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Proposed change

Ge

UK has a strong objection to this standard on a
number of points these are shown in bold below.

Para 1

Te

Exclude all welded liners.

Exclude all welded liners.

1

Para 1

Te

The broad scope of the standard cannot be
achieved with all materials and product types.
Note for all type 1 cylinders leak before burst
must be guaranteed. This becomes
increasingly difficult as working pressures
increase. For example, the restricted use of
type 1 cylinders such as aluminium alloy
cylinders should not be used outside the
design parameters of ISO 7866.

Redefine scope to reflect manufacturing
experience.

GB

1

2

Te

There should not be a standard within a
standard.
All cylinders used as stationary storage in
hydrogen service must have at least the
equivalent level of safety to those designed
and constructed to this standard.
Therefore it is incumbent on those using
cylinders not designed and constructed to this
standard to prove they have an equivalent level
of safety.

The requirements included in Annex B should be
removed. If there is a requirement for such text
then it shall either be included in the main body of
the standard or it shall be considered as a separate
standard.
As a separate standard the various requirements to
adopt cylinders from other services and with
variable histories of cycling can be properly
addressed.
A standard should not include a standard.
Annex B should be deleted.
Please note that the drafting of an earlier version of
ISO 19884 where the requirements of Annex B
were in the main body of the text was abandoned.

GB

1

Te

Deletion.

This International Standard does not include
external piping which can be designed

Para 4

It is not appropriate to include a reference to a
piping standard as it is not within the scope of the
standard.
6.

Document: DIS 19884

NO

1

te

Project: WG 15

Observations of the
secretariat

according to a recognized standard (e.g. ISO
15649).

This standard is dedicated to stationary storage.
Delete the sentence: For an existing design………
It is to the best very confusing that the scope guide
into an option in an annex (Annex B)
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Proposed change

7.

US

1

Te

TC197 did not approve the change to the scope to
include specific reference to cylinders made to
other standards, particularly with a reference to
Annex B.
Wording is proposed that is more in keeping with
the approved scope, but still references use of
other cylinders.

Delete existing paragraph 2, and replace with:
This International Standard also provides
information and requirements for qualifying an
existing vessel design already qualified for other
applications.

8.

**

1 Scope

Ed

The Scope cannot contain requirements,
recommendations or permission.

Move requirement to follow Annex B to the main
part of the document.

9.

ECM
A

Scope

This standard should exclude welded liners for
composite cylinders

Delete welded liners from scope

10.

ECM
A

1 Scope

In general the scope is confusing and should be
amended, especially the first paragraph. Please
see our proposed wording in the next column.

This International Standard specifies the
requirements for design, manufacture and testing of
single or manifolded cylinders, tubes, and other
pressure vessels of steel, stainless steel, aluminium
alloy or non-metallic material.

First
paragraph

te

Project: WG 15

Observations of the
secretariat

These pressure receptacles are intended for the
stationary storage of gaseous hydrogen of up to a
maximum water capacity of 10 000 l and a
maximum allowable working pressure not
exceeding 110 MPa.
These pressure vessels can be made of
•

•

seamless monolithic steel or
aluminium alloy construction
(Type I)
composite design



Type II, hoop wrapped cylinders
Type III, fully wrapped cylinders



Type IV, cylinders with plastic
liners

hereafter referred to as pressure vessels.
Type II and III composite pressure vessels with
welded liners are excluded from this standard,
1
2
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Project: WG 15
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whereas non load sharing welded liners are
included.
2nd paragraph te

Annex B does not fully evaluate the safety of
vessels as stationary application. Many technical
matters prescribed in Annex B are not appropriate.
Correction based on detailed discussion is
necessary.

It is the usual way to delete Annex B and carry out
all the tests required by Annex A. However, I would
like to use Miner’s law to reduce the test cost.
Please see JP2 – JP4 and JP11 comment.

11.

JP

1 Scope

12.

NO

2

te

ISO 11119-3 is referenced in the standard, but not Add ISO 11119-3Gas cylinders — Refillable
listed under normative references
composite gas cylinders and tubes Part 3:
Fully wrapped fibre reinforced composite
gas cylinders and tubes up to 450L with
non-load-sharing metallic or non-metallic
liners

13.

GB

2 and
throughout

Te

Remove EN 13322-2 from the normative
references.

14.

**

2 Normative
references

Ed

ISO standards should appear first in the list of
Place ISO standards before standards from other
normative references, followed by other standards. organizations in the list.

15.

ECM
A

2 Normative
references

te

EN 13322-2,

16.

**

2 Normative
references

ed

1)

1
2

SAC

3

te

To be removed, applies to welded cylinders.
This standard does not allow non seamless liners.
See scope

ISO 15500-13, EN 12245 are not cited
anywhere in the document
CSA PRD 1-2013 is cited as a
recommendation (“should”).

1)

Delete

2)

3)

ASME Boiler and Pressure Vessel Code is
not cited normatively.

3)

Either redraft to a requirement (“shall”) or
move to the Bibliography
Move to the Bibliography and add
complete reference information

4)

ANSI/CSA CHMC 1-2014 is not cited
normatively

4)

2)

17.

Delete EN 13322-2 in normative references and in
the document.

Move to the Bibliography

The concept, terminology, classification of
pressure vessels and cylinders were mixed in
ISO/DIS 19884 which may cause confusion.
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Project: WG 15
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Cylinders and pressure vessels belong to different
regulatory systems, and they are different in
materials, design, manufacturing, inspection, etc.
The mixed using of concept, terminology, and
classification about them in ISO/DIS 19884 may
cause confusion.
a)

18.

FR

3

3.1

Ed

Tests like hydrostatic burst pressure, pressure
cycling, bonfire, etc. are commonly used to
ensure the performance and safety of
cylinders, but the performance and safety of
pressure vessels are mainly ensured by
design. All pressure vessels designed
according to ASME VIII-1, EN 13445 or
GB150[8] are not required to do type tests.
b) The terminology MAWP represents the
highest pressure that equipment may operate
during normal operation. It is commonly used
for the design of pressure vessels but not for
cylinders. If MAWP need to be used in this
standard, its calculation method for each type
vessel should be specified.
c) The classifications of cylinders and pressure
vessels are different. Cylinders are often
classified into types 1/2/3/4 according to their
structures. However, Pressure vessels haven’t
been classified into four types like cylinders. If
the classification will be used in this standard,
it should comprehensively cover the common
vessels which can be used in hydrogen
station.
The ISO boilerplate language is missing, see 16.4 For the purpose of this document, the following
ISO/IEC Directives part 2.
terms and definitions apply.
ISO and IEC maintain terminological databases for
use in standardization at the following addresses:
• IEC Electropedia: available at
http://www.electropedia.org/

1
2
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• ISO Online browsing platform: available at
http://www.iso.org/obp
19.

FR

3.1

20.

GB

3.1.12

Te

Unnecessary use of no less and no more.

21.

NO

3.1.18

te

Maximum allowable temperature should be defined Delete text in brackets.
independent of Annex B

22.

NO

3.1.18

te

Note is confusing

Delete NOTE

23.

GB

3.1.21

Te

Remove reference to Annex B.

minimum temperature of any part of the pressure
vessel for which it is designed (or intended to be
used if Annex B is followed)

24.

ECM
A

3.1.27

te

Service life

Service life

maximum period (expressed in years) for which the
pressure vessel is designed to be in service
(based on fatigue life and stress rupture
characteristics of composite cylinder )

maximum period (expressed in years) or when the
maximum allowable number of pressure cycles has
been reached, whichever comes first, for which the
pressure vessel is designed to be in service.

25.

GB

3.1.31

Te

Remove reference to Annex B.

Delete Note.

26.

NO

3.1.31

te

Introduction of a new definition for test pressure
Delete definition, and use only Ph (ref 3.1.33)
(TP) which seems to be different from the normal
throughout the ISO 19884
Ph for pressure vessels standards is confusing and
may lead to missunderstandings/misinterpretation
of ISO 19884

27.

