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Statement of technical rationale and justificaton

Introduction

1. In the ongoing debate over the need to idemntfyy sources of energy and to reduce
greenhouse gas emissions, companies around thd wawvke explored the use of various
alternative fuels, including compressed natural, §igsefied propane gas and hydrogen.
Hydrogen has emerged as one of the most promisitegnatives due to its vehicle
emissions being virtually zero. In the late 1990% European Community allocated
resources to study the issue under its Europeagrated Hydrogen Project (EIHP) and
forwarded the results, two proposals for compreggesgous and liquefied hydrogen, to the
UNECE secretariat. The follow-up project, EIHP2,tiated discussions about the
possibility of a global technical regulation fordrggen fuelled vehicles. A few years later,
the United States of America outlined a vision émlobal initiative, the International
Partnership for the Hydrogen Economy, and invitéih&, Japan, the Russian Federation,
the European Union and many other countries tagiaeate in this effort.

2. For decades scientists, researchers and ecdsdmaige pointed to hydrogen, in both
compressed gaseous and liquid forms, as a posdibimative to gasoline and diesel as a
vehicle fuel. Ensuring the safe use of hydrogen &sel is a critical element in successful
transitioning to a global hydrogen economy. By tthedture, all fuels present an inherent
degree of danger due to their energy content. afe sse of hydrogen, particularly in the
compressed gaseous form, lies in preventing cafatstr failures involving a combination
of fuel, air and ignition sources as well as pressund electrical hazards.

3. Governments have identified the developmengegfilations and standards as one of
the key requirements for commercialization of hyno-fuelled vehicles. Regulations and
standards will help overcome technological barriéss commercialization, facilitate
manufacturers’ investment in building hydrogen-feel vehicles and facilitate public
acceptance by providing a systematic and accuratnsof assessing and communicating
the risk associated with the use of hydrogen vehjdbe it to the general public, consumer,
emergency response personnel or the insurancetigdus

4. The development of this United Nations globathtécal regulation (gtr) for
Hydrogen and Fuel Cell Vehicles occurred within YWerld Forum for Harmonization of
Vehicle Regulations (WP.29) of the Inland Transpoammittee (ITC) of UNECE. The
goals of this global technical regulation (gtr) awe develop and establish a gtr for
hydrogen-fuelled vehicles that: (i) attains or eed®the equivalent levels of safety of those
for conventional gasoline fuelled vehicles; and {§ performance-based and does not
restrict future technologies.

Global technical regulation action plan

5. Given that hydrogen-fuelled vehicle technologysitill emerging, the Executive
Committee of the 1998 Agreement (WP.29/AC.3) of Y@Pagreed that input from
researchers is a vital component of this efforng/€xisting regulations and standards of
hydrogen and fuel cell vehicles (HFCVs) and conioeral vehicles as a guide, it is
important to investigate and consider: (1) the mdifierences between conventional
vehicles and hydrogen-fuelled vehicles in safetg anvironmental issues; and, (2) the
technical justification for requirements that woblel applied to hydrogen-fuelled vehicles.

6. In June 2005, WP.29/AC.3 agreed to a proposah fGermany, Japan and United
States of America regarding how best to managedthelopment process for a gtr on
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hydrogen-fuelled vehicles (ECE/TRANS/WP.29/AC.3/13hder the agreed-upon process,
AC.3 approved an action plan for developing a gionsitted by the co-sponsors. Two
subgroups were formed to address the safety andrthieonment aspects of the gtr. The
informal working subgroup on safety for hydrogerd dnel cell vehicles (HFCV-SGS)
reported to the WP.29 subsidiary Working Party asdtve Safety (GRSP). HFCV-SGS
was chaired by Japan and the United States of Ameifihe Chair for the group was
designated in the summer of 2007. The environmesuagroup (HFCV-SGE) was chaired
by the European Commission and reported to the WBUbsidiary Working Party on
Pollution and Energy (GRPE). In order to ensure momication between the subgroups
and continuous engagement with WP.29 and AC.3,ptogect manager (Germany) co-
ordinated and managed the various aspects of tHetw@nsure that the agreed action plan
was implemented properly and that milestones andlitnes were set and met throughout
the development of the gtr. The initial stage & tir covered fuel cell (FC) and internal
combustion engine (ICE), compressed gaseous hydr¢@&H2) and liquid hydrogen
(LH2) gtr. At a subsequent session of WP.29, theagtion plan was submitted and
approved by AC.3 (ECE/TRANS/WP.29/2007/41).

7. In order to develop the gtr in the context oblging hydrogen technologies, the
trilateral group of co-sponsors proposes to devéiemtr in two phases:

(a) Phase 1 (gtr for hydrogen-fuelled vehicles):

Establish a gtr by 2010 for hydrogen-fuelled veddédbased on a combination
of component-, subsystem-, and vehicle-level regqoénts. The gtr specifies
that each Contracting Party will use its existiragional crash tests where
vehicle crash tests are required, but and will theeagreed upon maximum
allowable level of hydrogen leakage as the crash lemkage requirement.
The new Japanese national regulation, any availe@search and test data
will be used as a basis for developing this fitsige of the gtr.

(b)  Phase 2 (Assess future technologies and hanmenash tests):

Amend the gtr to maintain its relevance with newdings based on new
research and the state of the technology beyondepta Discuss how to
harmonize crash test requirements for HFCV regagrdihole vehicle crash
testing for fuel system integrity.

8. The gtr will consist of the following key elenten
(a) Component and subsystem level requirements¢rash test based):

Evaluate the non-crash requirements by reviewiraglyaes and evaluations
conducted to justify the requirements. Add and dbt requirements or

amend test procedures as necessary, based om@gxéstaluations or on

quick evaluations that could be conducted by Catitrg Parties and

participants. Avoid design specific requirementshi® extent possible and do
not include provisions that are not technicallytified. The main areas of
focus are:

0] Performance requirements for hydrogen storagstesns, high-
pressure closures, pressure relief devices, andirfias;

(i)  Electrical isolation, safety and protectionadst electric shock (in
use);

(iiiy  Performance and other requirements for susteay integration in the
vehicle.
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(b)  Vehicle-level requirements:

Examine the risks posed by the different typesuafl Systems in different
crash modes. Review and evaluate analyses and teath conducted to
examine the risks and identify appropriate mitiggtmeasures for hydrogen-
fuelled vehicles. The main areas of focus are baws:

0] In-use and post-crash limits on hydrogen redsa®ost-crash leakage
limits apply following execution of crash testsoffit, side and rear)
that are specified in national requirements foiskraafety testing in
each jurisdiction;

(i)  In-use and post-crash requirements for eleatriisolation and
protection against electric shock. Post-crash etedtsafety criteria
apply following execution of crash tests (frontlesiand rear) that are
specified in national requirements for crash safetsting in each
jurisdiction.

C. Description of typical hydrogen-fuelled fuel ck vehicles (HFCVS)

1. Vehicle description

9. Hydrogen fuelled vehicles can use either infecoanbustion engine (ICEs) or fuel
cells to provide power; however, hydrogen-fuellethicles are typically powered by fuel
cell power systems. Hydrogen-fuelled fuel cell el¢s (HFCVs) have an electric drive-
train powered by a fuel cell that generates elegower electrochemically using hydrogen.
In general, HFCVs are equipped with other advarteetnologies that increase efficiency,
such as regenerative braking systems that captarkinetic energy lost during braking and
store it in a battery or ultra-capacitors. While tharious HFCVs are likely to differ in the
details of the systems and hardware/software impieations, the following major systems
are common to most HFCVs:

(a) Hydrogen fuelling system;

(b)  Hydrogen storage system;

(c) Hydrogen fuel delivery system;

(d)  Fuel cell system;

(e) Electric propulsion and power management system

10. A high-level schematic depicting the functiomaéractions of the major systems in
a hydrogen-fuelled fuel cell vehicle (HFCV) is shovin Figure 1. During fuelling,
hydrogen is supplied to the vehicle through thellifug receptacle and flows to the
hydrogen storage system. The hydrogen supplieddastored within the hydrogen storage
system can be either compressed gaseous or liquefidrogen. When the vehicle is
started, hydrogen gas is released from the hydretggage system. Pressure regulators and
other equipment within the hydrogen delivery systeduce the pressure to the appropriate
level for operation of the fuel cell system. Theadtogen is electro-chemically combined
with oxygen (from air) within the fuel cell systetm produce high-voltage electric power.
That electric power is supplied to the electricpquigion power management system where
it is used to power electric drive motors and/carge batteries and ultra-capacitors.
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Figure 1
Example of High-level Schematic of Key Systems inFFCVs
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11.  Figure 2 illustrates a typical layout of keyrgmonents in the major systems of a
typical hydrogen fuel cell vehicle (HFCV). The fliegy receptacle is shown in a typical
position on the rear quarter panel of the vehiéle.with gasoline containers, hydrogen
storage containers, whether compressed gas orfiedubydrogen, are usually mounted
transversely in the rear of the vehicle, but coalso be mounted differently, such as
lengthwise in the middle tunnel of the vehicle. Fesdls and ancillaries are usually located
(as shown) under the passenger compartment orirralditional "engine compartment,”
along with the power management, drive motor cdlietrcand drive motors. Given the size
and weight of traction batteries and ultra-capasjtthese components are usually located
in the vehicle to retain the desired weight baldiocgroper handling of the vehicle.

12. A typical arrangement of componentry of a hgdm fuelled vehicle with
compressed hydrogen storage and powered by adliét shown in Figure 2.

Figure 2
Example of a hydrogen fuel cell vehicle
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Hydrogen fuelling system

13.  Either liquefied or compressed gas may be &ghb the vehicle at a fuelling
station, depending on the type of hydrogen storsygem in the vehicle. At present,
hydrogen is most commonly dispensed to vehicles @smpressed gas that is dispensed at
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(@)

pressures up to 125 per cent of the nominal worliressure (NWP) of the vehicle to
compensate for transient heating from adiabaticpzession during fuelling.

14. Regardless of the state of the hydrogen, tickes are fuelled through a special
fuelling nozzle on the fuel dispenser at the fugllstation that connects with the fuelling
receptacle on the vehicle to provide a "closedesysttransfer of hydrogen to the vehicle.
The fuelling receptacle on the vehicle containbieck valve (or other device) that prevents
leakage of hydrogen out of the vehicle when thdifgenozzle is disconnected.

Hydrogen storage system

15.  The hydrogen storage system consists of alpooents that form the primary high
pressure boundary for containment of stored hydrogée key functions of the hydrogen
storage system are to receive hydrogen duringifigeltontain the hydrogen until needed,
and then release the hydrogen to the fuel celkesydbr use in powering the vehicle. At
present, the most common method of storing and/etétig hydrogen fuel on-board is in
compressed gas form. Hydrogen can also be storkglés (at cryogenic conditions). Each
of these types of hydrogen storage systems areildeddn the following sections.

16.  Additional types of hydrogen storage, such @®-compressed storage, may be
covered in future revisions of this gtr once thd&velopment has matured. Cryo-
Compressed Hydrogen (CcH2) storage is a hybrid dmtwliquid and compressed gas
storage which can be fuelled with both cryogenimpoessed and compressed hydrogen
gas.

Compressed hydrogen storage system

17. Components of a typical compressed hydrogemaggo system are shown in
Figure 3. The system includes the container andotlder components that form the
"primary pressure boundary" that prevents hydrdgem escaping the system. In this case,
the following components are part of the compressellogen storage system:

(@)  the container;
(b)  the check valve;
(c)  the shut-off valve;

(d)  the thermally-activated pressure relief deiteRD).
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Figure 3
Typical compressed hydrogen storage system

Storage
Container

18. The hydrogen storage containers store the asapd hydrogen gas. A hydrogen
storage system may contain more than one contdapnding on the amount that needs to
be stored and the physical constraints of the qdati vehicle. Hydrogen fuel has a low
energy density per unit volume. To overcome thistition, compressed hydrogen storage
containers store the hydrogen at very high pressuts current development vehicles
(prior to 2011), hydrogen has typically been stoa¢dh nominal working pressure of 35
MPa or 70 MPa , with maximum fuelling pressuresl@ad per cent of nominal working
pressure (43.8 MPa or 87.5 MPa respectively). Dutime normal "fast fill" fuelling
process, the pressure inside the container(s) msayto 25 per cent above the nominal
working pressure as adiabatic compression of tisecgases heating within the containers.
As the temperature in the container cools aftetlifige the pressure is reduced. By
definition, the settled pressure of the system kéllequal to the nominal working pressure
when the container is at 15 °C. Different pressiiest are higher or lower or in between
current selections) are possible in the futureamsroercialization proceeds.

