Informal document GRSG-112-05
Submitted by the expert from ISO (TC 58/SC 3) (112th GRSG, 24-28 April 2017,
Agenda item 9.)

Rationale for the proposed amendments to Regulation No. 110 (CNG/LNG
vehicles) (Based on Informal Document GRSG-111-02-Rev.1)

The text reproduced below was prepared by the expert from the International Organization for
Standardization (ISO). The expert 1s the Convener of the Working Group (ISO TC 58/SC 3/WG 17),
which is responsible for the ISO 11439 standard High pressure cylinders for the on-board storage of
natural gas as a fuel for automotive vehicles. The proposed changes are for the purpose of
harmomzmg the CNG cylinder requirements in Regulation No. 110 with the requirements in the ISO
11439: 2013 standard.

The proposed changes in ECE/TRANS/WP.29/GRSG/2016/22 are a follow-up to the discussion that
occurred during the 110th session of the Working Party on General Safety Provisions (see report
ECE/TRANS/WP.29/GRSG/89, paras. 33-34) and the 111" session of the GRSG (see report
ECE/TRANS/WP.29/GRSG/90, paras. 32-33). The expert from France asked for more detailed
information on each of the proposed amendments, especially on the level of stringency and their
impact on technical services. The modifications to the current text of UN Regulation No. 110 are
marked by strikethroughs and in bold characters. Comments in red are those from Informal GRSG-
111-02. Comments in blue are those from the experts from France and in brown are the responses
from the expert from ISO.

Justification

The justification (marked in red characters) for this proposal was previously presented in the
document ECE R110 Annex 3 & 1SO 11439 ““High pressure cylinders for the onboard storage of
natural gas as a fuel for automotive vehicles™, Informal document GRSG-106-29 (106th GRSG, 5-9
May 2014, agenda item 8).

Proposal - Alignment with ISO 11439:2013 - Proposed Revisions to:

E/ECE/324/Rev.2/Add.109/Rev.3
E/ECE/TRANS/505/Rev.2/Add.109/Rev.3

Regulation No. 110
Uniform provisions concerning the approval of:

1. Specific components of motor vehicles using compressed natural gas (CNG) and/or liquefied
natural gas (LNG) in their propulsion system

II. Vehicles with regard to the installation of specific components of an approved type for the use of
compressed natural gas (CNG) and/or liquefied natural gas (LNG) in their propulsion system
Prepared By:

Craig Webster, P.Eng.
Convener — ISO TC 58/SC 3/WG 17 for the ISO 11439 Standard

craig.webster@csagroup.org

= France comments in blue.
= 1SO TC 58/SC 3/WG 17 Convener responses in brown to French comments



= 2. References

ASTM Standards

ASTM-BH7-90- Testmethod-of Salt-Spray-(Fog) Festing

Replaced by reference to 1SO 9227 equivalent.

ASTMB154-92 Mercurous Nitrate Testfor- Copper-and-CopperAloys

No longer use mercurous nitrate as very dangerous chemical to handle — replaced by less dangerous
test specified under 15500-13 for PRD testing per tests defined in 15500-2.

ASTM D522-923a Mandrel Bend Test of aAttached Organic Coatings

Corrected reference.

Replaced by reference to 1SO 14130 equivalent.

ASTM D2794-923 Test Method for Resistance of Organic Coatings to the Effects of Rapid
Deformation (Impact)

Corrected date of reference.

ASTM D3359 Standard Test Methods for Measuring Adhesion by Tape Test
Replacement for ISO 4624 (incorrect reference)

ASTM D4814 Standard Specification for Automotive Spark-Ignition Engine Fuel

Standard added for Environmental test chemical.
ASTM D3418-83 Test Method for Transition Temperatures Polymers by Thermal Analysis
Editorial.

No longer required, as no longer calculate fatigue crack growth rates in the Regulation (see also
F.3.1)

Superseded by ASTM G154 (see also A.9.1).

ASTM G154-12a Standard Practice for Operating Fluorescent Light Apparatus for UV
Exposure of Nonmetallic Materials

ASTM replacement for ASTM G53 (see also A.9.1).

Replaced by equivalent ultrasonic requirements as specified in 1SO 9809-1 standard.



Deleted since the use of fracture mechanics calculations for leak-before-break are no longer part of a
performance standard.

EN Standards

Welding is no longer part of the regulation.
20510 . ds i 1 ol |

Welding is no longer part of the regulation.

Welding is no longer part of the regulation.
Replaced by reference to equwalent ISO 6892 standard.

Replaced by reference to equivalent ISO 148-1 standard.

ISO Standards

ISO-148-1983-Steel —Charpylmpaet Fest-C+noteh)

Replaced by 1SO 148-1 (updated version)

ISO 148-1, Metallic materials — Charpy pendulum impact test — Part 1: Test method
Updated reference.

ISO 327 Pe1-93 Plasties - Petermination of Tenstle Properties Part b General prineiples-2, Plastics
— Determination of tensile properties — Part 2: Test conditions for moulding and extrusion
plastics

Updated reference.

5064279 Stool Hasdenabili !  Quenchi .

The hardenability test is no longer a requirement for steels in the 1ISO 9809 series of standards.
Suitability of the steel for CNG service is determined by performance tests.

ISO 9227 Corrosion tests in artificial Atmospheres — Salt spray tests
ISO equivalent replacement for ASTM B117.

ISO 14130 Fibre-reinforced plastic composites — Determination of apparent interlaminar shear
strength by short-beam method



ISO equivalent replacement for ASTM D2344.
ISO 2808-91 Paints and Varnishes — Determination of film Fthickness
Editorial.

ISO 3628 is for photography processing chemicals. The correct reference is ISO 527-2 Plastics --
Determination of tensile properties -- Part 2: Test conditions for moulding and extrusion plastics.

SO.4624.78 Plastics and Varni L o£F Test for adhesi
Replaced by use of ASTM D3359 as ISO 4624 was found not to be equivalent to the ASTM standard.
ISO 6982-84 6892 Metallic Materials — Tensile Testing

Wrong designation was previously used.

ISO 65061981 Metallic Materials — Hardness test — Brinell Test

Editorial.

This standard is not referenced in text of the Regulation.

ISOBIS 78661992 Refillable Franspertable Sseamless Aaluminium Aalloy gas €cylinders for
Woerldwide Usage — Design, construction and testing Manufacture-and-Aceceptance

Updated reference.

ISO 9809 1 Gas cyllnders — Reflllable seamless steel gas cyllnders — De5|gn construction and
testing — Part 1: Quenched and tempered steel cylinders with tensile strength less than 1 100
MPa

Updated reference as ISO 9809 is no longer a DIS.

1SO 9809-2, Gas cylinders — Refillable seamless steel gas cylinders — Design, construction and
testing — Part 2: Quenched and tempered steel cylinders with tensile strength greater than or
equal to 1 100 MPa

ISO 9809-3, Gas cylinders — Refillable seamless steel gas cylinders — Design, construction and
testing — Part 3: Normalized steel cylinders

Expanded the use of the ISO 9809 series of standards for steel cylinders.

No longer use fracture mechanics calculation approach in the standard — rely instead on performance
tests.

ISO 15403-1 Natural gas — Natural gas for use as a compressed fuel for vehicles — Part 1:
Designation of the quality

ISO/TR 15403-2 Natural gas — Natural gas for use as a compressed fuel for vehicles — Part 2:
Specification of the quality

Standards for natural gas quality were previously not available. These replace the use of SAE J1616.

ISO 15500-13, Road vehicles — Compressed natural gas (CNG) fuel system components — Part
13: Pressure relief device (PRD)



Comprehensive test program for PRDs compared to the single test previously used in A.24 of the
Regulation.

No need to reference 1ISO 11439 as all requirements in the standard have been included in ECE R110.

4. Definitions

4.4. "Working pressure" means the maximum pressure to which a component is designed to be
subjected to and which is the basis for determining the strength of the component under consideration.
i Horm-tempe e - For LNG tank,

E o A d d-n e O O NP ni1for a

the pressure of the LNG tank primary relief valve setting.
Specification of 20 MPa as the only working pressure for CNG has been removed, as there are parts of
the world that use 25 MPa and 35 MPa for CNG.

This term is not used in the Regulation.

Annex 3A

Gas cylinders - High pressure cylinder for the on-board storage
of CNG compressed natural gas as a fuel for automotive vehicles
1. Scope

Service conditions to which the cylinders will be subjected are detailed in paragraph 4. of this
annex. This-annex-is-based-upon-a-working pressurefor natural-gas—as—afuelo v et

iph 25- Although this annex uses 20
MPa as a minimum reference working pressure, other higher working pressures can be used.
There is no technical rationale to establish a minimum pressure of 20 MPa. 20 MPa has been used
worldwide as a common working pressure because it is convenient to use as the basis of explaining
pressure changes with temperature. Lower working pressures have been, and continue to be, used in
the world. Requiring a minimum working pressure takes a prescriptive approach that may be
appropriate to establish a maximum working pressure, however, it serves little practical purpose in
the marketplace should someone wish to use pressures lower than 20 MPa. Lower pressures present no
additional danger nor compromises safety although using lower pressures are less likely since the goal
is to get more fuel than less on board a vehicle. In this case, eliminating the word ‘minimum’ also
would require removing the word “higher’ because a higher limit already is established.

4 Service conditions

4.2. Maximum pressures

This annex is based upon a working pressure of 20 MPa settled at 15 °C for natural %as
as a fuel with a maximum filling pressure of 26 MPa. Other working pressures may be
accommodated by adjusting the pressure by the appropriate factor (ratio); e.g. a 24
MPa working pressure system will require pressures to be multiplied by 1,20. Except



4.3

4.5.

where pressures have been adjusted in this way, Fthe cylinder pressure shall be limited to
the following:

The added statement clarifies the fact that other working pressures may be used, and how
testing pressures must be adjusted accordingly.

