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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

non-govern
Internationg

Internationg
The main t
adopted by

Internationg

Attention is
rights. ISO

ISO 22538
SC 14, Spa

ISO 22538
Part 1:
Part 2:
Part 3:
Part 4:
The followir
Part 5:

Part 6:

mentar,

hsk of technical committees is to prepare International Standards. Draft International Stand

in_fiaison with 150, also take part in the work. 1SO collaborates closely with
| Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

| Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 2.
the technical committees are circulated to the member bodies for voting: -Publication as
| Standard requires approval by at least 75 % of the member bodies casting avote.
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1 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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INTERNATIONAL STANDARD ISO 22538-1:2007(E)

Space systems — Oxygen safety —

Part 1:
Design of oxygen systems and components

1 |Scope

Thig part of ISO 22538 describes a process for the design of oxygen systems and)their components. This part
of I$0 22538 applies equally to ground support equipment, launch vehicles and spacecraft.

2 [Normative references
The| following referenced documents are indispensable for the“vapplication 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.

ISO[22538-2, Space systems — Oxygen safety — Part2: Selection of metallic materials for oxygen systems
and|components

ISO[22538-3, Space systems — Oxygen safety — Part 3: Selection of non-metallic materials|for oxygen
systems and components

3 |Terms, definitions and abbreviated terms

3.1| Terms and definitions

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

31
dirgct oxygen service
seryice in which ‘'materials and components are in direct contact with oxygen during normal operatipns

3.1.p
indirect oxygen service
service in which materials and components are not normally in direct contact with oxygen but might be as a
result of a malfunction, operator error or process disturbance

3.1.3
oxygen-enriched atmosphere
mixture (gas or liquid) that contains more than 25 volume percent oxygen

314

qualified technical personnel

persons such as engineers and chemists who, by virtue of education, training or experience, know how to
apply physical and chemical principles involved in the reactions between oxygen and other materials

© 1SO 2007 — All rights reserved 1
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3.2 Abbreviated terms

CDR critical design review

EPR emergency procedures review

FMECA failure modes and effects criticality analysis

GOX gaseous oxygen

LOX liquid oxygen

ORI operational readiness inspection

PCTFE pplychlorotrifluoroethylene

PDR pfreliminary design review

PTFE pplytetrafluoroethylene

SSA/SR system safety analysis/safety review

TRR tgst readiness review

4 Design approach

41 General

Oxygen is ¢hemically stable and a strong oxidizer that supports combustion. It is not shock sensitive ar]
not flammaple. Oxygen is reactive at ambient condjtiens and its reactivity increases with increasing press

temperaturg and concentration. Before embarking-on a new task, it is important that designers, customers

operators u

4.2 Desi

Each new
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high-pressu
are all that
environmery
materials s
avoid using
safely used
safety to re

hderstand the risks associated withroxygen systems.

gn specifications

design project begins- with specifications for the requested item. It is important that th
ns do not create an unnecessary risk for personnel or equipment. Most materials are flammab
re oxygen. An oxygen system designer shall understand that oxygen, fuel and a source of ign
is necessary t0 ‘start and propagate a fire. Many materials are combustible in oxygen-enrig
ts and reacfivity is generally increased with increasing temperature and pressure; theref

flammable’materials; however, many materials that are flammable at operating conditions ca
in some applications by carefully avoiding ignition sources. The design shall never compror
juce costs.

dis
ure,
and

ese
ein
tion
hed
ore,

plection critefria are critical in achieving a successful final product. The designer shall attempt to

h be
hise

4.3 Design reviews

4.31

General

In addition to the standard practice of reviewing functional operation, component ignition and combustion in
oxygen-enriched environments shall also be assessed. The overall design process shall reduce hazards
associated with component ignition and combustion. Before constructing oxygen facilities, equipment and
systems, the design safety shall be approved by the designated installation safety authority or other approval
points. The safety assessment process shall be integrated into the overall facility design review process. Each
design review phase shall evaluate the safety aspects of the project according to its level of completion.
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Reviews of the final drawings, designs, structures, and flow and containment systems shall include a safety
assessment to identify potential system hazards and compliance with the proper regulatory organizations. The
safety assessment shall also include the safety history of the system hardware. Such histories can identify
equipment failures that may create hazardous conditions when the equipment is integrated.

All the procedures described in the following section refer to the design of both components and systems for

oxygen use. The design reviews ultimately need to address all design aspects down to the individual part level
because all parts pose potential hazards in oxygen service.

4.3.2 Preliminary design review (PDR)

A pteliminary review shall be conducted on all materials and specifications.

4.3.8 Integrated failure modes and effects criticality analysis (FMECA) and hazard analysis

FMIECA reviews each hardware item and analyses it for each possible singlezpoint failure| mode and
singdle-barrier failure and their worst-case effects on the entire system. A FMECA Wwill also includg the results
of the oxygen hazards analysis.
interdependencies of all components shall be addressed and any single-point failures and the result of
single-barrier failures shall be noted in a summary list of action items for.correction. Single-barrier|failures are
ofteh overlooked, but the potential for component-part failures, such as diaphragm failures,|can cause
hazgrdous oxygen-enriched environments and may cause a sUbstantially increased risk of ignition near
elegtrical components.
Attgmpting to correct single-point failures simply through™procedural actions is not a reliable [method. In
addjtion, the FMECA shall consider the effects of failur€s in both static and dynamic operating| conditions.

