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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-governmental, in
liaison with—S6;—also—take—part—in—the—work—SO——collaborates—ctosely—with—the—internationat—Etgctrotechnical

Commissipn (IEC) on all matters of electrotechnical standardization.

Internatiorjal Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 3

Draft Interpational Standards adopted by the technical committees are circulated to thesmember bodiges for voting.
Publication as an International Standard requires approval by at least 75 % of the member bodies casting a vote.

Internationjal Standard 1ISO 13984 was prepared by Technical Committee ISO/TC*197, Hydrogen technplogies.



https://standardsiso.com/api/?name=2b9ebda9664757f2400c46cf519de14a

ISO 13984:1999(E) ©1S0

Introduction

The fuelling system interface described in this International Standard is intended to be used in conjunction with fuel
tanks constructed in accordance with ISO 13985.

NOTE Pursuant to the agreement reached during the sixth plenary meeting of ISO/TC 197, the basic allowable stresses
shown in Table_1 of this International Standard have been changed.
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INTERNATIONAL STANDARD @ISO ISO 13984:1999(E)

Liquid hydrogen — Land vehicle fuelling system interface

1 Scop

This Interrjational Standard specifies the characteristics of liquid hydrogen refuelling and dispensing’ sys
vehicles of all types in order to reduce the risk of fire and explosion during the refuelling procedure and t

a reasona

This Intern

vehicle an

2 Norm

The follomjng normative documents contain provisions which,.threugh reference in this text, constitute
ational Standard. For dated references, subsequent amendments to, or revisions of, any of these

this Intern
publicatio

investigate the possibility of applying the most recent-editions of the normative documents indicate

undated r
maintain r

ISO 1106-
welded cir

ISO 1182:4-1), Reaction to fire tests for building products — Non-combustibility test.

ISO 9303:
peripheral

ISO 10286:1996, Gas eylinders — Terminology.

ISO 11484:1994, <Steel tubes for pressure purposes — Qualification and certification of non-destructive

personnel,

ISO 12095719

le level of protection from loss of life and property.

| the storage tank.

htive references

s do not apply. However, parties to agreements;based on this International Standard are e

eferences, the latest edition of the normative document referred to applies. Members of
pgisters of currently valid International Standards.

B:1984, Recommended practice for/radiographic examination of fusion welded joints — H
Cumferential joints in steel pipestof up to 50 mm wall thickness.

ultrasonic testing for the detection of longitudinal imperfections.

tems on land
us to provide

ational Standard is applicable to the design and installation of liquid hydrogen (LH,) fuelling and dispensing
systems. I{ describes the system intended for the dispensing of liquid hydrogen to axehicle, including that
system thdt handles cold gaseous hydrogen coming from the vehicle tank, that is;, thé system located bet

portion of the
veen the land

provisions of
ncouraged to

d below. For
SO and IEC

Part 3: Fusion

| 989, Seamless and-welded (except submerged arc-welded) steel tubes for pressure purfposes — Full

festing (NDT)

ISO 13663:1995, Welded steel tubes for pressure purposes — Ultrasonic testing of the area adjacent to the weld seam
for the detection of laminar imperfections.

ISO 13664:1997, Seamless and welded steel tubes for pressure purposes — Magnetic particle inspection of the tube
ends for the detection of laminar imperfections.

ISO 13665:1997, Seamless and welded steel tubes for pressure purposes — Magnetic particle inspection of the tube
body for the detection of surface imperfections.

1) To be pu

blished. (Revision of ISO 1182:1990)
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ASTM A240/A240M-97a, Heat-Resisting Chromium and Chromium-Nickel Stainless Steel Plate, Sheet, and Strip for
Pressure Vessels.

3 Terms and definitions

For the purposes of this International Standard, the terms and definitions given in ISO 10286 and the following

apply.

