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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 ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.

The proceglures used to develop this document and those intended for its further maintenange
described In the ISO/IEC Directives, Part 1. In particular the different approval criteria neededfor
different types of ISO documents should be noted. This document was drafted in accordance with
editorial ryles of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).
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Road vehicles — Compressed gaseous hydrogen
(CGH2) and hydrogen/natural gas blend fuel system
components —

Part 2:

Performance and general testmethods

1 [Scope

Thip part of ISO 12619 specifies performance and general test methods (fer compress¢d gaseous
hydirogen (CGH2) and hydrogen/natural gas blends fuel system components; intended for juse on the
typgs of motor vehicles defined in ISO 3833.

Thip partof ISO 12619 is applicable to vehicles using CGH2 in accordance with ISO 14687-1 or IFO 14687-2
and hydrogen/natural gas blends using natural gas in accordance with ISO 15403-1 and ISO/TR 15403-
2. I{is not applicable to the following:

— |liquefied hydrogen (LH2) fuel system components;
— |fuel containers;

— |stationary gas engines;

— | container mounting hardware;

— |electronic fuel management;

— |refuelling receptacles.

NOTE1 Itis recognized that miscellaneous components not specifically covered herein can be ¢xamined to
medt the criteria of this part of ISO 12619 and tested according to the appropriate functional tests.

NOTE 2  All references to)pressure in this part of ISO 12619 are to be considered gauge presqures unless
othgrwise specified.

NOTE 3  This partof ISO 12619 may not apply to fuel cell vehicles in compliance with international pegulations.

2 |[Normative references

Thd followmg documents 1n whole or in part are normatlvely referenced 1n thlS document and are
indispen 3 : : : e or undated
references the latest ed1t10n of the referenced document (mcludmg any amendments) apphes

[SO 188, Rubber, vulcanized or thermoplastic — Accelerated ageing and heat resistance tests

ISO 1431-1, Rubber, vulcanized or thermoplastic — Resistance to ozone cracking — Part 1: Static and
dynamic strain testing

[SO 1817, Rubber, vulcanized or thermoplastic — Determination of the effect of liquids
[SO 9227, Corrosion tests in artificial atmospheres — Salt spray tests

ISO 11114-2, Gas cylinders — Compatibility of cylinder and valve materials with gas contents — Part 2:
Non-metallic materials

© ISO 2014 - All rights reserved 1
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ISO 11114-4, Transportable gas cylinders — Compatibility of cylinder and valve materials with gas
contents — Part 4: Test methods for selecting metallic materials resistant to hydrogen embrittlement

ISO 12619-1:2014, Road vehicles — Compressed gaseous hydrogen (CGHZ) and hydrogen/natural gas blend

fuel system

components — Part 1: General requirements and definitions

ISO 12619-3:2014, Road vehicles — Compressed gaseous hydrogen (CGHZ2) and hydrogen/natural gas blend

fuel system

components — Part 3: Pressure regulator

ISO 14687-1, Hydrogen fuel — Product specification — Part 1: All applications except proton exchange

membrane

(PEM) fuel cell for road vehicles

ISO 14687
application

[SO 15500+
and generdq

ISO 15403
the quality

ISO/TR 151
of the quali

ASTM G15
Materials

ASTM D48

2, Hydrogen fuel — Product specification — Part 2: Proton exchange membrane (PEM) fuell
s for road vehicles

2, Road vehicles — Compressed natural gas (CNG) fuel system components — Part 2., Performd
[ test methods

1, Natural gas — Natural gas for use as a compressed fuel for vehicles — Part 1: Designatid
103-2, Natural gas — Natural gas for use as a compressed fuel for vehicles — Part 2: Specifica
a%

i, Standard Practice for Operating Fluorescent Light Apparatus for UV Exposure of Nonmet

14 -11b, Standard Specification for Automotive Spark;Ignition Engine Fuel

3 Terms and definitions

For the pui

4 Gene
4.1 Unle

4.2 Com

poses of this document, the terms and-definitions given in ISO 12619-1 apply.

ral
5s otherwise stated, the tests shall be conducted at room temperature, i.e. 20 °C = 5 °C.

bonents shall complywith the tests specified in ISO 12619-3 and subsequent parts, as we

the applicalle tests specified.inthis part of ISO 12619. Because of the peculiarities of some compong

the list of t
are require

4.3 Unle
nitrogen w

bsts given in this)part of ISO 12619, (Clauses 5 to 17) is not exhaustive. Where additional t
d, their provisions are given in another relevant part.

bs othérwise specified, all tests shall be conducted using dry hydrogen, helium or blend
itha minimum 5 % of hydrogen. The tests shall be performed by qualified personnel

appropriat

cell

nce

n of

fion

nllic

las
nts,
psts

s of
and

b 'safety measures shall be taken. The dew point of the test gas at the test pressure shall b

e at

the temperature at which there is no icing, or hydrate or liquid formation. The dew point of the test gas at
the test pressure shall be at the temperature at which there is no icing, or hydrate or liquid formation.