GB

3.1.41

Te

Insert pressure

NOTE As defined in ISO 11119-3, a non-loadsharing liner is a liner that has a burst pressure less
than 5% of the nominal burst pressure of the
finished composite cylinder

28.

GB

3.1.42

Te

Remove reference to Annex B.

Delete Note.

1
2

Note

Ed

In the appropriate definitions, replace "NOTE" by
"Note 1 to entry"
cycle of pressure amplitude between MAWP (see
3.1.19) and 10% of the MAWP
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3.2

Te

3.2 Symbols

Ed

32.

33.

34.

IT

IT

US

IT

4.4-4.6

4.5

3

Document: DIS 19884

Comments

Proposed change

1)

The list of symbols should be placed in a
table with the symbol in one column and
the definition in another column
Symbols must be submitted in the correct
format for publication. Variables should be
in italics and non variables and subscripts
should be upright

1)
2)

Te

Clause 4.4 and clause 4.6 seem to be in Please clarify if the methods are alternative and can
contradiction.
be used indifferently.

Ed

Please clarify as in the following:
The shallow cycle life cannot be calculated “The shallow cycle life shall be calculated according
to one of the methods given in 4.6.2, 4.6.3, 8.1.3.5
according to all the clauses indicated in the text.
or experimentally determined according to methods
described in A.7”.

Te

4.6.2

Te
Te

The text addressing calculation of equivalent
partial cycles is a separate issue from the subject
matter and purpose of Annex B and should
therefore be moved to a separate, normative
annex, perhaps in an expanded Annex F.
See also comment on Annex B.6 so technically
concerns with the current text.

Change the reference from Annex B to the new,
normative annex based on disposition of comments
in Annex B.6. See below.

Te/Ed

Is it a note or an example?

Please clarify or redraft as follow:

US

4.6.2

36.

FR

4.7

Note

Observations of the
secretariat

Place list of symbols in table as noted
Submit symbols in correct format as noted.

4.6.1

35.

Project: WG 15

Fa: hydrogen accelerating factor is not defined in
A definition should be added in clause 3.1.
Terms & Definitions.

2)

31.

Date:2018-06-06

Move sentence addressing variations in pressure
due to temperature from the old annex B into the
normative text.

Add new paragraph to the end of 4.6.1:
Pressure variations exclusively due to variations of
ambient temperature are not counted as pressure
cycles.

Pressure intensity factor is not defined in Terms &
A definition should be added in clause 3.1
Definitions.

EXAMPLE

1
2
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A pressure vessel specified for 150000 cycles … 17
years.
37.

38.

39.

40.

GB

7.2 and 7.3

Te

Modify text.

IT

7.7 Plastic
liner material

Te

Add specific
Provisions for compatibility of plastic material with
demonstrating
hydrogen are missing
hydrogen

Te

Numerical analysis may not be needed depending
on standard used for design (e.g. EN 13445 and/or Remove the need to perform a mandatory
ASME can be used without performing numerical numerical non linear analysis.
analysis and using only a design by formula
approach).

Te

Delete reference to welded construction.

IT

GB

8.1.1.1

8.1.2.1

Para 4

Any weld used in hydrogen service has
vulnerability to hydrogen embrittlement in the heat
affected zone of the weld this is difficult to guard
against and in cylinder construction could cause
production difficulties. Potential use at super high
pressures would make the situation even worse.
41.

42.

IT

IT

8.1.2.3

8.1.3.1
1-3

Last
paragraph

Ed

Te

ISO 11120 is not mentioned.

Change to "and be compatible with hydrogen
according to ISO 11114-4."

and criteria for
compatibility with

Type 4 liners shall comply with the materials
requirements in 7.7, and may be of seamless or
welded construction.

Please add ISO 11120 along with ISO 9809.

The pressure vessel material, design,
manufacturing process and examination shall be
The qualification of a new design using fracture proved to be adequate for their intended service by:
mechanics should be allowed without following

meeting the requirements of the material
requirements of clauses 8.1.3.2 and 8.1.3.3.
tests and type tests specified in 8.1.3.2 and
Fulfillment of requirements as per clause 8.1.3.5
8.1.3.3
already covers material compatibility and fatigue or
design.


1
2

requirements
the material

following design rules given in clause
8.1.3.5.
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Te

8.1.3.2
Table 2
First line

ed

8.1.3.2.5
Material tests
for polymeric
liners

Te

8.1.3.3.1

TE

This subclause allows the use of subsize pressure
vessels within certain geometric limitations, but it
should also allow the testing of the original tank
design with a reduced internal volume through the
use of filler materials. This is because there is
considerable expense in manufacturing subscale
units, and the alternative approach of using a filler
to reduce the volume would not change the wall
stresses applied in testing.

Ed

Burst pressure for liner is applicable only for type 2.

Te

Steels with UTS>950 MPa are known to be more
susceptible to hydrogen embrittlement and fracture
toughness in H2 can be greatly reduced, therefore Modify note (1) adding the requirements for steels
leak before break may not occur.
with UTS>950 MPa.
Leak before break test should be required when
UTS is above 950 MPa.

8.1.3.3.4

8.1.3.5

Type 4

Table 3

Table 3

TE

Observations of the
secretariat

Annex B does not specify tests to be conducted.
The document should specify which additional tests WG to discuss and agree on additional tests not
should be done once a cylinders is already qualified included in prior qualification.
to another standard.

8.1.3.1
4

8.1.3.3.2

Project: WG 15

Should be flagged

Add specific
Provisions for compatibility of plastic material with
demonstrating
hydrogen are missing
hydrogen

Fracture mechanics commonly uses formula
(da/dN = C ×△Km) to calculate the fatigue life of
vessel. The coefficients C and m can be obtained
through FCGR test, but there still remain some
problems for the determination of K. The K of type
1 cylinders can be calculated by the formula of
579-1/ASME FFS-1 or ASME VIII-3 Appendix D,
but for type 2/3/4 vessels, the value of K depends

requirements
the material

and criteria for
compatibility with

“….the subscale unit shall be the same as the full
scale pressure vessel. Full-scale pressure vessels
containing a filler material to reduce the internal
volume may also be used”.

Add a note to specify that burst for liner applies only
to type 2 vessels.

When the fracture mechanics was used to design
qualification，it is better to clarify the calculation
method or formula for stress intensity factor (K) of
each type vessel.
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on the winding thickness, winding angle and some
other factors. At present, we have not yet found a
general formula to calculate the K of type 2/3/4
vessels in any standard. If we can't clarify the
calculation method or formula of K, then different
people may adopt different methods and come up
with different results.
In addition, ISO/DIS 19884 rules that if pressure
vessel cycle life is determined in accordance with
fracture mechanics, the test of ambient
temperature pressure cycling shall be ignored. We
suggest that if there is not appropriate calculation
method or formula of K, the test required in A.7
shall not be ignored considering safety.
50.

GB

8.1.3.5

Te

Delete 8.1.3.5 and its subclauses.
ISO standards as far as practicable need to be
performance based and the introduction of designs
based on fracture mechanics at this late stage of
the document is inappropriate.
Which fracture mechanics theory is proposed?
Which assumptions are you going to make?
Must be validated with performance testing.

51.

52.

53.

1
2

IT

IT

ECM
A

Te

If type 1 pressure vessels are designed according
to fracture mechanics rules given in 8.1.3.5 there is
no need to test them according to 8.1.3.1, 8.1.3.2
and 8.1.3.3.

8.1.3.5

Te

As an alternative method for new design
qualification, fracture mechanics design based
For type 1 vessels, tests required in clauses 8.1.3.2
approaches can be used. If pressure vessel cycle life
and 8.1.3.3 should not be required.
is determined in accordance with the rules in 8.1.3.5,
clauses 8.1.3.2 and 8.1.3.3 shall be ignored.

8.1.3.5

te

8.1.3.5
2

If type 1 pressure vessels are designed according to
this clause, material tests required in clauses
8.1.3.1, 8.1.3.2 and 8.1.3.3 are not needed and
therefore these clauses shall be ignored.

