPD"
2.0 inch HzO (498 Pa) at 70 L/minute (0.70 m¥minute) NTPD

Exhalation vatve: 2.0 inch H;0 (498 Pa) a1 85 L/minue (.085 m’/minute) NTPD

43.25 Anachment of the Mask Suspension Device: Provisions shali be made on the facepisce for

anaching a mask suspension device,

433 Mask Suspension Device: A simple mask suspension device shall be provided for holding the

434

mask on the user's face. A simpie means of adjusiing the tightness of the mask 10 the face
shall be provided.

Tubing: The axygen supply wbe which is 10 be used for connecting the mask assembly 1o the
oxygen supply source shall be lightweight and adequate for its intended use. The tubing shall
be fully flexible within a temperawre range of -20 °F (-29 °C) io 160 °F (71 °C). the wbing shall
be capable of being bentto a 1.0in (2.54 em) radius during stowage with less than 5%
reswriction to flow at 30 L/minute (.030 m¥minute) NTPD upon being removed from stowage.

4.4 Perfiormance Requirement:

441 Environmental Conditions:

4.4.1.1

4412

4.4.1.3

"NTPD -

Temperature and Humidity: The assembly shall be capable of being stowed at lemperawres
of 160 °F (71 *C) for 120 hours and -67 *F (-55 °C) for 2 hours, at relative humidities varying
from §% 10 95%, without affecting subseguent peﬂorrname after retum to normal
temperaturs of 70 °F (21 *C) for 30 minutes.

Condensation: Operation of the equipment shall not be adversely affected by moisture
accumulated during use.

Vibration: The mask assembiy shall be capable of performing adequately after exposure 10
one million cycles, or 8 hours, of vibration at the resonant frequency or frequencies as
determined by a scan of vibration frequencies as plotted in Figure 1, NAS 1179, Feb. 1961.
At each resonant frequency detected, the mask shall be expossd 10 one million cycles or

8 hours vibration at this frequency and amplitude, as shown in Figure 1, with the mask
mounted: (a) with the direction of the vibration in Jine with the principal axis of the mask, and
{b) in a direction perpendicular w the principal axis of the mask.

Normal iemperature (21 °C, 70 °F}, nhormal pressure (760 mm Hg, 14.7 psi, 101 kPa), dry.

T

-6-
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4.4.1.3 (Continued):

If no resonances are found with the frequency mnge of Figure 1, vibrate the mask at 100
cycies per second (100 Hz) and the corresponding amplitude of Figure 1, for one million
eycles in each direction.

44.1.4 Leakage Tests: Gas and supply tube leakage - with all openings to the mask facepiece
sealed, apply & pressure of at least 2 in H;O (498 Pa) 1o the supply wbe inlet. The gas bag,
inclua“lng!oonnactions 1 the facepiece and supply tubing, shall not exhibit a ieakage in excess
of 10 cm” per minute when pressurized to the above value,

A.. MASK PERFORMANCE:
5.1 Use:

Itis the intent of this stendard that the mask assembly, as used by passengers and
crewmembers of non-pressurized and pressurized general aviation aircraft, shall be capable of
maintaining during inspiration a mean wacheal oxygen partial pressure of no less than

100 mm Hg (13.33 kPa) when engaged in flights not to exceed 35,000 ft (10,668 m). Constant-
flow passenger masks which provide reliable concentrations approaching 100% oxygen shall be
provided passengers of pressurized aircraft engaged in flights above 35,000 ft (10,668 m) and
not 10 exceed 41,000 ft (12,497 m) for which a potental exists for pressurization-failure and
emergency cabin decompression 1o the flight ahitude of the aircraft, These mask designs shali
be capable of maintaining a mean tracheal oxygen partial pressure of no less than 83.8 mm Hg
(11.17 kPa) during inspiration. It is recommended that constant-flow oxygen masks as detailed in
this siandard not be used by those individuals in conrol of pressurized or non-pressurized aircraft
above an ahilude of 35,000 f1 (10,668 m). Oxygen requirements and masks for crewmembers
controfling aircraft at higher attitudes are detalled in AIRB25A, AIR1066, and AS452A,

5.1.1 Altiude Limitations: It is recommended that constant-flow masks of the following types be
limhed w the following ahitudes depending upan their uss in pressurized or non-pressurized
aircraft and whether they are 10 be wom by the passengers or by individuals in control of the
aircraft. These alritude kmitaiions are based on theoretical equipment capabilities and do not
necessarily account for variations in the degree of training, physical activity, duration of
exposure, general heatlth, and/or aftituae tolerance of the user.

a. Open pon dilution rebreathing mask (passengers and crew).

1. Pressurized - 27,000 feet (8,230 m)
2. NorrPressurized 25,000 feer (7,620 m)

b. Vaived or restrictive phase-dilution rebreathing masks (passengers and crew).

1. Pressurized - 35,000 faet (10,668 m)
2. Non-Prassurized 30,000 feat (9,144 m)
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5.1.1 (Continued):

c. Vaived or restrictive phase-dilution reservoir masks (passengers),

1. - Pressurized 41,000 teet (12,497 m)
2. Nen-Pressurized 35,000 feet (10,668 m)
(crew)

1. Pressurized 35,000 feet (10,668 m)
2. Non-Pressurized 35,000 fee: (10,668 m)

d. Open pon or restrictive phase-dilution mask without a rebreather or reservoir bag
i {passenger and crew).