Remark : It seems to be needed to add a new class for tank over 26MPa as filling
pressure in 8 3. (Cf. flow chart 1-1)

The possible need for added ““Classes™ of cylinders, based on different working pressures, is
not a factor in the harmonization of 1ISO 11439 technical requirements with ECE R110 Annex
3A technical requirements. Nor is a new class of cylinders needed at this time since the
classes of CNG tanks and their maximum safety requirement of 26 MPa already are well-
defined for Classes I, II, 111 and IV. New ‘classes’ of CNG cylinders made of new materials
or creative new constructions ma appear in the future and these will require additional
amendments to R.110. More likely, in future there will be new classes of cylinders made of
new materials that also could require much lower pressures, such as for adsorbed natural
gas. As such, the industry would not support a new class of higher pressure cylinders without
a market-based technology to support such a change.

(a) A pressure that would settle to 20 MPa at a settled temperature of 15 °C;
(b) 26 MPa, immediately after filling, regardless of temperature;

Maximum number of filling cycles

Cylinders are designed to be filled up to the reference working pressure a-settled-pressure-of
20-MPa—(200-bar)-at-a——settled-gas—temperature—of 15>CHorup—to-1,000 times per year of

service.

The *““reference pressure™ refers to 20 MPa, as stated in the ““SCOPE”. Cylinders are not
designed to be filled to only a ““reference pressure”, but to any working pressure for which it
specifically is designed. Cylinders, by virtue of the testing requirements, are designed for
much higher pressures than ‘the reference working pressure’ so adding this phrase would
seem to present an inconsistency with the safety testing requirements for CNG cylinders that
are prescribed in the R.110 as well as the ISO standard to which we are trying to harmonize.
As such, this additional phrase would seem to compromise safety and not enhance it.

Gas composition
451 General

Cylinders shall be designed to tolerate being filled with natural gas meeting the
specification of 1SO 15403-1 and ISO/TR 15403-2, and either of dry gas or wet gas as
described in 4.5.2 or 4.5.3, respectlvely Methanol and/or glycol shall not be dehberately
added to the natural gas. with-natural-ga

l E ] E ]] . ] i. . :
t—SAEH6H6
by 452 Dry gas

Water vapour would normally be limited to less than 32 mg/m3 at a pressure dew point of -9
°C at 20 MPa. There would be no constituent limits for dry gas, except for:

Hydrogen sulphide and other soluble sulphides: 23 mg/m3
Oxygen: 1 per cent by volume

Hydrogen shall be limited to 2 per cent by volume when cylinders are manufactured from
steel with an ultimate tensile strength exceeding 950 MPa;

e 453 Wet gas



Gas that contains water content higher than b) normally meets the following constituent

limits;

Hydrogen sulphide and other soluble sulphides: 23 mg/m3

Oxygen: 1 per cent by volume
Carbon dioxide: -4-3 per cent by volume
Hydrogen: 0.1 per cent by volume

Under wet gas conditions, a minimum of 1 mg of compressor oil per kg of y to protect
metallic cylinders and liners.

Replaced reference to the SAE J1616 natural gas specification with the 1ISO 15403
specifications for natural gas, and decreased the carbon dioxide limit to 3 per cent by volume
to correspond with the value currently in ISO 11439.

5. Design Type approval procedure
5.1. General

The following information shall be submitted by the cylinder designer with a request for approval to
the Type Approval Authority:

The cylinder design is not approved, but the Type is approved - the wording in the Regulation itself
says “Type Approval Authority”.

6. Requirements applicable to all cylinder types
6.1. General

The following requirements are generally applicable to the cylinder types specified in paragraphs 7. to
10. of this annex. The design of cylinders shall cover all relevant aspects which are necessary to
ensure that every cylinder produced according to the design is fit for its purpose for the specified
service life; Ty ee inders-desi in Geewith :

It was stated that 1ISO 9809 designs are acceptable for CNG service, provided they meet the materials
and design test requirements in ISO 11439. Instead, it has been decided that the preferred approach
is to give 1SO 9809 designs exemptions from certain tests in 1ISO 11439. These exemptions are
provided in clause 7.4 of the Regulation.

6.3.2. Steel
6.3.2.1. Composition

(b) Nickel, chromium, molybdenum, boron and vanadium contents, and any other alloying elements
intentionally added. The following limits shall not be exceeded in the cast analysis:

Fenstlestremsth———————— < OS50 MPy QSO MP,

Sulphur 0.020-pereent 0.010 per cent
Phosphorus 0.020-pereent 0.020 per cent
Sulphur and phosphorus 0:030-pereent 0.025 per cent



The 1SO 9809 series of standards no longer recognize the higher level of impurities previously
allowed for lower strength steels. They only require the one set of limits for steels regardless of tensile
strength.

The hardenability test is no longer a requirement for steels in the 1ISO 9809 series of standards.
Suitability of the steel for CNG service is determined by performance tests.

Welded steel is no longer accepted in the R.110 regulation.

Doesn’t still exist in the last Regulation series 02 version.

Japan submitted its amendment to eliminate the use of welded steel in
ECE/Trans/WP.29/GRSG/2015/27,”Proposal for the 02 series of amendments to Regulation No.110.
This was based upon informal documents GRSG-107-09, GRSG-107-37 and GRSG-108-11,
distributed during the previous sessions of the Working Party on General Safety Provisions (GRSG)
(see report ECE/TRANS/WP.29/GRSG/87, para. 43). The Japanese amendment was adopted in the
GRSG 109. ECE/Trans/WP.29/GRSG/88, paragraph 33, “Instead of adopting the proposal as a new
03 series of amendments, GRSG preferred to defer the adoption by WP.29 of the draft 02 series of
amendments to UN Regulation No. 110 ( on the agenda of the November 2015 session of WP.29 as
ECE/TRANS/WP.29/2015/90) to its March 2016 session to insert the amendments proposed by Japan.
GRSG endorsed the submission of a new consolidated proposal for the 02 series of amendments as
reproduced in GRSG-109-22-Rev.1.””. This was approved by WP29 in the March 2016 session.

Welds are no longer accepted in the R.110 regulation.

Doesn’t still exist in the last Regulation series 02 version.

It is understood that a Japan amendment to eliminate the use of welded steel was adopted in the
GRSG 109 and approved by WP29 for removal. Please see above, 6.3.2.4

6.3.3. Aluminium
6.3.3.4. Tensile properties

The mechanical properties of the aluminium alloy in the finished cylinder shall be determined in
accordance with paragraph A.l. (Appendix A to this annex). The elongation for aluminium cylinder
material in Type CNG-1 cylinders and aluminum liner material in Type CNG-2 cylinders shall
be at least 12 per cent. The elongation for aluminum liner material in Type CNG-3 cylinders
shall meet the manufacturer’s design specifications.



Type 3 designs do not require elongation limitations, as the carbon fibre overwrap prevents the
aluminum elongation from exceeding the 2% elongation of the carbon fibre.

It seems to be needed to keep the limit of 12% for CNG-3 in order to keep a safety level in case
of wrapped failure. The current Regulation wording is defined according to a minimum
performance level while the current updated wording is built on a design rule.

There is no requirement in the regulation for the liners of Type 3 designs to provide some
minimum burst pressure, so there is no assurance of safety or performance in the event the
composite wrap is compromised. In comparison, Type 2 liners, which are "’hoop-wrapped”
and not wrapped on the end-domes, do require minimum elongation because there is a
requirement for a minimum liner burst pressure.

6.3.6 Plastic liners

The tensile yield strength and ultimate elongation shall be determined in accordance with paragraph
A.22. (Appendix A to this annex). Tests shall demonstrate the ductile properties of the plastic liner
material at temperatures of -50 °C or lower by meeting the values specified by the manufacturer; the
polymeric material shall be compatible with the service conditions specified in paragraph 4. of this
annex. In accordance with the method described in paragraph A.23. (Appendix A to this annex), the

softening temperature shall be at least 99°Cand-the-meltingtemperature-atdeast 100 °C.

The increased softening temperature requirement to 100°C is in consideration of the high
temperatures generated in Type 4 cylinders during fast filling. The melting temperature was
eliminated as the 1SO 306 standard ““Plastics -- Thermoplastic materials -- Determination of Vicat
softening temperature (VST)”, does not determine the melting point.

6.4. Test pressure
The minimum test pressure used in manufacture shall be 36-MPa 1,5 times working pressure;

Changed to 1,5 times working pressure, to recognize the fact that other working pressures may be
used

6.7. Leak-before-break (LBB) assessment

Types CNG-1, CNG-2 and CNG-3 cylinders shall demonstrate Leak-Before-Break (LBB)
performance. The LBB performance test shall be carried out in accordance with paragraph A.6.
(Appendix A to this annex). Demonstration of LBB performance is not required for cylinder designs
that provide a fatigue life exceeding 45,000 pressure cycles when tested in accordance with paragraph
A.13. (Appendix A to this annex). meth CSSHRC e rformation-in

AppendixF-to-this-annex:

Reduced to only one method (performance test), by eliminating the calculation approach. The
accuracy of the calculation approach could not be readily verified by Type Approval Authorities.

6.9 Fire Protection

All cylinders shall be protected from fire with pressure relief devices. The cylinder, its materials,
pressure relief devices and any added insulation or protective material shall be designed collectively
to ensure adequate safety during fire conditions in the test specified in paragraph A.15. (Appendix A
to this annex).