19. Containers are currently constructed from casitpanaterials in order to meet the
challenge of high pressure containment of hydrogem weight that is acceptable for
vehicular applications. Most high pressure hydrogtrage containers used in fuel cell
vehicles consist of two layers: an inner liner thegvents gas leakage/permeation (usually
made of metal or thermoplastic polymer), and aremuayer that provides structural
integrity (usually made of metal or thermoset résipregnated fibre-reinforced composite
wrapped over the gas-sealing inner liner).

20. During fuelling, hydrogen enters the storagsteay through a check valve. The
check valve prevents back-flow of hydrogen intofilngling line.

21.  An automated hydrogen shut-off valve prevehts aut-flow of stored hydrogen
when the vehicle is not operating or when a faaltiétected that requires isolation of the
hydrogen storage system.

22.  In the event of a fire, thermally activatedgsere relief devices (TPRDs) provide a
controlled release of the gas from the compresgeldogen storage containers before the
high temperatures in the fire weaken the containadscause a hazardous rupture. TPRDs
are designed to vent the entire contents of théaawer rapidly. They do not reseat or allow
re-pressurization of the container. Storage coataiand TPRDs that have been subjected
to a fire are expected to be removed from servicedestroyed.
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(b)

Ligquid Hydrogen Storage System

23.  Since on-road vehicle experience with liquefigdrogen storage systems is limited
and constrained to demonstration fleets, safetyuirements have not been
comprehensively evaluated nor have test procecheen widely examined for feasibility
and relevance to known failure conditions. Therefaptional requirements and test
procedures for vehicles with liquefied hydrogerrate systems are presented in section G
of this preamble and paragraph 7.1. of the textttef regulation, respectively, for
consideration by Contracting Parties for possildepdion into their individual regulations.

It is expected that these requirements will be @red as requirements in a future gtr that
applies to vehicles with liqguefied hydrogen storagstems.

Hydrogen fuel delivery system

24.  The hydrogen fuel delivery system transfersbgen from the storage system to the
propulsion system at the proper pressure and tetyer for the fuel cell (or ICE) to
operate. This is accomplished via a series of ffowntrol valves, pressure regulators, filters,
piping, and heat exchangers. In vehicles with lipee hydrogen storage systems, both
liquid and gaseous hydrogen could be released fhenstorage system and then heated to
the appropriate temperature before delivery tol@ or fuel cell system. Similarly, in
vehicles with compressed hydrogen storage systdraenal conditioning of the gaseous
hydrogen may also be required, particularly in@xiely cold, sub-freezing weather.

25.  The fuel delivery system shall reduce the pmesgrom levels in the hydrogen
storage system to values required by the fuelaelCE system. In the case of a 70 MPa
NWP compressed hydrogen storage system, for exartiepressure may have to be
reduced from as high as 87.5 MPa to less than 1M B inlet of the fuel cell system, and
typically under 1.5 MPa at the inlet of an ICE gyst This may require multiple stages of
pressure regulation to achieve accurate and staiviol and over-pressure protection of
down-stream equipment in the event that a pressagelator fails. Over-pressure
protection of the fuel delivery system may be acglished by venting excess hydrogen gas
through pressure relief valves or by isolating lilgdrogen gas supply (by closing the shut-
off valve in the hydrogen storage system) whenwandstream over-pressure condition is
detected.

Fuel cell system

26.  The fuel cell system generates the electrivi#tgded to operate the drive motors and
charge vehicle batteries and/or capacitors. Thexes@veral kinds of fuel cells, but Proton
Exchange Membrane (PEM) fuel cells are the commype tised in automobiles because
their lower temperature of operation allows shodtart up times. The PEM fuel cells
electro-chemically combine hydrogen and oxygera(ih to generate electrical DC power.
Fuel cells are capable of continuous electricakegation when supplied with hydrogen and
oxygen (air), simultaneously generating electrictyd water without producing carbon
dioxide (CQ) or other harmful emissions typical of gasolineffed internal combustion
engines (ICEs).

27.  As shown in Figure 1, typical fuel cell systemslude a blower to feed air to the
fuel cell stack. Approximately 50 to 70 per centltd oxygen supplied to the fuel cell stack
is consumed within the cells. The remainder is agted from the system. Most of the
hydrogen that is supplied to the fuel cell systenconsumed within the cells, but a small
excess is required to ensure that the fuel cellsnwt be damaged. The excess hydrogen is
either mixed with the exhaust to produce a non-flerble exhaust from the vehicle or
catalytically reacted.
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28.  The fuel cell system also includes auxiliarjnponents to remove waste heat. Most
fuel cell systems are cooled by a mixture of glyaotl water. Pumps circulate the coolant
between the fuel cells and the radiator.

29.  The individual fuel cells are usually electligaonnected in series in a stack such
that their combined voltage, the total stack vataig between 300 and 600 V DC. Since
fuel cell stacks operate at high voltage, all raacand coolant connections (including the
coolant itself) to the fuel cell stack need to leqguately isolated from the conductive
chassis of the vehicle to prevent electrical shtiwtd could damage equipment or harm
people if the insulation is breeched.

Electric propulsion and power management system

30. The electric power generated by the fuel gedtesm is used to drive electric motors
that propel the vehicle. As illustrated in Figuren®any passenger fuel cell vehicles are
front wheel drive with the electric drive motor awmdive-train located in the "engine
compartment" mounted transversely over the frofg;ehowever, other configurations and
rear-wheel drive are also viable options. LargesrSptility Vehicle-type fuel cell vehicles
may be all-wheel drive with electric motors on thent and rear axles or with compact
motors at each wheel.

31. The "throttle position" is used by the drive torocontroller(s) to determine the
amount of power to be sent to the drive wheels. Wiael cell vehicles use batteries or
ultra-capacitors to supplement the output of thel feells. These vehicles may also
recapture energy during stopping through regeneraliraking, which recharges the
batteries or ultra-capacitors and thereby maximefésiency.

32.  The drive motors may be either DC or AC. If dréve motors are AC, the drive
motor controller shall convert the DC power frome tfuel cells, batteries, and ultra-
capacitors to AC. Conversely, if the vehicle hagererative braking, the drive motor
controller shall convert the AC power generatethim drive motor back to DC so that the
energy can be stored in the batteries or ultraaitpa.

Rationale for scope, definitions and applicabity

Rationale for paragraph 2 (Scope)

33. This gtr applies to hydrogen storage systemgnganominal working pressures
(NWP) of 70 MPa or less, with an associated maxinfueting pressure of 125 per cent of
the nominal working pressure. Systems with NWP ajg@ MPa include storage systems
currently expected to be of commercial interestviehicle applications. In the future, if
there is interest in qualifying systems to high@mimal working pressures, the test
procedures for qualification will be re-examined.

34.  This gtr applies to fuel storage systems ségatéached within a vehicle for usage
throughout the service life of the vehicle. It doeg apply to storage systems intended to
be exchanged in vehicle fuelling. This gtr does aymply to vehicles with storage systems
using chemical bonding of hydrogen; it applies whicles with storage by physical
containment of gaseous or liquid hydrogen.

35.  The hydrogen fuelling infrastructure establisipeior to 2010 applies to fuelling of
vehicles up to 70 MPa NWP. This gtr does not addthe requirements for the fuelling
station or the fuelling station/vehicle interface.

36.  This gtr provides requirements for fuel sysiatagrity in vehicle crash conditions,
but does not specify vehicle crash conditions. €mting Parties to the 1998 Agreement
are expected to execute crash conditions as spe@ifitheir national regulations

11
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Rationale for paragraphs 3.16. and 3.17. (Defitions of Service Life and Date of
Removal from Service)

37.  These definitions pertain to qualification lo¢ rompressed hydrogen storage system
for on-road service. The service life is the maximtime period for which service (usage)
is qualified and/or authorized. This document jes qualification criteria for liquid and
compressed hydrogen storage systems having a ediféiof 15 years or less (para. 5.1.).
The service life is specified by the manufacturer.

38.  The date of removal from service is the calendde (month and year) specified for
removal from service. The date of removal from BErvmay be set by a regulatory
authority. It is expected to be the date of reldas¢he manufacturer for initial usage plus
the service life.

Rationale for paragraph 4 (Applicability of requirements)

39. The performance requirements in paragraph @ead the design qualification for
on-road service. Additional requirements in Annear& applicable for Contracting Parties
with Type Approval systems that address the contgrmof mass production to units
qualified to the requirements of paragraph 5. Thal @f harmonizing requirements as
embodied in the gtrs provides the opportunity teeli@ vehicles that can be deployed
throughout Contracting Parties to achieve unifoymaf compliance and resulting
economies of scale; therefore, type approval requénts beyond those specified in Annex
7 of the text of the Regulation are not expected.

40. It is expected that all Contracting Partied watognize vehicles that meet the full
requirements of this gtr as suitable for on-roadvise within their jurisdictions.
Contracting Parties with type approval systems nemyire, in addition, compliance with
their requirements for conformity of production, tevéal qualification and hydrogen
embrittlement.

41.  ltis also understood that any individual Caating Party may also elect to develop
different requirements for additional vehicles toalify for on-road service within its
jurisdiction. For example:

(@  This gtr requires the use of hydrogen gasrim tésting of compressed gas
storage (paragraph 6.2.5.). An individual ContragtParty might elect to
qualify vehicles for on-road service using eithgditogen or air as the test
gas in fire testing. In that case, those vehiclealified using air could be
qualified for on-road service within the jurisdami of that individual
Contracting Party.

(b)  Vehicles qualified for on-road service usingquiements of this gtr
including 11,000 hydraulic pressure cycles in peapg 5.1.2. testing would
be recognized as suitable for on-road service litCahtracting Parties. An
individual Contracting Party might elect to qualidditional vehicles for
service within its individual jurisdiction using®)0 or 7,500 pressure cycles
for compressed hydrogen storage (para. 5.1.2.).

Rationale for paragraph 5 (Performance requirenents and scope)

Compressed hydrogen storage system test requinents and safety needs

42.  The containment of the hydrogen within the caraped hydrogen storage system is
essential to successfully isolate the hydrogen ftben surroundings and down-stream
systems. The storage system is defined to inclid#dosure surfaces that provide primary
containment of high-pressure hydrogen storage.dEfiaition provides for future advances
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in design, materials and constructions that areeteal to provide improvements in weight,
volume, conformability and other attributes.

43.  Performance test requirements for all compressed hydrogen storage systems in on-
road vehicle service are specified in paragraph Bhke performance-based requirements
address documented on-road stress factors and susagessure robust qualification for
vehicle service. The qualification tests were depet to demonstrate capability to perform
critical functions throughout service including liirg/defuelling, parking under extreme
conditions, and performance in fires without compiging the safe containment of the
hydrogen within the storage system. These critgojaly to qualification of storage systems
for use in new vehicle production.

44.  Conformity of Production with storage systems subjected to formal design
qualification testing: Manufacturers shall ensure that all productiontsurmeet the
requirements of performance verification testing paragraph 5.1.2. In addition,
manufacturers are expected to monitor the religbitiurability and residual strength of
representative production units throughout serkfee

45.  Organization of requirements: paragraph 5.1. design qualification requiremdaots
on-road service include:

5.1.1. Verification Tests for Baseline Metrics

5.1.2. Verification Test (Hydraulic) for Perforn@nDurability

5.1.3. Verification Test (Hydrogen Gas) for ExgetOn-Road Performance
5.1.4. Verification Test for Service-Terminatingrformance

46.  Paragraph 5.1.1. establishes metrics used d@nreémainder of the performance
verification tests and in production quality comtr®aras. 5.1.2. and 5.1.3. are the
gualification tests that verify that the system gqaerform basic functions of fuelling,

defuelling and parking under extreme on-road caowtt without leak or rupture through-

out the specified service life. Paragraph 5.1.4vigles confirmation that the system
performs safely under the service-terminating ctoowliof fire.