3.1
design press

ure

pressure Use
system

NOTE Th
external press

3.2
fuel tank
liquid hydrog

3.3
inspector
qualified perq

3.4
liquid hydrog
LH,
hydrogen thg

NOTE Li

q

3.5
maximum pe
MPOP
maximum eff

3.6

noncombusti
material that
in accordanc

3.7
operating pre

d in the formula for the calculation of the minimum wall thickness for each component in

e design pressure should be not less than the pressure at the most severe condition ofycoinciden
Lre and temperature (minimum or maximum) expected during service.

N reservoir, installed on a vehicle, with appurtenances for connectingto’a refuelling station

on employed by a recognized independent national or international agency

D

n

t has been liquefied, i.e. brought to a liquid state

uefaction may be achieved by chilling and compression or other means, such as the magnetocaloric §

rmissible operating pressure

ective gauge pressure allowable in the piping system in its operating condition

ble material
does not ignite, burm, support combustion or release flammable vapours when subjected to
e with ISO 1182

ssure

gauge press
NOTE (0]

3.8

the piping

internal or

ffect.

ire or heat

tre at Which the piping system operates
P I u u X XImu ISSI ] ure.

service temperature range
temperature ranging from that of liquid hydrogen (— 253 °C) to an assumed ambient temperature of 54 °C

3.9
storage tank

liquid hydrogen reservoir, located at the refuelling station, to supply the land vehicle with liquid hydrogen
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rements

4.1 Applicability

The provisions of this clause apply only to system components which handle liquid hydrogen and cold gaseous

hydrogen.
4.2 Refu

elling system

4.2.1 Compatibility with hydrogen and cold temperatures

us hydrogen
sociated with

bosed to the

the possible
condensation of air.
4.2.2 Matgrial specifications
Material uged in the manufacture of piping for liquid hydrogen service shall¢e austenitic stainless steel| or any other
material provided it is proven to be equivalent in performance.
4.2.3 Pipipg
4.2.3.1 Design
Piping, valyes, fittings, gaskets and sealants shall be suitable for hydrogen service at the temperatures gnd pressures
involved.
Permanent joints in piping shall be made by welding.or brazing; flanged, threaded or screwed joints shal| not be used.
Compress|on fittings may be used only to conneet instrumentation and pressure-relief devices to the gas lines. The

materials yised in valves and fittings shall be ‘suitable for liquid hydrogen service over the service tempe

Bayonet jo

The bursti

nts shall be used for transfer operations of liquid hydrogen.

Ng strength of all pipes, valyes, fittings and hoses shall be at least four times the design pr

storage tapk and not less than fourtimes the pressure to which they shall be subjected in normal service

of a pump
tank's desi

or other device, the action of which shall subject portions of the piping to pressures greater thg
gn pressure.

Each valve¢ shall be designed and constructed for a rated pressure and service temperature not less thg

as the des
Each valve

gn values for the storage tank or the section of piping containing the valve, whichever set of va
shall be-eompatible with liquid hydrogen or cold hydrogen gas service.

Means sh

rature range.

pssure of the
by the action
n the storage

n those used
ues is higher.

m contacting

apll be provided to minimize exposure of personnel to piping and to prevent air condensate frg

piping, structural members and surfaces not suitable for OXygen enrichment or cryogenic temperatures. During an
emergency when exposed to fire, heat, cold or water as applicable, insulation shall maintain any system properties that
are required by design. It shall be designed to have a vapour-tight seal in the outer covering to prevent the
condensation of air and subsequent oxygen enrichment within the insulation. The insulation material and outer covering
shall also be of adequate design to prevent attrition of the insulation due to normal operating conditions.

4.2.3.2 Thickness requirements
The required thickness of straight sections of pipe shall be determined in accordance with equation (1):

tn =t+c

1)
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where
m 1S the nominal thickness, including mechanical, corrosion and erosion allowances, in millimetres;
t  is the pressure design thickness, as calculated from equation (2), in millimetres;

¢ is the sum of the mechanical allowances (thread or groove depth) plus corrosion and erosion allowances,
in millimetres.