Pressure relief devices shall-be-tested-inaceordance-with-paragraph-A-24-—(Appendix-A-to-this
annex). conform to 1SO 15500-13.

The new ISO 15500-13 standard provides a far more thorough test program for evaluating the long-
term integrity and performance of pressure relief devices.

A further detailed comparison between the current and the proposed new requirements / setups
seems to be needed.

It was found that the test requirements defined by experts in 1ISO 15500-13 working group are
necessary to prevent premature activations and ensure pressure relief devices are suitable for the
lifetime of the fuel cylinder. The requirements in 1ISO 15500-13 are not new to the industry and have
been in use for several years. These requirements are intended to enhance safety based on in-service
experience. Furthermore, Appendix A, Paragraph A.24 of R.110 consists of three tests for the PRDs
including two temperature/pressure leakage and fatigue tests and a fatigue test subjected to
mercurous nitrate. The 1ISO 15500-13, on the other hand, requires a total of 16 tests to determine the
PRD integrity, including tests for: 1)hydrostatic burst; 2) leakage; 3) excess torque resistance; 4)
bending moment; 5) continued operation; 6) corrosion resistance; 7) oxygen ageing; 8)electric over-
voltages; 9)non-metallic material immersion; 10)vibration resistance; 11) brass material
compatibility; 12) accelerated life; 13) bench-type activation; 14) thermal cycling; 15) condensate
corrosion-resistance; and 16) flow capacity. As such, ISO 15500-13 should be considered as far more
stringent than the existing requirements in R.110.A side-by-side comparison of the ISO 15500-13
standard and the R.110 is provided as an Annex 1 to this document.

6.12. Exterior environmental protection

The exterior of cylinders shall meet the requirements of the environmental test conditions of
paragraph A.14. (Appendix A to this annex). Exterior protection may be provided by using any of the
following:

(a) A surface finish giving adequate protection (e.g. metal sprayed on aluminium,
anodizing); or

(b)  The use of a suitable fibre and matrix material (e.g. carbon fibre in resin); or

(c) A protective coating (e.g. organic coating, paint) that shall meet the requirements of
paragraph A.9. (Appendix A to this annex).

Any coatings applied to cylinders shall be such that the application process does not adversely affect
the mechanical properties of the cylinder. The coating shall be designed to facilitate subsequent in
service inspection and the manufacturer shall provide guidance on coating treatment during such
inspection to ensure the continued integrity of the cylinder. Manufacturers-are-advised-thatan

The scope and test setups updates need to be clarified by concrete data (test results, ...)

The test in Appendix H has been moved into A.14 as a mandatory test. The mandatory use of the
Appendix H test is primarily the result of in-service stress corrosion cracking failures of CNG
cylinders reinforced with glass fibre composites.

The environmental test method in Annex H has been performed by every manufacturer of composite-
reinforced cylinders since the early 2000’s, as it has been in the 1SO 11439 and North American
NGV2 standards since that time. This is not a new test for the GRSG to consider. It has been in
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Annex H since the Regulation was first published. As a result of the widespread use of the
Environmental test as provided in Annex H, there have not been any environmental stress corrosion
cracking failures involving cylinder designs since multiple failures occurred in the 1990’s. The
proposed change to make the Environmental test in Annex H mandatory is for the purpose of
enhancing safety based on in-service experience. A version of this test has been adopted by
automotive OEMs into the UN GTR No. 13, the Global Technical Regulation on Hydrogen and Fuel
Cell Powered Vehicles. As such, there is no need seen by the industry itself to provide further data
related to the scope or test setups.

6.15. Production examinations and tests
6.15.1. General

Production examinations and tests shall be carried out on all cylinders produced in a batch. Each
cylinder shall be examined during manufacture and after completion by the following means:

(a) Ultrasonic scanning (or demonstrated equivalent) of metallic cylinders and liners in
accordance with BS-5045,Part1-1SO 9809-1, Annex B, or demonstrated equivalent method,
to confirm that the maximum defect size present is smaller than the size specified in the
design;

Replaced the BS standard with an equivalent 1ISO standard.
6.15.2. Maximum defect size

For type CNG-1, CNG-2 and CNG-3 designs, the maximum defect size at any location in the metal
cylinder or metal liner that will not grow to a critical size within the specified service life shall be
determined. The critical defect size is defined as the limiting through-wall (cylinder or liner) thickness
defect that would allow stored gas to be discharged without rupturing the cylinder. Defect sizes for the
rejection criteria for ultrasonic scanning, or equivalent shall be smaller than the maximum allowable
defect sizes. For type CNG-2 and CNG-3 designs assume that there shall be no damage to composite
due to any time-dependent mechanisms; the allowable defect size for NDE shall be determined by an
appropriate method-—Fwe-sueh-metheds-are such as that outlined in the informative Appendix F to
this annex.

Reduced to only one method (performance test), by eliminating the calculation approach, since the
accuracy of the calculation approach could not be verified by the Type Approval Authorities.

6.17. Change of design
Table 6.1

Material design qualification test
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Relevant paragraph of this anme x

Steel Aluminmium | Resins Fibres | Plastic liners
Tensile propetties 6322 | 6334 6.3.5. 6.3.6.
Impact properiies 6.3.2.3
Bremdmgpropertres 6324
Wetdexammatron 325
Sulphide stress cracking resistance 6.3.2.6.
Sustained load crack resistance 6.333.
Stress comrosion cracking 6.3.3.2.
Shear strength 6.34.2.
Glasstransition temmperature 6.34.3.
Softening/ivfettng temmperature 6.3.6.
Fracturemechanmcs™ o7 o7

Bend properties and weld examinations have been eliminated as welding no longer a part of the
Regulation. The Fracture mechanics have been removed from ISO 11439 as it has not been possible
for Type Approval Authorities to verify the accuracy of calculations.

What is the justification of § 6.7. removal ? The updated § 6.7. already exclude the virtual
method, a physical test is requested.

Only the Fracture Mechanics part of 6.7 has been eliminated (see clause 6.7 above). The
physical test (Leak-before-break pressure cycle testing) remains - note that LBB pressure
cycling is not specified in Table 6.1 because it is not a materials design qualification test.
Because Fracture Mechanics approach has been eliminated, it was not necessary to list the
use of Fracture Mechanics to analyze materials properties in Table 6.1 above. Furthermore,
the 6.7 has already been removed from this table due to the amendments proposed by Japan
in ECE/TransWP.29/GRSG/2016/6 and adopted by GRSG.

Table 6.4

Cylinder design qualification tests
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Cylinder type

Test and annex reference CNG-1 CNG-2 CNG-3 CNG-4
A.12. Burst X * X X X
A.13.  Ambient temperature/cycle X ¥ X X X
A.l4. Aeid-environmenttest Environmental X X X
A.15. Bonfire X X X
A.16. Penetration X X X X
A.17. Flaw tolerance X X X X
A.18. High temperature creep X X X
A.19. Stress rupture X X X
A.20. Drop test X X
A.21. Permeation X
A24. PRD performance X X X
A.25. Boss torque test X X
A.27. Natural gas cycling X
A.6. LBB assessment X X

A.7. Extreme temperature/cycle X X X X

X =required
* =Not required for cylinders designed to ISO 9809 (ISO 9809 already provides for these tests).

The name of the A.14 test has been changed as it has now been replaced by the Environmental test
moved from Annex H.

The A.24 PRD performance test has been replaced by referencing the use of the comprehensive
performance tests for PRDs in the ISO 15500-13 standard.



Table 6.7

Change of design
Thpe of test
High temp:|Permeation
Creep A18| A.21 CNG
Stress Boss
Cpeling rupture forque
Burst ambignt Flaw Al9 A2 FRD
Hydrostatic| femp: | Environm. | Bonfire |Penetration| tolerance | Drop test | Cyeling /|performance
Desgn change A2 A3 A4 AlS Al6 A7 A20 A27 A24
Fibre *
manufacturer X % X /ﬁ
Ivetallic \
cylinder or X X X* X x> X X*
liner matenal
Plastic liner
material X Xi
Fibre material | X x N\ X X X x/| x Xt
R esin material X X A X
Diameter \
change X X
< 20 per cent \
Diameter
change X X xX* X
> 20 per cent
L ength change
< 50 per cent X X}/
Length change
> 50 per cent X X X
Working
pressure
change - <
< 20 per cent@
Dome shape X X X1
Openingsize | X P 4 \
Coating change / X \
End boss
design Xy
Change in X
manuf process
ot ¥
l;regsue rdl? X X
evice
X =requ

only required on all-composite (CNG4) designs
only required when length increases
Only when thickness changes proportional to diameter and/or pressure change.

Change of design table replaced by revised table below.

Table 6.7



Change of Design

Type of test

cln- ge Permeat | CNG Hydro ecycle Panat Eunviron Flaw i Strem —
jon | eyeling | pave | LBB | - | Bonfire | W0 | pntal | tolerance ruptur

ambient

Al A27 Al2 A6 Al3 Als Al6 Al4 Al7 AlS Al9 A20 AlS

Test

ii

el
£
¥
b
b
P
b
b
P
b
”
b

X

E
5
P
b
]
B
b
w
1

i

I
I
b
i
~

} X X X(e)

Length
} X X(@)

Lavgth X X X () X®

X [X0 X
X [ X0 X®

X@
X(© X X

T

relief device
Thread
?Test only required when length increases.

2 Only when thickness change proportional to diameter and/or pressure change.

: Only if boss/liner interface is affected.

2 Only if boss/liner or boss composite interface is affected or torque requirements change.
2 Only required if diameter decreases.