47.  Comparable stringency with current national regulations for on-road $sgvhas
been assured through two criteria: (i) replicattomear replication, (i) examination of the
technical basis for requirements of individual caoting parties with respect to on-road
safety and subsequent recognition that the relexgmected safety objective is achieved by
the gtr requirement, and/or (ii) recognition thagta requirement appropriately provides
additional stringency. Examples of (i) are commibmoughout the document. Two
examples of (ii) are noteworthy. First, some nalonegulations have required that
compressed storage be subjected to 45,000 fulkffliraulic pressure cycles without
rupture if no intervening leak occurs.

48. The requirement of paragraph 5.1.1.2. (baselivigal pressure cycle life) is
[22,000] cycles. The [22,000] full-fill cycles cespond to well over 7 million vehicles
kilometres travelled in lifetime service (at 35005¢Km travelled per full-fuelling). Since the
expected lifetime service is far less than 1 million, the requirement for [22000] pressure
cycles was judged to provide substantial marginvalextreme worst-case vehicle service.
Second, there are various provisions in natiorethdards to assure sufficient strength to
survive exposures to static (parking) and cyclielling) pressure exposures with residual
strength. The capability to survive individual &taand cyclic pressure exposures has
generally been evaluated by tests that are thevalgunt of paragraphs 5.1.2.4., 5.1.2.5.
and 5.1.2.6., but with each performed on a sepan&® container. An overriding
requirement for initial burst pressure (>2.2 forbmm-fibre composite containers and >3.3
for glass-fibre composite containers) was commarggd to indirectly account for un-
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replicated factors such as the compounding of iddally applied stresses and
chemical/physical impacts and ability to surviveeppressurizations in fuelling. The gtr
requirements, however, provide for direct accountfior these factors with explicit
replication of the compounding of stresses and defphysical impacts and
over-pressurizations. Unlike conditions for othasgous fuels, specifications for hydrogen
fuelling provide safeguards to limit potential oy@essurizations to extremes replicated in
container testing. In addition, the gtr requirenseatsure residual strength for end-of-life
extreme over-pressurization with retained stab#itifficient to assure capability to resist
burst at pressures near (within 20 per cent) of wewainer capability. All of the gtr
requirements are explicitly derived using publisdath that clearly and quantitatively links
the test criteria to specified aspects of safeaatrperformance. Thus, criteria providing
indirect inference of safe performance through-setvice life and at end-of-life were
replaced with criteria providing direct verificatiocof capability for safe performance at
end-of-life under compounded worst-case exposurgliions; hence, the result is added
stringency in assurance in capability for safe genfince throughout service life.
Examples of (iii) include the gtr requirement foepsure cycle testing with hydrogen gas at
extreme temperatures (para. 5.1.3.2.) rather thmabiemt temperature only, permeation
testing with hydrogen gas at extreme temperaturd @nreplicated end-of-life (para.
5.1.3.3.), end-of-life residual strength (para..B.1) after compounded exposure to
multiple stress factors (para. 5.1.2.), and loeaiand engulfing fire testing (para. 5.1.4.).

49. The following sections (paras 5.1.1. to 5.1.dpecify the rationale for the
performance requirements established in para. férlthe integrity of the compressed
hydrogen storage system.

Rationale for paragraph 5.1.1. verification tets for baseline metrics

50. Verification Tests for Baseline Metrics havevesal uses: (i) verify that systems
presented for design qualification (the qualifioatbatch) are consistent in their properties
and are consistent with manufacturer’s recordpfoduction quality control; (ii) establish
the median initial burst pressure, which is used performance verification testing
(paras. 5.1.2. and 5.1.3.) and can be used foruptimh quality control (i.e. to assure
conformity of production with properties of the djtieation batch), and (iii) verify that
requirements are met for the minimum burst presantenumber of pressure cycles before
leak.

51.  The baseline initial burst pressure requirem@iffer from the "end-of-life" burst
pressure requirements that conclude the test segsién paragraphs 5.1.2. and 5.1.3. The
baseline burst pressure pertains to a new, unusethiner and the "end-of-life" burst
pressure pertains to a container that has complateseries of performance tests
(paragraphs 5.1.2. or 5.1.3.) that replicate camtiitof worst-case usage and environmental
exposure in a full service life. Since fatigue auoclates over usage and exposure
conditions, it is expected that the "end-of-lifairst pressure (i.e. burst strength) could be
lower than that of a new and unexposed container.

Rationale for paragraph 5.1.1.1. baseline initial burst pressure

52. Paragraph 5.1.1.1. establishes the midpoitialifiurst pressure, Bf and verifies
that initial burst pressures of systems in the ifjoation batch are within the range BR

10 per cent. BRis used as a reference point in performance vatiino (paras. 5.1.2.8. and
5.1.3.5.) and verification of consistency withirethualification batch. Paragraph 5.1.1.1.
verifies that BR is greater than or equal to [200 per cent] NWBdeen for capability to
sustain 180 per cent NWP at end-of-life with mininess of strength during qualification
testing.
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53. In addition to being a performance requireménis expected that satisfaction of
this requirement will provide assurance to theitgsfacility of container stability before
the qualification testing specified in paras. 5.1521.3. and 5.1.4. is undertaken.

Rationale for paragraph 5.1.1.2. Baseline Initial Pressure Cycle Life

54.  The requirement specifies that three (3) rangaelected new containers are to be
hydraulically pressure cycled to 125 per cent NWhout rupture for [22,000] cycles or
until leak occurs. Leak may not occur within a gdfied number of pressure cycles
(number of Cycles). The specification of numbeCgtles within the range 5,500 — 11,000
is the responsibility of individual Contracting Bes. That is, the number of pressure cycles
in which no leakage may occur, number of Cyclesnca be greater than 11,000, and it
could be set by the Contracting Party at a lowenler but not lower than 5,500 cycles for
15 years service life. The rationale for the nuoarivalues used in this specification
follows:

Rationale for "Leak Before Burst" Aspect of Baseline Pressure Cycle Life Requirements

55.  The Baseline Pressure Cycle Life requiremedesgned to provide an initial check
for resistance to rupture due to the pressure rydauring on-road service. The Baseline
Pressure Cycle test requires either (i) the ocoge®f leakage (that is designed to result in
vehicle shut down and subsequent repair or rema¥athe container from service
(para. 5.2.1.4.3.)) before the occurrence of raptar (i) the capability to sustain [22,000]
full-fill hydraulic pressure cycles without ruptuce leakage.

56. Regardless of the container failure mode, teiguirement provides sufficient
protection for safe container use over the lifetloé vehicle. The minimum distance
travelled prior to a container leaking would depemda number of factors including the
number of cycles chosen by the Contracting Party the fill mileage for the vehicle.
Regardless, the minimum design of 5500 cycles beliEak and using only 200 miles per
fill provides over 1 million miles before the coimtar would fail by leakage. Worst case
scenario would be failure by rupture in which cake container shall be capable of
withstanding [22,000] cycles. For vehicles with rioah on-road driving range of 480 km
(300 miles) per full fuelling, [22,000] full fill gcles corresponds to over 10 million km (6
million miles), which is beyond a realistic extrermaeon-road vehicle lifetime range (see
discussion in para.5.1.1.2.2. below). Hence, eitfxercontainer demonstrates the capability
to avoid failure (leak or rupture) from exposurettie pressure cycling in on-road service,
or leakage occurs before rupture and thereby pteveontinued service that could
potentially lead to rupture.

57. A greater number of pressure cycles, [22,080Fequired for demonstration of
resistance to rupture (in the absence of intergelgak) compared to the number of cycles
required for demonstration of resistance to leaivileen 5500 and 11,000) because the
higher severity of a rupture event suggests thatpitobability of that event per pressure
cycle should be lower than the probability of thed severe leak event. Risk = (probability
of event) x (severity of event).

(Note: cycling to a higher pressure than 125 per centNauld elicit failure in less testing
time, however, that could elicit failure modes tbatild not occur in real world service.)

Rationale for number of Cycles, Number of Hydraulic Pressure Cycles in Qualification
Testing: number of Cycles Greater Than or Equal to 5500 and Less Than or Equal to
11000

58. The number of hydraulic test pressure cyclesoide specified by individual
Contracting Parties primarily because of differenae the expected worst-case lifetime

15
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vehicle range (distance driven during vehicle serVife) and worst-case fuelling frequency
in different jurisdictions. The differences in thaticipated maximum number of fuellings
are primarily associated with high usage commertdai applications, which can be
subjected to very different operating constraimtsdifferent regulatory jurisdictions. For

example:

@)

(b)

(©

(d)

Vehicle Fleet Odometer Data (including tax&ierra Research Report No.
SR2004-09-04 for the California Air Resource Bo&2004) reported on
vehicle lifetime distance travelled by scrappedif@aiia vehicles, which
all showed lifetime distances travelled below 560,&m (350,000 miles).
Based on these figures and 320 - 480 km (200 -n3i0s) driven per full
fuelling, the maximum number of lifetime empty-taiffuellings can be
estimated as 1,200 — 1,800.

Vehicle Fleet Odometer Data (including taxiE)ansport Canada reported
that required emissions testing in British Columbf2anada, in 2009
showed the 5 most extreme usage vehicles had odomegtdings in the
800,000 — 1,000,000 km (500,000 — 600,000 milesigea Using the
reported model year for each of these vehicles,dbiresponds to less than
300 full fuellings per year, or less than 1 fulefing per day. Based on
these figures and 320 - 480 km (200 - 300 miles)edr per full fuelling,
the maximum number of empty-to-full fuellings cam déstimated as 1650 -
3100.

Taxi Usage (Shifts/Day and Days/Week) Data: Weev York City (NYC)
Taxicab Fact Book (Schaller Consulting, 2006) rép@xtreme usage of
320 km (200 mi) in a shift and a maximum serviée &f 5 years. Less than
10 per cent of vehicles remain in service as lond aears. The average
mileage per year is 72,000 for vehicles operatinghi?®ts per day and 7
days per week.

There is no record of any vehicle remaining in higlage through-out the
full 5 year service life. However, if a vehicle wegorojected to have fuelled
as often as 1.5 — 2 times per day and to have remdn service for the
maximum 5-year New York City (NYC) taxi servicedjfthe maximum

number of fuellings during the taxi service life wld be 2,750 — 3,600.

Taxi Usage (Shifts/Day and Days/Week) Datan$port Canada reported
a survey of taxis operating in Toronto and Ottawat tshowed common
high usage of 20 hours per day, 7 days per weeh wdily driving
distances of 540 — 720 km (335 — 450 mi). Vehideroeter readings were
not reported. In the extreme worst-case, it mightpoojected that if a
vehicle could remain at this high level of usagefo/ears (the maximum
reported taxi service life); then a maximum extrednving distance of
1,400,000 — 1,900,000 km (870,000 — 1,200,000 snirojected. Based on
320 - 480 km (200 - 300 mi) driven per full fuetlinthe projected full-
usage 15-year number of full fuellings could be0R,9 6,000.

Consistent with these extreme usage projectiores,mimimum number of full
pressure hydraulic qualification test cycles fodiogen storage systems is set at
5500. The upper limit on the number of full-fillggsure cycles is set at 11,000,
which corresponds to a vehicle that remains inHigg usage service of 2 full
fuelling per day for an entire service life of 1Bays (expected lifetime vehicle
mileage of 3.5 — 5.3 million km (2.2 — 3.3 millioniles)).

59. In establishing number of Cycles, it was rednggh that practical designs of some
storage system designs (such as composite wrapnsystith metal liner interiors) might
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not qualify for service at 70 MPa NWP if number afcles is greater than 5,500. In
establishing [...] Cycles, it was recognized thanuimber of Cycles is specified at 5,500,
some Contracting Parties may require usage conttrtd assure actual fuellings do not
exceed number of cycles.

Rationale for paragraph 5.1.2. Verification Test for On-Road Performance Durability
(Hydraulic Sequential Tests)

60. The verification test for on-road performanceadbility ensures the system is fully
capable of avoiding rupture under extreme conditiofi usage that include extensive
fuelling frequency (perhaps associated with repta® of drive train components),
physical damage and harsh environmental conditidiiese durability tests focus on
structural resistance to rupture. The additiontdraion to rupture resistance under harsh
external conditions is provided because (i) theeggw of consequences from rupture is
high, and (ii) rupture is not mitigated by secornydictors (leaks are mitigated by onboard
leak detection linked to countermeasures). Sinesetextreme conditions are focused on
structural stress and fatigue, they are conductgdirahlically — which allows more
repetitions of stress exposure in a practicaltiest.

