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RATIONALE

The revision of this SAE Aerospace Information Report, which is intended to provide comprehensive reference and
background information pertaining to molecular sieve on-board oxygen generating systems as part of an overall document
set to address oxygen equipment for aircraft, some of the background and safety and reliability and physical effects will be
reviewed and adapted to the latest knowledge and applications.

FOREWORD

This document is one of a set of related documents. These documents comprehensively address the "Introduction to Oxygen
Equipment for Aircraft", and are referred to as slash (/) documents, rather than chapters. The documents may be obtained
as a set or individually. As the field of oxygen systems for aircraft has evolved, it became cumbersome for one document
to cover the full range of subject matter. The reader who is seeking overall familiarity with oxygen systems for aircraft should
read all of these documents that combine to form a general reference to oxygen systems. The reader who is familiar with
oxygen systems for aircraft may want to obtain only the slash documents that pertain to topics that are of specific interest.

The document set is written at an introductory level, suitable for anyone who would like to understand the basics of oxygen
systems on aircraft, and specifically for the engineer who has just recently been assigned to aircraft oxygen systems. Many
of these documents point the reader toward more detailed treatments located in other SAE documents.

SAE Technical Standards Board Rules provide that: “This report is published by SAE to advance the state of technical and engineering sciences. The use of this report is entirely
voluntary, and its applicability and suitability for any particular use, including any patent infringement arising therefrom, is the sole responsibility of the user.”

SAE reviews each technical report at least every five years at which time it may be revised, reaffirmed, stabilized, or cancelled. SAE invites your written comments and
suggestions.

Copyright © 2020 SAE International

All rights reserved. No part of this publication may be reproduced, stored in a retrieval system or transmitted, in any form or by any means, electronic, mechanical, photocopying,
recording, or otherwise, without the prior written permission of SAE. ™
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1. SCOPE

The information provided in AIR825/6 applies to On Board Oxygen Generating Systems (OBOGS) - Molecular Sieve, that
utilize the ability of molecular sieve materials by using Pressure Swing Adsorption Process (PSA) to separate and
concentrate oxygen in the product gas from the surrounding air, respectively air provided by any compressor or by the
aircraft engine (so called: Bleed Air), and to provide this oxygen enriched air or product gas as supplemental oxygen for
breathing gas supply of crew and passengers onboard aircraft. The distribution system and the provided oxygen
concentration have to fulfill the respective airworthiness regulations.

Equipment using this technology is to provide supplemental oxygen for breathing gas supply of crew and passengers
onboard aircraft, the suitable breathing gas oxygen partial pressure or oxygen concentration requirements are specified in
AIR825/2 and the oxygen purity requirements in AS8010.

NOTE: OBOGS has never been certified for commercial aircraft. The 14 CFR/CS 25 as well as 14 CFR 121/Commission
Regulation (EU) N° 965/2012, amended need to be reviewed and if necessary amended prior to introduction of
OBOGS. Alternatively, such certification will likely incorporate various special conditions that address differences
in performance between OBOGS and conventional systems.

These systems are intended for:

a. The on-line breathing gas supply to directly account for the normal oxygen usage of crew and passengers in terms of:

1. Supplemental oxygen for part or all of an emergency descent
2. Supplemental oxygen for first aid

3. Therapeutic oxygen

b. The replenishment of the aircraft gaseous oxygen system storage cylinders to account for the normal oxygen usage of
crew and passengers and system leakage

c. A combination of the above.

The possible applicability and benefit of incorporation of OBOGS-Molecular Sieve into non-military aircraft is being
considered by the representatives of Civil Aviation. The intended aim of AIR825/6 is to provide a fundamental description
of the function of existing OBOGS-Molecular-Sieve systems with a related reference to the type of oxygen standards which
would merit a review.