' For CNG-1 and CNG-2 designs only, except for 1SO 9809-1 designs

9 Materials tests are also required

" For CNG-3 designs only

' For CNG-3 and CNG-4 designs only

! For CNG-2, CNG-3 and CNG-4 designs only

* For CNG-4 designs only

The revised table has been expanded to provide a wider range of “change of design” conditions that
qualify for the use of reduced test requirements. The added conditions are:

e Metal cylinder material — for a change of alloy type
e Thread — when the thread pitch or type on the port has changed.

The “Change in Manufacturing Process” was removed, as it is believed that if the manufacturing
process changes in any way, then it is a new cylinder design and must undergo full qualification
testing.
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The revised table also includes the following added tests:

Leak-before-Break (LBB) test
Stress Rupture test
Drop test

The “PRD performance” test (A.24) was removed, as PRD designs must be separately qualified in
accordance with I1SO 15500-13.

All removed items need to be justified based on a further detailed study.

The Change of Design table in ISO 11439 was devised by working group experts in ISO TC 58/SC
3/WG 17. These experts included representatives from cylinder manuacturers, inspection agencies,
government agencies, and test agencies. From France, representatives included Dr. Hervé
Barthélémy of Air Liquide, Claude Hémbert of Ullit, and Stéphane Villalonga of CEA.

Table 6.7 - Change of Design rationale

Changes to the Table are as follows:

TYPE OF TEST modifications:

Added a “LBB (leak before break) A.6” test column — although the LBB test has always been a
part of the Regulation No. R110, it had not been included as a performance test requirement
in the Change of Design table

Separated the column “High temp creep A.18, Stress rupture A.19, Drop test A20” into their
own columns — there are certain design changes that do, or do not, require some of these
tests, so separating these 3 tests allows for requirements to be individually addressed.
Separated the column “Permeation A.21, Boss torque A.25, and CNG Cycling A.27 into their
own columns — there are certain design changes that do, or do not, require some of these
tests, so separating these 3 tests allows for requirements to be individually addressed.
Deleted “PRD performance A.24” as any change to a PRD design must comply with A.24
requirements, i.e. this is a cylinder change of design table, not a PRD change of design table.

DESIGN CHANGE modifications:

Removed “Change in manufacturing process” because it was decided that if the
manufacturing process was changed, that this was not a minor “change of design” but could
result in a new design requiring full design qualification testing. In addition, it is too difficult
to define the limits of a process change and the cases of when limited testing might be
appropriate.

Separated the row “Metallic cylinder or liner material” into “Metal liner material” and
“Metal cylinder material” — changing metal liner materials can affect the stress distribution
between the liner and composite reinforcement, necessitating additional tests for Type 2 and
Type 3 designs. Metal cylinder material changes would be limited to Type 1 designs.

Added “Thread” as a design change. The primary design change test is the boss torque test.
Note that thread performance is tested as a normal part of production through batch testing,
when pressure cycling and burst testing is required.
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Changes to TYPE OF TEST for each DESIGN CHANGE :

Fiber Manufacturer —

e (NG Cycle test deleted, as this is a test of plastic liner performance, and not of the fibre type
(CNG cycle is for 1,000 cycles to working pressure, while ambient cycle test is for 15,000
cycles to 1.25x working pressure).

e Permeation test deleted, as this is test of plastic liner.

e High temperature creep deleted, as this is a test of resin system.

e Boss torque test deleted, as this is test of metal boss/plastic liner interface.

Metal Liner Material -

e [BB cycle test added, as changing a metal liner material may change the stress distribution
between the liner and fibre reinforcement in Type 2 and Type 3 designs, hence need to
evaluate performance of the composite reinforcement.

Plastic Liner Material -

e  Hydrostatic burst test added, but in retrospect it perhaps shouldn’t be since the plastic liner
material does not affect the performance of the composite reinforcement (the burst pressure
of a Type 4 design is entirely a function of the composite reinforcement strength). However,
one has to perform a burst test anyway as part of the production batch test, so requiring a
burst test in the Change of Design table is really not an extra requirement.

e Pressure cycle at ambient test deleted, as composite reinforcement strength is not an issue
when it is only the plastic liner material is changed.

e Environmental test deleted, as plastic liners inside cylinders are not exposed to automotive
environments.

e Bonfire test added, as it was thought that a different plastic liner material may be more (or
less) prone to melting in a fire test, affecting the test result.

Fibre Material -
e Permeation test deleted as a change in fibre material does not affect plastic liner
performance.

e (NG cycle test deleted as a change in fibre material does not affect plastic liner performance.

e Boss torque test deleted as a change in fibre material does not affect the performance of the
boss/plastic liner interface.

e [BBtest added, as fibre materials change could affect leak-before-break performance of a
design.

Resin Material -

e [BBtest added, as resin material will affect the performance of the fibre reinforcement and,
therefore, could affect leak-before-break performance of a design.

e Stress rupture test deleted, as this test is considered a test of the fibre performance. Also
note that the resin is tested at elevated temperatures only if the High temperature creep test
if the resin glass transition temperature is low.

e Drop test deleted as it was not believed that the resin properties would affect the drop
impact performance of a composite reinforced design.

Diameter Change <20% —

e Penetration test deleted as it is believed that small changes in diameter would only cause

small changes in wall thickness, and thus little influence in a gunfire penetration result.
Diameter Change >20% —
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e Drop test added, as increasing diameter means increasing weight of cylinder, and thus more
mass on impact.
Length Change >50% —
e Drop test added, as increasing length means increasing impact force in drop tests.
Metal Cylinder Material -

e [BBtest added, as changing the metal material of a Type 1 cylinder could affect LBB
performance.

e Flaw tolerance test deleted, because this is a test method for composite reinforced designs,
and metal cylinder material is limited to Type 1 designs only.

Dome Shape —

e Permeation test deleted, as believed shape change would not affect the permeability of
plastic liners.

e CNG Cycle test deleted, as believed shape change would not affect the performance of plastic
liners exposed to gas cycle testing.

e Boss torque test deleted, as believed shape change would not affect the performance of the
metal boss/plastic liner interface.

e [LBtestadded, as it was believed the change of the dome shape could affect the stress
distribution in the composite reinforcement, possibly affecting LBB performance.

Opening Size —

e [BBtest added for Type 3 and Type 4 designs, as it was believed the change of the opening
size shape could affect the stress distribution in the composite reinforcement, possibly
affecting LBB performance.

PRD Design —

e The PRD performance test A.24 was eliminated from the Change of Design table (as
described above under “TYPE OF TEST modifications”), so the only remaining change of
design test for a PRD is the bonfire test.

Thread —
e This is a new Design Change item, and it is only affected by the Boss torque test.

7. Type CNG-1 metal cylinders
7.1. General

The design shall identify the maximum size of an allowable defect at any point in the cylinder which
will not grow to a critical size within the specified retest period, or service life if no retest is specified,
of a cylinder operating to the working pressure. Determination of leak-before-break (LBB)
performance shall be done in accordance with the appropriate procedures defined in paragraph A.6.
(Appendix A to this annex). Allowable defect size shall be determined in accordance with paragraph
0.15.2. above. Cyhinders designed in accordance with S09-amrd-mee i he-requireren

It was stated that 1ISO 9809 designs are acceptable for CNG service, provided they meet the materials
and design test requirements in ISO 11439. Instead, it has been decided that the preferred approach
is to give 1SO 9809 designs exemptions from certain tests in 1ISO 11439. These exemptions are
provided in clause 7.4 of the Regulation.

7.3. Manufacturing and production test requirements
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7.3.2. Non-destructive examination
The following tests shall be carried out on each metallic cylinder:
(a) Hardness test in accordance with paragraph A.8. (Appendix A to this annex);

(b) Ultrasonic examination, in accordance with 1SO 9809-1, Annex B, BS-5045, Part1;
Annext, or demonstrated equivalent NDT method, to ensure that the maximum defect size
does not exceed the size specified in the design as determined in accordance with paragraph
6.15.2. above.

BS standard replaced with equivalent ISO standard.
7.4. Cylinder batch tests

Batch testing shall be conducted on finished cylinders which are representative of normal production
and are complete with identification marks. Two cylinders shall be randomly selected from each
batch. If more cylinders are subjected to the tests than are required by this annex, all results shall be
documented. Cylinders qualified in accordance with 1SO 9809-1, 1SO 9809-2, I1SO 9809-3 or ISO
7866 are not required to perform the pressure cycling test described in paragraph A.13.

(Appendix A to this annex). Thefollowingtests-shall-as-a-minimum-be-carried-out-on-these:

Cylinders designed to these 4 ISO standards provide pressure cycle lives that exceed the CNG
cylinder service cycle test requirements in A.13, so they are exempted from this one test

(c) Periodic pressure cycling test. Finished cylinders shall be pressure cycled in accordance
with paragraph A.13. (Appendix A to this annex) at a test frequency defined as follows:

(iv) Should more than 6 months have expired since the last batch of production—F,
then a cylinder from the next batch of production shall be pressure cycle tested in
order to maintain the reduced frequency of batch testing in (ii) or (iii) above.

Editorial
8. Type CNG-2 hoop-wrapped cylinders
8.3.3.1. Curing of thermosetting resins

If a thermosetting resin is used, the resin shall be cured after filament winding. During the curing, the
curing cycle (i.e. the time-temperature history) shall be documented. The curing temperature shall be
controlled and shall not affect the material properties of the liner. The maximum curing temperature
for cylinders with aluminium liners shall be below the time and temperature that adversely affect
metal properties is1+77-°C.

Eliminated the use of a specific temperature limit for curing when aluminium liners are involved, as
different aluminium alloys will have different temperature limits.