Assumptions used in devel oping paragraph 5.1.2 test protocol.

61. These assumption Include:

(a) Extended and severe service worst-case =nfiéetif most stressful empty-to-
full (125 per cent NWP at 85°C, 80 per cent at €)0fuellings under
extended & severe usage; 10 service-station owssprization events

(b)  Sequential performance of tests replicatesoatrexperience where a single
container is subject to multiple extremes of diéferexposure conditions — it
is not realistic to expect that a container couhdy @ncounter one type of
exposure through the life of the vehicle.

(c)  Severe usage: Exposure to physical impacts

0] Drop impact (para. 5.1.2.2.) — the risk is paiily an aftermarket risk
during vehicle repair where a new storage systeranmlder system
removed during vehicle service, is dropped fromogk flift during
handling. The test procedure requires drops froverse angles from
a maximum utility forklift height. The test is dgsied to demonstrate
that containers have the capability to survive @spntative pre-
installation drop impacts.

(i)  Surface damage (para. 5.1.2.3.) — cuts charatic of wear from
mounting straps that can cause severe abrasiamtfctive coatings

(iii)  On-road impacts that degrade exterior strumtustrength and/or
penetrate protective coatings (e.g. flying stonpg)h(para. 5.1.2.3.) —
simulated by pendulum impact.

(d)  Severe usage: exposure to chemicals in theoad-environment (para.
5.1.2.4.)

0] Fluids include fluids used on vehicles (batteagid and washer
fluid), chemicals used on or near roadways (fegilinitrates and
lye), and fluids used in fuelling stations (methizanad gasoline).

(ii) The primary historical cause of rupture of higressure vehicle
containers (CNG containers), other than fire angsigal damage,
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has been stress corrosion rupture — rupture oocurefter a
combination of exposure to corrosive chemicals gredsurization.

(iii) Stress corrosion rupture of on-road glass-posite wrapped
containers exposed to battery acid was replicatethe proposed
test protocol; other chemicals were added to tkefeotocol once
the generic risk of chemical exposure was recoghize

(iv) Penetration of coatings from impacts and expegon-road wear can
degrade the function of protective coatings — redzed as a
contributing risk factor for stress corrosion criack (rupture);
capability to manage that risk is therefore reqiiire

(e) Extreme number of fuellings/defuellings

Rationale for number of cycles greater than 5500 kess than
11,000 is provided in paras. 58-59 section (&(@i)b of the
preamble.

) Extreme pressure conditions for fuelling/defung cycles (para. 5.1.2.4.)

0] Fuelling station over-pressurization constrdirtey fuelling station
requirements to less than or equal to 150 per &BANP. (This
requirement for fuelling stations shall be estdtdis within local
codes and/or regulations for fuelling stations.)

(ii) Field data on the frequency of failures of higressure fuelling
stations involving activation of pressure reliefntrols is not
available. Experience with CNG vehicles suggesermressure by
fuelling stations has not contributed significaigkrfor container
rupture.

(iin) Assurance of capability to sustain multiplecorrences of over-
pressurization due to fuelling station failure isoywded by the
requirement to demonstrate absence of leak in posKes to 150
per cent NWP fuelling followed by long-term lealeédr parking and
subsequent fuelling/de-fuelling.

(9) Extreme environmental conditions for fuelling/tlelling cycles
(para.5.1.2.6.)

Weather records show temperatures less than ol &mud0 °C occur in

countries north of the 45th parallel; temperatur&® °C occur in desert
areas of lower latitude countries; each with fregyeof sustained extreme
temperature ~5 per cent in areas with verifiableeegoment records.
[Actual data shows ~5 per cent of days have a minintemperature less
than -30 °C. Therefore sustained exposure to fess 30 °C is less than 5
per cent of vehicle life since a daily minimum it meached for a full 24 hr
period] Data record examples (Environment Canadd-2®00):

0] www.climate.weatheroffice.ec.gc.ca/climate_natsfiresults_e
.html?Province=ONTpercent20&StationName=&SearchBgle
ocateBy=Province&Proximity=25&ProximityFrom=City&&tion
Number=&IDType=MSC&CityName=&ParkName==&LatitudeDe
grees=&L atitudeMinutes=&LongitudeDegrees=&Longitliaut
es=&NormalsClass=A&SelNormals=&Stnld=4157&

(ii) www.climate.weatheroffice.ec.gc.ca/climate_mads/results
_e.html?Province=YT per cent20 per
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cent20&StationName=&SearchType=&LocateBy=Province&f
imity=25&ProximityFrom=City&StationNumber=&IDType=14
C&CityName=&ParkName=&L atitudeDegrees=&LatitudeMiau
s=&LongitudeDegrees=&LongitudeMinutes=&NormalsClaAs
&SelNormals=&Stnld=1617&

Extended and severe usage:

High temperature full-fill parking up to 25 yearBr¢longed Exposure to
High Pressure) (para. 5.1.2.5) To avoid a perfooeaest lasting for 25
years, a time-accelerated performance test usirggeased pressure
developed using experimental material data on otlgeised metals and
composites, and selecting the worst-case for stigstsire susceptibility,

which is glass fibre reinforced composite. Use abdratory data to
establish the equivalence of testing for stressurepat 100 per cent NWP
for 25 years and testing at 125 per cent NWP fdd0l@ours (equal
probability of failure from stress rupture) is deksed in SAE Technical
Paper 2009-01-0012 (Sloane, "Rationale for Perfonedased Validation
Testing of Compressed Hydrogen Storage," 2009)botatory data on
high pressure container composite strands — doctatiem of time-to-

rupture as a function of static stress without expe to corrosives — is
summarized in Aerospace Corp Report No. ATR-92(32481991) and

references therein.

0] No formal data is available on parking duratiper vehicle at
different fill conditions. Examples of expected dgmy full fill
occurrences include vehicles maintained by ownersear full fill
conditions, abandoned vehicles and collectors'cleti Therefore,
25 years at full fill is taken as the test requiesin

(i)  The testing is performed at +85 °C becauseesoomposites exhibit
a temperature-dependent fatigue rate (potentiadlyociated with
resin oxidation) (J. Composite Materials 11, 79 7@9. A
temperature of +85°C is selected as the maximurtengal
exposure because under-hood maximum temperatures8fC
have been measured within a dark-coloured vehiatégu outside
on asphalt in direct sunlight in 50 °C ambient dbads. Also, a
compressed gas container, painted black, with nercon the box
of a black pickup truck in direct sunlight in 49 fad maximum /
average measured container skin surface tempesatfre87 °C
(189 °F) / 70 °C (159 °F).

(i)  On-road experience with CNG containers — thdrave not been
reports of any on-road stress rupture without enpo$o corrosives
(stress corrosion cracking) or design anomaly (heogp tensioned
for liner compression without autofrettage). Paapir5.1.2. testing
that includes chemical exposure test and 1,000shofusstatic full
pressure exposure simulates these failure condition

Residual proof pressure (para. 5.1.2.7.)

0] Fuelling station over-pressurization constrainey fuelling station
requirements to less than or equal to 150 per &&MP. (This
requirement for fuelling stations shall be estdtdis within local
codes/regulations for fuelling stations).
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(i)  Laboratory data on static stress rupture useddefine equivalent
probability of stress rupture of composite straafter 4 minutes at
180 per cent NWP as after 10 hours at 150 perd&/® as the worst
case (SAE Technical Report 2009-01-0012). Fuelktations are
expected to provide over-pressure protection ufbbper cent NWP.

(iii)y  Testing at "end-of-life" provides assuranae dustain fuelling station
failure throughout service.

0] Residual strength burst (para. 5.1.2.8.)

Requirement for a less than 20 per cent declifriigt pressure after 1000-hr
static pressure exposure is linked (in the Soc#tAutomotive Engineers
(SAE) Technical Report 2009-01-0012) to assurated tequirement has
allowance for 40 per cent manufacturing variability in assuraot25 years
of rupture resistance at 100 per cent NWP.

(k)  Rationale for not including a boss torque tesfuirement:

Note that damage to containers caused by mainteremaors is not included
because maintenance errors, such as applying éxedesque to the boss,
are addressed by maintenance training proceduréstcats and fail safe
designs. Similarly, damage to containers causeehdlicious and intentional
tampering is not included.

Rationale for paragraph 5.1.3. Verification Tet for Expected On-Road Performance
(Pneumatic Sequential Tests)

62.  The verification test for expected on-road geriance requires the demonstration of
capability to perform essential safety functionglemworst-case conditions of expected
exposures. "Expected" exposures (for a typical alejiinclude the fuel (hydrogen),
environmental conditions (such as often encountéeetperature extremes), and normal
usage conditions (such as expected vehicle lifetrarege, driving range per full fill,
fuelling conditions and frequency, and parking).pEsted service requires sequential
exposure to parking and fuelling stresses sincevetiicles encounter both uses and the
capability to survive their cumulative impact isqjuéred for the safe performance of all
vehicles in expected service.

63. Pneumatic testing with hydrogen gas providessstfactors associated with rapid
and simultaneous interior pressure and temperatuiegs and infusion of hydrogen into

materials; therefore, pneumatic testing is focusadthe container interior and strongly
linked to the initiation of leakage. Failure by kege is marginally mitigated by secondary
protection — monitoring and vehicle shut down whenranted (below a conservative level
of flammaubility risk in a garage), which is expett® result in very timely repair before

leakage can develop further since the vehiclelvélbut of service.

Data used in developing para. 5.1.3. test protooblde:

(a) Proof pressure test (paragraph 5.1.3.1.) —inm@uproduction of pressure
containers includes a verifying, or proof, presstest at the point of
production, which is 150 per cent NWP as industacfice, i.e. 20 per cent
above the maximum service pressure.

(b)  Leak-free fuelling performance (para. 5.1.3.2.)

0] Expected environmental conditions — weather ords show
temperatures less than or equal to -40 °C occwoimtries north of
the 45-th parallel; temperatures ~50 °C occur isedeareas of lower
latitude countries; each with frequency of sustdinextreme
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temperature ~5 per cent in areas with verifiableegoment records.
[Actual data shows ~5 per cent of days have a mininemperature
below -30 °C. Therefore sustained exposure to beRO°C is less
than 5 per cent of vehicle life since a daily minimis not reached
for a full 24 hr period] Data record examples (Eamiment Canada
1971-2000):

a. http://www.climate.weatheroffice.ec.gc.ca/climat
normals/results_e.html?Province=ONTper
cent20&StationName=&SearchType=&LocateBy=Province&P
roximity=25&ProximityFrom=City&StationNumber=&IDTyp
e=MSC&CityName=&ParkName=&L atitudeDegrees=&L atitu
deMinutes=&LongitudeDegrees=&L ongitudeMinutes=&Norm
alsClass=A&SelNormals=&Stnld=4157&

b. http://www.climate.weatheroffice.ec.gc.ca/climat
normals/results_e.html?Province=YTper cent20per
cent20&StationName=&SearchType=&LocateBy=Province&P
roximity=25&ProximityFrom=City&StationNumber=&IDTyp
e=MSC&CityName=&ParkName==&LatitudeDegrees=&Latitu
deMinutes=&LongitudeDegrees=&LongitudeMinutes=&Norm
alsClass=A&SelNormals=&Stnld=1617&

(i) Number of fuelling/defuelling cycles

a. The number of full fuellings required to demoat& capability
for leak-free performance in expected service kettato be
500.

i. Expected vehicle lifetime range is taken to 59,200
km (155,000 mi)

Vahicle Age Va. Average Odometer
Passenger Cars

aaaaaa

0 i 20 =
Vetucie Age

« Roadsids Mean
«— SMog Check data —CARE Piol SCrappage Frogram, avg)

Source: Sierra Research Report No. SR2004-09-04, titled
"Review of the August 2004 Proposed CARB Regulatitm
Control Greenhouse Gas Emissions from Motor Vehkidost
Effectiveness for the Vehicle Owner or Operatond dated 22
September 2004.

ii. Expected vehicle range per full fuelling is ¢akto be
greater than or equal to 500 km (300 mi) (based on
2006-2007 market data of high volume passenger
vehicle manufacturers in Europe, Japan and North
America).

iii. 500 cycles = 250,000 miles/500 miles-per-cycte
155,000 miles/300 miles-per-cycle
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Some vehicles may have shorter driving rangesfill
fuelling, and may achieve more than 500 full fuegb if

no partial fuellings occur in the vehicle life.
Demonstrated capability to perform without lealk5D0

full fuellings is intended to establish fundamental
suitability for on-road service leakage is subjéot
secondary mitigation by detection and vehicle shut-
down before safety risk develops.