Change of wording of 8.1.3.5 Design qualification 8.1.3.5 Design qualification and cycle life definition
by fracture mechanics
by fracture mechanics
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Clause/
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8.1.3.5
Design
qualification
by fracture
mechnics

Paragraph/
Figure/Table

1st paragraph te

Type of
comment2

Date:2018-06-06

Document: DIS 19884

Comments

It is difficult to apply fracture mechanics approach
that is mentioned in “8.1.3.5.1 Fatigue crack
growth rate tests” and “8.1.3.5.2 Fracture
toughness testing” to every design vessel.
Correctly, material constant in Paris law (C, m) and
fracture toughness values in the material are
obtained, but they cannot be used for any design
vessels.
Because it is difficult to find appropriate equation
for stress intensity factor K for any design vessels
(e.g. stress distribution including compression
stress, etc.).

Proposed change

Project: WG 15

Observations of the
secretariat

When the fracture mechanics approach (8.1.3.5.1
and 8.1.3.5.2) is applied to Type 1 and Type 2
vessel which autofrettage process is not applied,
and hoop stress distribution (+ region) in cylindrical
portion dominates vessel cycle life, but we would
like to discuss the necessity or unnecessity of
fracture mechanic approch.
If fracture mechanics approach for the Type 1 and
Type 2 vessel as shown above is carried out, we
recommend the following.

Test environment:
These fracture mechanics approach (8.1.3.5.1 and
8.1.3.5.2) will be effective for Type 1 and Type 2
 Material where hydrogen embrittlement
vessel which autofrettage process is not applied,
appears are tested in hydrogen.
and hoop stress distribution (+ region) in cylindrical

Material where hydrogen embrittlement does
portion dominates vessel cycle life, and the
not appear are tested in air or nitrogen (inert
material shows hydrogen embrittlement.
gases).
8.1.3.5.1 Fatigue crack growth rate tests
1) Find the C and m of Paris law for the material by
an appropriate test method.
2) The vessel manufacturer specifies the critical
initial defect size (l: Initial surface length of the
defect, a: Initial depth of the defect).
3) Calculate the vessel pressure cycle life by Paris
law.
da/dN＝C⊿Km,
KI＝[(A0+Ap)G0+A1G1+A2G2+A3G3](πa/Q)0.5,
Q＝1+4.593(a/l)1.65

1
2
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Criteria: The calculated vessel pressure cycle life =
or > CL
8.1.3.5.2 Fracture toughness testing
1) The fracture toughness value KIC for the material
by appropriate test method.
2) Calculate KI when the crack depth is 0.8 times t
(the wall thickness).
Criteria: KI < KIC, 0.2t < (KIC / Sy)
Sy = Yield strength of the material

55.

IT

8.1.3.5.1

End of
paragraph

Te

The hydrogen used for testing shall comply with the
requirement listed in ISO 11114-4.
It is important that the manufacturer is aware that
not only hydrogen used for testing should be of good
quality but also testing chamber should be properly
cleaned.

te

The following wording shall be added to 8.1.3.5.1:
Allowable number of cycles is half the number of
cycles to reach the final crack depth defined as the Allowable number of cycles is half the number of
crack size at which stress intensity factor reaches cycles to reach the final crack depth defined as the
crack size at which stress intensity factor reaches
material fracture toughness.
material fracture toughness or when the crack size
reaches 80% of the wall thickness.

Ed

Art KD-4 and KD-10 are from ASME BPVC Section
Add reference to ASME BPVC Section VIII Div.3.
VIII Div.3

Te

Crack growth rates are function of the range of the
stress intensity factor according to equation below:
Please add guidance on how to conduct the fracture 𝑑𝑎/𝑑𝑁=𝐶[𝑓(𝑅𝐾)]Δ𝐾𝑚
mechanics assessment.
Where
RK=KImin/KImax

8.1.3.5.1
56.

57.

58.

59.

1
2

ECM
A

IT

IT

AR

8.1.3.5.3

End of
paragraph

8.1.3.5.3

8.1.3.5.4

Material
qualification

Te

The sixth paragraph refers to a point a), which is
not previously well defined:

Add a note:
NOTE: Proper purging and cleaning of the test
chamber should be carried out prior to tests
execution. Contaminants such as H2O or O2, even in
very small quantities are known to affect tests
results.

Rewrite the paragraph for better understanding
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“The data obtained in a) may be used for other
pressure vessels manufactured from the same
material and grade, having the same nominal
composition and heat treatment condition,
provided its tensile strength do not exceed the
values of the material used in the qualification tests
by more than 5%.”
Add the following sub-clause:
8.1.5.5.5: Crack growth rate constant for low alloy
steels.
For low alloy Cr-Mo and Ni-Cr-Mo steels typically
used in pressure vessels design and fabrication,
crack growth rate factors in Table 5 may be used.
Table 5:

60.

IT

8.1.3.5.4

Te

For low alloy Cr-Mo and Ni-Cr-Mo steels fatigue
crack growth rate data and fracture toughness data
are available in the scientific literature.
Analysis of these data suggest that these curves
might be appropriate for generic use for a wide
range of steels, potentially replacing the need for
extensive materials testing in high-pressure
gaseous hydrogen.
A single master curve can potentially be adopted for
a wide range of pressure vessel steels for load
ratios at least between 0 and 0.7 and any pressure
of hydrogen at ambient temperature.
Such proposal is the result of published available
data and it is also under discussion for inclusion in
KD-10 in the relevant ASME committee.

Crack Growth Rate Factors
da/dNlow
C (m/cycle) 3.5E-14
m
6.5
CH
0.43
Where:

da/dN = da/dNlow if ∆K < ∆Kc = 8.475 +
4.062RK - 1.696RK2
da/dN = da/dNhigh if ∆K ≥ ∆Kc = 8.475 +
4.062RK - 1.696RK2
f(RK) = (1+CH*RK)/(1-RK)




1
2

da/dNhigh
1.5E-11
3.66
2.0

Above crack growth factors are only
applicable when the following conditions
are met:
Design pressure not to exceed 103MPa.
Kmax < 35 MPa m1/2.
Specified tensile strength shall not exceed 950
MPa.
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NOTE: low alloy Cr-Mo and Ni-Cr-Mo steels are to
be intended, although not limited to, those steels
specified in ISO 11120 group II and III or ASME
material specification such as SA 372 and SA 723.
61.

62.

IT

IT

8.1.4.2.2

8.1.4.2.3

Te

What is the rational to have different batches for Align batches between type 3 and 4 with type 1 and
type 3 and 4 compared to type 1 and 2?
2.

Te

Except for pressure vessels designed according to
clause 8.1.3.5 one pressure vessel shall be
subjected to the hydrostatic burst pressure test in
accordance with A.6. The pressure vessel burst
pressure shall exceed the specified minimum burst
Burst test and pressure cycle testing are not pressure and stress ratio requirement specified in
necessary if a type 1 vessel is designed according Table 1.
to clause 8.1.3.5.
Except for pressure vessels designed according to
clause 8.1.3.5 one pressure vessel shall be
subjected to pressure cycle testing in accordance
with the requirements in 8.1.4.2.4. The pressure
vessel used for the pressure cycle test in 8.1.4.2.4
may also be used for the burst pressure test.

63.

AR

8.1.4.2.4

Ed

Incorrect use of decimal point in the following text:
“…for a total of 5.2 times the design service…”

Use comma instead of decimal point, as follows:
“…for a total of 5,2 times the design service”

64.

FR

8.1.5

Example

Ed

65.

FR

8.1.5

Note

Te

The note as written is not informative

As there is ISO boilerplate in the foreword, this not
shall be deleted.

66.

GB

8.1.5

Para 1

Te

Modify text.

Delete:

Redraft as an Example, see the preceding French
comment

Marking shall be to the customary industry standard
(e.g. PED, ASME, JSME), or by labels incorporated
into resin coatings, labels attached by adhesive, or
by low stress stamps used on the thickened ends of
Type 1 and Type 2 designs, or any combination of
the above. Adhesive labels and their application
shall be in accordance with ISO 7225. Multiple
1
2
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labels may be used and should be located such
that they are not obscured by mounting brackets.
Replace with:
Requirements for marking in relevant regulations
override the requirements given in this part of ISO
19884.
67.

