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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards bodies
(ISO member bodies). The work of preparing International Standards is normally carried out through ISO
technical committees. Each member body interested in a subject for which a technical committee has been
established has the right to be represented on that committee. International organizations, governmental and
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4 was prepared by Technical Committee ISO/TC 20, Aircraff\and space vehicles, Subcomm
ce systems and operations.

consists of the following parts, under the general title Space systems — Oxygen safety:
Design of oxygen systems and components

Selection of metallic materials for oxygen systems and components

Selection of non-metallic materials forr0Xygen systems and components

Hazards analyses for oxygen systems and components
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Space systems — Oxygen safety —

Part 4:

Hazards analyses for oxygen systems and components

1 |Scope

Thig part of ISO 22538 provides a process for conducting hazards analyses on’ parts, comppnents and
systems in oxygen and oxygen-enriched environments. This part of ISO 22538 identifies processgs that may
be Jsed on ground support equipment, launch vehicles and spacecraft.

2 |Normative references

The| following referenced documents are indispensable forthe application of this document| For dated
references, only the edition cited applies. For undated ‘references, the latest edition of the|referenced
docpment (including any amendments) applies.

NASA TM 104823, Guide for Oxygen Hazards Analyses on Components and Systems

3 |Terms and definitions

For the purposes of this document, the.following terms and definitions apply.

31

auto-ignition temperature

temperature at which a material will spontaneously ignite in oxygen under specific test conditions

3.2

hazprd

soufce of danger,hich could harm property or personnel

3.3

implact-ignition resistance

resigtance of a material to ignition when struck by an object in an oxygen atmosphere under g$pecific test
conditions

3.4

ignition temperature

temperature at which a material will ignite under specific test conditions

3.5

non-metallic material
any material other than a metal, or any composite in which the metal is not the most easily ignited component

and

for which the individual constituents cannot be evaluated independently

© 1SO 2007 — All rights reserved
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3.6

oxygen compatibility
ability of a material to coexist with oxygen and a potential source of ignition at an expected pressure and
temperature

3.7

oxygen-enriched atmosphere
any gas or liquid that contains more than 25 volume percent oxygen

3.8
risk

probability ¢f loss or injury from a hazard

4 General

Since mos{ materials will burn in oxygen-enriched atmospheres, hazards are always_ present when u
oxygen. Mdst materials will ignite at lower temperatures in an oxygen-enriched atmosphere than in air.
ignited, combustion rates are greater in the oxygen-enriched atmosphere. Many metals burn violently in an
oxygen-enrlched atmosphere. Lubricants, tapes, gaskets, fuels and solvents canCifcrease the probabilif
ignition in oxygen systems. However, these hazards do not preclude the use of‘oxygen. Oxygen may be U
safely if all[materials in the system are not flammable in the end-use environment, or if ignition sources
identified apd controlled. These ignition and combustion hazards necessitate‘a proper hazards analysis be

introducing
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Annex A pr
oxygen sys

5 Apprq

A hazards
oxygen apf
assembled
worst-case

A fire will n
are flamma
to determin
then the po
ignition me

a material or component into oxygen service.

ISO 22538 describes a method for analysing the hazards-of components and systems expossg
ched environments. The oxygen hazards analysis_jis@a useful tool for oxygen system design
neers and facility managers. Problem areas shall beridentified before oxygen is introduced intg
s preventing damage to hardware and possible injury or loss of life.

bvides a list of typical components particularly susceptible to ignition mechanisms that are four]
ems.

pach

analysis of an oxygen component or system shall be approached as shown in Figure 1.
lication and the scope~of the investigation shall first be determined, and then a team shal
to conduct the analysis. Information shall be collected on the materials, components and
pperating conditians:

bt usually oecdr’in any environment unless the construction materials of the system or compo
ble and a’credible ignition mechanism is present. The flammability of the material is first revie
b if any:fire hazards exist under the worst-case operating conditions. If the material is flammg
5sible\ignition mechanisms are reviewed to determine which are credible. If data for the partig
Chianism and the material under consideration are not available, appropriate material tests
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conducted.