Since the stress of full fuellings exceeds thiess of
partial fuellings, the design verification test yides a
significant margin of additional robustness for
demonstration of leak-free  fuelling/de-fuelling
capability.

b. Qualification requirement of 500 pneumatic puesscycles is
conservative when considering failure experience:

Vi.

22

On-road experience: 70 MPa hydrogen storageesyst
have developed leaks in o-ring sealings duringfbrie
(less than 50 full fuellings) on-road service of
demonstration prototype vehicles.

On-road experience: 70 MPa hydrogen storagtesys
have developed temporary (subsequently resealing)
leaks during brief (less than 50 full fuellings)-mad
service of demonstration prototype vehicles.

On-road experience: mechanical failures of CNG
vehicle storage associated with gas intrusion into
wrap/liner and interlaminate interfaces have dgwetb
after brief on-road service (less than 50 full fingls).

On-road experience: failure of CNG vehicle afgg due

to interior charge build-up and liner damage corona
discharge is not a failure mode because statiogehar
carried into containers on particulate fuel impastand
ISO 14687-2 (and SAE J2719) fuel requirements limit
particulates in hydrogen fuel — also, fuel cell pow
systems are not tolerant of particulate impuritesl
such impurities are expected to cause vehicle® toub

of service if inappropriate fuel is dispensed.

Test experience: mechanical failures of vehgttrage
systems associated with gas intrusion into wragylin
and interlaminate interfaces develop in ~50 full
fuellings.

Test experience: 70MPa hydrogen storage systhats
passed Natural Gas Vehicle (NGV2) test requirements
have failed during the test conditions of para.®.in
failure modes that would be expected to occur in on
road service. The Powertech report (McDougal, M.,
"SAE J2579 Validation Testing Program Powertech
Final Report", National Renewable Energy Laboratory
Report No. SR-5600-49867
(www.nrel.gov/docs/fyl1osti/49867.pdf)  cites two
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(iii)

failures of systems with containers that have geali

for service: metal-lined composite container varak
and in-container solenoid leak, polymer-lined cosif
container leak due to liner failure. The polymereli
composite container failure by leakage was on a
container that was qualified témerican National
Standard Association and Canadian  Standards
Association (ANSI/CSA) NGV2 modified for
hydrogen. The metal-lined composite failure of the
container valve was on a valve qualified to EIHP
revl2b. Report conclusion: "The test sequenceAiB S
TIR J2579 have shown that containers with no known

failures in service either met the requirementsthaf
tests, or fail for reasons that are understood ared
representative of future service conditions"

Fuelling conditions

a. SAE J2601 establishes fuelling protocol — 3 rteaus fastest
empty-to-full fuelling (comparable to typical gaisa fuelling;
existing in installed state-of-art hydrogen fudflirstations);
fuel temperature for 70 MPa fast fuelling is ~ <40

b. Expected maximum thermal shock conditions areafeystem
equilibrated at an environmental temperature of %50
subjected to -40 °C fuel, and for a system equitidal at -
40 °C subjected to indoor private fuelling at apgpmuately
+20 °C.

C. Fuelling stresses are interspersed with parsiregses.

(c) Leak-free Parking at full fill (para. 5.1.3.3)

@

(ii)

(iii)

Leak and permeation are risk factors for firezéards for parking in
confined spaces such as garages.

The leak/permeation limit is characterized bHye many possible
combinations of vehicle and garages, and the es®okitest
conditions. The leak/permeation limit is defined testrict the

hydrogen concentration from reaching 25 per cent bly volume

with worst credible conditions of a tight, very h(5 °C) garage
having a low air exchange rate (0.03 volumetric eichanges per
hour). The conservative 25 per cent LFL limit isneentionally

adopted to accommodate concentration inhomogeseiata for

hydrogen dispersion behaviour, garage and vehiglenaios,

including garage sizes, air exchange rates anddmnpes, and the
calculation methodology are found in the followingference

prepared as part of the EC Network of ExcellenceENHySafe: P.
Adams, A. Bengaouer, B. Cariteau, V. Molkov, A.Gerétsanos,
"Allowable hydrogen permeation rate from road vedst, Int. Journal

of Hydrogen Energy, volume 36, issue 3, 2011 p22Z7249.

The resulting discharge limit measured at 850and 115 per cent
NWP (full fill at 550 °C) following specified pneustic pressure
cycling of the storage system is scalable dependinthe vehicle size
around a nominal value of 150 mL/min for a garaige sf 30.4 m.
The scaling factor, R = (Vwidth+1)*(Vheight+0.05ength+1)/
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(d)

(iv)

V)

(vi)

(vi)

(viii)

30.4, accommodates alternative garage/vehicle qaatibns to those
used in the derivation of the rate, and accommadsiteall vehicles
that could be parked in smaller garages. These chehlevel
permeation requirements are consistent with theqwals developed
by the EU (NoE) HySafe (see above reference). Téemeation
values measured for individual storage containetesys used in a
vehicle would total to less than the vehicle limit.

An alternative discharge limit based on indwal cylinder properties
instead of the storage system property is provifed ease of
compliance testing for some systems. This altereatineans of
compliance is consistent with the proposals deweddpy the EU NoE
HySafe. In this case, the permeation limit measatesb0 °C and 115
per cent NWP is 46 mL/h/L water capacity of therage system and
the total water capacity of the vehicle storageesysshall be less than
330 L, where a garage size of 50m3 is assumed. rEBiglts in an
upper limit per storage system of 46 mL/h/L (pentaer volume
capacity) x 330L (system volume capacity) / 60miri253 mL/min
per storage system, which comparable to that derirem the
alternative approach 150 mL/min x 50/30.4 247 mb/nicaling
factor R=1.645).

The maximum pressure of a fully filled contairs 550 °C is 115 per
cent NWP (equivalent state of charge to 125 pet bBKP at 85°C
and 100 per cent NWP at 15 °C).

A localized leak test is to be conducted teune that external leakage
cannot sustain a flame that could weaken mateaiads subsequently
cause loss of containment. Per Technical Report8-21680726
("Flame Quenching Limits of Hydrogen Leaks"), tlosvest flow of
H, that can support a flame is 0.028 mg/sec per fipnypical
compression fitting and the lowest leak possiblemfra miniature
burner configuration is 0.005 mg/sec. Since the iatime burner
configuration is considered a conservative "woestet, the maximum
leakage criterion is selected as 0.005 mg/sec.

Parking provides opportunity for hydrogengation of interlaminate
layers, wrapl/liner interface, liner materials, jtures, o-rings, and
joinings — fuelling stresses are applied with aritheut exposure to
hydrogen saturation. Hydrogen saturation is markgdoermeation
reaching steady-state rate.

By requiring qualification under the worstedlible case conditions of
raised temperature, pressure cycling and equildratith hydrogen,
the  permeation verification removes uncertainty wbo
permeation/temperature dependence, and long teniatation with
time and usage.

Residual proof pressure (para. 5.1.3.4.)

@)

(ii)

Fuelling station over-pressurization is consteal by fuelling station
requirements to pressurize at less than 150 per N®P. (This
requirement for fuelling stations shall be estdtdis within local
codes/regulations for fuelling stations.)

Laboratory data on static stress rupture wsesduto define equivalent
probability of stress rupture of composite strandsshowed the
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(d)

rupture probability after 4 minutes at 180 per c®&WP to be
equivalent for after 10 hours at 150 per cent NWRhe worst case
(SAE Technical Report 2009-01-0012). Fuelling stzdi are expected
to protect against over-pressure over 150 per N&VP.

(iii)y Field data on the frequency of failures ofghi pressure fuelling
stations involving activation of pressure relief ntols is not
available. The small number of 70 MPa fuelling istag currently
available does not support robust statistics.

(e) Residual strength burst (para. 5.1.3.5.)

Requirement for less than 20 per cent declineunstipressure after lifetime
service is designed to ensure stability of stradtaomponents responsible
for rupture resistance; it is linked (in SAE TeataliReport 2009-01-0012)
to assurance that requirement has allowance fgoetOcent manufacturing
variability in assurance of greater than 25 yedreupture resistance at 100
per cent NWP in para. 5.1.2.5.

It is expected that regulatory agencies and matwfars will monitor the
condition and performance of storage systems dw@nygice life as practical
and appropriate to continually verify that para.l.3. performance
requirements capture on-road requirements. Thisisadv is meant to
encourage manufacturers and regulatory agenciesllext additional data.

Rationale for paragraphs 5.1.4. and 6.2.5. viication test for service-terminating
performance in fire

64. Verification of performance under service-terating conditions is designed to
prevent rupture under conditions so severe thatrdggh containment cannot be
maintained. Fire is the only service-terminatingndition accounted for in design
qualification.

65. A comprehensive examination of CNG containesdrvice failures during the past
decade (SAE Technical Paper 2011-01-0251 (ScheffaClory et al., "Establishing
Localized Fire Test Methods and Progressing Sa&tyndards for FCVs and Hydrogen
Vehicles")) showed that the majority of fire incide occurred on storage systems that did
not utilize properly designed pressure relief desi¢PRDs), and the remainder resulted
when PRDs did not respond to protect the contather to the lack of adequate heat
exposure on the PRDs even though the localizedvag able to degrade the container wall
and eventually cause the storage container to.biistlocalized fire exposure has not been
addressed in previous regulations or industry steded The fire test method in para. 6.2.5
addresses both localized and engulfing fires.

66. The fire test conditions of para. 6.2.5. weesda on vehicle-level tests by the
Japanese Automobile Research Institute (JARI) aBdrianufacturers. A summary of data
is found in paper SAE Technical Paper 2011-01-08®Y. findings are as follows:

(a) About 40 per cent of the vehicle laboratorgdirinvestigated resulted in
conditions that could be categorized as a localifiezl since the data
indicates that a composite compressed gas contaimgld have been
locally degraded before conventional PRDs on erssé® (away from the
local fire exposure) would have activated. (Notetefnperature of 300°C
was selected as the temperature where the locdlimaondition could
start as thermal gravimetric analysis (TGA) indisatthat container
materials begin to degrade rapidly at this tempreeat
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(e)

(b) While vehicle laboratory fires often lasted @0-minutes, the period of
localized fire degradation on the storage contairlaested less than 10
minutes.

(c) The average of the maximum temperature dutieglocalized fire period

was less than 570°C with peak temperatures regaproximately
between 600 °C and 880 °C in some cases.

(d) The rise in peak temperature near the endeofdbalized fire period often
signaled the transition to an engulfing fire coiufit

67. Based upon the above findings, the tempergiofe in para. 6.2.5. was adopted.
The selection of 600 °C as the minimum temperafarethe localized fire hold period
ensures that the average temperature and timecalized fire test exposure are consistent
with test data. Thermocouples located 25 mmOmm from the outside surface of the test
article are used to control the heat input andiconthat the required temperature profile is
met. In order to improve the response and contritita of the fire during testing (as well
as reproducibility of results), the use of Liquefietroleum Gas (LPG) and wind guards
are specified. Experience indicates the contrditgtof the LPG fire will be approximately
+100°C in outdoor situations, producing peak terapees that also agree favourably with
test results.

68. The proposed localized fire test set-up is thase preliminary work done by
Transport Canada and the National Highway Traffite§/ Administration (NHTSA) in the
United States of America, but the approach wasmga to allow the storage system to be
qualified by either a generic installation test arspecific vehicle installation test.
Differences between the two methods are as follows:

(a) The generic (non-vehicle specific) allows tbealized fire test to apply to
more than one vehicle but the mitigation devicegl{sas shields) need to
be permanently affixed to the storage system amdl photect the entire
system, not just the area exposed to the localized The size for the
generic localized fire test was selected to be 2B050mm longitudinally
with a width covering the diameter of the container

(b) The specific vehicle installation localizedefitest would be customized to
align with the actual fire exposure area and womldude protective
features from the vehicle. If the vehicle manufeetuelects to use the
specific vehicle test approach, the direction aizé sf the localized fire
exposure is adjusted to account for vehicle featsach as openings in
adjacent sheet metal for lightening holes and gasatghs for wires and
piping or holes formed by the melting of materialshe path of the fire. If
such openings or holes are small, the size ofdbalized is reduced from
the generic size to create a more challenging (ealistic) test.