8.4.1. Non-destructive examination

Non-destructive examinations shall be carried out in accordance with a recognized ISO or an
equivalent standard. The following tests shall be carried out on each metallic liner:

(a) Hardness test in accordance with paragraph A.8. (Appendix A to this annex);

(b) Ultrasonic examination, in accordance with 1ISO 9809-1, Annex B BS—5045—Part—1, or
demonstrated equivalent NDT method, to ensure that the maximum defect size does not exceed
the size specified in the design.
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BS standard replaced with equivalent ISO standard.
8.6. Cylinder design qualification tests
8.6.4. Aeidenvirenment Environmental test

One cylinder shall be tested in accordance with paragraph A 14. (Appendlx Ato thrs annex) and meet
the requirements therein. An : ~ 3 nelud :
this-antex:

The Environmental test in Annex H has replaced the Acid environment test that was in the Regulation.
The Environmental test is a far more comprehensive test of road environments compared to the Acid
environment test that is currently in the Regulation. The Environmental test was developed by the
automotive industry due to ruptures of glass reinforced composite cylinders in CNG service by stress
corrosion cracking.

8.6.8. High temperature creep test

In designs where the glass transition temperature of the resin does not exceed the-maximum-design
material-temperatare-by-atdeast 20 102°C, one cylinder shall be tested in accordance with paragraph

A.18. (Appendix A to this annex) and meet the requirements therein.

In ISO 11439 an absolute minimum temperature of 102°C has been established, because otherwise
the maximum design material temperature could be established by the manufacturer at a relatively
low temperature, with the result that it would be too easy to claim the glass transition temperature is
exceeded by 20°C.

10. Type CNG-4 all-composite cylinders
10.4. Manufacturing requirements

Manufacturlng requ1rements shall be in accordance W1th paragraph 8.3. above %eept—tha{—th%e&rmg

The requirement for the resin curing temperature to be less than the plastic softening temperature was
eliminated, because if the curing temperature did affect the plastic liner integrity, then the hydrostatic
proof test (required on every cylinder) would detect this problem.

There is no direct link between the liner plastic softening characteristic and the leakage
evaluation during the proof test.

The French comment is correct. However, there has not been any technical need to specify the curing
temperature. Since it is not a safety-related issue, if it is believed that there is a technical need to
leave this particular requirement in the Regulation, then it would not affect harmonization.

10.6. Cylinder batch tests
10.6.1. General
(a)  Batch materials test

(iii) The softening melt temperature of the plastic liner shall be tested in accordance
with paragraph A.23. (Appendix A to this annex), and meet the requirements of the
design;
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The softening temperature is determined by ISO 306 “Plastics -- Thermoplastic materials --
Determination of Vicat softening temperature (VST)”. There is no standard for determining the melt
temperature - in polymers, a sharp melting point usually does not occur; instead a melting
temperature range is observed on heating.

Annex 3A - Appendix A
Test methods

A.l. Tensile tests, steel and aluminium

A tensile test shall be carried out on the material taken from the cylindrical part of the finished
cylinder using a rectangular test piece shaped in accordance with the method described in ISO 9809

for steel and ISO 7866 for alumlmum Fer—emeder—Wfﬂa—welded—s%&m}ess—steeLhaefs—tensﬂﬁests

pafagﬁaph—8—4—ef—EN—1332—2—2— The two faces of the test pieces representmg the inside and out51de
surface of the cylinder shall not be machined. The tensile test shall be carried out in accordance with

ISO 6892-1.
The use of welded materials has already been removed from this Regulation.
Doesn’t still exist in the last Regulation series 02 version.

It is understood that a Japan amendment to eliminate the use of welded steel was adopted in the
GRSG 109 and approved by WP29 for removal. Please see the detailed response beneath 6.3.2.4,
above.

A2. Impact test, steel cylinders and steel liners

The impact test shall be carried out on the material taken from the cylindrical part of the finished
cylinder on three test pieces in accordance with ISO 148-1. The impact test pieces shall be taken in
the dlrectlon as requlred in Table 6.2 of Annex 3A from the wall of the cyhnder Fer—ey—lﬂadefs—wﬁh

: : W aragra - The notch shall be
perpendicular to the face of the cylinder wall. For longitudinal tests the test piece shall be machined
all over (on six faces), if the wall thickness does not permit a final test piece width of 10 mm, the
width shall be as near as practicable to the nominal thickness of the cylinder wall. The test pieces
taken in transverse direction shall be machined on four faces only, the inner and outer face of the
cylinder wall unmachined.

The use of welded materials has already been removed from this Regulation.
Doesn’t still exist in the last Regulation series 02 version.

It is understood that a Japan amendment to eliminate the use of welded steel was adopted in the
GRSG 109 and approved by WP29 for removal. Please see the detailed response beneath 6.3.2.4,
above.

A.6. Leak-Before-Break (LBB) performance test
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Three finished cylinders shall be pressure cycled between not more than 2 MPa and no#t less than 1.5
times working pressure 30-MPa at a rate not to exceed 10 cycles per minute. All cylinders shall fail
by leakage.

Changed to 1,5 times working pressure, to recognize the fact that other working pressures may be
used.

A7 Extreme temperature pressure cycling

(b) Hydrostatically pressurized for 500 cycles times the specified service life in years between not
more than 2 MPa and not less than 1.3 times working pressure 26-MPa at 65 °C or higher and 95 per
cent humidity;

Changed to ““1,3 times working pressure”, to recognize the fact that other working pressures may be
used

The pressure level at 26MPa is not linked to the working pressure but to the pressure during the
filling phase (filling pressure). The limit level shall be fixed for a safe approach.

The 26 MPa value is linked to a working pressure of 20 MPa. It is both the maximum filling pressure
for the 20 MPa working pressure system and the maximum developed pressure when ambient
temperatures reach about 55°C. As such, the limit level is’ fixed” by requiring testing to be performed
at 1,3 times working pressure, i.e. the limit level is fixed at 26 MPa for a 20 MPa system, fixed at 31,2
MPa for a 24 MPa system, etc. Use of a multiplier takes into consideration testing of all types of CNG
cylinders regardless of the fill pressure or working pressure. Being more inclusive in this regard it is
considered to ensure greater safety than stipulating one “fixed’ pressure.

(d) Then pressurize from not more than 2 MPa to not less than working pressure 20-MPa for 500
cycles times the specified service life in years at -40 °C or lower;

Changed to ““working pressure™, to recognize the fact that other working pressures may be used.
A9.1. Coating performance tests
Coatings shall be evaluated using the following test methods, or using equivalent national standards.

(a) Adhesion testing in accordance with ASTM D3359, I50-4624-using Method A or B as
applicable. The coating shall exhibit an adhesion rating of either 4A or 4B, as applicable;

ISO 4624 was erroneously introduced as an ISO test method equivalent to ASTM D3359 —
was found to not be equivalent, so the original use of ASTM D3359 has been returned.

It’s needed to argue the non-equivalence between the two referenced text.

Both test methods measure the adhesion of coatings to substrate, but the methodologies are
fundamentally different. 1SO 4624 uses a pull-off technique whereby a loading fixture is
cemented to the coating and used to pull off the coating and provide a tensile strength of
adhesion. ASTM D3359 involves applying pressure sensitive tape over cuts made in the
coating, and then pulled off to provide a strength of adhesion at the edges of cuts.

(c) Impact re51stance in accordance Wlth ASTM D2794 Fest-method-for Resistance-of
o . The coating at room

temperature shall pass a forward 1mpact test of 18 J (160 in-1bs);
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Editorial

(d) Chemical resrstance when tested in general accordance Wrth ASTM D1308 Effeet-of

: pishes. The tests shall be conducted
using the Open Spot Test Method and 100 hour exposure to a 30 per cent sulfuric acid
solution (battery acid with a specific gravity of 1.219) and 24 hours exposure to a
polyalkalene glycol (e.g. brake fluid). There shall be no evidence of lifting, blistering or
softening of the coating. The adhesion shall meet a rating of 3 when tested in accordance with
ASTM D3359;

Editorial.

(e) Mrnrmum 1,000 hours exposure in accordance with ASTM G15453 Prae&ee—fer

E*pesur%of—nen—metal—l—r&M—a%eﬂa}s There shall be no evrdence of blrsterrng, and adhesron
shall meet a rating of 3 when tested in accordance with ASTM D3359 150-4624. The

maximum gloss loss allowed is 20 per cent;
ASTM replaced G53 with G154.

(f) Minimum 500 hours exposure in accordance with 1SO 9227 ASTMBH-7 Fest Method-of
SaltSpray-(Feg)Festing. Undercutting shall not exceed 2 3 mm at the scribe mark, there shall
be no evidence of blistering, and adhesion shall meet a rating of 3 when tested in accordance

with ASTM D3359;
ISO equivalent of ASTM standard.

(g) Resistance to chipping at room temperature using the ASTM D3170-ChippingResistanece
of Ceatings. The coating shall have a rating of 7A or better and there shall not be any
exposure of the substrate.

Editorial

A.9.2. Coating batch tests

A.10.

(b) Coating adhesion

The coating adhesion strength shall be measured in accordance with ASTM 33591504624,
and shall have a minimum rating of 4 when measured using either Test Method A or B, as
appropriate.

ISO 4624 was erroneously introduced as an 1SO test method equivalent to ASTM D3359 — the
original use of ASTM D3359 has therefore been returned.

It’s needed to argue the non-equivalence between the two referenced text.