Tinatty;the—secondary-andreactioneffectsareevatuated-todetermine-wiat-effectamignition

possible combustion would have on the system and the facility.

and

It is necessary that use of an oxygen hazards analysis as a tool be properly documented from the beginning.
A typical oxygen hazards analysis summary (see Annex B) contains the component designation (which
indicates the materials of construction including soft goods), the possible ignition mechanisms, the probability
of each ignition mechanism, the results of the secondary effects analysis and the reaction effects assessment.
The documentation also includes recommendations for further testing, if needed, stipulations on use and any
additional safety precautions.

See NASA TM 104823.

© 1SO 2007 — All rights reserved


https://standardsiso.com/api/?name=e6d9adda7d9cd8f43f8ef6fbe2cdc27f

ISO 22538-4:2007(E)

Define oxygen application
and investigation scope

Assemble hazards
analysis team

Compile information of components
» configurations
« technical specifications
* operational procedures
* operational conditions

Determine realistic worst-case
operating conditions

Determine whether materials Consult promoted combustion and
are flammable oxygen index data

Perform materials test, if necessary

Determine whether ignition _ Consult materials ignition data
mechanisms are present " for various ignition mechanisms
i

Perform materials, configuration and
component tests, if necessary

Determine the likelihood of | Perform materials, configuration and
secondary effects " component tests, if necessary

t

Perform a reaction
effects assessment

Raonart oyxxvvaen-hazarde analucic
e POT-OXygerHataraSanarystSs

results and recommendations

Figure 1 — Approach to oxygen hazards analysis

6 Procedures

6.1 Oxygen application and investigative scope

The oxygen application and investigative scope are first determined to provide the basis for choosing the
oxygen hazards analysis team and for conducting the analysis.

© 1SO 2007 — All rights reserved 3
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6.2 Oxygen hazards analysis team

An oxygen hazards analysis team consists of, at a minimum:

person

metals

compo

nel with expertise in mechanical design;

ignition and combustion;

non-metals ignitions and combustion;

nenttastina (with amnhasice on - oxvwaan-svetame)
1SR eSHRg- W HH-eHPT H-ExyYger-Syst 0

Depending

ooy

on the system, personnel with expertise in electrical design, cryogenic fluids, materials

chemistry mpay also be included.

6.3 Component/system information

Information

materid

drawin

on each component in the system is obtained, including
Is of construction (including soft goods and lubricants),

s showing the cross-section drawings of each component, particularly fluid flow paths and

locatiofs of the soft goods, and

— a fluid
The cross-
cross-sectiq
soft goods
identified, a

bystem schematic.

section of the component shall be used to locate and identify all the soft goods. If
nal view of the component is of poor quality or unclear, a disassembled component complete
s sometimes useful. All materials of construgtion shall be identified. The flow path shall als
ong with all oxygen-wetted materials.

6.4 Worst-case operating conditions

The worst-g
be used to
maximum
materials fl
affect the p

ase operating conditions that the .component may undergo are determined. This information s
evaluate the materials of censtruction for resistance to ignition and combustion, and it incld
se pressures, temperatures-and flow rates. Pressures and temperatures are important becs
Bammability is often a function of these two parameters. Flow rates are important because
brticle impact and adiabatic compression ignition mechanisms.

6.5 Material flammability

The materi
worst-case
located, te
be non-fla
analysis su

uFu

Is used.ih the components and systems are evaluated to determine if they are flammable at
perating*conditions. If information on a material for the worst-case operating conditions canng
s shall be conducted to obtain this information. If the materials and components are determine

and

the

the
with
be

hall
des
use
hey

the
t be
d to
rard

mable, the ignition mechanisms need not be analysed for that component. The oxygen ha

) 1S Updated with the results, using

“N” for non-flammable, or

for flammable.

© 1SO 2007 — All rights reserved


https://standardsiso.com/api/?name=e6d9adda7d9cd8f43f8ef6fbe2cdc27f

ISO 22538-4:2007(E)

6.6 Ignition mechanisms

6.6.1 General

An ignition survey is performed for each component found to have materials that are flammable under use
conditions. Each ignition mechanism shall be evaluated to determine if it exists in the component and the
likelihood that it will cause an ignition. The results of the analysis for each ignition mechanism are documented
on the oxygen hazards analysis chart (see Annex B). Ratings for the ignition mechanism are

— “0” almost impossible,

— |“1” remotely possible,
— |“2” possible,
— |“3” probable,

— |“4” highly probable.