US

8.1.5

Te

Add wording to requirement h) to reflect the need
to properly identify cylinders made to other
standards.

h) the reference to this International Standard and,
for the case of use of a vessel qualified initially
under another ISO standard as defined in Annex
B1, a reference to that standard in parentheses.

68.

US

8.1.5

Te

Add wording to the label example to reflect the
update to requirement 8.1.5 h)

ISO 19884 (ISO 11119-2) T3 -40°C / 85°C

69.

GB

8.2

Te

Delete section 8.2.

Delete section 8.2.

70.

FR

All standard

Ge

The complete standard shall be written in
accordance with ISO/IEC Directives part 2. This is
not the case in the draft proposed for to CEN
enquiry and DIS enquiry.

ISO/IEC Directives part 2 are available via the link
below:
https://isotc.iso.org/livelink/livelink?func=ll&objId=42
30456&objAction=browse&viewType=1

71.

FR

All standard

Decimal
numbers

Ed

The decimal sign shall be a comma as required in
ISO IEC Directives Part 2 subclause 9.1

Review all decimal numbers

72.

FR

All standard

Note

Ed

According to ISO/IEC Directives part 2, subclause
24.5, notes shall not contain requirements (e.g.
use of “shall”) or any information considered
indispensable for the use of the document, for
example instructions (imperative mood),
recommendations (e.g. use of “should”) or
permission (e.g. use of “may”). Notes should be
written as a statement of fact.

Redraft the majority of the notes

73.

FR

All standard

Note

Ed

According to ISO/IEC Directives part 2, subclause
24.3 Within a given clause or subclause, notes
shall be numbered sequentially. The numbering

Please correct

1
2
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restarts at each new subdivision. A single note in a
subdivision need not be numbered.
74.

**

Clauses 2
and 3

Ed

Introductory generic text is not correct.

Up-to-date generic text is provided in the Simple
template in the Drafting standards section on
iso.org:
https://www.iso.org/drafting-standards.html

75.

**

Foreword

Ed

Update generic text, which now includes mention
of “the voluntary nature of standards” in 5th
paragraph (and 3rd hyperlink) and rewords
subsequent paragraphs.

Up-to-date generic text is provided in the Simple
template in the Drafting standards section on
iso.org:
https://www.iso.org/drafting-standards.html

76.

**

General

Ed

Use “this document” to refer to ISO 19884” or “this Please correct as applicable.
international standard” throughout the text.

77.

**

General

ed

The decimal point should be a decimal comma.

Correct the decimal point to a decimal comma.

78.

**

General:
Equations

Ed

Equations, e.g. starting in Annex A, shall be
numbered, e.g. (A.1). The where clause with the
definitions should be presented in a table as
shown in the Simple Template.

Number equations in numerical order and use the
table in the Simple Template for the equation
definitions.

79.

**

General:
Figures

ed

Figures shall be text free.

Remove text from figures and move into a Figure
key outside of the figure and replace with key
numbers, e.g. Figure G.1: “time” and “pressure”
should be replaced by X and Y in the figure and “X
time” and “Y pressure” should appear in the figure
key outside the figure.
Apply for all figures.

80.

**

General:
heading style

ed

Headings and title start with first word uppercase
and subsequent words in lowercase, e.g.

Apply thoughout.

4.6.2Pressure Intensity Factor
Should be
4.6.2Pressure intensity factor

1
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81.

**

General:
NOTES

ed

NOTES cannot contain requirements (“shall”),
Review all NOTES. If the contain requirements,
recommendations (“should”) or permission (“may”). recommendations or permission, move them into
regular text.

82.

**

General:
reference to
regulations

ed

Compliance with legal obligations and local
Remove the statements regarding regulations from
regulations is always mandatory. It is therefore
the following:
unnecessary to include this kind of statement in an Introduction: last paragraph
ISO standard.
NOTE in 8.1.5
E.7.2 1st sentence

83.

FR

Introduction
and in all the
standard

84.

JP

Outline of
design
approval

2nd paragraph Ed

Project: WG 15

Observations of the
secretariat

Replace "this standard" or "this International
Standard" by "this document"
Please see attached document “Proposal for
Design Approval (Japan WG15, 2018, April)”.
Outline for design approval in the current 19884
draft and its subjects are summarized on page 1
and 2 in the attached document.
And our proposal for design approval is
summarized on page 3 and 4.

Our proposal for design approval
1)

FEA
Stress analysis on fatigue sensitive part

2)

Best fit fatigue curve
Carry out fatigue test with test specimen, and
obtain the appropriate best fit fatigue curve
and the exponent n.

3)

Fracture mechanics approach
(Note: If possible and if required, carry out)
a) Prediction of vessel pressure cycle life
b) Evaluation of fracture toughness

Proposa l_ for_ Des
ig n_ Approv a l_ ( Ja pa n_ W G15, _ April_ 10, _ 2018) . pdf
4)

Vessel tests

* For new design vessel *
Require vessel tests specified in Annex A
except for the following tests.
A.2 Hydrogen sensitivity tests.
A.7.2 Partial amplitude pressure cycling
A.8 Leak-before-break (LBB) test
* For existing design already qualified vessel *
Require the following vessel tests specified in
Annex A at least.
1
2
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A.6 Hydrostatic burst tests
A.7.1 Full amplitude pressure cycling
In existing standards or regulations, if the test
equivalent to the test in Annex A has not been
carried out, carry out the test according to
Annex A.
85.

FR

Scope

2nd §

Te

86.

FR

Scope

Last §

Te

The scope shall not contain requirement

Redraft the sentence or move it in the main text.
Redraft the sentence as follow:
"External piping is not covered by this document
which can be designed according to recognized
standard, e.g. ISO 15649"

87.

**

Title

88.

SAC

Whole

ed

The title is not specific enough to distinguish the
subject matter from that of other documents and
does not reflect the Scope closely enough.

Suggest editing the title from:
Gaseous hydrogen -- Cylinders and tubes for
stationary storage
To:
Gaseous hydrogen – Requirements for the design,
manufacture and testing of cylinders and tubes for
stationary storage
in order to reflect the Scope of the document more
closely.

Some pressure vessels which have been proven to
work well in hydrogen station are not included in
ISO/DIS 19884.
Several type vessels like Multi-Layered Steel
Vessel (MLSV) have been developed and proven
to work well in hydrogen station. However, these
vessels are not included in ISO/DIS 19884. In
addition, these vessels are designed in
accordance with the pressure vessel standard.
They can be safely ensured only by design,
hydraulic pressure test and airtightness test, and
do not need to be qualified by type test.
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Annex A.7

90.

ECM
A

91.
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comment2
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Change of wording of A.7 Ambient temperature
pressure cycling

A.7 Ambient temperature pressure cycling for cycle
life definition

Annex A.7.1

variability margin factor Kn shall be removed from
this standard

Not technically manageable in terms of pressure
cyles and Nr. of cylinders to be tested.

ECM
A

Annex A.7.1

This factor significantly increases the number of
variability margin factor Kn shall be removed from
this standard
tests with a big impact in terms of economic
investment and time to market. The time for testing
is very long due to pressure cycles and Nr. of
cylinders to be tested.

92.

CA

A.11

TE

Delete the test.
The chemical exposure test is not required for
tubes in stationary service. The chemical
exposure test was developed specifically for
vehicular service. These are automotive solutions.
This type of service condition simply does not exist
in stationary storage. There have never been any
chemical exposure failures of composite-reinforced
pressure vessels in stationary or transportable
(non-automotive) test conditions. ISO 11119 does
not have any chemical exposure test requirements.
So why is it thought that stationary vessels could
now be exposed to automotive chemicals when it
has not happened previously????

93.

CA

A.13

TE

The pressure cycling rate of b) shall not exceed 10
cycles per minute. The pressure cycling rate of d)
shall not exceed 2 cycles per minute unless a
pressure transducer is installed directly within the
pressure vessel.