When performed early in the design phase, this analysis greatly assists the designer in ensufing reliable
systems. The FMECA shall be performed before fabrication of the component or system.

4.3.4 Systems and subsystems hazards analysis

Thel hazards analysis shall identify any conditions that could possibly cause death, injury or dampage to the
facility and surrounding property. It shalialso

a) |include the effects of compohent and assembly single-point failures,

b) |review all ignition modes for all components and assemblies,

c) |include hazards.associated with contamination,

d) |review secondary hazards, such as leakage to electrical equipment,

e) |consider the effects of maintenance procedures on safety and performance, and

f) |review toxicity concerns, especially for breathing oxygen.

4.3.5 Critical design review (CDR)
The final design review shall be held after all preliminary analyses have been completed and the action items

from these analyses have been resolved. In this review, the final fabrication drawings and the supporting
calculations are reviewed and all final action items resolved before authorizing fabrication and use.

4.3.6 System safety analysis/safety review (SSA/SR)

All safety aspects, including oxygen hazards, shall be reviewed to ensure the integrated design solution does
not present unacceptable risks to personnel and property.

© 1SO 2007 — All rights reserved 3
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4.3.7 Oth

er reviews

In addition to the PDR, FMECA, CDR and SSA/SR, the reviews below may be conducted as needed.

a)

Test readiness review (TRR): Operational procedures, along with instrumentation and control systems,

shall be evaluated for their capacity to provide the required safety. Equipment performance shall be
verified by analysis or by certification testing. It may be necessary to develop special procedures to

counte

b)

r hazardous conditions.

Emergency procedures review (EPR): The safety of personnel at or near oxygen systems shall be

carefully reviewed together with emergency procedures in the earliest planning and design stages.

Advanq
that the
c) Operat
hazard

first priority is to reduce any risk to life.

onal readiness inspection (ORI): An ORI may be required for any major facility change. Oxy
5 shall be specifically reviewed for compliance with basic safety requirements.

4.4 Component and system testing

441 |Inte
The intent g
variety of te
flight-rated
required.

4.4.2 Pro

Initial testin
hardware ¢
with oxyge
hardware.

Engineering

ht/compliance
f component and system testing is to ensure the integrity of equipment for its intended use. A

sts may be required, depending upon the critical nature of the equipment and whether or not
hardware. Compliance with safety programmes for pressure,vessels and pressurized systen

otype development testing
g is often best performed with inert fluids;.ap gases; however, acceptance tests of the

bnfiguration shall be conducted with clean_oxygen and parts cleaned for oxygen service. Teg
h shall begin only after an oxygen hazards analysis has been performed on the specific

development testing is intended™to verify safe and reliable operation over a realistic rang

operating cpnditions. It includes pressure.integrity tests, assembly leak tests and configurational tests.
Consider worst-case operating tests_to re-evaluate limited design margins, single-point failures and
uncertaintigs in the design criterial

Life-cycle a
the safety 4§

hd flow tests are-important in this phase of testing. Life-cycle tests shall be performed to deterr]
nd longevity of 'systems components. The components shall be tested in each operational

with the number of cycles*based on the anticipated end-use. These do not constitute qualification, life-cyc

pressure gqu

4.4.3 Qud

alification. (proof) tests.

lification and acceptance testing

ed planning for a variety of emergencies, such as fires and explosions, shall be undertakefn so

gen

vide
it is
s is

final
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e of

any
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Test requirements will vary for each component or assembly to be tested. The equipment supplier, test facility
personnel and end-user shall develop a joint test programme to verify function and oxygen compatibility.

5 Design for high-pressure and high-temperature gaseous oxygen systems

5.1 Desi

gn features

Design features, such as physical design of components and the component location in the system, shall be
effectively coupled with proper materials selection to achieve safe operations. Evaluation of such design
features shall begin with the preliminary design reviews.
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5.2.

ISO 22538-

Materials guidelines

1 General

1:2007(E)

Guidelines on materials compatibility with oxygen can be found in documents such as ASTM Manual Series
MNL36[1],

5.2.

2 Materials

Designers of equipment for oxygen service shall thoroughly understand the reactivity of selected materials in
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5.2.

5.2.

y
rials that are flammable at operatlng conditions can safely be used by carefully av0|d|ng igniti
ure, through testing if necessary, that the materials selected have the proper properties (e
ility and hardness) to operate safely under all conditions. Combinations of these ‘properti
Sidered. For example, strength tends to decrease with increasing temperature,~while ductil
rease with decreasing temperature.

uate materials for ignitability and flammability over their intended operating,range. Use mats
ion thresholds for the applicable ignition mechanisms. Most materials in contact with
bustible under certain conditions, e.g. flammability tends to increase with increasing pr
perature.

3 Ignition mechanisms

ing to material behaviour with respect to these ignition mechanisms shall be obtained or gen
dard practice at the onset of the design process. €onsideration of ignition mechanisms shall
be limited to) mechanical impact, pneumatic impact, particle impact, promoted combustig
ling, electrical arcing and single-barrier failures

rge number of tests have been developed and evaluated by various groups, both private
-metallic materials are typically evaldated using the liquid and gaseous oxygen mechan
Limatic impact, resonance, heat of-cembustion, static discharge, auto-ignition temperature, o
promoted combustion tests. Metallic materials are typically evaluated using the promoted
trical arcing, rubbing friction, vibration and particle impact tests.