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 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 Oxygen Equipment for Aircraft

ARP4754A Guidelines for Development of Civil Aircraft and Systems
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ARP4761 Guidelines and Methods for Conducting the Safety Assessment Process on Civil Airborne Systems and
Equipment

AIR6036 Passenger Hypoxia Protection Utilizing Oxygen Enriched Gas Mixtures

AS8010 Aviator's Breathing Oxygen Purity Standard

AS8025 Passenger Oxygen Mask

2.2 Related Publications

The following publications are provided for information purposes only and are not a required part of this SAE Aerospace
Technical Report.

2.2.1 STANAG Publications

Available from NATO Headquarters, Boulevard Leopold Ill, 1110 Brussels, Belgium.

STANAG 3865 Physiological requirements for aircraft molecular sieve oxygen concentrating systems
2.2.2  Applicable Regulations and Standards

2.2.2.1 Airworthiness Requirements

14CFR (or FAR), part 25: Airworthiness Standards, Transport Category Airplanes, Federal Aviation Administration, text
available on the American Administration Web site: http://ecfr.gpoaccess.gov, title 14 (Aeronautics and Space), part 25.

NOTE: 14CFR (14th Code of Federal Regulations), often replaced by FAR (Federal Aviation Regulations).

CS-25: Certification Specifications for Large Airplanes. Text available on the European Aviation Safety Agency Web site
(EASA): www.easa.europa.eu.

2.2.2.2  Operational Requirements
14CFR, part 121: Operating Requirements, Domestic, flag, and supplemental operations, Federal Aviation Administration.

Commission Regulation (EU) N° 965/2012: www.easa.europa.eu

EU — OPS: European Union (EU) regulations specifying minimum safety and related procedures for commercial passenger
and cargo fixed-wing aviation.

2.3 Abbreviations and Acronyms

ETOPS Extended-range Twin-engine Operational Performance Standards
MSOC Molecular Sieve Oxygen Concentrator

MSOCS  Molecular Sieve Oxygen Concentrating System

MSOGS  Molecular Sieve Oxygen Generating System

OBOG On-Board Oxygen Generator

OBOGS  On-Board Oxygen Generating System. In common usage, one may encounter language such as “OBOGS
system” although the “s” implies “system” in any case.
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OBOES On-Board Oxygen Enrichment System

PSA Pressure Swing Adsorption

RPSA Rapid Pressure Swing Adsorption, sometimes also used for a PSA with an extreme short process time
2.4  Definitions

ADSORBATE: Something that is adsorbed; e.g., nitrogen gathered on a surface of an adsorbent by adsorption.

ADSORBENT: A material, a Zeolite or other solid that can hold or condense; e.g., nitrogen molecules on its surface by
adsorption.

ADSORPTION: The taking up of the molecules from a gas; e.g., nitrogen from bleed air on the surface of another substance
or adsorbent.

ADSORPTION ISOTHERM: The relation between solute concentrations; e.g., nitrogen in the solute phase and the solute
partial pressure or concentration in the fluid phase, while temperature conditions remain constant.

ADSORPTION SYSTEM: A process; e.g., PSA that is used to purify a substance; e.g., oxygen enrichment of bleed air, by
using the physical bonding that takes place on the surface of a solid or adsorbent to selectively absorb impurities; e.qg.,
nitrogen from it.

BLEED AIR: Compressed air tapped from an aircraft turbine.

CYCLE TIME: Period of time comprising the adsorption and desorption process.

DESORPTION: The releasing of the molecules of a gas off the surface of another substance or adsorbent.

ETOPS: Extended-range Twin-engine Operational Performance Standards

ISOTHERM: Amount of adsorbed gas in a molecular sieve as a function of its partial pressure.

MOLECULAR SIEVE: Solid used as adsorbent in separating oxygen and nitrogen.

MOLECULAR SIEVE BED: A canister, cartridge or container filled with conditioned molecular sieve, forming a bed to be
used for an adsorption system.

ON-LINE: OBOG with oxygen enriched product gas directly supplied for breathing purpose.

