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Gaseous Oxygen and Oxygen Equipment, Introductory

RATIONALE

The content of the SAE Aerospace Information Report is updated to reflect the latest oxygen system design practice realized
on current aircraft.

References to actual standards (e.g., SAE, ISO) are added. Extensive revision of the chapters fire risks, design precautions
and the use of check valves are included. Editorial changes are made in addition.
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1. SCOPE

This SAE Aerospace Information Report provides a general discussion on gaseous breathing oxygen and oxygen equipment
for use on commercial aircraft. Other types of oxygen systems are mentioned to assist in this discussion. For detailed
information on systems other than gaseous, refer to the appropriate section of AIR825.

2. REFERENCES

2.1 Applicable Documents

The following publications form a part of this document to the extent specified herein. The latest issue of SAE publications
shall apply. The applicable issue of the other publications shall be the issue in effect on the date of the purchase order. In
the event of conflict between the text of this document and references cited herein, the text of this document takes

precedence. Nothing in this document, however, supersedes applicable laws and regulations unless a specific exemption
has been obtained.

2.1.1  SAE Publications

Available from SAE International, 400 Commonwealth Drive, Warrendale, PA 15096-0001, Tel: 877-606-7323 (inside USA
and Canada) or +1 724-776-4970 (outside USA), www.sae.org.

AIR825/4 Chemical Oxygen Systems

AIR825/5 Liquid Oxygen Systems

AIR825/6 On-Board Oxygen Generating Systems (Molecular Sieve)
AIR825/8 Continuous Flow Oxygen Systems

AIR825/9 Demand Oxygen Systems

AIR825/12 Oxygen System Integration and Performance Precautions

AIR825/13 Guide for Evaluating Combustion Hazards in Aircraft Oxygen Systems

AIR825/14 Basic Aircraft Oxygen Systems Design
AIR1059 Oxygen Cylinder Quality, Serviceability, Maintenance Transfilling, and Marking
AIR5742 Packaging and Transportation of Oxygen Equipment
ARP1176 Oxygen System and Component Cleaning
ARP1532 Aircraft Oxygen System Lines, Fabrication, Test, and Installation
ARP4287 Supplemental Oxygen Devices with Automatic or Manual Presentation
ARP6390 Location of Crew and Passenger Oxygen Masks, Portable Oxygen System, and Protective Breathing
Equipment
AS1046 Minimum Standard for Portable Gaseous, Oxygen Equipment
AS1066 Minimum Standards for Valve, High Pressure Oxygen, Cylinder Shut Off, Manually Operated
AS1225 Oxygen System Fill/Check Valve
AS8010 Aviator’s Breathing Oxygen Purity Standard
Documents
I AS8025 Passenger Oxygen Mask Document Sharing Hub
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2.1.2  Airworthiness Requirements

CS 25 Certification Specifications and Acceptable Means of Compliance for Large Aeroplanes (EASA)
CS 25.1445 (a) Equipment standards for the oxygen distributing system

CS 25.1453 Protection of oxygen equipment from rupture

14 CFR Part 25 Airworthiness Standards, Transport Category Airplanes, Federal Aviation Administration (FAA)

14 CFR 25.1445 (a) Equipment standards for the oxygen distributing system
14 CFR 25.1453 Protection of oxygen equipment from rupture
2.1.3  Other Publications

ISO 9809-1 Gas Cylinders — Design, construction and testing of refillable seamless steel gas cylinders and tubes — Part
1: Quenched and tempered steel cylinders and tubes with tensile strength less than 1100 MPa

CGA V-1 Standard for Compressed Gas Cylinder Outlet and Inlet Connections
CGA S1-1 Pressure Relief Device Standards Part 1 — Cylinders for compressed gases
2.2 Definitions

CGA: Compressed Gas Cylinder Association — North American Standardization Organization of safety standards in the
industrial, medical, and food gases industry; founded in 1913.

CYLINDER VALVES: A device installed on the end of the pressure vessel to control or shutoff the flow of the gas.

DOT: Department of Transportation. The DOT was established in 1966 and incorporated many of the functions of the ICC,
including regulating the manufacture and transportation of pressurized vessels in the U.S.

EIGA: European Industrial Gases Association. EIGA was founded in 1991. It provides Authorities and Standardization
bodies with expert advice on production, transport, storage and applications of industrial, medical and food gases.

ICC: Interstate Commerce Commission. The ICC was an independent agency of the U.S. government that was established
in 1887; one of the function of the agency was to regulate the manufacture and transportation of pressurized vessels. The
ICC's safety functions were transferred to the Dept. of Transportation in 1966.