Project: WG 15

Observations of the
secretariat

This is amplified for big pressure vessels.

The pressure cycling rate of b) shall not exceed 10
cycles per minute. The pressure cycling rate of d)
shall not cause the fluid temperature to become
warmer than -40°C as measured within the fluid of
the container.

This is a complete error – one wants the
In addition, the subclauses should not specify the
THERMOCOUPLE (not the “pressure transducer”) arbitrary 10 cycles per minute limitation
inside the container. The purpose is to ensure the
fluid temperature does not become warmer that 40C during pressure cycling. Ensuring the outside
surface or end boss of a composite-reinforced
1
2
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container is at the correct temperature provides no
indication whatsoever of the fluid temperature
considering that a moving fluid that is continually
being heated during pressure cycles, and that the
fluid within composite-reinforced designs are
largely insulated from the chilling effect from
external environments. This is the reason why ALL
container standards with an extreme temperature
pressure cycle test currently require the fluid
temperature within the container to be measured.
94.

CA

A.13

TE

“a) The intent of this requirement shall be deemed
met by spraying with a fine spray or mist of water
in a chamber held at 85 °C”.
A test chamber cannot be held at an absolute
value of 85°C – there must be a tolerance
associated with this value.

The intent of this requirement shall be deemed met
by spraying with a fine spray or mist of water in a
chamber held at 85 (+5/-0) °C”. The compositereinforced wall of the container shall also measure
85 (+5/-0) °C throughout the duration of the test.

In addition, there is no point in just specifying the
chamber air temperature is 85°C – it is a test of the
composite reinforcement, thus the composite
reinforcement itself must be similarly monitored for
temperature.
95.

CA

A.13

TE

“c) Condition the pressure vessel and fluid at – 40
°C or the minimum allowable temperature, …”

“c) Condition the pressure vessel and fluid at – 40 (5/+0) °C or the minimum….”

A test chamber cannot be held at exactly -40C.
There needs to be a tolerance associated with this
value.
96.

1
2

CA

A.14

TE

For Type 4 designs, the finished pressure vessel
shall be filled with compressed hydrogen to
MAWP, placed in a sealed chamber at ambient
temperature, and monitored for permeated flow for
500 hours. The steady state permeation rate for

For Type 4 designs, the finished pressure vessel
shall be filled with compressed hydrogen to MAWP,
placed in a sealed chamber at ambient
temperature, and monitored for permeated flow for
500 hours. The permeation rate for hydrogen gas
shall be less than 6 cm3 of hydrogen per hour per
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hydrogen gas shall be less than 6 cm3 of hydrogen litre of water capacity when measured after 500
per hour per litre of water capacity.
hours.
This requirement is a contradiction. One cannot
specify 500 hours permeation test, and then state
the “steady state” permeation rate. It has to be
either an absolute number of hours, or a steady
state. If the latter, then there needs to be a
definition of what a “steady state” is. It is much
simpler to use the absolute number of 500
hours…..
97.

CA

A.16

TE

The availability of hydrogen gas cycle test facilities
worldwide is very limited. Even less available are
facilities capable of hydrogen gas cycle testing
tank volumes greater than 150L. The time,
expense, and availability of gas cycle equipment
with the capability of testing large pressure vessels
becomes prohibitive.
Even the use of a subsize design may not reduce
the volume sufficiently to make it economical to
hydrogen gas cycle test. It is therefore essential
for the development of the industry to allow use of
filler materials to reduce the gas volume of
containers used in the hydrogen gas cycle test.
Filler materials will reduce the volume of hydrogen
required to achieve the desired pressure, and has
no effect on the performance of the liner materials
considering the draft standard currently says that
one can reduce the speed of fueling and venting to
meet the temperature limitations of the design. So
the effect of using filler materials will have the
same effect as reducing fueling/venting rates.

“A.16 Hydrogen gas cycling test
Special consideration shall be given to safety when
conducting this test intended for type 4 pressure
vessels. Prior to conducting this test, pressure
vessels of the same design shall have successfully
passed the test requirements of A.6 (hydrostatic
burst pressure test), A.7 (ambient temperature
pressure cycling) and A.14 (permeation test). The
pressure vessel to be used in the test shall have
successfully passed the test requirements of A.18
(hydraulic test). The internal volume of pressure
vessels used in this test may be reduced through
the use of a filler material.”

In addition, the use of filler materials eliminates the
cost of manufacturing a subsize design for this
testing.
1
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DE

A.2.1

99.

AR

A.2.1.4
ANNEX A

100.

AR

101.

102.
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There is no acceptance criteria connected to the
determination of hydrogen sensitivity factor.

Elimination of the determination of hydrogen factor.
Instead of this:
A possible material degradation in hydrogen shall
be considered in the vessel design.

Ed

Comma should be used as a decimal separator in
the Note: “The hydrogen sensitivity factor for
higher R-ratios, which can reproduce shallow
cycles conditions, may be lower than the one
obtained at stress ratio equal to 0.1, however,
insufficient research on stress ratio effect exists at
the present time to confirm quantitatively this
trend.”

Use comma as a decimal separator (0,1)

A.2.2
ANNEX A

Ed

In the third paragraph comma should be used
Use comma as a decimal separator (0,1)
instead of decimal point: “Five specimens shall be
fatigue tested to failure in hydrogen under a
pressure greater than or equal to MAWP, applying
differential pressure cycles with a ratio of minimum
differential pressure to maximum differential
pressure of 0.1 and the same maximum differential
pressure as the maximum pressure in the test
above, by application of nitrogen backpressure.”

AR

A.5
ANNEX A

Ed

Incorrect use of decimal point in the following text: Use comma instead of decimal point, as follows:
“Following a 24-hour water boil the composite shall
“Following a 24-hour water boil the composite shall
have a minimum shear strength of 13.8 MPa.”
have a minimum shear strength of 13,8 MPa.”

CA

A.7

TE

Project: WG 15

Observations of the
secretariat

The ambient temperature pressure cycle test
Delete the fatigue life variability margin factor Kn
introduces a fatigue life variability margin factor Kn
The test shall be performed on 2 cylinders
which requires the number of test cycles to be
increased up to a factor of 4 times the design cycle
life. In addition, up to 5 cylinders are required for
this test. This requirement is far excessive than
any other existing ISO cylinder standard used for
hydrogen storage. Most other standards only
require 2 cylinders for this test. There is already
an inherent safety factor in this test because
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stationary cylinders do not see many full amplitude
cycles.
103.

104.

105.

106.

1
2

CA

IT

JP

US

A.7.1

TE

A.7.1

A.7.1

A.7.1

Te

The last
sentence on
page 36
and
Table 2

te

For the full amplitude pressure cycling, the
specification that cycling rate shall not exceed 10
cycles per minute is an historical, arbitrary number
associated with small volume metal cylinder
designs. It is not relevant to the testing of larger
pressure vessels – especially those of type 4
design where the expansion during pressurization
can be considerable. Achieving such fast pressure
cycles on large volume designs is highly unlikely
(and make it very difficult to keep the surface
temperature below 50C). Instead, the limitation of
10 cycles per minute should be replaced with a
statement regarding the need to pressure cycle at
a rate that still allows the accurate recording of the
peak pressure values.

“b) cycle the vessel pressure between not more
than 2 MPa and not less than the MAWP at a rate
that does not prevent the accurate recording of the
true peak pressure values. The temperature…..”

The pressure vessels shall be cycled between 2
MPa and not less than MAWP.
In last line of the paragraph it is written that if the
pressure vessel is cycled to MAWP then Remove Table A.1 and consider only Table A.2.
requirements is to follow Table A.2.
Difference between Table A.1 and table A.2 is not
clear.
The last sentence “Alternatively, if the pressure is
cycled to MAWP or more, Kn may be determined
as per Table A.2.” is unnecessary.

Delete the last sentence on page 36.