As with the response above to comments below A.9.1, both test methods measure the adhesion
of coatings to substrate, but the methodologies are fundamentally different. 1SO 4624 uses a
pull-off technique whereby a loading fixture is cemented to the coating and used to pull off the
coating and provide a tensile strength of adhesion. ASTM D3359 involves applying pressure
sensitive tape over cuts made in the coating, and then pulled off to allow an assessment of the
remaining adhesion. As such, there is no impact on safety since the tests functionally yield the
same result.

Leak test

Type CNG-4 designs shall be leak tested using the following procedure (or an acceptable alternative);
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(b)  Any leakage detected measured-at-anypointthat-exceeds-0-004-standard-enr’/hr shall

be cause for rejection. Leakage is the release of gas through a crack, pore, un-bond or
similar defect. Permeation through the wall in conformance to A.21 is not considered to
be leakage.

The value specified for excessive leakage could not be readily be measured, so it was left up to the
approval agencies to determine the amount of leakage depending on the technique that was used. It
was also clarified that permeated gas did not constitute leakage.

How is evaluated the balance between permeation and effective leakages ?

Technically, any amount of escaping gas that exceeds the allowable limit for permeation would be
considered a leak. As indicated in the response in A.21 (below), permeation is considered to be less
than an amount specified as 0.25 ml of natural gas per hour per litre water capacity of the cylinder.
More than that rate is considered to be a ‘leak.’

A.12. Hydrostatic pressure burst test

(a) The rate of pressurisation shall not exceed 1.4 MPa per second (200-psi/second) at pressures
in excess of 80 per cent of the design burst pressure. If the rate of pressurisation at pressures in excess
of 80 per cent of the design burst pressure exceeds 350 kPa/second (50-psifsecend), then either the
cylinder shall be placed schematically between the pressure source and the pressure measurement
device, or there shall be a 5 second hold at the minimum design burst pressure;

Editorial

(b) The minimum required (calculated) burst pressure shall be at least the minimum burst
pressure specified for the design-45-MPa, and in no case less than the value necessary to meet the
stress ratio requirements. Actual burst pressure shall be recorded. Rupture may occur in either the
cylindrical region or the dome region of the cylinder.

Changed 45 MPa to “minimum burst pressure specified for the design”, to recognize the fact that
different designs may have different burst pressures.

It’s needed to define a fixed limit at 2,25 x working pressure in order to stay in a safe
performance approach and not in a product dependent rule.

The burst limits are specified in Table 6.3, so it is not needed to specify a fixed limit in this clause.
Also note that a fixed limit of 2,25 x working pressure would not be safe for a glass fibre design, due
to the susceptibility of glass fibres to stress rupture.

A.13. Ambient temperature pressure cycling

(b)  Cycle the pressure in the cylinder between not more than 2 MPa and not less than 1,3 times
working pressure26-MPa at a rate not to exceed 10 cycles per minute.

Changed to 1,3 times working pressure, to recognize the fact that other working pressures may be
used.

The pressure level at 26MPa is not linked to the working pressure but to the pressure during the
filling phase (filling pressure). The limit level shall be fixed for a safe approach.

The 26 MPa value is linked to a working pressure of 20 MPa. It is both the maximum filling pressure
for the 20 MPa working pressure system as well as the maximum developed pressure when ambient
temperatures reach about 55°C. As suggested in the comment, the limit level is fixed by requiring
testing to be performed at 1,3 times working pressure, i.e. the limit level is fixed at 26 MPa for a 20
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MPa system, fixed at 31,2 MPa for a 24 MPa system, etc. As such this is a fluid requirement and
depends upon the rating of a specific cylinder with the 1,3 times the working pressure as the static
requirement.(See the comments on A.13(b)).

A.14. AeideEnvironmental test

(replace with the Environmental test in Appendix H of Annex 3A)

The Environmental test in Annex H is far more comprehensive test of road environments compared to
the Acid environment test that is currently in the Regulation. The Environmental test was developed
by the automotive industry due to ruptures of glass reinforced composite cylinders in CNG service by
stress corrosion cracking.

A.15. Bonfire test

A.15.5. General test requirements

Cylinders shall be pressurized with natural gas and tested in the horizontal position at both:
(a)  Working pressure;

(b) 25 per cent of the working pressure (only if a thermally-activated pressure relief device is
not part of the design).

Testing at 25% of working pressure is not required when a thermally-activated pressure relief device
is used, as they function independently from the pressure in the cylinder.

The overpressure device with temperature triggering is mandatory according to § 18.3.1.3. The
test at 25% of the working pressure will never be performed if the exemption is added.

This is correct.
A.16. Penetration tests

A cylinder pressurised to 20-MPa working pressure + 1 MPa with compressed gas shall be
penetrated by an armour piercing bullet with a diameter of 7,62 mm or greater. The bullet shall
completely penetrate at least one side wall of the cylinder. For type CNG-1 designs, the projectile
shall impact the side wall at 90°. For type CNG-2, CNG-3 and CNG-4 designs, the projectile shall
impact the side wall at an approximate angle of 45°. The cylinder shall reveal no evidence of
fragmentation failure. Loss of small pieces of material, each not weighing more than 45 grams, shall
not constitute failure of the test. The approximate size of entrance and exit openings and their
locations shall be recorded.

Changed 20 MPa to ““working pressure”, to recognize the fact that other working pressures may be
used.

Changed impact angle for Type CNG-1 designs to 90 degrees (perpendicular), as it was found that
armour-piercing bullets will ricochet when impacting steel cylinders at 45 degree angle.
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A.17. Composite flaw tolerance tests

For type CNG-2, CNG-3 and CNG-4 designs only, one finished cylinder, complete with protective
coating, shall have flaws in the longitudinal direction cut into the composite. The flaws shall be
greater than the visual inspection limits as specified by the manufacturer. As a minimum, one flaw
shall be 25 mm long and 1.25 mm in depth, and another flaw shall be 200 mm long and 0.75 mm
in depth, cut in the longitudinal direction into the cylinder sidewall.

Dimensions need to be clarified in comparison to the current OEM definition.

These flaw dimensions have been in use in most CNG cylinder standards since the 1990’s.
Automotive OEMs worldwide have adopted these flaw dimensions, since these exact dimensions are
included in the UN GTR No. 13(the Global Technical Regulation on Hydrogen and Fuel Cell
Powered Vehicles) for compressed hydrogen tanks used on-board hydrogen vehicles Section
6.2.3.3.(a)

The flawed cylinder shall then be pressure cycled from not more than 2 MPa to not less than 26

MPal,3 times working pressure for 3,000 cycles;-foHowed-by—an—additional 12,000-eyeles-at

ambient temperature; The cylinder shall not leak or rupture within the first 3,000 cycles, but may
fail by leakage during the tast42;000-further design lifetime in years x 1 000 cycles (less the 3 000
cycles already performed). eyeles: All cylinders which complete this test shall be destroyed.

Changed to 1,3 times working pressure, to recognize the fact that other working pressures may be
used.

Replaced the ““12,000 cycles™ as this value would then limit the design lifetime to 15 years, while the
number of cycles should be a function of the lifetime of the design, which may not be 15 years.

The pressure level at 26MPa is not linked to the working pressure but to the pressure during the
filling phase (filling pressure). The limit level shall be fixed for a safe approach.

The rationale is the same as expressed for the remark at A.13(b) above.

Tank lifetime reduction seems not to be on the right way regarding quality level (15 years or
15000 cycles at least).

The apparent “lifetime reduction” associated with the testing of an externally flawed cylinder is
based on the requirement that cylinders must be visually inspected on a periodic basis (every 4 years
according to R.110 but, depending on the jurisdiction and if the vehicle is commercial versus
privately owned, the inspection may be done in shorter intervals). Thus defective cylinders would be
removed from service before their full lifetime.

A.18. High temperature creep test

(a) The cylinder shall be pressurised to 26-MPa 1.3 times working pressure and held at a
temperature of 100 °C for not less than 200 hours;

Changed to 1,3 times working pressure, to recognize the fact that other working pressures may be
used.

The pressure level at 26MPa is not linked to the working pressure but to the pressure during the
filling phase (filling pressure). The limit level shall be fixed for a safe approach.

The rationale is the same as expressed for the remark at A.13(b) and A.17 above.
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(b) Following the test, the cylinder shall meet the requirements of the hydrostatic expansion test
A.11., the leak test A.10. (for Type CNG-4 cylinders only), and the burst test A.12. above.

Clarification that the Leak test only applies to Type 4 designs
This point is already included in A.10 .

Yes, but added here as an editorial addition for clarity. If there is a problem with redundancy this
can be removed.

A.19. Accelerated stress rupture test

For type CNG-2, CNG-3, and CNG-4 designs only, one cylinder free of protective coating shall be
hydrostatically pressurised to 26-MPa 1.3 times working pressure while immersed in water at 65 °C.
The cylinder shall be held at this pressure and temperature for 1,000 hours. The cylinder shall then be
pressured to burst in accordance with the procedure defined in paragraph A.12. above except that the
burst pressure shall exceed 85 per cent of the minimum design burst pressure.

Changed to 1,3 times working pressure, to recognize the fact that other working pressures may be
used.

The pressure level at 26MPa is not linked to the working pressure but to the pressure during the
filling phase (filling pressure). The limit level shall be fixed for a safe approach.

The rationale is the same as expressed for the remark at A.13(b, A.17 and A.18(a), above.

A.20. Impact damage test

One or more finished cylinders shall be drop tested at ambient temperature without internal
pressurisation or attached valves. The surface onto which the cylinders are dropped shall be a smooth,
horizontal concrete pad or flooring. One cylinder shall be dropped in a horizontal position with the
bottom 1.8 m above the surface onto which it is dropped. One cylinder shall be dropped vertically on
each end at a sufficient height above the floor or pad so that the potential energy is 488 J, but in no
case shall the height of the lower end be greater than 1.8 m. One cylinder shall be dropped at a 45°
angle onto a dome from a height such that the centre of gravity is at 1.8 m; however, if the lower end
is closer to the ground than 0.6 m, the drop angle shall be changed to maintain a minimum height of
0.6 m and a centre of gravity of 1.8 m.