The pressure design thickness t shall be calculated using equation (2):

2 (STE+ Py

P isthe internal design gauge pressure, plus vacuum, if vacuum-insulated, in megapascals;
o Is the outside diameter of pipe, in millimetres;

S isthe basic allowable stress value for material from Table 1, in megapascals;

Y s a|coefficient equal to 0,4 for austenitic steels;

E s the quality factor, which for stainless steel and seamless tubes is 1,0.

Table|1 — Basic allowable stresses ( S) in tension for austenitic stainless steel tubes and pipes

Dimensions in megapascals

Designation Specified minimum Specified minimum yield Maximum basic allowable stress S
tensile strength strength at minimum temperatfire
(2/3 of the yield strength)

ASTM A 340, type 304 517 207 138
ASTM A 240, type 304 L 482 172 115
ASTM A 340, type 316 517 207 138
ASTM A 240, type 316 L 482 172 115

4.2.3.3 Cycljc effects

4.2.3.3.1 Cyclic loadings

Piping and cpmponents shall be designed to accommodate the effects of metal fatigue resulting from the thermal

cycling to whictrthresystenmwitt-be—subjected—Particutar considerationmshat-begivermrwhere thanges-imwall thickness
occur between pipes, fittings, valves, components, and at areas of anchoring.

Cyclic design conditions shall include coincident pressure, temperature, imposed end-displacements and thermal
expansion of the joint itself, for cycles during operation. Cycles due to transient conditions (startup, shutdown and
abnormal operation) shall be stated separately.

4.2.3.3.2 Limits of calculated stress due to sustained loads and displacement strains
4.2.3.3.2.1 Internal pressure stresses

Stresses due to internal pressure shall be considered safe when the wall thickness of the piping component, including
any reinforcements, meets the requirements of 4.2.3.2.


https://standardsiso.com/api/?name=2b9ebda9664757f2400c46cf519de14a

©1SO ISO 13984:1999(E)

4.2.3.3.2.2 Longitudinal stresses §

The sum of longitudinal stresses § in any component in a piping system, due to pressure, weight and other sustained
loadings, shall not exceed S, in equation (4).

The thickness t of the pipe used in calculating the stress value § shall be the nominal thickness t,,, minus mechanical
corrosion and erosion allowance c [from equation (1)].

4.2.3.3.2.3 Computed displacement stress range S

The computed displacement stress range S- in a piping system, given by equation (3), shall not exceed the allowable
disp|acem ent stress Q/_\ calculated hy =TTl lation (A)

§={82+4 ¢ ®
where

S, ig the resultant bending stress, in megapascals;

S i the torsional stress, in megapascals.
4.2.3.3.2.4 Allowable displacement stress range Sy

Sy =|f(1,25 § +0,25 §) @)

S, ig the allowable displacement stress, in megapascals;

S. i§ the basic allowable stress at minimum metal temperature expected during the displacemerjt cycle under
analysis, in megapascals;

g the basic allowable stress at maximum metal temperature expected during the displacement cycle under
nalysis, in megapascals.

S,

Q

When S, ig greater than § , the difference between them may be added to the term 0,25 S, in equation (4). In this case,
the allowalple displacement stress is ealculated by equation (5):

Sa =|f[1.25(8 + R) — S 5)
where

S i the sum.of longitudinal stresses in any component in the piping system due to pressure, weight and other
spstained‘loadings, in megapascals;

f id-the stress range reduction factor from Tahle 2 or calculated h\]/ e 1ation (R):
f =60[N]?%<1 (6)
where
N is the equivalent number of full displacement cycles during the expected service life of the piping system;

S, s the resultant bending stress, in megapascals;