Rationale for paragraphs 5.1.5 and 6.2.6 quéitation tests for storage-system
hydrogen-flow closures

69.  The reliability and durability of hydrogen-floglosures is essential for the integrity
of the full storage system. The closures are pbrtgualified by their function in the
system-level performance tests (paragraph 5.1.adutition, these closures are qualified
individually not only to assure exceptional relldlifor these moving parts, but also to
enable equivalent components to be exchanged torage system without re-qualifying
the entire storage system. Closures that isolafie piessure hydrogen from the remainder
of the fuel system and the environment include:
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(i)

®

(a) thermally activated pressure relief device (DPRA TPRD opens and
remains open when the system is exposed to fire.

(b) check valve. A check valve prevents reverse fio the vehicle fuelling
line, e.g. a non-return valve. Equivalent to a netwn valve.

(c) shut-off valve. An automatic shut-off valve Wween the storage container
and the vehicle fuel delivery system defaults te tiosed position when
unpowered.

70. Test procedures for qualification of hydroglwf closures within the hydrogen

storage system were developed by the Internati@ngénization of Vehicle Manufacturers
(OICA) as outgrowths of discussions within CSA wgndups for HPRD1:2009 and

HGV3.1 (as yet unpublished), and reports to thoS& @orkgroups testing sponsored by
US-DOE and performed at Powertech Laboratoriesetifywclosure test procedures under
discussion within CSA.

Rationale for TPRD qualification requirements

71.  The qualification requirements verify that thevice, once activated, will fully vent
the contents of the fuel container even at the @hithe service life when the device has
been exposed to fuelling/defuelling pressure amgp&rature changes and environmental
exposures. The adequacy of flow rate for a givepliegtion is verified by the hydrogen
storage system fire test requirements (para. 3.1.4.

Rationale for check valve qualification requirements

72. These requirements are not intended to pretletdesign and construction of

components (e.g. components having multiple funejiohat are not specifically prescribed

in this standard, provided that such alternativasehbeen considered in testing the
components. In considering alternative designsamstuction, the materials or methods
used shall be evaluated by the testing facilityettsure equivalent performance and
reasonable concepts of safety to that prescribetiibytandard. In that case, the number of
samples and order of applicable tests shall be afiytagreed upon by the manufacturer
and the testing agency. Unless otherwise specififidiests shall be conducted using

hydrogen gas that complies with SAE J2719 (Inforomateport on the development of a

hydrogen quality guideline for fuel cell vehiclesy, ISO 14687-2 (Hydrogen fuel-product

specification). The total number of operationallegcshall be 11,000 (fuelling cycles) for

the check valve and 50,000 (duty cycles) for thematic shut-off valve.

73.  Fuel flow shut-off by an automatic shut-off wal mounted on a compressed
hydrogen storage container shall be fail-safe. e "fail safe" refers to a device that
reverts to a safe mode or a safe complete shutflmvwall reasonable failure modes.

74. The electrical tests for the automatic shutwafve mounted on the compressed
hydrogen storage containers (para. 6.2.6.2.7.)igeogssurance of performance with: (i)
over temperature caused by an overvoltage conditol (ii) potential failure of the

insulation between the component’s power conduettd the component casing. The
purpose of the pre-cooled hydrogen exposure test(6.2.6.2.10.) is to verify that all
components in the flow path from the receptacletht® container that are exposed to

precooled hydrogen during fuelling can continueperate safely

Rationale for paragraph 5.1.6. labelling

75.  The purpose of minimum labelling on the hydrograge containers is three-fold:
(i) to document the date when the system shouldebrved from service, (ii) to record
information needed to trace manufacturing condgionevent of on-road failure, and (iii)
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(@)
0]

(i)

(iii)

to document NWP to ensure installation is conststeith the vehicle fuel system and

fuelling interface. Contracting Parties may speeifiditional labeling requirements. Since
the number of pressure cycles used in qualificatioder para. 5.1.1.2. may vary between
Contracting Parties, that number shall be markeeamh container.

Vehicle fuel system requirements and safety née
In-Use Requirements

Fuelling receptacle rationale for paragraphs5.2.1.1. and 6.1.7.

76. The vehicle fuelling receptacle should be desigto ensure that the fuelling
pressure is appropriate for the vehicle fuel stersgstem. Examples of receptacle designs
can be found in ISO 17268, SAE J2600 and SAE J2&98bel shall be affixed close to
the fuelling receptacle to inform the fueler/driiavner of the type of fuel (liquid or
gaseous hydrogen), NWP and date for removal ofag®rcontainers from service.
Contracting parties may specify additional labeliaguirements.

Rationale for paragraph 5.2.1.2. overpressure protection for the low pressure System

77.  The hydrogen delivery system downstream ofeaqure regulator is to be protected
against overpressure due to the possible failutbeopressure regulator.

Rationale for paragraph 5.2.1.3. hydrogen discharge system

Rationale for paragraph 5.2.1.3.1. pressuief mtstems

78. The vent line of storage system discharge systPRDs and PRDs) should be
protected by a cap to prevent blockage by intrugibmbjects such as dirt, stones, and
freezing water.

Rationale for paragraph 5.2.1.2. fuel celldiea exhaust systems

79. In order to ensure that the exhaust dischaiga the vehicle is non-hazardous, a
performance-based tests is designed to demonthitéhe discharge is non-ignitable. The
3 second rolling-average accommodates extremelst,stan-hazardous transients up to 8
per cent without ignition. Tests of flowing dischaes have shown that flame propagation
from the ignition source readily occurs above 10g@ent hydrogen, but does not propagate
below 8 per cent hydrogen (SAE Technical Report 7200-437, Corfu et al.,
"Development of Safety Criteria for Potentially Flmable Discharges from Hydrogen
Fuel Cell Vehicles"). By limiting the hydrogen cent of any instantaneous peak to 8 per
cent, the hazard to people near the point of drgehis controlled even if an ignition source
is present. The time period of the rolling-averageletermined to ensure that the space
around the vehicle remains non-hazardous as theoggd from exhaust diffuses into the
surroundings; this is the case of an idling vehicla closed garage. In order to readily gain
acceptance for this situation by building officialsd safety experts, it should be recognized
that government/municipal building codes and iréionally-recognized standards such as
International Electrotechnical Commission (IEC) 890equire that the space be less than
25 per cent Lower Flammability Limit (LFL) (or 1 peent hydrogen) by volume. The time
limit for the rolling-average was determined by uassig an extremely high hydrogen
discharge rate that is equivalent to the input 10@ kW fuel cell stack. The time was then
calculated for this hydrogen discharge to fill theminal space occupied by a passenger
vehicle (4.6m x 2.6m x 2.6m) to 25 per cent LFL.eThesultant time limit was
conservatively estimated to be 8 seconds for difigphverage,” demonstrating that the 3-
second rolling average used in this document isggpiate and accommodates variations
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@iv).

V)

(Vi)

(vii)

in garage and engine size. The standard I1SO instmtation requirement is a factor of 6-10
less than the measured value. Therefore, duringeteorocedure according to para. 6.1.4.,
the 3-second rolling average requires a sensoronssp (90 per cent of reading) and
recording rate of less than 300 milliseconds.

Rationale for paragraph 5.2.1.4. protection against flammable conditions:

80. Single Failure Conditions. Dangerous situaticas occur if unintended leakage of
hydrogen reaches flammable concentrations.

(@  The on-board hydrogen container should be gguipvith a shut off valve
that can be automatically activated.

(b)  Protection against the occurrence of 4 per bgntolume hydrogen in air (or
greater) in the enclosed or semi-enclosed spac#dsnwihe vehicle that
contain unprotected ignition sources is important.

0] Vehicles may achieve this objective by desifor €xample, where
spaces are vented to prevent increasing hydrogereatrations).

(ii) If the vehicle achieves this objective by dsten of hydrogen
concentrations in air of 4 per cent or greatemtthe main hydrogen
shutoff valve(s) shall immediately close to prevRmther increases
and provide for dissipation of the hydrogen, arel dniver shall be
provided with a warning through a visual signal.

[(c) Additionally, a more stringent requirement Bf per cent hydrogen by
volume in air is applied to the passenger compartnte further limit
potential exposure to combustible gases in thisipied space. As in item
b above, the main hydrogen shutoff valve(s) is ¢ diosed when (or
before) this level is reached in the passenger eomment. This
requirement can be met by locating a hydrogen sensihe passenger or
by utilizing other fault detection methods to sbéftthe hydrogen supply
before the passenger compartment criteria is exxcefd

Rationale for paragraph 5.2.1.5. fuel leakage

81. Detectable leakage is not permitted.

Rationale for paragraph 5.2.1.6. visual sigmarning system

82. A visual signal/warning system is to alert tmever when hydrogen leakage results
in concentration levels at or above 4 per centddyme within the passenger compartment,
luggage compartment, and spaces with unprotectetiloig sources within the vehicle. The
visual signal/warning system should also alert dhiger in case of a malfunction of the
hydrogen detection system. Furthermore, the systball be able to respond to either
scenario and instantly warn the driver. The shbitsignal shall be inside the occupant
compartment in front of and in clear view of thavdr. There is no data available to
suggest that the warning function of the signal Mdae diminished if it is only visual. In
case of a detection system failure, the signal imgrhight should be yellow. In case of the
emergency shut-off of the valve, the signal warriglgt should be red.

Lower flammability limit (LFL)

83.  (Background for paragraph 3.9.): Lowest comegion of fuel in which a gas
mixture is flammable. National and internationadrgtard bodies (such as National Fire
Protection Association (NFPA) and IEC) recognizees cent hydrogen by volume in air as
the LFL (US Department of Interior, Bureau of MinBsilletin 503, 1952; Houf and
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(viii)

(b)
0]

Schefer, "Predicting Radiative Heat Fluxes and Rhafility Envelopes from Unintended

Releases of Hydrogen," International Journal of tdgeén Energy 31, pp 136-151, 2007;
NASA RD-WSTF-0001, 1988). The LFL, which dependstlo& temperature, pressure and
presence of dilution gases, has been assessed ap@oiic test methods (e.g. American
Society for Testing (ASTM) E681-04). While the Lihlue of 4 per cent is appropriate for
evaluating flammability in general surroundings woEhicles or inside passenger
compartments, this criterion may be overly restrectfor flowing gas situations where

ignition requires more than 4 per cent hydrogemany cases. Whether an ignition source
at a given location can ignite the leaking gas guapends on the flow conditions and the
type of ignition. At 4 per cent hydrogen in a stagh room-temperature mixture,

combustion can only propagate in the upward dioactAt approximately 8 to 10 per cent

hydrogen in the mixture, combustion can also bepagated in the downward and

horizontal directions and the mixture is readilymbustible regardless of location of

ignition source. [Coward, H.F. et al, "Limits ohfhmability of gases and vapors," Bureau
of Mines Bulletin 503; 1952, USA; Benz, F.J. et dbnition and thermal hazards of

selected aerospace fluids", RD-WSTF-0001, NASA 3ohnSpace Center White Sands
Test Facility, Las Cruces, NM, USA, October 1988uff W.G. et al, "Predicting radiative

heat fluxes and flammability envelopes from unidiesh releases of hydrogen,",

International Journal of Hydrogen Energy, 32 pp138; 2007]

Recommended features for design of a hydrogen fuel system

84. As any performance-based technical regulatiomet include testing requirements
for every possible scenario, this section is tovig® manufacturers a list of items that they
should consider during the design of hydrogen iiuglsystems with the intention to reduce
hydrogen leaks and provide a safe product:

(a) The hydrogen fuel system should function irafe @ind proper manner and
be designed to minimize the potential for hydrodesks, (e.g. minimize
line connections to the extent possible).

(b) The hydrogen fuel system should reliably wigimgt the chemical,
electrical, mechanical and thermal service condtithat may be found
during normal vehicle operation.

(c) The materials used should be compatible wittegas or liquid hydrogen,
as appropriate.

(d) The hydrogen fuel system should be installedhsthat it is protected
against damage under normal operating conditions.

(e) Rigid fuel lines should be secured such thay tshall not be subjected to
critical vibration or other stresses.

) The hydrogen fuel system should protect agasmsess flow in the event of
a failure downstream.