The cylinders shall be allowed to bounce on the concrete pad or flooring after the initial impact.
No attempt shall be made to prevent this secondary impacting, but the cylinder may be
prevented from toppling during the vertical drop tests.

Clarification regarding secondary impacts during drop tests. Secondary impacts are allowed during
non-vertical tests, because that is a realistic result of an accidental drop.

Following the drop impact, the cylinders shall be pressure cycled fremnotmere-than between 2 MPa
to-notless-than26-MPaand 1,3 times the working pressure at ambient temperature for 1,000
cycles times the specified service life in years. The cylinders may shall not leak or butsnet rupture;
within the first 3 000 cycles, but may fail only by leakage during the further design lifetime in
years X 1 000 cycles (less the 3 000 cycles already performed). during-the-eyehing: Any cylinders
completing the cycling test shall be destroyed.
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Changed from 26 MPa to ““1,3 times working pressure” to allow use of other working pressures in
CNG service.

The pressure level at 26MPa is not linked to the working pressure but to the pressure during the
filling phase (filling pressure). The limit level shall be fixed for a safe approach.

The rationale is the same as expressed for the remark at A.13(b), A.17, A.18(a), and A.19 above.

Tank lifetime reduction seems not to be on the right way regarding quality level (15 years or
15000 cycles at least).

The rationale and explanation is the same as in A.17, above: The apparent “lifetime reduction”
associated with the testing of an externally flawed cylinder is based on the requirement that cylinders
must be visually inspected on a periodic basis (every 4 years according to R.110 but, depending on
the jurisdiction and if the vehicle is commercial versus privately owned, the inspection may be done in
shorter intervals). Thus defective cylinders would be removed from service before their full lifetime.

A21. Permeation test

This test is only required on type CNG-4 designs. One finished cylinder shall be filled with
compressed natural gas era-90-pereentnitrogent0-perecenthelivmmixtare to working pressure,
placed in an enclosed sealed chamber at ambient temperature, and monitored for leakage for up to
500 h, a-time-suffieient to establish a steady state permeation rate. The permeation rate shall be less
than 0.25 ml of natural gas erhelinm per hour per litre water capacity of the cylinder.

A nitrogen/helium mixture is not equivalent to the permeation rate associated with natural gas.

A minimum time of 500 hours was established to prevent prematurely assuming a steady-state value
had been achieved. Often a ““permeation breakthrough® (saturation of the plastic liner) occurs after
some 200 hours, after which a steady state permeation rate can be established.

The opportunity to use helium mixture needs to be kept as an alternative.

As written in the current text the permeation rate only mentions natural gas OR helium (third
sentence in the paragraph), which is inconsistent with the first sentence that specifies the possibility of
using 10% helium and 90% nitrogen. An equivalent permeation rate of natural gas compared to
nitrogen and helium has not been formally established. The use of helium alone, however, is not
advised. Note the following: “Kinetic diameters of light gases commonly is used in discussing gas
adsorption and permeation in porous and polymeric materials,””(ref. 2, below). Kinetic diameters of
different gases also differ by size and shape. Permeation also can be affected by temperature. The
kinetic diameter of helium (He) is 2.6A; Nitrogen’s kinetic diameter is 3.64 A; and natural gas (CH4)
kinetic diameter is 3.80 A.(ref.1, below). As such, it is deemed more appropriate to use natural gas to
test the permeation rate in CNG cylinders than other gases that have lower kinetic diameters and,
thus, potentially a different permeation behavior. References: (1) “Permeation of Light Gases
through Hexagonal Ice,” Joana Durdo 1 and Luis Gales, Materials, 2012, 5, 1593-1601; page 1597;
and (2) Quantum Mechanical Basis for Kinetic Diameters of Small Gaseous Molecules, Nada Mehio,
Sheng Dai and DeOen Jiang, Journal of Physical Chemistry, January 2014, 118 (6), pp 1150-1154.

A22. Tensile properties of plastics

The tensile yield strength and ultimate elongation of plastic liner material shall be determined at -50
°C using ISO 527-2 3628, and meet the requirements of paragraph 6.3.6. of Annex 3A.
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ISO 3628 is for photography processing chemicals. The correct reference is ISO 527-2 Plastics --
Determination of tensile properties -- Part 2: Test conditions for moulding and extrusion plastics

A.23——— Melting Softening temperature of plastics

Polymeric materials from finished liners shall be tested in accordance with the method described in

ISO 306, The softening temperature shall be at least 100°C-and-meet-the requirements-of

The 1SO 306 standard “Plastics -- Thermoplastic materials -- Determination of Vicat softening
temperature (VST)™, does not determine the melting point, so this value has been eliminated. The
softening temperature was increased to the former melting point value in consideration of the higher
temperatures that can be obtained in Type 4 cylinder designs during fast filling.

A.24. Pressure relief device requirements

Pressure relief devices shall meet the requirements of 1SO 15500-13. specified-by-the-manufactarer

The A.24 PRD test has been replaced by referencing the use of the comprehensive PRD performance
tests in the ISO 15500-13 standard.

A further detailed study on protocols gaps is needed to support 1SO approach.

It was found that the test requirements defined by experts in 1ISO 15500-13 working group are
necessary to prevent premature activations and ensure pressure relief devices are suitable for the
lifetime of the fuel cylinder. The requirements in 1SO 15500-13 are not new to industry, but have
been in use for several years, and are intended to enhance safety based on in-service experience. As
shown above in the rationales for modified testing of PRDs, Section 6.9 (Fire Protection), Section
6.12 (Exterior Environmental Protection), and the replacement of Table 6.7 in Section 6.17, the ISO
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15500-13 PRD testing regime incorporates 16 different tests which, together are more stringent for
PRD testing than the existing provisions in R.110.

A.25. Boss torque test

The body of the cylinder shall be restrained against rotation and a-tergue-of S60-Nm 150% of
manufacturers recommended torque shall be applied to each end boss of the cylinder, first in the
direction to tighten a threaded connection, then in the untightening direction, and in in the tightening
direction.

The 500 Nm value was too arbitrary, and did not reflect the type of wrench connection that might be
attached to a valve to turn it. As a result, a manufacturer’s torque specification is necessary.

How is defined the 150% level ?

The 150% level above the manufacturer’s recommended torque was believed by cylinder
manufacturers to be a fairer representation of the amount of force that could be manually applied to
an end boss in excess of the recommended value.

A.26. Resin shear strength

Resin materials shall be tested on a sample coupon representative of the composite over-wrap in
accordance with 1SO 14130ASTM-D2344, or an equivalent national standard. Following a 24-hour
water boil the composite shall have a minimum shear strength of 13-,8 MPa.

ISO equivalent to ASTM standard
A.27. Natural gas cycling test

One finished cylinder shall be pressure cycled using compressed natural gas from less than 2 MPa to
working pressure for 368 1 000 cycles. Each cycle, consisting of the filling and venting of the
cylinder, shall not exceed 1 hour. The cylinder shall be leak tested in accordance with paragraph A.10.
above and meet the requirements therein. Following the completion of the natural gas cycling the
cylinder shall be sectioned and the liner/end boss interface inspected for evidence of any deterioration,
such as fatigue cracking or electrostatic discharge.

The number of CNG gas cycles was been increased to 1 000 in 1ISO 11439, to better indicate the
lifetime service of a cylinder, and to better consider the combined long-term effects of stress,
temperature, and permeation on the integrity of the plastic liner.

Since welds are not permitted in the standard, there is no need for weld tests.

Annex 3A - Appendix F
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The calculation method was eliminated as there was no way to verify the accuracy of the calculations.
Instead, the fracture performance was limited to the use of the LBB test in the standard, and the use of
a performance test method for NDE defect size.

For type CNG-1, CNG-2 and CNG-3 designs, three cylinders containing artificial defects that exceed
the defect length and depth detection capability of the NDE inspection method required in paragraph
6.15. of Annex 3A, shall be pressure cycled to failure in accordance with the test method in paragraph
A.13. (Appendix A to this annex). For type CNG-1 designs having a fatigue sensitive site in the
cylindrical part, external flaws shall be introduced on the side wall. For type CNG-1 designs having
the fatigue sensitive site outside the side wall, and for type CNG-2 and CNG-3 designs, internal flaws
shall be introduced. Internal flaws may be machined prior to the heat treating and closing of the end of
the cylinder.

The cylinders shall not leak or rupture in less than 15,000 cycles. The allowable defect size for NDE
shall be equal to or less than the artificial flaw size at that location.

Annex 3A - Appendix H

The scope and test setups updates need to be clarified by concrete data (test results, ...)

The environmental test method in Annex H has been performed by every manufacturer of composite-
reinforced cylinders since the early 2000’s, as it has been in the ISO 11439 and North American
NGV2 standards since that time. This is not a new test for GRSG to consider — it has been in Annex H
since the Regulation was first published. As a result of the widespread use of the Environmental test
as provided in Annex H, there have not been any environmental stress corrosion cracking failures
involving cylinder designs since multiple failures occurred in the 1990°s. The proposed change to
make the Environmental test in Annex H mandatory is for the purpose of enhancing safety based on
in-service experience. A version of this test has been adopted by automotive OEMs into the UN GTR
NO. 13 the Global Technical Regulation on Hydrogen and Fuel Cell Powered Vehicles. Please see
below, further explanation on an item-by-item basis.