B Additional materials'guidelines

4.1 Effects ofspecific material processing, coatings and other surface preparations

designer shallfirst attempt to meet all functional requirements without coatings, platings or h
ost applications, surface preparations can be avoided. Special cases may arise, however,

bn selecting materials, consider ignition mechanisms ¢that could be present in the system|

bver, many
on sources.
ig. strength,
es shall be
ty tends to

brials below
bxygen are
essure and

Test data
erated as a
nclude (but
n, frictional

and public.
cal impact,
ygen index
combustion,

ard-facings.
in which a
of a single

case, an

voided the

and phyS|caI properties at all use conditions. Generally, materlals will become stronger and more brittle at
reduced temperatures.

5.2.4.2 Material specific strength

The designer shall take advantage of specific strength, which often allows the use of the most
oxygen-compatible materials to improve performance and decrease materials ignition hazards. Specific
strength is the ratio of the material strength to density, and this is the critical parameter for determining the
weight of flight-weight hardware. Using this ratio, it may be that metals with high strength can be used as a
replacement for lightweight metals such as aluminium.

© 1SO 2007 — All rights reserved


https://standardsiso.com/api/?name=c56cabfc17c6456f9fd758cd73c61ce0

ISO 22538-1:2007(E)

5.24.3

Lubrication

Fluorinated, chlorofluorinated and solid film lubricants that are approved for oxygen service shall be used.
Hydrocarbon-based lubricants shall not be used for oxygen service.

5244

Thermal expansion and contraction

Leaks are commonly caused by the disparity of thermal expansion coefficients between polymers and metals.
Upon cooling, the shrinkage of polymers will exceed that of metals, and seals may lose the compression
required for sealing.

5.3 GengraI design guidelines

5.3.1 Mat
Alone, the
oxygen fire
addition to
and I1SO 22

Although it
normally un
also avoid

prials

Ise of ignition- and burn-resistant materials for components in oxygen systems will not elimi
5. Designs shall consider system dynamics, component interactions and operatiohal constraint
component design requirements, to prevent conditions leading to oxygen fires. See ISO 225
b38-3 for guidelines on materials selection and use.

is not always possible to use materials that do not ignite under-any operating condition,
derstood that the most ignition-resistant materials shall be used/in any design. The designer
ignition modes wherever possible, but what may not be clear is that the designer shall

consider th

means thaf certain ignition modes are more likely than others to_fesult in failures, either because of|
amount of [soft goods present or the likelihood of a particular_event leading to component heating

subsequen

contaminatipn or rapid pressurization shall be carefully scrutinized. The following design guides are prese
roughly in grder of priority.

5.3.2 Codes, regulations, laws and certifications

Codes, regulations and laws shall be designed, fabricated and installed as applicable. Ensure that

materials s

5.3.3 Filters

Filters shal
removed a

relative importance of the various ignition modes when designing new or modified hardware.

ignition. To reduce the risk of ignitions, any ignition failure mode that involves soft go

lected for use have the proper certifications.

be used to isolate-system particulate. They shall be placed in locations where they can
nd inspected and-where no possibility of back flow exists. A helpful practice is to check
[ferentials across\the filter to aid in tracking the filter status. Filters shall be used in the follo

inlets and.outlets;

discomrect points;

hate
5, in
B8-2

it is
hall
also
This
the
and
hds,
hted

the

be
the
ving

pressure di
locations:
a) module
b)

c)

d)

points required to isolate difficult-to-clean passageways;

upstream of valve seats.

5.3.4 Flow design

Design the component and system combination to avoid chatter. Design to minimize choked flow. Consider
shut-off valves, metering valves, relief valves and regulators to reduce particle impact ignition risks.

Design to allow a blow-down of the system with filtered, dry, inert gas at the maximum flow rates and
pressures after system fabrication. This serves to purge or isolate assembly-generated particulate.
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Avoid captured vent systems. A relief valve or burst disc that is not open directly to the atmosphere, but rather
has a tube or pipe connected to the outlet, is said to have a captured vent. If a captured vent is necessary,
use highly ignition-resistant materials, such as copper or nickel/copper alloys.

5.3.5 Electrical concerns

Bulk oxygen systems are not considered to be hazardous locations. Therefore, general purpose or
weatherproof types of electrical wiring and equipment are acceptable depending upon whether the installation
is indoors or outdoors. Electrical terminals shall not turn or loosen when subject to service conditions; terminal
points shall be protected from shorting out by eliminating foreign objects and contaminates.

Elegtrical wiring in high concentrations of gaseous oxygen (GOX) shall be encased in herméti¢ally sealed
confluits or conduits rendered inert with helium or nitrogen gas. The instruments, switches, flow gensors and
eledtrical devices shall be designed in modular structure and hermetically sealed. Réndering inert with
nitrggen or helium is recommended.

5.4| Specific system design guidelines

5.41 Minimize soft goods

Min|mize the amount of soft goods and their exposure to flow. Soft goods exposed to flow can be readily
healed through rapid compression or readily ignited through kindling chain reactions. Minimizing soft goods
exppsure by shielding with surrounding metals can significantly reduce ignition hazards.

5.4.2 Limit GOX pressurization rates

Soff goods (e.g. seals, coatings and lubricants) are*susceptible to ignition from heating caus¢d by rapid
pregsurization. For example, PTFE-lined hoses arelsensitive to this ignition mode and their us¢ with rapid
pregsurization applications is discouraged. Press@fization rates of valve and regulator actuatqrs shall be
min|mized. In some applications, flow-metering, devices are prudent for manually actuated valveg, especially
for quarter-turn ball valves.