(9) No component of the hydrogen fuel system, iditilg any protective
materials that form part of such components, shquigect beyond the
outline of the vehicle or protective structure.

Post crash requirements

Rationale for paragraph 5.2.2.1. post crash test leakage limit

85. Allowable post-crash leakage in Federal Motehi¢le Safety Standard (FMVSS)
301 (for the United States of America) and Regafaiilos. 94 and 95 are within 6 per cent
of each other for the 60 minute period after treshr Since the values are quite similar, the
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(i)

(iii)

value in Regulation No. 94 of 30g/min was selecésda basis for the calculations to
establish the post-crash allowable hydrogen leakargghis gtr.

86.  The criterion for post-crash hydrogen leakagyddsed on allowing an equivalent
release of combustion energy as permitted by gasalehicles. Using a lower heating
value of 120 MJ/kg for hydrogen and 42.7 MJ/kg asoline based on the US DOE
Transportation Data Book, the equivalent allowdbékage of hydrogen can be determined
as follows:

. . 42.™MJ/kg .
=30g/mingasolindeakagex—————=10.7g/min hydrogenleakage
W, =30g/ming O 2MIlkg 9 ydrog g
For vehicles with either compressed hydrogen stosagtems or liquefied hydrogen
storage systems. The total allowable loss of hyeinog therefore 6429 for the 60
minute period following the crash.

87.  The allowable hydrogen flow leakage can als@X@essed in volumetric terms at
normal temperature (0°C) and pressure as follows:

10.7g/min

W= X 22.4INL/mol =118NL/min
2(1.00794)y/mol

for vehicles with either compressed or liquid hygkn storage.

88. As confirmation of the hydrogen leak rate, JAERInducted ignition tests of
hydrogen leaks ranging from 131 NL/min up to 10Qdmin under a vehicle and inside the
engine compartment. Results showed that, whileid lmise can be expected from ignition
of the hydrogen, the sound pressure level and fleatwere not enough (even at a
1000 NL/min leak rate) to damage the under flo@aanf the vehicle, release the vehicle
hood, or injure a person standing 1 m from theale{SAE Technical Paper 2007-01-0428
"Diffusion and Ignition Behavior on the Assumpti@f Hydrogen Leakage from a
Hydrogen-Fuelled Vehicle"). The container shall agmattached to the vehicle at a
minimum of one attachment point.

Rationale for paragraph 5.2.2.2. post-crash concentration limit in enclosed spaces

89. This test requirement has been establishednsure that hydrogen does not
accumulate in the passenger, luggage, or cargo awments that could potentially pose a
post-crash hazard. The criteria was conservatisetyto 4 per cent hydrogen by volume as
the value represents the lowest possible level littwcombustion can occur (and the
combustion is extremely weak at this value). Siteetest is conducted in parallel with the
post-crash leak test and therefore will extendafteast 60 minutes, there is no need to
provide margin on the criteria to manage dilutiames as there is sufficient time for the
hydrogen to diffuse throughout the compartment.

Rationale for container displacement.

90. One of the crash safety regulations for vehigléh compressed gas fuel systems is
Canada’s Motor Vehicle Safety Standard (CMVSS) 304. characteristic provisions
include the fuel container installation requiremiamtprevention of displacement.
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Electric safety requirements and safety needs

Rationale for electric safety requirements

91. A failure of a high voltage system may causéhkattric Shock of a (human) body.
Such a shock will may happen with any source dftatdty that causes a sufficient current
through the skin, muscles or hair. Typically, txpression is used to denote an unwanted
exposure to electricity, hence the effects areidensd undesirable.

http://en.wikipedia.org/wiki/Electric_shock - citeote-0

92.  The minimum current a human can feel dependb@uourrent type (AC or DC) and
frequency. A person can feel at least 1 mA (rmsh\Gfat 60 Hz, while at least 5 mA for
DC. The current may, if it is high enough, caussue damage or fibrillation which leads to
cardiac arrest. 60 mA of AC (rms, 60 Hz) or 300-&08 of DC can cause fibrillation.

93. A sustained electric shock from AC at 120 V,H8 is an especially dangerous
source of ventricular fibrillation because it usyaxceeds the let-go threshold, while not
delivering enough initial energy to propel the peraway from the source. However, the
potential seriousness of the shock depends on gaitisgh the body that the currents take.

94, If the voltage is less than 200 V, then the anrskin is the main contributor to the
impedance of the body in the case of a macro-shioekpassing of current between two
contact points on the skin. The characteristicshef skin are non-linear however. If the
voltage is above 450-600 V, then dielectric breakiof the skin occurs. The protection
offered by the skin is lowered by perspiration, @hid is accelerated if electricity causes
muscles to contract above the let-go thresholé faustained period of time.

In-Use requirements

95. "In-Use Requirements" are the specificationgcwhave to be considered when the
fuel cell vehicle is engineered. These have tout@léd to avoid any electric hazard to
passengers of an electric vehicle.

96. The requirements are focusing on the electiggp train operating on high voltage
as well as the high voltage components and systéith are galvanically connected.

97. To avoid electrical hazards it is requested the parts (= conductive pat(s)
intended to be electrically energized in normal) @se protected against direct contact.

98.  Protection against direct contact inside trsspager compartment has to be checked
by using a standardized Test Wire (IPXXD).

Standardized Test Wire

4_‘._

99. Outside the compartment a standardized TegeFi(IPXXB) has to be used to
check whether a contact with live parts is possiblaot.
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Standardized Test Finger

100. Furthermore exposed conductive parts (= pattieh can be touched with the
standardized Test Finger and becomes electricafigrggzed under isolatiorfailure
conditions) have also to be protected against éstlicontact. This means that e.g.
conductive barriers or enclosures have to be galaly connected securely to the
electrical chassis.

101. Beside protection of direct and indirect cohfaolation resistance is required for

AC (Alternating Current) and DC (Direct Current)sggms. Isolation resistance measured
against the electrical chassis is a physical dimandescribing which maximum current

flowing through the human body is not dangerous.

102. While DC systems are less harmful to the hunfaee para. 5.4.1.) 1@@Volt are
required. AC systems have to fulfill 5@@'Volt. For the DC systems an on-board isolation
resistance monitoring system is required which wate driver when the resistance is
below 100Q/Volt.

103. The isolation resistance requirements of @dolt for DC or 500Q/Volt for AC
allow maximum body currents of 10 mA and 2 mA respely.
Post-crash requirements

104. Post-Crash requirements are the specificatidmnish have to be fulfilled by the
vehicles after the impact. They do not describe wWay how the impact has to be
conducted. This is the responsibility of each Caxcting Party. The requirements have to be
fulfilled to avoid any electric hazard to passesgafthe vehicle.

105. The requirements are focusing on the elepbtiger train operating on high voltage
as well as the high voltage components and sysignth are galvanically connected.

106. After the impact of the vehicle the followitiyyee measures demonstrate that the
systems are safe. It means that the remainingtfiliég level" of the high voltage systems
are no longer dangerous to the passengers of tiele/e

(@  Absence of high Voltage
After the impact the voltage is equal or less tB@rvAC or 60 VDC
(b) Isolation Resistance

Isolation resistance measured against the elektdeassis is a physical
dimension describing which maximum current is remgerous to the human
being.

After the impact for AC systems measured againsteflectrical chassis the
minimum isolation resistance has to be 2®olt and for DC systems 100
Q/\Volt.
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The isolation resistance requirements of IBW¥olt for DC or 500Q/Volt
for AC allow maximum body currents of 10 mA and 2 mespectively.

(c) Physical protection

After the impact it should not be possible to toligh parts after the crash,
tested with the standardized Test Finger. Furthegmmrotection against
indirect contact has also been fulfilled.

By decision of the Contracting Parties of the 19@eement a fourth
measure is allowed

(d)  Low Energy
After the impact the energy of the system has tbddew 2.0 Joules.

Rationale for storage and fuel system test proderes

107. Test procedures in para. 6. replicate on-raaxhditions for performance
requirements specified in B 5. Most test procedderé/e from test procedures specified in
historical national regulations and/or industrynskards.

Rationale for storage and fuel system integrityests

Rationale for paragraph 6.1.1. test procedure for post-crash leak test procedure for
compressed hydrogen storage systems

108. The post-crash leak test is organized aswstlo
6.1.1.1. Test procedure when the test gas is hydrog
6.1.1.2. Test procedure when the test gas is helium

109. The loss of fuel represents the allowableassdeor the entire compressed hydrogen
storage system on the vehicle. The post-crashselean be determined by measuring the
pressure loss of the compressed storage systemaaere period of at least 60 minutes
after the crash and then calculating the releate ahhydrogen based on the measured
pressure loss and the time period using the equafistate of the compressed gas in the
storage system. (See the SAE Technical Paper 20880164, "Development of the
Methodology for FCV Post-crash Fuel Leak TestingCiorporated into SAE J2578 for a
complete discussion of the methodology.) In theeca$ multiple hydrogen storage
containers that are isolated from each other aiftash, it may be necessary to measure
hydrogen loss individually (using the approach iargp 5.2.2.1.) and then sum the
individual values to determine the total releasbyafrogen gas from the storage system.

110. The methodology can also be expanded to @hewse of a non-flammable gas for
crash testing. Helium has been selected as it,hjkiFogen, has low molecular weight. In
order to determine the ratio of volumetric flowsvieeen helium and hydrogen releases (and
thus establish a required relationship betweendgeit and helium leakage, we assume
that leakage from the compressed hydrogen storagers can be described as choked flow
through an orifice where the orifice area (A) resamats the total equivalent leakage area for
the post-crash system. In this case the equatiomégs flow is given by:

W =Cx CdxAXxp x P)?

where Cd is the orifice discharge coefficient, Ahis orifice area, P are the upstream
(stagnation) fluid density and pressure, arahd C are given by

p=R,XT/M
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and
C=y/(+ 1))

where R is the universal gas constant and T, M, andre the temperature,
molecular weight, and ratio of specific heats/(C) for the particular gas that is
leaking. Since Cd, A, RT, and P are all constant for the situation dkdaining
the relationship between post-crash helium and dgeh leakage, the following
equation describes the flow ratio on a mass basis.

Whiz! Whe = G/ CreX (M2 / MHe)l/z

111. Since we can determine the volumetric floworay multiplying the mass flow ratio
by the ratio of molecular weights (M) at constamnperature and pressure conditions are
the same.

V2! Ve = Giz/ Cie X (Mie/ Myp) vz

112. Based on the above relationship, it is possibl determine that the ratio of the
volumetric flow (and therefore the ratio gas corncaion by volume) between helium test
gas and hydrogen is approximately 75 per centifersame leak passages from the storage
system. Thus, the post-crash hydrogen leakageedetermined by

VH2 = VHe/ 0.75

where \{;cis the post-crash helium leakage (NL/min).

(b) Rationale for paragraph 6.1.2. (Test procedure for post-crash concentration test in
enclosed spaces for vehicles with compressed hydrogen storage systems)

113. The test may be conducted by measuring hydroge by measuring the
corresponding depression in oxygen content. Sengsto be located at significant
locations in the passenger, luggage, and cargo @aagments. Since the test is conducted in
parallel with the post-crash leak test of the sieraystem and therefore will extend for at
least 60 minutes, there is no need to provide margithe criteria to manage dilution zones
as there is sufficient time for the hydrogen tdudié throughout the compartment.

114. In the case where the vehicle is not crashgld Wydrogen and a leak test is
conducted with compressed helium, it is necessargefine a criteria for the helium

content that is equivalent to 4 per cent hydrogermdbume. Recognizing that the content of
hydrogen or helium in the compartment (by volunseprioportional to the volumetric flow

of the respective releases, it is possible to deter the allowable helium content by
volume, X4, from the equation developed in paras. 104 to @bD8he preamble by

multiplying the hydrogen concentration criteria W/75. The criteria for helium

concentration is therefore as follows:

Xne = 4 per cent Hby volume x 0.75 = 3.0 per cent by volume.

The criteria for helium concentration is theref@eper cent by volume in the
passenger, luggage, and cargo compartments ifrdgh dest of a vehicle with a
compressed storage system is conducted with cosemeselium instead of
compressed hydrogen.