4.4
[SO 126109.

4.5 Hydrogen used for testing shall comply with either ISO 14687-1 or ISO 14687-2.

5 Hydrostatic strength

It is recognized that new technology may not be covered in ISO 12619-3 or subsequent parts of

A component shall not show any visible evidence of rupture when subjected to the following test

procedure.

2
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Plug the outlet opening of the component and have the valve seats or internal blocks assume the open
position. Apply, with a test fluid, the hydrostatic pressure specified in the applicable part of ISO 12619
to the inlet of the component for a period of at least 3 min.

The hydrostatic pressure shall be increased at arate of less than or equal to 1,4 MPa/sec until component
failure. The hydrostatic pressure at failure shall be recorded. The failure pressure of components which
have been subjected to previous durability and corrosion tests shall be no less than 80 % of the failure
pressure of the virgin component.

The samples used in this test shall not be used for any other testing.

6 [Leakage
6.1 General

6.1{1 Prior to conditioning, purge the component or device with nitrogencand then seal itjat 30 % of
working pressure using test gases as defined in 4.3. In case of components ‘subjected to moge than one
wortking pressure, the test may be conducted in subsequent steps.

6.1)2 Conduct all tests while the device is continuously exposed té_the specified test temperptures. The
devjce passes the test if it shall have a leakage rate of less than 2Q®Ncm3/h (normal referred td hydrogen)
of hydrogen gas using the test method specified in 6.2, 6.3 and)64. If test gas other than pure hydrogen is
usefl, the leak rate shall be converted to a 100 % hydrogen:gas leak rate equivalent.

6.2| External leakage

6.2]1 Plugeach device outlet with the appropriate mating connection and apply the test pregsure to the
inlet.

6.2)2 Apply test gases as defined in4.3’to the test device.

6.2)3 Atall test temperatures, immerse the components in a suitable test medium for at legdst 2 min or
use|a helium vacuum test (global accumulation method) or other equivalent method.

6.2}4 Measure the leakrate by an appropriate method. It should not be more than as specifjed in 6.1.2.
6.3| Internal leakage

6.3]1 Theinternal leakage testis applicable only to devices having a closed position. The ain] of this test
is tg check-the pressure tightness of the closed system.

6.3.2—Commectthe imtet orouttet, asappticabte; of thedevice, with threappropriate ratimg tonnection,
while leaving the opposite connection or connections open.

6.3.3 Apply the test pressure to the inlet or outlet, as applicable, of the device using test gas.

6.3.4 At all applicable temperatures mentioned in 6.4, immerse the component in a suitable test
medium for at least 2 min or other equivalent method.

6.3.5 Measure the leak rate at any applicable test pressure mentioned in 6.4, or otherwise specified
in the other parts of the ISO 12619 series, by an appropriate method and it should not be more than as
specified in 6.1.2.

© ISO 2014 - All rights reserved 3
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6.4 Test

conditions

6.4.1 The device shall be pressurized at 100 % of service pressure and then conditioned until
temperature equilibrium is achieved at low temperature of =40 °C or -20 °C, as applicable, and maintained
at that temperature for at least 30 min. Then the device shall be pressurized at 5 % of service pressure
and maintained at that temperature for at least 30 min.

6.4.2 The device shall be pressurized at 5 % of service pressure and then conditioned until temperature
equilibrium is achieved at the room temperature of 20 °C £ 5 °C and maintained at that temperature for

atleast 30

in. Then the device shall be pressurized at 150 % of service pressure and maintained at that

temperatul

6.4.3 Th
equilibriun
temperatul
maintained

e for at least 30 min.

e device shall be pressurized at 5 % of service pressure and then conditioned until tempera

1 is achieved at high temperature of 85 °C or 120 °C, as applicable, and majntaihed at

‘e for at least 30 min. Then the device shall be pressurized at 150 % of service’pressure
at that temperature for at least 30 min.

ure
that
and

7 Excegs torque resistance

A compongnt designed to be connected directly to threaded fittings shall-be capable of withstandjing,

without d¢formation, breakage or leakage, a torque effort of 150 %\of the rated installation vdlue,

according to the following test procedure.

a) Testan unused component, applying the torque adjacent to‘the fitting.

b) Foracpmponent having a threaded connection or threaded connections, apply the turning effort for
15 mit}, release it, then remove the component and examine it for deformation and breakage.

c) Subject the component to the leakage test specified in Clause 6.

d) Subject the component to the hydrostatic strength test specified in Clause 5.