S is the torsional stress, in megapascals.
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Table 2 — Stress-range reduction factor  f
Cycle N Factor f
7 000 or less 1,0
over 7 000 to 14 000 0,9
over 14 000 to 22 000 0,8
over 22 000 to 45 000 0,7
over 45 000 to 100 000 0,6
over 100 000 to 200 000 0,5
over 200 000 to 700 000 04
over 700 000 to 2 000 000 0,3
When the computed stress range varies, whether from thermal expansion or other conditions, S is defined as the
greatest computed displacement stress range. The value of N in such cases can be caleulated by equatioh (7):
N=NE+Z(ri5N) fori=1,2,..n 7)
where
N s thje number of cycles of maximum computed displacement stress range, S;
r; isthe ratio of § to S (§/S);
S is aply computed displacement stress range smallet than S;;
N; is thje number of cycles associated with displacement stress range §.
4.2.3.4 Fixef piping
Exterior piping shall be installed above-greund and shall be well supported and protected against mechanic@l damage.
Piping shall be protected from corrosion’in-compliance with present recognized practices.
The refuelling system piping shall®e-suitably supported and anchored, and insulated for the liquid hydroger service at
the design pressure.
Manifolds copnecting the_storage tank shall be fabricated to minimize vibration and shall be installed in protected
locations or ghielded toprevent damage from unsecured objects.
Piping and fitfings shall be clear and free from cutting burrs and scales, and the ends of all piping shall be reamed.

Any piping fal

H I hall + Al i+ e bal +l A H
UTTLAUIUTT JTULTOO STAIT TIUL TTUULT 1o pITooUlTT TAdully DTIUVY UC UT oIyt JTCooultT.

A joint or connection shall be located in an accessible location.

Hydrogen shall only be vented to a safe point of discharge. A vent pipe shall be connected to a point at the top of the
storage tank to prevent any trace of hydrogen remaining, and shall have the open end suitably protected to prevent
entrance of rain, snow and solid material. Vertical vent pipes shall have provision for drainage.

4.2.3.5 Pipe supports

Pipe supports, including pipe-supporting insulation systems, shall be resistant to or protected against exposure to fire
or escaping cold liquid hydrogen, or both, if they are subject to such exposure.
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4.2.4 Refuelling hoses

Design of the refuelling hoses shall be met according to the state of the art and manufacturer's experience.

The refuelling hoses shall consist of vacuum or otherwise suitably insulated flexible hoses for the hydrogen to remain in
its liquid form. The hoses shall be suitably equipped for the ventilation of any gaseous hydrogen that may form.

The insulation shall maintain any properties that are required by design during an emergency when exposed to fire,
heat, cold or water as applicable.

Whenever a loss of vacuum is detected, or if condensation or frost appears on the external surface of the hose during

use, the h

Each couf
where it is

Gasket m
Loose-fibr
system. O
hydrogen ¢xposure.

The maxin
storage ta
hoses are

Sharp ben
the hose i

The use of

a)
b)

c)

425 Pre

csa chall ha takan cut of sarvice untiltha vacuiim hac haan ractarad
Se-SHat-betaxeR-out-o-SePHee-HhtitReYacHHHRaSpueenesStorea-

aveh
aninl

a sec
be ing

The mpanufacturer's identification 'shall be retained in each section.

Iterials suitable for service with liquid hydrogen and that are properly sized shall\be used fo

ling used on a hose to make connections shall be appropriately designed so that there will b
connected.

gasket material that can be readily fretted shall not be used, since the loose particles may co

e no leakage

r this service.
htaminate the

rings and O-ring grooves shall be matched properly for the design service ¢onditions of low tenpperature and

hum permissible operating pressure of the transfer equipment shall*be rated equal to or gre
hk design pressure or the discharge pressure of pumps or othef devices, whichever is highe
Lised, provisions shall be made for gas recovery or venting.