5.4.8 Limit GOX flow velocities

Limiting flow velocities minimizgs erosion problems and reduces the risk of particle impact ignitior]s. Although
each material and configuration-eombination shall be reviewed individually, higher fluid velocities ghall receive
spegial attention, especially-at-flow restrictions.

5.4.4 Minimize mechanical impact

Meghanical impagt ignitions can ignite large parts and the impacts can also ignite contaminatipn and soft
goofs entrapped by the impact. Relief valves, shut-off valves, regulators and subminiature parts especially
shall be reviewed for this hazard.

5.4.6”Minimize frictional heating

Frictional heating, such as heating that occurs with bearings and pistons, can cause ignitions. Any
contamination near the heated region can also be ignited. Frictional heating hazards can be reduced by
carefully controlling surface finishes, coefficients of friction, alignment and flow-induced cooling. Frictional
heating has also been found to ignite materials in cryogenic applications.

5.4.6 Minimize blunt flow impingement

The risk of particle impact ignitions can be reduced if potential impact surfaces are designed with shallow
impact angles to reduce the kinetic energy absorbed by the surface upon impact.

© 1SO 2007 — All rights reserved 7
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5.4.7 Eliminate burrs and avoid sharp edges

Burrs and sharp edges on equipment provide ignition sources for particle impact and also provide the
ingredients for kindling chain combustion propagation. Removal of this material is standard shop procedure
and is essential for avoiding oxygen-enriched ignitions.

5.4.8 Design to minimize particulates

Particulate generated during manufacture, assembly and operation can be a source of particle impact ignition.
Designs shall have provisions to minimize particulate generation through the normal operation of valve stems,
pistons an i i i i i i ' '

keep particulate away from oxygen-wetted regions. Additionally, the assembly, cleaning and mainteha
practices shall minimize contamination. Oxidation and corrosion could also be a source of particles-and s
be avoided

5.4.9 Desjgn to minimize rotating valve stems

Avoid rotati
and seals ¢

hg valve stems and sealing configurations that require rotation on assembly.)Rotating valve st
bn gall and generate particulate matter.

5.4.10 Desjgn to minimize electric arcing

Electrical :Ics in oxygen-enriched environments can lead to heating and _subsequent ignition.

5.4.11 Eliminate blind passages

Long, narrg
can provide
make the e

W passages or blind passages are difficult to clean.andto inspect for cleanliness. Additionally,
a location for particulate to accumulate during opgeration of the equipment. This contamination
huipment susceptible to particle impact, rapid compression and resonant cavity ignitions.

5.4.12 Avoid crevices

Crevices arj

e difficult to clean and inspect for patticulate entrapment and resonant cavities. Cavities, esped

those formegd at the intersection of mating .parts in assemblies, create a location where contamination

accumulate

and increase ignition risks, as in blind passages.

5.4.13 Dynamic seal design

Design dyn
and choose

5.4.14 Lim

Vibrations ¢
valve chatt
increase th

Bmic seals to minimize particulate generation. Minimize coefficients of friction and surface finis
seal configuratiens’to minimize particle generation that can cause particle impact ignitions.

It fluid-induced vibrations

an cause fretting, galling, impacting and particle generation in components and systems. Ch
r.and'valve poppet oscillations are examples of this phenomenon. Particulate accumulationg

hey
can

ially
can

hes

eck
will

risk of particle impact ignition.

5.4.15 Single-point seal failures

Seals will degrade with time and use. Eventually, it can be expected that they may fail to seal the contained
fluid. When this happens, the effects of an oxygen-enriched external environment, high velocity leakage and

loss of mec

hanical integrity shall be addressed.

5.4.16 Eliminate seal and seat rotation

Sealed parts that require rotation at assembly (such as O-rings on threaded shafts) can generate particles that
may migrate into the flow stream. Particulate generation also occurs in ball valves where the operation of the
valve rotates a ball on a non-metallic seat.
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A related phenomenon that may be described as “feathering” occurs when valve stems are rotated against
some non-metallic seats, such as polychlorotrifluoroethylene (PCTFE). Because of the mechanical properties
of some non-metallic materials, a thin, feather-like projection of material is extruded from the seat. The
feathered material is more prone to ignite than the seat itself. PCTFE and other non-metallic materials subject
to feathering shall only be used with caution for seals and seats in rotating configurations.

Ball valves are not recommended for oxygen systems because of their tendency to generate particulate and

their fast opening times, which cause rapid pressurization of systems.

5.4.17 Avoid thin walls

The]
SO 1
both
suc
The)
exp

5.4.

A si
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Any
failJ
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5.4.
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extr]
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oxXy!
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hin that stress concentrations result when pressure is introduced into the system. Because

inside and outside can be complex, it may not be obvious from drawings or even direct ins
0 thin, highly stressed areas exist. If such walls become too thin, they may rupture under press
energy released by the rupture can raise the temperature in the rupture zone(The failed
bse bare, jagged metal that can oxidize rapidly and may heat enough to ignite and-burn.

