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INTRODUCTION

The following modifications were made by the EIHP2 CGH, Regulations Working Group in
response to comments received regarding the draft ECE regulations for the use of compressed
gaseous hydrogen in road vehicles (Revision 7, Dated 20.04.00) at working group meetings
between 9 October 2001 and 21 November 2001.

The working group meetings included representatives of the following EIHP2 partners:
AB Volvo
DaimlerChrysler
Opel
Raufoss
Vandenborre Technologies

The modifications were integrated into Revision 8, dated 23.11.01 of the EIHP2 proposals for
draft ECE regulations for the use of compressed gaseous hydrogen in road vehicles. Minor
editorial changes are not included in this document.

Annex 7 of the proposed draft regulation is based on a draft ISO standard and is excessively
design orientated for use in a regulation. The annex is to be redrafted to define the appropriate
performance requirements necessary for the type approval of compressed gaseous hydrogen
containers. The initial draft of the new Annex 7 will be available in March 2002. In the
meantime some modifications have been made to the Annex 7 compared with the version
found in Revision 7.
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European Integrated Hydrogen Project — Phase 2
23.11.01

Pressure ) . -
/\ Typical pressure development during fast filling

with maximum temperature < 85 °C

Test Pressure *) ——

Design Pressure ——

f Pressure increase due
_ NIy tointernal fluid heatin
up to 85 °C caused by

increased ambient
temperature

Working Pressure ——

N\

Typical pressure development during slow filling
with no significant temperature rise

> Time

*) Test Pressure = 1.5 - Working Pressure
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European Integrated Hydrogen Project — Phase 2
23.11.01
SERVICE LIFE/ FATIGUE REQUIREMENTS

2.1.x “Usage Monitoring And Control System”: A system that counts the filling cycles and
prevents further use of the vehicle when a predetermined number of cycles is exceeded.

2.4.1 Service Life

The service life of Hydrogen Components shall be specified by the Manufacturer and may vary
with different applications, however, it shall not exceed 20 years.

2.4.7 Filling & Test Pressure Cycles

This section is only applicable to Class O Hydrogen Components. Test pressure cycles for
Class 1 and Class 2 Hydrogen Components are stated in Annexes 8 and 9 of this Regulation.

The number of filling cycles for the Hydrogen Components approved in accordance with this
Regulation and its Annexes shall be at least 5000 cycles except as allowed below in this
Section. The number of filling cycles is based on the design lifetime mileage of the vehicle and
range with maximum fuel capacity, for example:

Design lifetime mileage of the vehicle, L =1 000 000 km
Range with maximum fuel capacity, R = 200km
Number of filling cycles, L/R = 5000

The minimum number of test pressure cycles for the Hydrogen Components approved in
accordance with this Regulation and its Annexes shall be calculated from the number of filling
cycles multiplied by a safety factor of 3.

Calculation example:

Minimum number of test pressure cycles = vyL/R but where L/R is not less than 5000 cycles
= 3 x 1 000 000/200 but where L/R is not less than
5000 cycles
= 15000 pressure cycles

Alternatively the number of filling cycles for Hydrogen Components approved in accordance
with this Regulation and its Annexes shall be specified by the Manufacturer and may be less
than 5000 cycles and may vary with different applications based on the design lifetime mileage
of the vehicle and range with maximum fuel capacity, provided that a usage monitoring and
control system is installed as part of the Hydrogen System. The usage monitoring and control
system shall prevent any further use of the vehicle when the maximum number of filling cycles
is exceeded, until the Hydrogen Components that have exceeded that value are replaced with
new components. The Manufacturer shall specify the maximum number of filling cycles for the
Hydrogen Components. In case this alternative method is used the number of test pressure
cycles shall be calculated from the maximum number of filling cycles specified by the
Manufacturer in accordance with this Paragraph multiplied by a safety factor of 3. The safety
concept of the usage monitoring and control system shall be approved in accordance with
Annex 10 of this Regulation.

4.3 xi)

The marking “Number of filling cycles xxxxx” where xxxxx is the number of filling cycles from
Section 2.4.7 of this Regulation.