[s and twists shall be avoided in the routing of flexible hose:”A minimum of five times the outsid
considered acceptable as a bend radius.

hose in an installation shall be limited to:
cle fuelling hose;
bt connection to compression equipment;

ion of metallic hose not exceeding 1 m in length to provide flexibility where necessary. Each
talled so that it will be protected against mechanical damage and be readily visible for extern|

ssure-relief devices

The desig

When fitti

shall be designed ‘se/that the flow capacity of the pressure relief systems will not be reduced below
required fgr thesstorage tank on which the pressure-relief systems are installed. The opening through
fittings shgll have at least the same flow area as the inlet of the pressure-relief device to which it is co
nominal si i ipi ' i

, material and location of pressure-relief devices shall be suitable for the intended service.

s and piping-are used on the upstream and/or downstream sides of pressure-relief systems,

ater than the
. Where dual

e diameter of

section shall
al inspection.

he passages
the capacity
bll piping and
nnected. The

pt. Oversized

pressure-relief devices may be used without requiring all openings in their lines to have the same flow area, provided
the required flow capacity is assured through the system.

Each pressure-relief device shall be subjected to an air or gas pressure test to determine:

a)

b)

that the start-to-discharge pressure setting is within tolerances of the set pressure marked on the valve as
required by an applicable standard;

CAUTION: In setting the valve, care shall be taken that evidence of start-to-discharge is due to opening

of the

valve and not due to a defect.

that after the start-to-discharge pressure test, the resealing pressure is not less than 90 % of the start-to-
discharge pressure. If the valve has adjustable blowdown, the resealing pressure shall not be less that 95 % of
the start-to-discharge pressure.
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Pressure-relief devices shall be so arranged that the possibility of damage to piping or appurtenances is reduced to a
minimum. The means for adjusting pressure-relief-valve set pressure shall be sealed.

The discharge piping from pressure-relief devices shall be properly supported to withstand the reaction forces

generated du

ring maximum rate of discharge.

Pressure relief valves shall be inspected and set point tested at least once every 30 months, with intervals not
exceeding 30 months, to ensure that each valve relieves at the proper setting.

A pressure-relief device shall be provided in the transfer system to prevent overpressure.

S liaf A aoc vracuurad tharoaal v nanc

A pressure-r
section of a li

These pressuyire-relief valves shall be set to discharge at or below the design pressure

hose they prq
Discharge frg
4.2.6 Vehicl

A vehicle refl
hydrogen onl

The transfer

the possibilit]
disconnected
from contami

the lines. The fuelling connection shall prevent escape of hydrogen, in either its gaseous or liquefied form

connector is

The end of th
of connecting

Purging shall
The dispensi
An emergenc
shutting dow|

legible sign, 4

Hoses and a
and vapour ir

ETICT

(uid or cold-vapour pipeline that can be isolated by valves.

of the section of th
tect.

m such pressure-relief valves shall be directed to minimize hazard to personnekand equipment

b refuelling connections

.

connections shall be keyed, sized or located so that they cannot be cross-connected, thereby
y of connecting incompatible gaseous fluids or pressute levels. The connectors and fitt
during operations shall be provided with tethered end-plates, caps, plugs or covers to protect
hation or damage when not in use. Pressure relief shall also be provided if cold fluid can remain

hot properly engaged or becomes separated.

e liquid-hydrogen fuelling hose shall be‘equipped with a suitable male vacuum-jacketed coupli
to a vacuum-jacketed female coupling.en the vehicle.

also be possible with the connegtor coupling mechanism or when coupled.

g device shall be protected from vehicle collision damage.

y shutdown system (ESD) shall be provided that includes a shutoff valve for stopping liquid
h transfer equipmient. An actuator, distinctly marked for easy recognition with a permanen

hall be provided.near the dispenser and also at a safe, remote location.

'ms shallde‘equipped with a shutoff valve at the free end and with devices to minimize relea
the event that a vehicle pulls away while the hoses remain connected.

ion in any

B piping or

elling connection shall provide for the reliable and secure connection ‘of the fuel tanks to a source of liquid

minimizing
ngs to be
he system
trapped in
when the

ng capable

Supply and
tly affixed,

e of liquid

A means shgll®e provided to supply the fuelling system operator with the level and pressure of liquid hydrggen in the
fuel tank to mmmmmmmm—mdmed on a

periodic basis.