18 Single-barrier failures
hgle-barrier failure is defined as a leak in which only the primary containment structure is breg
is region may not be compatible with high-pressure oxygen.

situation in which a single barrier may fail shall be analysed during the design phase. The s
re analysis may consist of an engineering evaluation “ef the configuration, including an andg

| be to determine if a barrier failure is credible and if exposure of incompatible materials ¢
ard. If the hazard cannot be assessed adequatelyby analysis, a configurational test may be pe

19 Seat shape, seals and squeeze

igns in which an O-ring seals on-‘an”unusual seat shape may cause increased wear or
usion of the O-ring material and the-generation of particulate contamination.

pugh the design of sealing(interfaces is a necessary compromise, the design shall use stand
much as possible. Past(experience has shown that the elastomeric O-rings are success
ronments but are usually‘poor choices in dynamic environments and shall only be considereq
re the exposure to Oxygen is minimized, such as line exposure. In some instances, polytetraflu
-E) with a fluoroelastomer as a backup (which exposes the most compatible materials pref
jen) has been-Used for seals where elastomers shall be used and cannot be limited to line exp
tics such as‘polypyromellitimide have been used as seats in valves and regulators; hc
Lcompliance‘of the material requires a small contact area with a hard (metal or sapphire) matin
eve a seal. An alternative to rigid plastics is to use a coined metal seat if the precautions
ng have been taken.

walls between inner cavities or passageways and the outer surface of component housings nl\ay become

geometries
bection that
ure loading.
section can

ched. Such

bk introduces oxygen into a region not normally exposed to oxygen.-The materials or configuration of parts

ngle-barrier
lysis of the

patibility of materials exposed by the failure with the'high-pressure oxygen. The purpose of the analysis

Bn create a
formed.

accelerated

ard shapes
ful in static

in designs
proethylene
erentially to
bsure. Rigid
wever, the
g surface to
to eliminate

Suf

ICIENL Seal squeee sShdll De allowed 10 avola U-Tng exuusIion. Standard manufacturers  dim

nsions and

tolerances shall be incorporated into designs unless an overriding design constraint demands the change.
Additionally, the dimensions of all parts in the valve assembly shall be carefully inspected. Ideally, adequate
gland size shall be provided in the initial design.

5.4.20 Metal-to-metal seals

Metal-to-metal seals may be required in some cases. Polymeric materials cannot be used as seals in valves
that control the flow of hot oxygen at high pressures and temperatures because they lose sealing properties,

are

easily ignited and wear too rapidly.
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High pressures and high flow rates can produce side loads and oscillations on the poppet seal; these can
cause metal deterioration by fretting or galling. (Galling is the more severe condition because it involves
smearing and material transfer from one surface to another.) Fretting and galling can cause several problems
in oxygen systems. The valve poppet may seize, resulting in loss of function. The frictional heat of the fretting
or galling may lead to ignition of the valve. The particles generated by the fretting or galling may cause
malfunction or ignition of another component downstream.

Where possible, the valve poppet shall be designed for symmetrical flow so that no oscillatory side loads are
created. The symmetrical flow centers the poppet in the bore and maintains design clearances between the

poppet and

For gaseoy
oscillations
the pressur
incorporate

To minimiz
frictional he
or galling.

bore surfaces.

S systems, It may be possible to reduce the volumetric flow rate (and thus the magniud
and side loads) by installing an orifice. The orifice shall be downstream of the poppet to minir
e differential across the poppet. It is also possible to flexure-mount the poppet in the bore an
labyrinth seal grooves in the poppet surface.

ating. Both may be hardened by nitriding or a similar process to minimize material loss by fre

5.4.21 Effects of long-term operation

Cold flow ¢

f seals is a concern, especially for soft goods with little resiliency. With applied loads, th

materials pgrmanently deform, usually resulting in sealing loss.

Generally, 5
high tempe
and therma
they may b

eals with low hardness tend to provide better sealing. However, the softer seals will not withs
ratures and pressures. When such seals fail, they often“extrude, generating particulate. Pres
reversal cycles can also result in seal extrusion. Although silicone seals are not recommen
e found in existing oxygen systems. If found, careful examination during maintenance proced

is recommgnded because excessive cross-linking of silicone elastomers in oxygen may occur, leadin

embrittlems

Copper is

nt and degradation.

bften used for oxygen seals. It can ‘provide a very reliable seal; however, at extremely

temperaturgs, the copper oxide that forms on.exposed surfaces is then likely to become a sourc

particulate.

5.4.22 Pow

Design equ
equipment

5.4.23 The

The effects

5.4.24 Oth

fer losses

ipment so that power(losses, control pressure leakage or other loss of actuation sources re
0 a fail-safe position-to protect personnel and property in an accident.

rmal expansion

of thermal expansion shall be considered. Buckling can create component or piping failures.

br considerations

b of
nize
d to

b the possibility of ignition, poppet and bore materials shall be relatively resistant to ignition by

ting

ese

and
sure
Hed,
ires
g to

nigh
p of

turn

For microgravity applications, the behaviour of materials in this environment shall be taken into account.

6 Design for cryogenic oxygen systems

6.1

General

In addition to the design requirements for high-pressure and high-temperature oxygen systems specified in
Clause 5, specific considerations for cryogenic applications shall be applied. Liquid air or oxygen can easily
vaporize and produce high-pressure regions in systems assumed to be at low pressure (liquid lock-up). If
these potential high-pressure considerations are not considered when designing the system, serious hazards
can exist.
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Material requirements are similar to the requirements for GOX. One additional consideration is that

vaporization of LOX occurs around heat sources such as ball bearings; this increases ignitio
necessitates compensation for possible elevated pressure.