The background for linking the pressure condition
(MAWP or more) and Table A.2 is unknown.
Te

Review cyclic fatigue requirements, coordinating
The fatigue test requirements are more severe
than most comparable standards. Also, proposals with changes being proposed to ASME. Review
requirements for subscale vessels.
are being made to ASME to revise their similar
requirements.
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Date:2018-06-06

Document: DIS 19884

Comments

Proposed change

Partial amplitude pressure cycling of pressure
vessels at up to 50 cycles per minute? One must
question the ability of any data acquisition system
to recording the true peak pressures at that rate of
cycle testing, even for pressure vessels of very
small volume (let alone 10,000L). Instead, the
limitation of 50 cycles per minute should be
replaced with a statement regarding the need to
pressure cycle at a rate that still allows the
accurate recording of the peak pressure values.

“A.7.2 Partial amplitude pressure cycling

The last sentence “- - -, and shall not burst before
and additional N1 full amplitude cycles and N2
partial amplitude cycles are applied successively.”

I would like to confirm whether this “additional”
further describes both N1 and N2, in other words, it
means additional N1 and additional N2 or not so.

Project: WG 15

Observations of the
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If the manufacturer has specified a shallow
pressure cycle life in accordance with 4.5, the test
shall be repeated on a new set of pressure vessels
in the same conditions except that the pressure
vessel shall be cycled between not more than 0,8
times the MAWP and not less than the MAWP at a
rate that does not prevent the accurate recording of
the true peak pressure values. The temperature on
the….”

If so, a statement quoting Table A.2 is necessary.
Or, otherwise, the background of Table A.2 is
unknown. In this case, A.7.3 and Table A.2 are
unnecessary.

109.
110.

IT
JP

A.7.4.1

Te

Test pressure in PED is 1.43*MAWP. Why cycling
Delete clause A.7.4.1.
at a pressure above the hydraulic test pressure?

A.7.4.1
Pressure
cycling to 1.5
MAWP

te

The background of Kn = 1 is unknown.

Remove A.7.4.1

As mentioned in the explanation of Equation 1
(JP3), the relationship between change of pressure
range and change of cycle number is different for
each design vessel. This cannot be applied to any
design vessel.
If the cycle test is carried out with higher upper
pressure than MAWP, there is possibility that the
leak point and failure mode will change.

111.

1
2

CA

A.8

TE

“The pressure vessel shall be filled with a noncorrosive fluid such as oil, inhibited water or glycol,
“The pressure vessel shall be filled with a nonand hydraulically pressure cycled from not more
corrosive fluid such as oil, inhibited water or glycol,
than 2 MPa to not less than 1.25 times the MAWP
and hydraulically pressure cycled from not more
at a rate that does not prevent the accurate
than 2 MPa to not less than 1.25 times the MAWP
A.8 Leak-before-break (LBB) test
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at a maximum rate of 10 cycles per minute. The
pressure vessel…..”.
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recording of the true peak pressure values. The
pressure vessel shall fail ….”

The arbitrary 10 cycles per minute is an historical
number found in most standards - it is typically
associated with smaller metallic cylinders of lower
pressure where it actually is possible to record the
peak pressures accurately during rapid pressure
cycling. However, it is less applicable where
higher pressures and larger tanks are involved,
because for the larger volume tanks associated
with stationary storage it is simply not possible to
accurately recording the dynamic peak pressure
values at such a rate of cycling speed. The
objective should not be to establish some arbitrary
and unobtainable maximum cycle rate, but to
instead establish that one can pressure cycle at a
rate where it is possible to recording the true
pressures.
112.

JP

A.8
Leak-beforebreak (LBB)
test

te

Ed

Remove A.8

If the cycle test is carried out with the upper
pressure 1.25 times the MAWP, there is possibility
that the leak point and failure mode will change.
The quality of the figures is poor, please improve

LBB can be confirmed by carrying out the cycle test
of A.7.1 until leakage, and test cost can be reduced
by removing A.8..

It is more meaningful to carry out the cycle test of
A.7.1 until the vessel leaks and confirm the LBB
regardless of the specified pressure cycle life CL.

113.

FR

Annex

114.

AR

ANNEX A

Table A1

Incorrect use of decimal point within the table

Use comma as a decimal separator

115.

AR

ANNEX A

Table A2

Incorrect use of decimal point within the table

Use comma as a decimal separator

116.

AR

ANNEX A

A.7.4.1

Use of decimal point should be corrected:
“Pressure cycling to 1.5 MAWP”

Rewrite as follows: “Pressure cycling to 1,5 MAWP”

117.

AR

ANNEX A

A8

Use of decimal point should be corrected:

Use comma as a decimal separator (1,25)

1
2

All figures

As mentioned in the explanation of Equation 1
(JP3), the relationship between change of pressure
range and change of cycle number is different for
each design vessel. This cannot be applied to any
design vessel.

The key legend
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“The pressure vessel shall be filled with a noncorrosive fluid such as oil, inhibited water or glycol,
and hydraulically pressure cycled from not more
than 2 MPa to not less than 1.25 times the MAWP
at a maximum rate of 10 cycles per minute.”
118.

AR

ANNEX A

Use of decimal point should be corrected:

A10

Use comma as a decimal separator (7,62)

“…by an armour piercing bullet with a diameter of
7.62 mm…”
119.

AR

ANNEX A

Use of decimal point should be corrected:

A.11.5

Use comma as a decimal separator (1,8)

“When burst tested in accordance with A.6, the
pressure vessel shall have a burst pressure that
exceeds 1.8 times the MAWP.”
120.

JP

Annex A
Test method
A.2 Hydrogen
sensitivity
tests

te

The test methods (A.2.1 Test Method 1 and A.2.2
Method 2) may not be appropriate to determine
hydrogen sensitivity factor Fhs.

Hydrogen sensitivity factor Fhs (the ratio of the
cycle life in air to the cycle life in hydrogen) is
affected by the material, the mechanical properties
(UTS) of the material, the stress at working
pressure, etc.
For the test method, the stresses and the failure
mode on each real vessel should be considered.
That is, it should be the test method for obtaining
“Best fit fatigue curve” above.
Fatigue test on general uniaxial loading, e.g. ASTM
E466 may be applicable to Type 1 and Type 2
vessel which autofrettage process is not applied,
and hoop stress distribution (+ region) in cylindrical
portion dominates vessel cycle life.
(Note: Although we are investigating the test
method for obtaining the appropriate best fit fatigue
curve in various vessel designs, however, it is very
difficult for the vessel design in which stress other
than +hoop stress distribution at cylindrical portion
dominates cycle life.
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We cannot find the test method during the time
frame of DIS 19884. It will take a long time, several
years.)

121.

122.

IT

Annex A.2
3

AR

ANNEX B

Method 2

Te

“Five specimens shall be fatigue tested to failure in
nitrogen, applying pressure cycles with a pressure
ratio of 0.1 or less and with a maximum pressure
equal to 80 % of the pressure leading to burst
Delete reference to ISO 11114-4.
when performing method A of ISO 111114-4”.
Comment was already previously submitted and it
was agreed to modify the text.
Use of decimal point should be corrected:

B.2.2.1

Use comma as a decimal separator (1,3)

“If the pressure vessel is designed to ISO 11439
(fuel vehicle applications) the MAWP shall not
exceed 1.3 PW (working pressure)”
123.

AR

ANNEX B

Use of decimal point should be corrected:

B.2.2.4

Use comma as a decimal separator (1,43)

“Some regulations require that pressure vessels for
stationary storage be tested at a pressure higher
than the MAWP, e.g. PED requires at least 1.43
times the MAWP”
Values in points a) and b) should also be
corrected.
Use of decimal points in the values shown in points Use comma as a decimal separator in all
5.1, 5.2, 5.3 and 5.4 should also be corrected.
calculations.

124.

AR

ANNEX B

125.

FR

Annex B

formulas

Ed

126.

JP

Annex B

Definition of
MAWP

te

B.2.2.1
Maximum
allowable
working
pressure
1
2

B.5

Redraft the formulas according to ISO/IEC
Directives part 2.