Annex 1: 1to 14 exc. 3
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European Integrated Hydrogen Project — Phase 2
23.11.01
Add new item “Number of filling cycles (Class O only):”

Annex 1: 3.9

Number of filling cycles:

Annex 2: 1to 17 exc 6

Add new item “Number of filling cycles (Class O only):”
Annex 2: 1.6.7 & 2.6.7

Number of filling cycles:

Annex 7: 3.1 No. Of Test Pressure Cycles

Existing paragraph to be deleted and replaced with:
“Containers shall be approved for the number of test pressure cycles calculated in Paragraph
2.4.7 of this Regulation.”

Annex 7: 4.2 h)

Add “The number of filling cycles shall be specified,”

Annex 7: 5.4 Test Pressure

The minimum Test Pressure used shall be 1.5 x Design Pressure or Werking-Pressure.
Annex 7: 6.4 c)

Existing section to be deleted and replaced with:

Periodic pressure cycling test. Finished Containers shall be pressure cycled in accordance

with Paragraph A.13 (Appendix A to this Annex) at a test frequency defined as follows:

i) One Container from each batch shall be pressure cycled for the total number of times
calculated in accordance with Paragraph 2.4.7 if this Regulation, with a minimum of 15,000
cycles.

i) On 10 sequential production batches of a design family, i.e. similar materials and
processes, should none of the pressure cycled Containers in i) above leak or rupture in less
than 1.5 times the total number of cycles calculated in accordance with Paragraph 2.4.7 of
this Regulation (minimum 22500 cycles), then the pressure cycle test can be reduced to
one Container from every 5 batches of production.

iii) On 10 sequential production batches of a design family, should none of the pressure cycled
Containers in i) above leak or rupture in less than 2.0 times the total humber of cycles
calculated in accordance with Paragraph 2.4.7 of this Regulation (minimum 30000 cycles),
then the pressure cycle test can be reduced to one Container from every 10 batches of
production.

iv) Should more than 3 months have expired since the last batch of production, then a
Container 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.

v) Should any reduced frequency pressure cycle test Container in ii) or iii) above fail to meet
the required number of pressure cycles (minimum 22500 or 30000 pressure cycles
respectively,) then it shall be necessary to repeat the batch pressure cycle test frequency in
i) for a minimum 10 production batches in order to re-establish the reduced frequency of
batch pressure cycle testing in ii) or iii) above.

vi) Should any Container in i), ii), or iii) above fail to meet the minimum cycle life requirement
calculated in accordance with Paragraph 2.4.7 of this Regulation (minimum 15000 cycles),
then the cause of failure shall be determined and corrected following the procedures in
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Paragraph 5.16 of this Annex The pressure cycle test shall then be repeated on an

additional three Containers from that batch. Should any of the three additional Containers

fail to meet the minimum pressure cycling requirement calculated in accordance with

Paragraph 2.4.7 of this Regulation (minimum 15000 cycles), then the batch shall be
rejected.

Annex 7: 6.5.3 Ambient Temperature Pressure Cycling Test
Existing section to be deleted and replaced with:

Two Finished Containers shall be pressure cycled at ambient temperature in accordance with
Paragraph A.13 (Appendix A to this Annex) to failure, or to 3.0 times the total number of cycles
calculated in accordance with Paragraph 2.4.7 of this Regulation (minimum 45000 cycles). The
Containers shall not fail before reaching the total number of cycles calculated in accordance
with Paragraph 2.4.7 of this Regulation (minimum 15000 cycles). Containers the total number
of cycles calculated in accordance with Paragraph 2.4.7 of this Requlation (minimum 15000
cycles) shall fail by leakage and not by rupture. Containers which do not fail within 3.0 times
the total number of cycles calculated in accordance with Paragraph 2.4.7 of this Regulation
(minimum 45000 cycles) shall be destroyed either by continuing the cycling until failure occurs,
or by hydrostatically pressurising to burst. Containers exceeding 3.0 times the total number of
cycles calculated in accordance with Paragraph 2.4.7 of this Regulation (minimum 45000
cycles) are permitted to fail by rupture. The number of cycles to failure and the location of the
failure initiation shall be recorded.