The fuelling connector either shall be equipped with an interlock device that prevents release while the line is open or
shall have self-closing ends that automatically close upon disconnection.

When not in use, hoses shall be secured and the fuelling connector provided with a storage bracket to protect it from
damage.

The fuelling connector shall be suspended by a tethering device that prevents it from coming in contact with the ground
at any position between its storage bracket and the vehicle female coupling.

A grounding connector and cable shall be provided from the refuelling station to a ground connector on the vehicle
being refuelled. Any tools used in the refuelling operation shall be non-sparking.
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4.3 Installation of piping and hoses

4.3.1 Layout

Piping and

4.3.2 Wel

hoses shall be run as directly as practical.

ding

Qualified welding procedures shall be selected to minimize degradation of the low temperature properties of the pipe
material. Welds shall be inspected using radiographic or ultrasonic testing or other equivalent non-destructive testing
as described in clause 5.

4.4 Equi

Piping, val

physical damage and against tampering.

A remotely
as practics
piping bety

An emergsq
valve durir]

After insta
procedure

Any mater
4.5 Tran
45.1 Cle

All transfe
contamina
maintenan

If the fuell
performed

452 Ele

All condug
Electrically
prevent an

bment assembly

ves, regulating equipment and other accessories shall be readily accessible and shall be prot

controlled shutoff valve shall be located in the liquid-hydrogen withdrawal piping as close to thg
veen the remotely controlled shutoff valve and its connection to the storagetank.

ncy device shall be provided whereby the operator of the refuelling, interface can readily activg
g refuelling.

described in 5.6.

al present underneath the transfer hoses shall be noneombustible.

sfer method

bnliness and purges

hoses in liquid hydrogen service shall be purged with helium or hydrogen gas to remove oth
nNts before insertion of liquid hydrogen into the line. Purges subsequent to hydrogen use, for

ce purposes, shall be made with*an inert gas such as helium.

ng system can be maintained by any means under continuous hydrogen pressure, purging

trical grounding and bonding

tive sections in the fuelling system interface shall be bonded to the rest of the system
isolatedsconductive sections shall not be used. Sufficient grounding connections shall bg
y measurable static electricity charge from accumulating on any component.

bcted against

storage tank

I. No connection, flange or other appurtenance except a welded manual shytoff valve shall be ipstalled in the

te the shutoff

lation, all field-erected piping shall be tested and proved hydrogen gas-tight according to th¢ leak testing

ler gases and
shutdown or

need not be

or grounded.
provided to

ha trancfar cvuctam

The bondirk

araonnactinne chall ha m
g coecaonsS—ShchiBe+

[©]
)
[©]
+
fa s

et T oTCT— oy ot

The resistance to ground shall be less than 10 Q.

5 Testing and inspection methods

5.1 Examination requirements

Prior to initial operation, each piping installation, including components and workmanship, shall be examined as
described in 5.3.1, 5.3.2, 5.3.3 and 5.3.4. Joints not included in these examinations, or those for which the

manufactu

rer is not requiring examination, are accepted if they pass the leak test of 5.6.
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5.2 Acceptance criteria

Acceptance criteria shall be as guaranteed by the manufacturer.

5.3 Examination types

5.3.1 Extent of examination
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Piping shall be examined to the extent specified in this International Standard or to any greater extent specified by the
manufacturer.
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Radiography of welds and of components other than castings shall be performed in accordance with ISO 1106-3.

5.4.3 Ultrasonic examination

Ultrasonic examination of welds and of the area adjacent to the weld seam shall be performed in accordance with
ISO 9303 and ISO 13663.

5.4.4 Magnetic particle and liquid penetrant examination

Magnetic particle examination of welds shall be performed in accordance with ISO 13664 and ISO 13665.

Liquid penetrant examination of welds shall be performed in accordance with ISO 12095.
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