6.3 General system installation guidelines

6.3.1 Design features

Desd ures, su VA] [ fon 1

be ¢ffectively coupled with proper materials selection to achieve safe operations. The designer
flamimable materials in oxygen systems.

6.3.2 Thermal conditioning

Thermal conditioning of cryogenic systems is mandatory. A bypass flow path.'with pressure re
proyided. Thermal conditioning can be performed with liquid nitrogen or LOX. Carefully anal
starf-up for LOX pumps, as cavitation from improper chill-down can increase fluid pressures g

parts (leading to premature failure of components) and may create start-up.inistabilities that can lea
from frictional heating.

6.3.3 External condensation

Avojd condensation on external surfaces because the cryogen can liquefy air or freeze wate
vappurs to create falling ice or other hazards.

6.3.4 Internal condensation

Avojd condensation on internal surfaces because the cryogen can freeze water and other vapours|
6.3.p LOX long-term storage

Lonp-term storage of LOX and extended cyclic fill operations may concentrate low-volatility impd
storpge container as a result of the loss of oxygen by boil-off. Therefore, the oxygen used on the
orig|nal specifications may not) be satisfactory. Pressure relief valves or other means shall be

preyent the back aspiration of volatile impurities into storage systems.

6.3.p LOX analysis

The| contents_ofvessels shall be analysed periodically for conformance to the specifications
accpmulationnof contaminants from cyclic fill-and-drain operations. An inspection and syste
refurbishment shut-down cycle shall be established, based on the maximum calculated impurity cd

n risks and

ystem, shall
shall avoid

ief shall be
yse system
nd damage
d to ignition

r and other

rities in the
basis of the
Hesigned to

to limit the
M warm-up
ntent of the

matgrials, going through the tank or system. This shall allow frozen water and gas contaminants

to vaporize

and| leave the vessels. Where practical, a mass balance of measurable contaminants shall be fnade for all

fluids entering the system or the component.

6.4 Design specifications
The concerns are similar to those for high-pressure, high-temperature oxygen, with the addition

embrittlement because of the low temperatures. Cracking, fractures, stress corrosion, soft goods
can cause premature failures.
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6.5 Hazard considerations

Cryogenic hazards, such as cold injuries from exposure when handling equipment with LOX, shall be
considered. Additionally, oxygen-containing equipment shall not be operated over asphalt pavement because
of spill hazards and the potential for ignitions from oxygen-enriched asphalt, which can be readily ignited
because of its shock sensitivity. When the use of LOX systems over asphalt cannot be avoided, all asphalt
areas under uninsulated piping shall be protected to prevent contact with oxygen. Designers shall avoid
ignition modes where possible.

6.6 Component hardware and systems design considerations

6.6.1 Liqtlid lock-up

Liquid lock-up can occur, requiring special pressure relief protection.

6.6.2 Liquid vaporization

Avoid fluid pxpansion regions in which the fluid can vaporize. If expansion is allowed t@ occur, the resulting

fluid downsfream will have two phases, gas and liquid, and the following could occur.

a) increaded pressure by vaporization;

b) high-syrge pressures caused by liquid hammer effects (mechanical.-damage as well as rapid compresfion
heating and ignition of soft goods can occur if fluid hammer is not:eliminated);

c) decreaped performance of metering valves and other components sensitive to fluid properties.

6.6.3 Cavjitation

Avoid cavitation of rotating equipment because the high pressures generated by the rapid vaporization du

cavitation ¢
allow rotatin

an exceed the rated capability of hardware. Additionally, dynamic instabilities can be created
g shafts and impellers to wear against.housings, leading to failures from frictional heating.

6.6.4 Geysering

Avoid geys
rapid press
component

bring of LOX and GOX caused by gas bubble formation in flowing liquid systems. This can cr

5, leading to burstingief pressure-containing components.

6.6.5 Hydrostatic overpressurization

Prevent hy
valve syste

jrostatic.‘overpressurization of tanks and dewars during filling operations by using a full trig
m or similar overfill protection to maintain an adequate ullage area.

ring
that

Pate

Lrization of soft goods™and can create a fluid hammer condition with rapid overpressurization on

ock

6.6.6 Oth

E

The absorption of helium in liquid oxygen shall be taken into account in the design. An amount of evaporation
of gaseous helium shall be considered for the characterization of input data for turbo pump design. For
microgravity applications, the behaviour of liquid oxygen in this environment shall be taken into account.

6.7 Electrical design guidelines

In addition to the GOX guidelines in 5.3.5, electrical wiring inside LOX tanks shall be encased in hermetically
sealed conduits or conduits rendered inert with nitrogen or helium gas. The instruments, switches, flow
sensors and electrical devices shall be designed in a modular structure and hermetically sealed. Rendering
inert with nitrogen or helium is recommended.
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7 Standard practices

7.1 Liquid-oxygen vessels

7.1.1 General

The safe containment of LOX requires particular attention to design principles, materials selection and
fabrication, inspection and cleaning practices. The operation and maintenance of LOX vessels shall be
sufficiently detailed to ensure safe and reliable performance.

7.1.2 LOX storage vessels

LOX storage vessels include an inner tank to contain the liquid and an outer jacket containing-eithgr powder or
vacbum insulation or a combined powder-inert gas insulation to reduce heat transfer-to thg LOX. The
congtruction, installation and testing of LOX storage vessels shall conform to the locakapplicablg codes and
starjdards which typically involve pressure, performance, leakage and welding test procedures.