8 Bendjng moment

A compongnt shall be capable of operation without cracking, breaking, or leaking when tested according

to the following procedure.

a) Assemple the connections of the component, leak-tight, to an appropriate mating connection or
connedtions, representative of design intent. After assembly, the length of the inlet tubing shalll be
greatef than 300 mim (see Figure 1).

b) The oytlet connection shall be rigidly supported, 25 mm from the component outlet, except in[the
follow]|ng eages:

J— lf the r‘nmpnnnnf has an infngra] mnnnfing means ihﬂnpnnﬂnnf of the inlet and o1 tlet
connections, the component shall be mounted using the integral mounting means specified by
the manufacturer;

— if the component is intended to be mounted by either the integral mounting means or the
component outlet, the mounting means that produces the most severe test condition shall be
used.

c) Check this assembly for leaks prior to subjecting it to d).

d) Withthe componentin the closed position, pressurize the system to 0,25 times the working pressure
and apply a force according to Table 1, 300 mm from the inlet, maintaining it for 15 min. Without
removing the force, check the component for leakage in accordance with the test method given in
Clause 6, at room temperature.

4 © ISO 2014 - All rights reserved
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NOTE Depending on how this test is performed, increasing the load to compensate buoyancy could be
necessary.

e) Conduct procedure d) four times, rotating the component 90 ° around the horizontal axis between
each test. Between tests, open and close (if applicable) the component three times with the bending
moment removed.

f) At the completion of the above tests, remove the component and examine it for deformation; then
subject it to the leakage test according to Clause 6 and to the hydrostatic test according to Clause 5.

Table 1 — Bending moment test force

Outside diameter of tubing Force
mm N
3,4
9,0
=12 17,0

% 300 2

5 kPa (50 mbar)?

25 >300

Key]
component
force point
a |4 x90° rotation

Figure 1 — Bending moment

9 |Continued operations

9.1| cGeneral

For the details of test methods for particular components, see the other parts of ISO 12619. The method
specified in this clause is general in nature and also applies to miscellaneous components.

Other components (those for which specific requirements are not specified) shall be subjected to the
following continuous operation test for a total number of cycles to be determined by the testing agency.
The determination of the total number of cycles shall be generally based on 15 000 fill cycles and/or
50 000 duty cycles.

© IS0 2014 - All rights reserved 5
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9.2 Test method

9.2.1 Testprocedure

Connect the component securely by a suitable fitting to a pressurized source of test gases as defined in
4.3 and subject it to the number of cycles specified in ISO 12619-3 and parts corresponding to specific
component, as applicable. A cycle shall consist of one opening and (if applicable) one closing of the
component within a period of notless than 10 s + 2 s.

During the off-cycle, the downstream pressure of the test fixture shall be lowered to a maximum of 50 %
of the test pressure-

Unless oth¢rwise specified, the test pressure shall be 100 % of the working pressure.

Unless oth¢rwise specified, the conditions of 9.2.2, 9.2.3, and 9.2.4 apply.

9.2.2 Ropm temperature cycling

Operate the component through 90 % of the total cycles at room temperature specified in ISO 12619-1,
4.3 and at working pressure. On completion of room temperature cycles, thé-component shall conpply
with requifements of Clause 6 of this part of ISO 12619 at room temperatufe.

9.2.3 High temperature cycling

Operate the component through 5 % of the total cycles at the applicable maximum temperature specified
in ISO 126[19-1, 4.3 and at working pressure. On completion of\the applicable maximum temperafure
cycles, the| component shall comply with requirements ofc€lause 6 of this part of ISO 12619 at|the
applicable maximum temperature.

9.2.4 Low temperature cycling

Operate the component through 5 % of the-total cycles at the applicable minimum temperature
specified in ISO 12619-1, 4.3 and at 50 % working pressure. On completion of the applicable minimpum
temperatufe cycles, the component shall comply with requirements of Clause 6 of this part of [SO 12619
at the applicable minimum temperatuze.