Environmental test

H.1. Scope
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by—s%ress—eeffeﬁeﬁ—%aekmg—ef—ﬁhe—eempe&&ewaﬁ—Thls test is appllcable to type CNG 2, CNG 3
and CNG-4 designs only.

The preamble about the development of the test is not needed in a standard. It is a test of composite
reinforcement; and, therefore, is not applicable to Type CNG-1 (all-metal) designs (it has been shown
elsewhere that the chemicals and exposure times involved have no effect on steel or aluminum alloys).

H.2. Summary of test method

A cylinder is first preconditioned by a-cembination-of pendulum and-gravel impacts to simulate

potential underbody conditions. The cylinder is then subjected to a-sequence-ofimmersionin
simulatedroad-salt/acid-rain; exposure to ether fluids, and pressure cycles and-high-andlow

temperature-expostres: At the conclusion of the test sequence the cylinder will be hydraulically
pressured to destruction. The remaining residual burst strength of the cylinder shall be not less than
805 per cent of the minimum design burst strength.

The gravel impacts were eliminated as the pendulum impact alone was found to create more damage.

H.3. Cylinder set-up and preparation

The cylinder shall be tested in a condition representative of installed geometry including coating (if
applicable), brackets and gaskets, and pressure fittings using the same sealing configuration (i.e. O-
rings) as that used in service. Brackets may be painted or coated prior to installation in the immersion
test if they are painted or coated prior to vehicle installation.

The immersion part of the test was eliminated in 1SO 11439 as the concentrated exposures to the 5
chemicals would provide a more severe test condition.

The upper section will be divided into 5 distinct areas and marked for preconditioning and fluid
exposure (see Figure H.1). The areas will be nominally 100 mm in diameter. The areas shall not
overlap on the cylinder surface. While convenient for testing, the areas need not be oriented along a
single line, but shall not overlap the immersed section of the cylinder.

Although preconditioning and fluid exposure is performed on the cylindrical section of the cylinder,
all of the cylinder, including the domed sections, should be as resistant to the exposure environments
as are the exposed areas.
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AP

Figure H.1 - Cylinder orientation and layout of exposure areas

H.4. Preconditioning-apparatus-Pendulum impact preconditioning

The impact body shall be of steel and have the shape of a pyramid with equilateral triangle
faces and a square base, the summit and the edges being rounded to a radius of 3 mm. The
centre of percussion of the pendulum shall coincide with the centre of gravity of the pyramid;
its distance from the axis of rotation of the pendulum shall be 1 m. The total mass of the
pendulum referred to its centre of percussion shall be 15 kg. The energy of the pendulum at
the moment of impact shall be not less than 30 Nm and as close to that value as possible.

During pendulum impact, the cylinder shall be held in position by the end bosses or by the
intended mounting brackets. The cylinder shall be un-pressurized during
preconditioning.

Pressurization increases the resistance of the cylinder wall to impact damage. Thus the most
susceptibility to damage is when the cylinder is un-pressurized during the pendulum impact.
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Sizing screen

Cabinet approximately 500 mm wide

It was found in testing that the gravel impact had no apparent effect on the integrity of cylinders, or
any protective coating — the pendulum impact was a much more severe test of a coating.

H.5. Environmental fluids for exposure environments

The use of an “immersion environment™ in the Environmental test was discarded as the use of
concentrated chemicals was considered more severe.

b)—Other fluid-expesure
At-the-appropriate-stage-in-test sequenece-(Table1) eEach marked area is to be exposed to one

of five solutions for 30 minutes. The same environment shall be used for each location
throughout the test. The solutions are:

Sulphuric acid: 19 per cent solution by volume in water;
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Sodium hydroxide: 25 per cent solution by weight in water;

5% Methanol/95% gasoline: gasoline concentration of M5 fuel meeting the requirements

of ASTM D4814 36/70—per-cent-concentrations;
There was a need to define “gasoline”, thus ASTM D4814 was added..

Ammonium nitrate: 28 per cent by weight in water;
Windshield washer fluid (50%by volume solution of methyl alcohol and water)
There was a need to define ““windshield washer fluid”.

When exposed, the test sample will be oriented with the exposure area uppermost. A pad of

glass wool enelayerthick (approximately 0.5 mm thick) and trimmed-to-the-appropriate
dimensions between 90 and 100 mm in diameter shall iste be placed on the exposure area.

Usingapipet;-apply 5-mb-of the-test fluid-to-the-expesure-area Apply an amount of the test

fluid to the glass wool sufficient to ensure that the pad is wetted evenly across its surface
and through its thickness for the duration of the test, and that the concentration of the
fluid is not changed significantly during the duration of the test. Remove-the-gauze pad

: srcdor £ rstos.

There was a need to define how the chemicals were held onto the surface of the cylinder.

H.6. Fest-conditions-Pressure cycle and hold
a)—Pressure-eyele

As-defined-in-the-testsequence; The cylinder shall be hydraulically pressure cycled between
not less than 2 MPa and not more than 125% of working pressure 26-MPa for a total of 3

000 cycles. The maximum pressurization rate shall be 2.75 MPa per second. After
pressure cycling, the cylinder shall be pressurized to 125% of working pressure and
held at that pressure a minimum of 24 hours and until the elapsed exposure time
(pressure cyclmg and pressure hold) to the enwronmental fluids equals 48 hours. The
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Number of pressure

Test feps Exposure envivonments eycles Temperature
1 Other fluids - Ambient
2 Irmmersion 1,375 Ambient
3 Alr 1,875 High
o Other fluids - Ambient
5 Irmersion 1,875 Ambient
6 Air 3,750 Low
7 Other fluids Ambient
8 Irmersion 1,875 Ambient
9 Alr 1,875 High
10 Other fluids Ambient
11 Irmmersion 1,875 Ambient
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ANNEX 1
PRESSURE RELIEF DEVICE (ISO 15500-13)
COMPARED TO R.110

ISO

Hydrostatic strength

Specific requirements:

- for the housing: 800 bar at 20 °C + 5
OC;

- for the fusible material: randomly
select 3 specimens and test with water
at 300 bar and 20 °C + 5 °C for 30
minutes. Then increase the pressure
at a rate of 5 bar/s to 600 bar or to the
pressure at which the fusible material
starts to extrude. If the extrusion
begins at less than 450 bar, the device
is considered to have failed the test.

Leakage

Specific requirements:

- testat-40 °C and 150 bar;

- testat 82 °C and 260 bar.
The PRD shall be either bubble-free or have a
leakage rate less than 2 cm*/h.

Excess torque resistance

Bending moment

Continued operation

Specific requirements:
- randomly select five test specimens;
- cycle the PRD with water at between
10% and 130% of the service
pressure, at a maximum cyclic rate of
10 cycles per minute and at a
temperature of 82 °C + 2 °C.
Test temperatures:
- 82 °C for 2000 cycles;
- 57 °C for 18000 cycles.
Following the test there shall be no extrusion
of the fusible material from the PRD.
At the completion of the test, the PRD shall

R110

Overpressure test

1,5 times the working pressure

Leakage test

Test at 85°C (200 bar).

No test

No test

No test
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comply with the requirements of leakage and
benchtop activation tests.

Corrosion resistance

The test is the same in R110 and ISO, but the
exposition time is different:

- 96 hours for ISO;

- 144 hours for R110.

Oxygen ageing

Non-metallic synthetic immersion

This test is comparable to the CNG
compatibility test of R110.

ISO test is closer to CNG specific constraints.

Vibration resistance

The test is the same in ISO and R110.

The test should be made at the frequency that
causes the most vibrations and not at 17 Hz.

Brass material compatibility

The test is the same, but ISO does not specify
the test time period.

Accelerated life

Purpose: the device shall be able to perform
reliably for at least one year at 82 °C and for
at least 20 years at 57 °C.

Benchtop activation

Purpose: demonstrate that PRD will activate
consistently throughout its life.

Corrosion resistance test

The test is the same in R110 and ISO, but
the exposition time is different:

- 96 hours for ISO;

- 144 hours for R110.

Regulation R110 (Annex 5E) is confusing
between two test options given in R67.

No test

CNG compatibility test
The compatibility test is performed using
two different mediums:

- n-pentane (R110)

- CNG (ISO)

R110 test has been taken from R67.

Vibration resistance test

The test is the same in ISO and R110.
The test should be made at the frequency
that causes the most vibrations and not at
17 Hz.

It's included in the corrosion resistance
test.

The test is the same, but ISO does not
specify the test time period.

No test

No test
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Thermal cycling

- thermally cycle the PRD between -40
°C and 82 °C until a total of 15 thermal
cycles have been achieved;

- then cycle the ORD between no more
than 10% and no less than 100% of
the service pressure for a total of 100
cycles.

At the completion of the test, the PRD shall
meet all the requirements of leakage and
benchtop activation tests.

Condensate corrosion resistance

Fill the PRD with the test solution and soak
the device for 100 h at 21 °C.

At the end of this test, the PRD shall meet all
the requirements of leakage and benchtop
activation tests.

Flow capacity

This test is meant to establish the flow
capacity of the PRD in m*/h of natural gas
flow at 7 bar absolute and 15 °C.

No requirement

Comments:

No test

No test

No test

Fuse opening temperature: 110°C +
10°C.

R110 requires a fuse opening temperature of 110 °C + 10 °C.

ISO standard, on the contrary, gives no requirement in terms of temperature, pointing out
that the activation of the eutectic material is due to a combination of both temperature and

pressure.

Tests of ISO standard impose a resistance temperature of 82 °C at 260 bar. ISO also
requires continued operation and accelerated life tests.
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