7.1.8 Tank outlets

The] tank outlet shall be clearly marked and shall indicate whether the<contents are gaseous of liquid. The
hazard potential of opening the system will differ significantly between pressurized gases and liquids.
Eme¢rgency isolation valves that function to restrict liquid flow~from the tank in case of al|line failure
downstream shall be provided as close to the tank annulus<as“possible. The emergency valye shall be
quigk-acting and shall be operable under conditions of heavy:liquid spillage. A label shall be proyided, listing
the [contents, capacity, operating pressures, direction of flow, dates of proof tests and dates df in-service
insgection and recertification.

7.1.4 Tank trucks
The| vibration and sloshing of LOX shall be (minimized by careful selection of truck running gear and the

plagement of tank baffles and supporting- systems. Vibration can be reduced by controlling unwanted
expansion and contraction.

7.1.p Tank pressure control
Neither tank pressure nor liqid shall open the isolation valves. The valves shall fail safely in a closed position
on failure of the operating fluid supply. The emergency isolation valve shall be in addition to jany normal

isolation valve required for operation. Top-entry connections that extend into the liquid shall be protected by
emergency valves.

7.2| Piping-systems

7.21 General

A” ILONL H 4 ball l ol + P 2l a1 l lats pu | H FH Th d H
LUZN MIPITTY oyolTllio olldil VT UTOIYIicuUu 1 avbuluarict wilr foear TTyuiduulio ariu opouliivalivurio. e eSlgn

shall be based on the pressure and temperature limitations of the materials selected.

7.2.2 Underground piping

High-pressure oxygen shall not be transmitted in buried piping. Underground piping cannot be inspected as
readily as visible piping for leaks, corrosion or other defects. Oxygen piping and equipment shall be installed
at a distance from electric power lines or electrical equipment, far enough that any failure of the power lines or
electrical equipment will not permit contact with the oxygen piping and equipment. All oxygen piping shall be
adequately supported to avoid excessive vibration and to prevent deterioration by friction.

© IS0 2007 — Al rights reserved 13


https://standardsiso.com/api/?name=c56cabfc17c6456f9fd758cd73c61ce0

ISO 22538-1:2007(E)

7.2.3 Piping requirements

Materials used in pressure-containing piping systems and piping elements shall conform to listed or published
specifications covering chemical, physical and mechanical properties, methods and processes of manufacture,
heat treatment and quality control, and shall otherwise meet the requirements of the design organization.

Piping and pressure-containing components shall be consistent with the accepted design philosophy,
substantiated by a stress analysis to predict safe and reliable operation, pressure testing to verify predicted
performance and successful experience under comparable design conditions with components that are
similarly shaped and proportioned.

7.2.4 Velgcity limits
All factors ghall be considered when establishing safe velocity limits. A safe piping system, in addition-to bging
designed and installed in accordance with all applicable regulations, shall further meet\the spgcial
requirements for oxygen service. These special requirements include certain velocity restrictiohs and matgerial
specifications, as follows:

a) speciallcriteria for design and location;

b) correct|location and specification of joints, fittings, safety devices and filters;

c) thorough and adequate cleaning of the components of the system for oxygen service.

Factors that primarily effect velocity in oxygen piping systems are pipe*material, gas-operating tempergture
and pressufle, and restrictive configurations, such as valves and orifices.

7.2.5 Piping, tubing and fittings

Piping, tubing and fittings shall be suitable for oxygen sérvice and for pressures and temperatures at|use
conditions. [Even when the system is built entirely~of suitable materials, problems can develop if|the
pressurized gas flow is either started or stopped abruptly. Two main events cause problems:

a) flowing| gas undergoing compression heating at elbows, dead ends and valves (any place it is suddgnly
stoppefl); the resulting temperature rise:can be sufficient to ignite all polymeric materials commonly ysed
in oxygen systems, including PCTFE;

b) mechapical shock to the system\which may dislodge solid particles; if these particles are caught up ir| the
flow and impinge on a surface, hot spots may result that cause ignition.

7.3 Liqujd-oxygen piping systems
7.3.1 Gerleral

Many liquid
allow the j

oxygen lines are vacuum-jacketed or insulated to reduce the heat input. The jacket design shall
cKet to follow natural thermal displacement of the inner line. Piping systems shall be sufficigntly
ﬂeXibIetO Tetrrar—e ’;”i'i COo ”i' 6”';-”""' ;-”6 o>a ’-i'i’v””’
are infrequently used or that are short may be uninsulated. Long pipe runs shall be vacuum-insulated. Bellows
sections in vacuum jackets shall be used to compensate for contraction and expansion. Where practical, avoid
cavitation in LOX systems.

7.3.2 Horizontal pipelines

Horizontal pipelines may experience cryogenic bowing because of stratified flow or because a single liquid
layer exists on only the bottom of the pipe. The large forces normally generated by bowing shall be considered
when designing pipe-guide supports for bellows expansion joints. The design of pipe-supporting systems shall
be based on all concurrently acting loads transmitted into such supports. These loads shall include weight,
service pressure and temperature, vibration, wind, earthquake, shock and thermal expansion and contraction.
All supports and restraints shall be fabricated from materials suitable for oxygen service.
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7.3.3 Piping overpressure

Each section of liquid-oxygen piping capable of being isolated shall be considered a pressure vessel with a
source of heat into the line. A heat leak can cause the pressure to increase significantly, as trapped fluid
warms to atmospheric temperature. Therefore, each such section shall be equipped with protective devices
for overpressure control, particularly from overpressures caused by insulation failures. The overpressure
protection devices shall be located in such a manner that all parts of the system are protected from

overpressure.