ON-TOP: OBOG with oxygen enriched product gas compressed into high pressure cylinders for replenishment of the aircraft
gaseous oxygen storage cylinders; same as Top-up OBOG.

PLENUM: Product gas buffer downstream of an OBOG.
PRODUCT GAS: Oxygen enriched air at the outlet of an OBOG with a concentration greater than ambient air.
SIEVE BED: See Molecular sieve bed.

TOP-UP: OBOG with product gas compressed into high pressure cylinders for replenishment of the aircraft gaseous oxygen
storage cylinders; same as On-top OBOG.

ZEOLITE: Molecular sieve type, material comprising lattice structures of silicon oxide with aluminum oxide, electrically
compensated by alkali metal.
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3. MOLECULAR SIEVE TECHNOLOGY/PRINCIPLE FUNCTION

3.1 Molecular Sieve Technology

In this context molecular sieve technology is used to separate nitrogen from air to produce an oxygen enriched product gas
to be provided through a distribution system to aircraft occupants. Zeolite molecular sieve material is available on the market.
For a detailed description see Appendix A.

3.1.1 Pressure Swing Adsorption (PSA)

This cyclic PSA process is used for air separation, where it utilizes the preferential adsorption of nitrogen over oxygen on
an adsorbent such as Zeolite. The process involves the interaction of adsorption, dispersion and pressure dynamics in the
Molecular Sieve Bed.

In order to receive a continuous product gas flow, at least two molecular sieve beds must be used. By using more than two
beds a smoother flow can be reached.

For the PSA process a first container filled with molecular sieve is pressurized with air. During this adsorption phase mainly
nitrogen is adsorbed and oxygen and argon pass through. Therefore at the outlet opposite to the inlet a product gas with
increased oxygen concentration can be tapped until all adsorption sites are occupied, at which point nitrogen would break
through the first sieve bed without being adsorbed. Obviously now the first molecular sieve has to be regenerated and the
previously adsorbed nitrogen to be vented outside. This is realized by decreasing the pressure in the first sieve bed to
ambient, thus desorbing the nitrogen. The desorption phase is normally slower than the adsorption phase. However the
rate of desorption can be accelerated by purging the first sieve bed with oxygen produced by a second, fresh sieve bed,
switched on at the same time. Usually the cycle time for pressurization and depressurization of a sieve bed is a few seconds
(less than 20 seconds). The amount of nitrogen adsorbed in preference to oxygen by a specific grade of molecular sieve
depends on the sieve type and the adsorption isotherm, published by the manufacturer.

At very short cycle times of about 5 seconds the process is sometimes also called RPSA (Rapid Pressure Swing Adsorption).
Even at this process duration the thermodynamic equilibrium depicted by the adsorption isotherm is reached.

For a typical aircraft application the system can be outlined as follows, see Figure 1: The compressed air is guided by a
cycle valve to Bed 1, while Bed 2 is relieved to ambient. The pressure in Bed 1 will increase. If the pressure upstream the
check valve is equal or higher than the pressure of the plenum the check valve will open and the product gas will flow
through the product gas outlet. In parallel, a significant amount of product gas is directed to Bed 2 for purging. When Bed 1
is saturated, typical after some seconds, the cycle valve is activated and Bed 1 is relieved to ambient while Bed 2 is
pressurized. The product gas pressure dynamically alternates due to the differential pressure conditions upon the switching
between the Molecular Sieve beds.

A Check
Valves

21 vol.-% 02
78 vol.-% N2
~ 1 vol.-% A, etc.

MOLECULAR
SIEVE(Bed 2)

OXYGEN
ENRICHED
OUTPUT

PURGE
ORIFICE

PLENUM

MOLECULAR
SIEVE(Bed 1)

_ 95 vol.-% O2 max.
F - Filter ~5 vol.-% A, etc.
R - Regulator X vol.-% N2

NITROGEN RICH
PURGE - EXHAUST

Figure 1 - PSA system schematic; e.g., two molecular sieve beds
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