6.6.2 Frictional heating

Parfs of a component or system may rub against one another with:€nough force or velocity to ra|se any one
parfl to its ignition temperature at the given oxygen pressure and.concentration.

EXAMPLE Rotating or oscillating equipment and chattering relief valves.

6.6.3 Adiabatic compression

High temperatures are generated if a gas is rapidly’compressed. These high temperatures can readily ignite
polymers or flammable contaminants.

EXAMPLE Downstream valve or flexible hose with a polymer liner in a dead-ended high-pressure oxyggn manifold.
6.6.4 Mechanical impact

An pbject with a large mass or momentum striking a material may cause mechanical deformation pnd expose
fresh surfaces, thus produeingignition of the material.

EXAMPLE A poppet of a solenoid-operated valve impacting the polymer seat.

6.6.p Particle.iimpact

Combustible-particles impinging on materials at higher velocities in oxygen-enriched environmentg may cause
ignifion<The size of particles, flow velocity and temperature are among the variables that affect th¢ ignition by
parfjclesimpact

EXAMPLE Sonic-velocity gas through an orifice accelerating particles into a valve housing.

6.6.6 Mechanical stress or vibration

Materials that are poor heat conductors (such as polymers) may reach their ignition temperatures when
stressed or vibrated.

EXAMPLE Gaskets that protrude inside piping.

© 1SO 2007 — All rights reserved 5
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6.6.7 Stat

ic discharge

Discharges of static electricity may produce high temperatures, sometimes high enough to cause a material to
reach its ignition temperature.

EXAMPLE
materials.

The accumulation of electrostatic charges created by the friction of dry oxygen flowing over non-metallic

6.6.8 Electric arc

Electric arcs may provide the energy to ignite materials in the presence of oxygen.

EXAMPLE

An insulated heater short-circuiting and arcing through its sheath to the oxygen.

6.6.9 Chemical reaction

An unrelate

EXAMPLE
metals at hig

d chemical reaction can produce sufficient heat to ignite materials in the presence.of oxygen.

A chemical process that generates elevated temperatures, oxygen-generating systems and the igniti
h temperatures.

6.6.10 Responance

Acoustic 09
achieves h
dissipated.

EXAMPLE
chamber.

cillations within resonant cavities cause a rapid gas temperature rise. The rise is rapid

Gas flow into a tee and out of a branch port such that the remaining closed port forms a resd

6.6.11 Flow friction

Small, high
gas flow.

EXAMPLE

6.6.12 Kin

Ignition in g
lead to a b
flammable

EXAMPLE

pressure leaks past polymer seals can create friction and localized heating of the polymer in

A small, high-pressure leak past a‘polymer seat in a gaseous oxygen valve.

Hling chain

ne part of a component'can, in turn, kindle an ignition in another part of the same component
urn-through of the ‘component. This is especially true of ignited polymer pieces kindling o
bolymer or metal_pieces in a component.

A polymer seat in a valve or regulator igniting and burning the surrounding metallic body.

6.6.13 Othgr ignition mechanisms

Other igniti

n of

and

gher values when particles are present. Ignition may result if'the heat generated is not rapidly

nant

the

and
ther

ion.

bri_mechanisms may be analysed that are specific to the component configuration or applica

All potentia

sources of heat shattbeevatuatedaspotentiatignitiomrsources:

6.7 Secondary effects analysis

After the ignition mechanisms have been surveyed, the secondary effects are analysed. This analysis shall
address the effects of failures that are not ignition-related but may create an ignition hazard in a nearby
component, such as an external leak caused by normal seal wear. Ratings for secondary effects analysis are

+

no

See Annex

further analysis of affected components necessary, and

further analysis needed.

B for the way in which the findings are recorded.
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Reaction effects analysis

Finally, a reaction effects assessment is performed and documented. This is an assessment of the effect if a
component fails or is ignited and is useful for making judgments on the safe use of a component. The reaction
effects assessment would then help determine whether the component can be safely used. The ratings are as
follows:

“A” negligible, no loss of equipment or life;

“B” marginal, equipment is damaged, but no lives are lost;

See

“C” critical, loss of test data and damage to equipment, but no loss of life;
“D” catastrophic, loss of equipment and life.

Annex B for the way in which the findings are recorded.
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