7.3.4 Low points

Low points (traps) on liquid discharge piping are to be avoided to prevent accumulating contarpinants and
trapping fluid. If traps are unavoidable, low-point drains shall be provided and designed so that all fluids drain

ontd
be

7.4

7.4.

The)

imp
are

erog

oxygen-compatible surfaces. All tubing ends, fittings and other components used in oXygen sy
rotected against damage and contamination.

Gaseous oxygen piping systems

1 General

primary concern with high-velocity flow conditions is the entrainment-of particulates and their
ngement on a surface, such as at bends in piping. The effects<oef extremes in flow velocity a
also concerns. Material erosion or ignition can be caused by.entrained particulate impact an
ive effects of the fluid flow, or both.

stems shall

subsequent
nd pressure
d abrasion,

7.42 Quantitative limit

Until a more quantitative limit can be established, thetfollowing practices are recommended:

a) |where practical, avoid sonic velocity in~gases; where impractical, use the least reactive materials
available;

b) |if possible, avoid the use of non-metals at locations within the system where sonic velocity car occur;

c) |maintain fluid system cleanliness to limit entrained particulates and perform blow-down with [filtered, dry
gaseous nitrogen at maximum anticipated pressure and flow before wetting the system with oxygen.

7.48 Gas velocity

Piping systems shall)be designed to ensure the GOX in the system does not exceed specified velocities.

Plages where fluid velocities are higher shall be reviewed for particle impact ignition sensitivity.

7.4.4 Piping and fitting materials

For|use at pressures above 5 MPa, oxygen piping and fittings shall be stainless steel, nickel, nickel/copper

alloys, nickelfiron alloys or Copper alloys Decause Of Ignition Susceptibiity.

7.5

7.5.

Systems connections and joints

1 General

Materials shall be documented for compatibility with the total environment of pressure, temperature, flow rates
and exposure time profiles. Materials for joints and fittings shall be similar to the piping metal to avoid
developing electrical couples. When the use of different metals cannot be avoided, considerable care shall be
taken when removing the fitting or connection so that any grit or contaminant resulting from the electrical
couple is not left in the pipe.
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7.5.2 Joints

Welded, brazed or silver-soldered joints are satisfactory for oxygen systems. Such joints, however, if left in the
as-formed condition, may have slag or surfaces that can trap contaminants. Welds shall be specified as full
penetration so that the contacting surfaces are joined to limit particulate entrapment. Exposed weld surfaces
shall be ground to a smooth finish for ease of cleaning. With brazed and soldered joints, special care shall be
taken to ensure surface cleanliness, close and uniform clearance and full penetration of the joint.

7.5.3 Vessel connections

Vessel con
insulated fa

ections to rigidly mounted test far‘ility piping shall use supported and anchared flexible metal hose
r low-temperature service at the desired pressure. Recommendations for flexible hoses incluge a
maximum gllowable slack of about 5 % of the total length. For greater safety, the hose restraints shall be at
least 50 % ptronger than the calculated impact force on an open line moving through the flexurefdistange of
the restrainf.

7.5.4 Piping assemblies
red.
nce
the

Piping shall
Welding pr
with the re
system.

be assembled by welding, except at connections to valves, etc., where flanged joints are requ
bcedures, welder qualification tests, welding operations and weld testing shall be in accordg
huired specifications. Backup rings shall not be used because of the"difficulty of recleaning

7.5.5 Transition joints

Transition j The

large tempsg

pints such as aluminium to stainless steel shall not be used in LOX transportation systems.
rature cycles and severe mechanical jolts have frequently caused failures of such joints.

7.5.6 TraIsfer connections
Fill connecfjo

unions that
Check valv
lines fail.

ns for loading and transfer from transportation systems shall terminate in the fixed ends of H
use a unique design configuration (e.g. keyed) to prevent filling oxygen tanks with other fly
ps shall be placed in the fill lines t6 prevent the tank from draining onto the ground should th

ose
ids.
e fill

The oxygen gas trailers and transfer._connections shall use a unique design configuration to prevent or

minimize ¢
connectors
plugs or co

The absorp
of gaseous

behaviour g

bnnecting with incompatible gaseous fluids or similar fluids at different pressure levels.
and fittings to be disconnected during operations shall be provided with tethered end plates, ¢
ers to protect the system from contamination or damage when not in use.

fion of helium/inliquid oxygen shall be taken into account in the design. An amount of evapore
helium shall’be considered for the characterization of input data for a turbo pump. Moreover
f liquid oxygen in microgravity shall been taken into account.

The
aps,

tion
the

7.6 Con1ponents

7.6.1 Design

Components shall be designed specifically for use in oxygen or oxygen-enriched environments. This requires
a thorough understanding of the reactivity of materials used in components designed for oxygen use. The
major problems in component design are the ignition of metallic and non-metallic materials, adiabatic
compression, mechanical overstress, seal erosion and contamination generation and control. The rate of
flame propagation and ignition susceptibility of materials shall also be a prime consideration in the safe design
of oxygen and oxygen-enriched systems. The oxygen compatibility of all materials in oxygen and oxygen-
enriched environments shall be carefully evaluated under end-use conditions.
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