When diverted to stationary use, MAWP in
stationary application is defined as follows. “The
MAWP shall not exceed the maximum pressure
authorized by the existing and approved standard
or by regulation,”

The MAWP should be defined as follows. “The
MAWP in stationary application shall not exceed
the working pressure authorized by the original
standard or regulation.”
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B.2.2.6 Cycle
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In this case, the ratio of TP and burst pressure to
WP, which is determined by the existing and
approved standard or by regulation, will be
changed. And the safety factor on fiber stress also
will change. And also the LBB will not be
guaranteed.

and

127.

Date:2018-06-06

te

Such usage is not intended, and does not satisfy
the safety requirement in the original standard or
regulation.
Exponent 3 is defined in equation 1 for calculating
the number of shallow cycles.
However, in stationary vessel unique usage
(pressure range: Pmax = constant, Pmin = varid),
the exponent in equation 1 will be less than 3 in
most vessels. In exponent 3, safety concerning
cycle life cannot be guaranteed.

This exponent n depends on each vessel design
(vessel type, material, material strength, stress at
fatigue sensitive position, etc.).
We propose the following procedure for obtaining
appropriate exponent n, and for calculating the
number of shallow cycles.

We have cycle test data in real vessels (Type 2, 3 1) FEA
and 4). Please refer to the attached document
Analyze stresses on full amplitude and partial
“CYLINDER CYCLE TEST DATA (JPEC
amplitude pressure condition.
committee under NEDO project)”. The exponent in
the cycle test data is less than 3 in all test vessels.
Also, on the other hand, confirm failure mode in
the full amplitude pressure cycle test in each
(Note: We do not test Type 1 vessels, but predicts
real vessel. And understand the stresses that
that exponent is also less than 3 in many Type 1
dominate the cycle life on each real vessel.
vessels. Because the cycle life of the vessels
diverted from the original standard or regulation is
(Note: The purpose of this FEA is to find a test
not so long, and it is approximately from 10,000
method to obtain an appropriate best fit fatigue
cycles to 100,000 cycles. In this short cycle life
curve.
region, the slope of S-N curve becomes steep.)
Here, exponent n in the best fit fatigue curve
and fatigue curve in the real vessel must be the
same.)
Cy linder_ cycle_ te
2) Best fit fatigue curve
st_ ( JPEC_ com m ittee, _ N EDO_ proj ect) . pdf
Carry out fatigue test with test specimen, and
obtain the appropriate best fit fatigue curve and
the exponent n.
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This fatigue test is carried out in air and in
hydrogen.
Fatigue test on general uniaxial loading, i.g.
ASTM E466 may be applicable to Type 1 and
Type 2 vessel which autofrettage process is not
applied, and hoop stress distribution (+ region)
in cylindrical portion dominates vessel cycle life.
SCL (: vessel cycle life in partial amplitude
pressure cycling) is calculated by the following
equation.
SCL = CL (⊿Sfull / ⊿Sshallow )^n
CL: Vessel cycle life in full amplitude
pressure cycling
⊿Sfull: Stress amplitude corresponding to
⊿Pfull
⊿Sshallow: Stress amplitude corresponding to
⊿Pshallow
n: Exponent in the best fit curve
(Note: Although we are investigating the test
method for obtaining the appropriate best fit
fatigue curve in various vessel designs,
however, it is very difficult for the vessel design
in which stress other than +hoop stress
distribution dominates cycle life.
We cannot find the test method during the time
frame of DIS 19884. It will take a long time,
several years.)
128.

1
2

JP

Annex B
B.2.2.6
Fa

Definition of
Fa

te

Although it is prescribed as “Fa=5 for Cr – Mo
quenched and tempered steels”, Fa is affected by
the mechanical properties (UTS) of the material,
the stress at working pressure, etc.

The fatigue test to obtain the best fit fatigue curve
mentioned in 2) above should be carried out in air
and in hydrogen both, and Fa should be decided.
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Date:2018-06-06

Document: DIS 19884

Comments

There are two basic approaches for qualifying
existing designs of vessels:
1)
2)

Demonstrate equivalent safety to
requirements in ISO 19884.
Qualify the design to another standard,
independent of ISO 19884.

Proposed change

Project: WG 15

Observations of the
secretariat

Delete the current Annex B, and replace it with the
following text:

Annex B
ALTERNATIVE METHODS FOR QUALIFYING
EXISTING DESIGNS AND VESSELS

Each method should be defined and described.
B1: Introduction
With regard to the first approach, an example of
how to use the approach in the proposed Annex
Existing designs and vessels that are designed by
B.2 to demonstrate “equivalent safety” should be
standards other than ISO 19884 may be evaluated
included in a separate annex. See the proposal for
for use in hydrogen service as defined within this
Annex I below.
document. This can be accomplished by basically
one of the following two approaches:
1)

2)

Demonstrate that the existing
design/vessel provides equivalent safety
to each requirement in ISO 19884.
Qualify the design/vessel by other
applicable standards for the intended
hydrogen service.

These two approaches are discussed below in
Sections B1 and B2, respectively.
B2: Qualify existing designs and vessels by
demonstrating equivalent safety.
Each requirement in the main text of this standard
shall be addressed as part of the qualification
process for existing designs. See Annex I
With regard to the second approach, the “rules” for (Informative) for guidance.
using this approach should be defined but details
should not be provided due to ambiguity of the
1
2
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situation. The “cleanest way” to handle this
approach is to simply have the proposed
paragraph under B.3 and delete the remaining
items (except B.3.2.6 on “shallow cycles” handled
separately below). This way, if a manufacturer
chooses to use another standard that is outside of
DIS 19884, he should be able to do that without
interference or involvement of DIS 19884.
On the other hand, if you feel strongly that some
guidance is desirable, we will be flexible in
retaining such guidance as long as the guidance
does not create a safety concern. In this regard,
we are particularly concerned about the
determination of MAWP for the container. From
our standpoint, limiting the MAWP to PW is more
appropriate as they both represent continuous
conditions – unless there is a supporting analysis
that justifies a higher MAWP within the design
stress limits for vessels in the nation/region of use.
Safety issues in the current DIS 19884 Annex B
include, but are not limited to:
- the current annex B would allow an existing
cylinder, made to ISO 9809 with a working
pressure of 200 bar, to operate continuously at a
pressure of 258 bar, effectively decreasing the
intended safety factor from 2.4 to 1.86, which is
well below the intent of ISO 9809 or the stated
requirements of this standard, ISO 19884
- the current annex B would allow an existing
cylinder, made to ISO 11119, to effectively reduce
the burst ratio from 3.0 to 2.75, which would be
extremely unsafe for a cylinder made with glass
fiber reinforcement.
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Observations of the
secretariat

NOTE By so doing, use of vessels designed and
built to standards where requirements are not as
comprehensive as ISO 19984 is prevented.
Equivalent safety to a particular requirement shall
be demonstrated by literal compliance with the
requirement or by performing additional design
analyses, verification tests, or other
countermeasures. As part of this process, the
vessel manufacturer needs to be consulted and
agree to the re-certification for the new service.
Also, compliance to design margins as defined with
ISO 19884 shall be maintained.
The label shall indicate the prior approval basis, as
noted in 8.1.5 h), and clearly indicating pressure
rating per ISO 19884 terminology with required
design margins.
Use of “used” vessels, where vessels have been
qualified and labeled under another standard and
available for placement in service, or where fluid
service and conditions experienced might be
unknown or could jeopardize operation in hydrogen
service, shall be prohibited.
B3: Qualify existing designs and vessels by
using other standards (exclusive of ISO 19884)
Existing designs and vessels can be qualified for
the intended hydrogen service by other
internationally, nationally, or regionally accepted
standards that are acceptable within the area of
intended use as determined by the authority having
jurisdiction.