Immediately following the continued operation tests and leakage testing, perform the hydrostfatic
strength tgst according to Clause b

10 Corrgsion resistance

10.1 All copmponents shall perform safely and in compliance with Clause 6 following exposure to |salt
spray according'te:the following test method.

CFR N | + PR I s 1 PR I | s L e Wa Nl Y 1.
10.2 WlL[l UIC CULITPUIICIIU SUPPOTLCU TIT IS TTOTIIAl HTISTAIICU DUSIUUIL, €APUST 1L 10 OUU I LU d 5dIU 5 I‘ay

(fog) test as specified in ISO 9227.
10.3 Maintain the temperature within the fog chamber between 33 °C and 36 °C.
10.4 The saline solution shall consist of 5 % sodium chloride and 95 % distilled water, by weight.

10.5 Immediately following the corrosion test, rinse the sample and gently clean it of salt deposits; then
subject it to the test according to Clause 6.

10.6 Immediately following the corrosion test and leakage testing, subject it to the hydrostatic strength
test according to Clause 5.

6 © ISO 2014 - All rights reserved
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11 Oxygen ageing

All synthetic or non-metallic parts of components that provide a fuel-containing seal for which a
satisfactory declaration of properties is not submitted by the applicant shall not crack or show visible
evidence of deterioration after oxygen ageing when tested according to the following procedure.

Subject representative samples to minimum 96 h of exposure to oxygen at a temperature of 70 °C £ 5 °C,
at minimum 2 MPa (20 bar), in accordance with ISO 188.

12 Ozone ageing

Sealing materials shall be listed and rated by the manufacturer as being resistant to ozr:Lne ageing.
Othlerwise, they shall not crack or show visible evidence of deterioration subsequent tg-0zone ageing as
spefified herein.

The test shall be in compliance with ISO 1431-1.

The test piece, which has to be stressed to 20 % elongation, shall be exposedtg’air at 40 C with an ozone
confcentration of 50 parts per hundred million for 120 h.

13|Electrical over voltages

Theg component shall be connected to a variable DC voltage sgufce. The component shall be ¢perated in
thelfollowing cycles (see Figure 2):

Hold for 1

2 times the rated min
voltage or 60V
whichever is less

1.5 times rated
voltage

1h
ov

Figure 2 — Abnormal electrical voltages test cycle

Thecompomentstratt be operatedas foltows:
— Anequilibrium (steady-state temperature) hold is established for 1 hr at 1,5 times the rated voltage.
— The voltage is increased to two times the rated voltage or 60 V, whichever is less, and held for 1 min.

— Any failure shall not result in external leakage, open valve or similar unsafe conditions such as
smoke, fire or melting.

The minimum opening voltage at service pressure and room temperature shall be less than or equal to
9V fora 12 V system and less than or equal to 18 V for a 24 V system.

© ISO 2014 - All rights reserved 7
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14 Non-metallic material immersion

14.1 Non-metallic material used in a component shall be subjected by the test agency to the tests

described in 14.2 and 14.3, except where the applicant submits declarations of results of tests carried
on the material provided by the manufacturer.

14.2 A part made of non-metallic material in contact with gaseous hydrogen and hydrogen/natural

out

gas

shall be in accordance with ISO 15500-2, 13.2 and not show excessive change in volume or weight when

tested according to the following procedure:

material used in a component, then immerse the sample or samples at room temperature in gasqous

a) Prepare, measure and weigh a representative sample or samples of each non-metallic syntitic

hydrogen at a pressure equal to its working pressure, but not less than 100 kPa for a miinimu

b) Follo

b) Follo

No sample|shall exhibit swelling greater than 25% or shrinkage greater than 1 %. The weight cha
shall not exceed 10 %.

15 Vibrdtion resistance

All compo
the requirg¢ments of their leakage tests after 6 h of vibration, carried out according to the following
procedure

Vibrate thd component, pressurized to its working pressure with test gases as defined in 4.3 and se
at both ends, for 30{min along each of the three orthogonal axes at the most severe resonant frequd
determinegl withconsideration of installing to the vehicle as follows:

of

ure

ght

fin-
Kive

etic

nge

ents with moving parts shall remain undamaged, and shall continue to operate and npeet

test

hled
ncy

— by an gcCeleration of 1,5 g;

— within a sinusoidal frequency range of 10 Hz to 500 Hz;
— with a sweep time of 10 min.

If the resonance frequency is not found in this range the test shall be conducted at 500 Hz.

At the completion of the test, the component shall not show any indication of fatigue or component
damage, and shall comply with the leakage test specified in Clause 6 and the hydrostatic test specified

in Clause 5.
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