Annex 7: 7.6.3 Ambient Temperature Pressure Cycling Test
Existing section to be deleted and replaced with:

Two Finished Containers shall be pressure cycled at ambient temperature in accordance with
Paragraph A.13 (Appendix A to this Annex) to failure, or to 3.0 times the total number of cycles
calculated in accordance with Paragraph 2.4.7 of this Regulation (minimum 45000 cycles). The
Containers shall not fail before reaching the total number of cycles calculated in accordance
with Paragraph 2.4.7 of this Regulation (minimum 15000 cycles). Containers the total number
of cycles calculated in accordance with Paragraph 2.4.7 of this Requlation (minimum 15000
cycles) shall fail by leakage and not by rupture. Containers which do not fail within 3.0 times
the total number of cycles calculated in accordance with Paragraph 2.4.7 of this Regulation
(minimum 45000 cycles) shall be destroyed either by continuing the cycling until failure occurs,
or by hydrostatically pressurising to burst. Containers exceeding 3.0 times the total number of
cycles calculated in accordance with Paragraph 2.4.7 of this Regulation (minimum 45000
cycles) are permitted to fail by rupture. The number of cycles to failure and the location of the
failure initiation shall be recorded.

Annex 7, Appendix A, A.13 AMBIENT TEMPERATURE PRESSURE CYCLING
Pressure cycling shall be performed in accordance with the following procedure:

i) Fill the Container to be tested with a non-corrosive fluid such as oil, inhibited water or glycol.
ii) Cycle the pressure in the Container between not more than 2.0 MPa and not less than
Design Pressure or 1.3-times-WeorkingPressure at a rate not exceeding 10 cycles per

minute.

The number of cycles to failure shall be reported, along with the location and description of the
failure initiation.

Annex 7: Appendix B, Form 1, o)

Add “Number of filling cycles:”
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Annex 9: 14.2 to 14.7

Replace “...after being subjected to 20000 pressure cycles.” with “...after being subjected to
the total number of test pressure cycles calculated in accordance with Paragraph 2.4.7 of this
Regulation.”

Replace “The pressure shall change from atmospheric pressure to the Working Pressure of

the Container within....” with “The pressure shall change from atmospheric pressure to the
applicable Design Pressure of the Component within....”
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CGH2 GAS TIGHT REFERENCES
Changes noted in the working version of cGasv7.doc:
i) Delete Gas Tight Definition.
1)) 14.1.5 Change to include pass criteria based on old Gas Tight def. + Volvo comment

i) 14.4.3.5 Change to include pass criteria based on old Gas Tight def
iv) Delete 14.4.3.6 as it is now based on the new requirement for 14.1.5

Proposed changes to the draft based on the above comments:

When pressurised with hydrogen, helium or a gas mixture containing at least 5%
hydrogen or 10% helium, the Hydrogen System shall be tested for leakage with a
surface active agent without formation of bubbles for three minutes or measured with a
combined leakage and permeation rate less than 100 Ncm®*hour or other equivalent
test method.

14.4.3.5

permanent deformations.

During testing the vent line shall be hermetically sealed and the gas tight
housing shall then meet the leakage requirements of Paragraph 14.1.5 of this
Regulation at an over pressure of 0.01 MPa and without any permanent
deformations.

14.4.3.6 Any connecting system shall be secured by clamps, or other means, to the gas
tight housing or sleeve and the lead-through to ensure that a joint is formed
meeting the leakage requirements of Paragraph 14.4.3.5 of this Regulation.

leaks are possible.

Where Hydrogen Components are present or hydrogen leaks are possible, electrical
connections for power supply bushing shall not permit the ingress of the test gas when
pressurised with hydrogen, helium or a gas mixture containing at least 5% hydrogen or
10% helium, at an external over pressure of 0.01 Mpa.

14.1.15 In the event of Hydrogen leakage or venting, hydrogen shall not be allowed to
accumulate in enclosed or semi-enclosed spaces. Hydrogen Components that
can leak hydrogen and that are mounted within the passenger or luggage
compartment or other non-ventilated compartment shall be enclosed by a gas
tight housing in accordance with Paragraph 14.8 of this Regulation or by an
equivalent solution.

Create new 14.8 (renumber existing 14.8, 9 & 10) entitled "Gas tight housing”

Transfer old 14.4.3 to new 14.8 and delete old 14.4.3.1 (now included in 14.1.15)
Other references to gas tight housing in chapter 14.
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