- the current annex B would allow an existing
cylinder, made to ISO 11439, to effective reduce
This process can occur without use of all or
the intended stress ratios of 2.35, 3.10, and 3.65
portions of ISO19884. As such, when this
for carbon, aramid, and glass fiber reinforced
approach is taken, technical documentation and
containers, respectively, to values of 1.8, 2.38, and
1
2
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2.8, respectively, which is clearly not the intent of
labeling shall not indicate or imply compliance to
the originators of the ISO 11439 standard.
ISO 19884.
- there is no consistent adherence to generally
accepted stress ratios for composite reinforcing
fibers.
- there is no guidance as to proper labelling of the
vessel to identify the standard to which it was
made, or to be used.
- there is no clear specification of the service life of
the vessel.
- there is no prohibition on taking existing
cylinders, including those previously used in other
applications, and simply re-purposing them for
stationary use.
- there is no mechanism for the cylinder
manufacture to have input on the re-purposing of
the cylinder and the decrease in the safety factor.
- there is no consistent requirement for fire safety.
- there is no consistent requirement for retention of
manufacturing and test records.
130.

US

Annex
B.2.2.6

Te

The detailed subject matter of this section is not
consistent with the purpose of Annex B because,
as written, it can give unconservative results. This
content should be moved, perhaps an expanded
Annex F or new annex.

131.

ECM
A

Annex B
and 4.4

ge

132.

JP

Annex C
Annex F
Annex G
Annex H

Equivalent level of safety between the
methodologies for determining cycle life and
service life (fatigue testing and fracture mechanics,
Annex F, different safety factors) shall be
demonstrated.
Informative Annex is not necessary particularly.
Remove Annex C, F, G and H

133.

AR

ANNEX F

1
2

All

Move the text from Annex B.2.2.6 to a new annex
or an expanded version of Annex F. Generalize the
text so that the required process for determining the
exponent is properly determined.

All values, figures and tables should be expressed Correct notation because the use a comma to
using the same notation in which comma is used
separate groups of thousands is not accepted by
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as decimal separator and thousands are separated ISO. In addition use comma as a decimal separator
in all parts of the annex.
by a point not by a comma.
134.

AR

ANNEX G

G.2 and G.3

Use of decimal points in the values shown in points Use comma as a decimal separator instead of
G2 and G3 should be corrected
decimal point.

135.

AR

ANNEX H

H2, H3, H4,
H5 and H6

All values should be expressed using the same
notation in which comma is used as decimal
separator.

Use comma as a decimal separator in all parts of
the annex.

136.

US

Annex I

Add a new Annex I to provide explanation on how
to assess whether a cylinder made to another
standard meets the requirements of ISO 19884

See attached text.

Te

Proposed new
Annex I for ISO_DIS 19884.doc

137.

138.

IT

CA

B 2.2.6

Te

B.2.1 General
requirements

TE

For pressure vessels designed per ISO 11120 the
number of full cycles neq shall be taken equal to
Add the possibility for the manufacturer to perform
12000 cycles at Ph unless the manufacturer can
tests to demonstrate a different number of cycles.
show that a different number of cycles can be
reached as per A.7 Table A.2.
“….or an approved national pressure vessel code.
National or regional standards can only be used if
it is demonstrated that they have an acceptable
equivalent level of safety as the one listed in
Clause 2 in the country of use.”

Delete reference to the use of non-ISO codes and
standards.

This cannot be stated in an ISO standard, in a
Normative annex. An ISO standard cannot be
used to validate or accept the use of some
unknown national standard used to produce
containers of unknown quality, using unknown
materials, and with unknown batch test
requirements. In addition there is no need to make
such a statement, because National Authorities
always reserve the right to accept whatever
standards or codes they want.
1
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“If the pressure vessel is designed to ISO 11439
(fuel vehicle applications) the MAWP shall not
exceed 1.3 PW (working pressure)…”.
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“If the pressure vessel is designed to ISO 11439
(fuel vehicle applications) the MAWP shall not
exceed (working pressure)…”.

This is unsafe. ISO 11439 cylinders are designed
for a stress rupture life based on the working
pressure, not 1.3 PW. Thus, for example, an ISO
11439 carbon fibre design (Type 4) may be
designed to have a stress ratio as low as 2.25 at
working pressure. The fact that the cylinders may
vary in working pressure over the temperature
range of -40C to +65C only means the stress ratio
may be increased or reduced for very limited
periods of time associated with fueling, or when
the ambient temperature could hit an extreme
value for a matter of a few hours. These temporal
variations do not affect the stress rupture life of the
design.
By allowing an ISO 11439 design to contain static
pressure up to 1.3x PW is reducing the stress ratio
of the fibers from their design value of 2.25 (for
carbon fibre), all the way down to 1.8! The
cylinders are not designed or tested to handle
constant exposure to pressures approaching 1.3x
PW.
140.

NO

B.2.2.1

te

As the phara is written, the MAWP can be as high
as Ph for transportable cylinders.

Delete text in B 2.2.1 and add:
Maximum allowable working pressure shall not
under any operating conditions be higher than the
design pressure (DP) , which in Europe is defined
as PS in PED

141.

SAC

B.2.2.6

te

Hydrogen has a very obvious accelerating effect
on the FCGR of Cr-Mo steel. For example, the
FCGR of 4130X in 92MPa hydrogen is 30-50 times
than it in air [1]. The FCGR of SA-372 in 100MPa
hydrogen can be 100 times than it in inert gas[2].
Several hydrogen pressure cycle tests revealed

Fa=5 may not guarantee the safety of all Cr-Mo
vessels under different conditions. The Fa should
be determined by appropriate test methods with the
consideration of the actual service environment and
working conditions of the vessel.
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that the fatigue life of Cr-Mo pressure vessels
under hydrogen cycling is reduced by 90% or more
compared with hydraulic tests[3, 4].
In addition, the fatigue life of Cr-Mo steel in
hydrogen is related to many factors like material
(strength, chemical composition, etc.), environment
(pressure, temperature, hydrogen purity, etc.),
loading (loading frequency, force ratio, etc.),
manufacture process, etc. For example, the fatigue
life of SCM435 with UTS of 850 MPa is 10 times
higher than that of SCM435 with UTS of 1270 MPa
in high pressure hydrogen[5]. The FCGR of
SCM435 increase by about 30 times when the
hydrogen pressure increases from 1MPa to
90MPa[6]. At the same stress amplitude, the fatigue
life of SCM435 is significantly reduced with the
increase of loading frequency [7]. Our research for
4130X hydrogen vessel find that the FCGR of the
specimen from shoulder which is formed by
spinning is higher than that from the other
locations without spinning, especially when △K is
relatively low[1] .
Due to the influence of many factors, it is difficult to
determine a value of hydrogen accelerating factor
(Fa) that can guarantees the safety of all Cr-Mo
steel vessels under different conditions. The Fa
should be determined by appropriate test methods
with the consideration of the actual service
environment and working conditions of the vessel.
142.

**

Figures

Ed

143.

FR

H.7

Ed

1
2

Please provide revisable files for all figures.

Guidelines for the submission of text and graphics
to ISO/CS are available in the Drafting standards
section on iso.org:
https://www.iso.org/drafting-standards.html
The reference to these document shall be moved in
Bibliography and shall be replaced by a sentence:

MB = Member body / NC = National Committee (enter the ISO 3166 two-letter country code, e.g. CN for China; comments from the ISO/CS editing unit are identified by **)
Type of comment:
ge = general
te = technical ed = editorial
Page 34 of 35

Template for comments and secretariat observations
MB/
NC1

Line
numb
er

Clause/
Subclause

Paragraph/
Figure/Table

Type of
comment2

Date:2018-06-06

Document: DIS 19884

Comments

Project: WG 15

Proposed change

Observations of the
secretariat

Further information are available in reference [8 to
10] in the bibliography.
144.

FR

Introduction

145.

AR

Normative
Reference

146.

**

Table 4

Last
paragraph

Te

There is boilerplate language regarding regulations
in the foreword, the sentence shall be redraft
Te

ed

The European standard EN 12245, “Transportable Eliminate the reference or explain why is needed
gas cylinders. Fully wrapped composite cylinders”,
is intended for transportable cylinders which are
outside of the scope of this standard. Moreover,
the standard is not mentioned within this document
1)
2)

We cannot publish vertical text in tables.
The header text in this table is vertical.
It is preferable to submit tables in portrait
format rather than landscape format.

1)
2)

Restructure the table so that all text is
horizontal (the header text)
If possible, submit the table in portrait
format
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