ISO/TC58: Technical Committee for Gas Cylinders founded in 1947. Standardization of gas cylinders and other pressure
receptacles, their fittings and requirements relating to their manufacture and use.

OHFRA: Oxygen Hazard and Fire Risk Analysis — an oxygen equipment and systems combustion risk assessment.

OXYGEN CYLINDER: Pressure vessel to store breathing gas (oxygen) under pressure. Such equipment is available in
various sizes and designed according to EIGA, UN, ICC, or DOT specifications.

PRESSURE RECEPTACLES: The UN refers Gas cylinders and tubes collectively as “pressure receptacles.”
UN NUMBERS: UN numbers specify a certain type of pressure vessel usable for specific gas(es).
3. OXYGEN

Aircraft oxygen systems may utilize either a gaseous, chemical, liquid, or on-board generated oxygen supply. These
systems indicate the method of storage/supply, from which the system delivers the oxygen to the user in a gaseous state.
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3.1 Gaseous Oxygen

Gaseous oxygen systems store oxygen in its gaseous state in a variety of oxygen cylinders types. Currently, the oxygen
storage cylinders may be high pressure 12.75 to 20.68 MPa (1850 to 3000 psig) or low pressure 2.76 to 3.45 MPa (400 to
500 psig). A regulator or shutoff device is installed on the cylinder as a means to start and stop the flow of oxygen.
Additionally, a regulator will regulate the oxygen pressure from the cylinder down to about 0.68 MPa (100 psi) or less as a
means to minimize the use of high-pressure oxygen lines.

3.2 Chemical Oxygen

A chemical oxygen generator produces gaseous oxygen by means of a chemical reaction involving the decomposition of a
chemical. For information on chemical oxygen generators, refer to AIR825/4.

3.3 Liquid Oxygen

Liquid oxygen systems are designed to store oxygen in its liquid state and convert it to its gaseous state when required for
use. This type of oxygen system is primarily used for military and medical applications and not for commercial transportation
use due to logistical reasons. For information on liquid oxygen, refer to AIR825/5.

3.4 On-Board Oxygen Generating Systems (Molecular Sieve)

On-board oxygen generator systems utilize the ability of molecular sieve materials by using a rapid pressure swing
adsorption process to separate and concentrate oxygen in the product gas from the surrounding air, respectively air provided
from a compressor or bleed air provided by the aircraft engine. This oxygen enriched air is provided as supplemental oxygen
for the crew and in some cases the passengers. For information on OBOGS, refer to AIR825/6.

3.5 Other On-Board Oxygen Generating Technologies

Other on-board oxygen generator systems are electrolysis or ceramic membrane technology. Electrolysis utilizes the ability
of electric power to split water molecules into oxygen and hydrogen gases while a ceramic membrane acts as gas filtration
to separate oxygen from air. Both technologies provide the breathing oxygen for the crew and in some cases the
passengers. As of now these technologies have not been certified on an aircraft application.

4. OXYGEN SUPPLY SYSTEMS

Oxygen equipment to fulfill human’s physiological needs in aircraft fall into two general categories: fixed and portable. Fixed
equipment is generally provided in aircraft in which oxygen is frequently required or many passengers are involved. The
installation of a quantity of portable oxygen units on aircraft, which has fixed oxygen, depends on the regulatory agency
such as FAA or EASA requirements for the crew and passengers and whether there is a requirement to move around the
aircraft cabin. Portable oxygen equipment, which may also be required for first aid and/or therapeutic purposes, can be
provided in aircraft where the use of oxygen is infrequent. For information on minimum standards for portable gaseous
oxygen equipment, refer to AS1046.

4.1 Fixed Oxygen Systems

A fixed gaseous oxygen system typically will consist of an oxygen cylinder(s) to store the supply, a means to regulate the
pressure of that stored oxygen, and a means to dispense the oxygen supply.

411 Oxygen Storage

The supply of oxygen (i.e., how it is stored on the aircraft) will depend on the type of oxygen being used. In a gaseous
oxygen system, the oxygen is stored in a pressure vessel/cylinder, where typical maximum cylinder pressure is 12.75 to
20.68 MPa (1850 to 3000 psig). The cylinders in common usage are made from steel and composite materials (e.g., Kevlar
or carbon fiber). The cylinder assembly must have a means to start and stop the flow of oxygen. Additionally, if applicable,
the cylinder assembly should have a means to regulate the flow of oxygen from the cylinder. It is recommended that this be
accomplished with a cylinder mounted slow opening valve or cylinder mounted regulator assembly to avoid adiabatic
compression of the downstream components.
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