1. Pressunzed 20,000 feet (6,996 m)
2. Non-Pressurized 15,000 foet (4,672 m)

$.12 Performance Test “A™. The performance of the mask shall be established by first determining a

(R) wpical fit leakage value on representative randomly selected subjects, and then testing the
mask on a breathing machine which can consistantly produce the minute and tiddal volumes
specihed. The typical fit leakage 1ests shall be carried out as specified in para. £.1.2.1 of
NAS 1178. In lieu of the leakage 1est method prescribed in NAS 1179, 4.1.7.1.1, the nivogen
dilution method (which is considered to be a more definitive leakage test) as detailed in the final
repon of FAA Comract No. FAA-885, Feb. 8, 1962, may be used. A suitable rapid response
respiralory mass spectograph capable of breath-by-breath analysis may also be utilized in
determining mask leakage.

5.1.2.1 Breathing Machine Tests With Typical Fit Leakage: When using a breathing machine for test
purposes, hermetically seal the facepiece of the test mask against the face of the breathing
machine and incorporate a mechanism o provide the typical fit leakage. A suitable gas
sampling orffice shall be provided in the portion of the breathing machine representng the
trachea The breathing machine shall have a simuiated tracheal dead space of approximately
150 cm®; and shall insure a thorough mixing of the gases in the simulated lung. The
resplratory rate and tidal volume shall be suffioently adjusiable 10 meet requirements of this
standard. The simulated respiratory flow shali essentially follow & panem such as occurs in
human respiration. An outline of a typical dynamic testing system for demand regulators
which may be modified for constant-flow system testing is detailed in ARP1109.
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5.1.23

5.1.3

4

5.1.2.2 Tracheal Oxygen Panial Pressure Breathing Machine Test: For each representative mask

1esled the wachea] oxygen panial pressurs shall be deter-mned at 13, 3'? Uminute NTPD

(15 L/minute BTPS™) and with a tidal volume of 623 cm® NTPD (700 cm BTPS) and

26.7 Luminute NTPD (30 L/minute BTPS) with a tidal volume of 980 cm® NTPD (1100 em®
BTPS) using the minimum mass oxygen flow curve as specified in 23.1443 of the Federal
Aviation Regulations (See Appendix 1). If the specified flows are not adequate to provide the
wacheal oxygen partial pressures specified in 5.1 then the additionaj oxygen flow to provide
these tracheal oxygen parual pressures at 5,000 ft (1,524 m) increments shall be recorded.

Inspired Carbon Dioxide Breathing Machine Test: The complete mask shall be 1ested by
anaching and sealing the facepiece 10 & aummy head connected to a breathing machine
which o Parates at a breathing rate of 20 cycies per minute with a displacement of

750 em’/cycle. Oxygen containing 5% CO, shall be exhaled into the facepiece. With oxygen
flowing to the mask at the flow rate recommended by the manufacturer, e parnial pressure of
CO. in inspired air, measured at the mouth of the dummy’s head, shall not exceed an average
of 20 mm Hg (2.67 kPa) during the inspiratory portion of any cycle. (Ref.. Department af the
Interior, Bureau of Mines, 4800 Forbes St., Pitisburgh, PA - Report Number R1-6865.)

Performance Test “B® (human subjects at altitude): Human testing at altitude shall be
pertarmed as specified in 4.1.8 of NAS 1179 with the exception that only five subjects need be
evalyated and exercise may be used w0 stimulate respiration 1o the desired minute and tidal
volume in lieu of voluntary hyperventilation. The masks shall demonstrate a capability of
providing a tracheal oxygen partial pressure of 100 mm Hg (13.33 kPa) at altitudes and fiow
rates specified in para. 23,1443 of the Federal Aviation Regulations (See Appendix 1), with the
exception that masks designed for and used by passengers only may demonstrate a capability
of providing a racheal oxygen panial pressure of 83.8 mm Hg (11.17 kPa) above an altitude of
35,000 1 (10,668 m) up to and inciuding 40,000 fi (12,192 m). | performance test “A” or *B"
indicates the mask design is incapable of providing the specified tracheai oxygen panial
pressures of 100 mm Hg or 83.8 mm Hg (13.33 kPa or 11.17 kPa) as specified in this section,
the tracheal oxygen partial pressures shall be recorded as noted in 5.1.2.2.

6. QUALITY ASSURANCE PROVISIONS:

6.1 The manufacturer shall perform, or cause 1o be performed, the tesis covered in this standard for
initial qualification of the mask. Tests called for in paragraphs 4.3, 4.3.1, 5.1.2, §.1.2.1, 5.1.2.2,
and 5.1.3 shall be parformed on no less than five representative masks. Tesis called for in 4.3.5,
4.1.1, 4.4.1.3, and 4.4.1.4 shall be performed on no less than one mask. Each 1est mask shall
be individually identified and representative of production unis.

* BTPS - Body temperawre (87 °C, 98.6 °F), Ambient pressure, saturated with waler vapor
(pH:0 = 47 mm Hg = 6.3 kPa).

PREPARED BY
SAE COMMITTEE A-10, AIRCRAFT OXYGEN EQUIPMENT

-9.
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APPENDIX 1
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