115. An example of hydrogen concentration measunéhoeations can be found in the
document "Examples of hydrogen concentration measent points for testing” (OICA
report to SGS-3 based on Japanese Regulation Ateail00).
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Rationale for paragraph 6.2. (Test proceduresof compressed hydrogen storage

systems)

116. Most test procedures for hydrogen storageesystderive from test procedures
specified in historical national regulations andfmiustry standards. Key differences are
the execution of tests in sequence (as opposedstaribal execution of tests in parallel,
each on a separate new container), and slowingheffitling rate in burst testing to
correspond to in-service fuelling rates. In additibold times at burst pressure test points
have been extended to 4 minutes. These changefesigned to reduce the sensitivity of
initial burst measurements to the fuelling rate emdvaluate capability to sustain pressure.
An evaluation of the sufficiency and stringency refjuirements in this gtr document
compared to historical EU requirements is giveiansport Research Laboratory Project
Report RPN1742 "Hydrogen-Powered Vehicles: A Conspar of the European
Legislation and the draft UNECE global technicgulation" by C. Visvikis.

117. Requirements for closures of the hydrogeragmisystem (TPRD, automatic shut-
off valve and check valve) have been developed $% (HGV3.1 and HPRD-1).

(a) Evaluations of cycling durability at 50,000 B (para. 6.2.6.2.3.) reflect
multiple pressure pulses against check valves duiuelling and multiple
operations of automatic shut-off valves betweetiifgs.

(b)  Vibration tests (para. 6.2.6.2.8.) were dedifgieescan frequencies from 10 to
500 Hz because several component testing facitiipsrted that there can be
more than one resonant frequency. The frequendy dfiz used historically
in component vibration tests was established tHiodgmonstration of one
vehicle traveling over a variety of road surfacas] it reflects the influence
of engine proximity. However, it is expected thhe tresonant frequency
could change based upon the component design andtimg provisions, so
to ensure the most severe condition is identifi@dsweep to 500 Hz is
required.

(c) The temperature sensitivity, Tlife = 9.1 x Ta&03, specified in the
Accelerated Life Test (para. 6.2.6.1.2.) is basadDo Stephens (Battelle
Memorial Institute) "Rationale for Long-Term Testemperature for
Thermally Activated PRDs," at stephens@battelle.gigWeb Reference.

Optional requirements: vehicles with liquefied lydrogen storage
systems / rationale

118. Since hydrogen fuelled vehicles are in thelyeatages of development and
commercial deployment, testing and evaluation sf teethods to qualify vehicles for on-
road service has been underway in recent years.ekay liquefied hydrogen storage
systems (LHSS) have received considerably lessuatrah than have compressed gas
storage systems. At the time of the developmerthisf document, an LHSS vehicle has
been proposed by only one manufacturer, and on-vehitle experience with LHSS is
very limited. The proposed LHSS requirements is tidicument have been discussed on a
technical basis, and while they seem reasonatdg, ive not been validated. Due to this
limited experience with LHSS vehicles, some CoringcParties have requested more time
for testing and validation. Therefore, the requieets for LHSS have been presented in
section G as optional.
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1. Background Information for liquid hydrogen storage systems

(a) Hydrogen gas has a low energy density per uniblume

119. To overcome this disadvantage, the liquefigdrégen storage system (LHSS)
maintains the hydrogen at cryogenic temperaturedliquefied state.

(b) A typical liquefied hydrogen storage system (HSS) is shown Figure 4

120. Actual systems will differ in the type, numpeonfiguration, and arrangement of the
functional constituents. Ultimately, the boundaries the LHSS are defined by the
interfaces which can isolate the stored liquefiadd(or gaseous) hydrogen from the
remainder of the fuel system and the environmetit.cAmponents located within this
boundary are subject to the requirements defingtiinSection while components outside
the boundary are subject to general requirementSeiction 4. For example, the typical
LHSS shown in Figure 4 consists of the followingukatory elements:

(a) liquefied hydrogen storage container(s),
(b)  shut off devices(s),

(c) a boil-off system,

(d)  Pressure Relief Devices (PRDs),

(e) the interconnecting piping (if any) and figs between the above
components.

Figure 4
Typical liquefied storage system

|
| Boil-off System
1 (e.g. catalytic burner)

To Fuel cell 1

or Engine

Pressure Vacuum Jacket
Relief Devices

{1,

Vacuum Jacket
Pressure Relief Device

Fill Receptacle

Hydrogen fill return

Liquid Hydrogen fill O—Dﬁ

Shut-off
Devices

Hydrogen Storage Container

>

Shut-off
Devices

(c) During fuelling, liquefied hydrogen flows fromthe fuelling system to the storage
container(s)

121. Hydrogen gas from the LHSS returns to then§listation during the fill process so
that the liquefied hydrogen can flow into liquefiegidrogen storage container(s) without
over pressurizing the system. Two shut-offs areigeal on both the liquefied hydrogen fill

and hydrogen fill return line to prevent leakage¢hia event of single failures.

(d) Liquefied hydrogen is stored at cryogenic coritions

122. In order to maintain the hydrogen in the lijstate, the container needs to be well
insulated, including use of a vacuum jacket thataunds the storage container. Generally
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(e)

(f)

)

(@)

0]

accepted rules or standards (such as those listeara. 7.) are advised for use in the proper
design of the storage container and the vacuunejack

During longer parking times of the vehicle, heatransfer will induce a pressure rise
within the hydrogen storage container(s)

123. A boil-off system limits heat leakage indug@dssure rise in the hydrogen storage
container(s) to a pressure specified by the matwfac Hydrogen that is vented from the

LHSS may be processed or consumed in down-streatarsy. Discharges from the vehicle
resulting from over-pressure venting should be esklrd as part of allowable

leak/permeation from the overall vehicle.

Malfunction

124. In case of malfunction of the boil-off systewacuum failure, or external fire, the
hydrogen storage container(s) are protected agawstpressure by two independent
Pressure Relief Devices (PRDs) and the vacuum fg)kis protected by a vacuum jacket
pressure relief device.

When hydrogen is released to the propulsion stem, it flows from the LHSS through
the shut-off valve that is connected to the hydrogefuel delivery system

125. In the event that a fault is detected in thapplsion system or fuelling receptacle,
vehicle safety systems usually require the contashet-off valve to isolate the hydrogen
from the down-stream systems and the environment.

Rationale for liquefied hydrogen storage systemesign qualification requirements of
para 7.2.

126. The containment of the hydrogen within theudfied hydrogen storage system is
essential to successfully isolating the hydrogemmfithe surroundings and down-stream
systems. The system-level performance tests in @a2awere developed to demonstrate a
sufficient safety level against rupture of the edmér and capability to perform critical
functions throughout service including pressureleyaduring normal service, pressure
limitation under extreme conditions and faults, anfires.

127. Performance test requirements for all liqukfigdrogen storage systems in on-road
vehicle service are specified in paragraph 7.2.s&heriteria apply to qualification of
storage systems for use in new vehicle production.

128. This section (specifies the rationale for pleeformance requirements established in
paragraph 7.2. for the integrity of the liquefiegfogen storage system. Manufacturers are
expected to ensure that all production units méet tequirements of performance
verification testing in paragraphs 7.2.1. to 7.2.4.

Rationale for verification tests for baselinametrics for LHSSs paragraph 7.2.1.

129. A proof pressure test and a baseline init@stbtest are intended to demonstrate the
structural capability of the inner container.

Rationale for proof pressure requirement in paragraphs 7.2.1.1. and 7.4.1.1.

130. By design of the container and specificatibrihe pressure limits during regular
operation and during fault management (as demdestran paragraphs 7.4.2.2. and
7.4.2.3.), the pressure in the inner containercoise to 110 per cent of the Maximum
Allowable Working Pressure (MAWP) during fault mgeanent by the primary pressure
relief device and no higher than 150 per cent of WIA even in "worst case" fault
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management situations where the primary relief aevias failed and the secondary
pressure relief device is required to activate pratect the system. The purpose of the
proof test to 130 per cent MAWP is to demonstratg the inner container stays below its
yield strength at that pressure.

(i) Rationalefor baselineinitial burst pressure requirement paragraphs 7.2.1.2. and 7.4.1.2.

131. By design (and as demonstrated in paragrahB.B.), the pressure may rise up to
150 per cent of the Maximum Allowable Working Prags(MAWP) when the secondary
(backup) pressure relief device(s) may be requioegctivate. The burst test is intended to
demonstrate margin against burst during this "woase" situation. The pressure test levels
of either the Maximum Allowable Working Pressure KilPa) plus 0.1 MPa multiplied by
3.25, or the Maximum Allowable Working Pressure (WR) (in MPa) plus 0.1 MPa
multiplied by 1.5 and multiplied by Rm/Rp (where Rsrultimate tensile strength and Rp is
minimum vyield strength of the container materiaje common values to provide such
margin for metallic liners.

132. Additionally, the high burst test values (wheombined with proper selection of
materials demonstrate that the stress levels aeptably low such that cycle fatigue issues
are unlikely for metallic containers that have sutipg design calculations. In the case of
non-metallic containers, an additional test is nexfliin paragraph 7.4.1.2. to demonstrate
this capability as the calculation procedures hawe yet been standardized for these
materials.

(b) Rationale for verification for expected on-roadperformance paragraph 7.2.2.

(i) Rationale for boil-off requirement paragraphs 7.2.2.1. and 7.4.2.1.

133. During normal operation the boil-off managetgystem shall limit the pressure
below MAWP. The most critical condition for the boif management system is a parking
period after a refuelling to maximum filling leval a liquefied hydrogen storage system
with a limited cool-down period of a maximum of A8urs.

(i)  Rationale for hydrogen leak reguirement paragraphs 7.2.2.2. and 7.4.2.2.

134. The hydrogen discharge test shall be condubiedg boil-off of the liquid storage
system. Manufacturers will typically elect to readit(or most) of the hydrogen that leaves
the container, but, in order to have a hydrogeohdisge criteria that is comparable to the
values used for Compressed Hydrogen Storage Sysiesimould count any hydrogen that
leaves the vehicle boil-off systems with other kgd if any, to determine the total
hydrogen discharge from the vehicles.

135. Having made this adjustment, the allowablertgeln discharge from a vehicle with
liquefied hydrogen storage is the same as for échetvith compressed hydrogen storage.
According to the discussion in paragraphs 62 andfG3ction E{c) of the preamble, the
total discharge from a vehicle with liquefied hygem may therefore be 150 mL/min for a
garage size of 30.4 iIn As with compressed gas, the scaling factor,
[(Vwidth+1)*(Vheight+0.05)*(Vlength+1)/ 30.4], cabe used to accommodate alternative
garage/vehicle combinations to those used in thiwat®n of the rate, and accommodates
small vehicles that could be parked in smaller gesa

136. Prior to conducting this test, the primarysgrge relief device is forced to activate
so that the ability of the primary relief device re-close and meet required leakage is
confirmed.
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(d)

(i)

(i)

Rationale for vacuum loss requirement paragraph 7.2.2.3. and test procedure of paragraph
7.4.2.3.

137. In order to prove the proper function of tliessure relief devices and compliance
with the allowed pressure limits of the liquefiegdhogen storage system as described in
section G#b) of the preamble and verified in paragraph 7.4 kudden vacuum loss due to
air inflow in the vacuum jacket is considered as tWworst case" failure condition. In
contrast to hydrogen inflow to the vacuum jackét,iaflow causes significantly higher
heat input to the inner container due to condeosaif air at cold surfaces and evaporation
of air at warm surfaces within the vacuum jacket.

138. The primary pressure relief device should bre-elosing type relief valve so that
hydrogen venting will cease when the effect of dtfaubsides. These valves, by globally-
accepted design standards, are allowed a totadymegncrease of 10 per cent between the
setpoint and full activation when including alloiakolerances of the setpoint setting
itself. Since the relief valve should be set abetow the MAWP, the pressure during a
simulation of the fault that is managed by the jariynpressure relief device should not
exceed 110 per cent of Maximum Allowable Working$aure (MAWP).

139. The secondary pressure relief device(s) shooticactivate during the simulation of
a vacuum loss that is managed by the primary relésice as their activation may cause
unnecessary instability and unnecessary wear osdbendary devices. To prove fail-safe
operation of the pressure relief devices and théopeance of the second pressure relief
device in accordance with the requirements in papdt 7.2.2.3. and 7.4.2.3., a second test
shall be conducted with the first pressure reliefide blocked. In this case, either relief
valves or burst discs may be used, and the pregsatkwed to rise to as high as 13ér
cent MAWP (in case of a valve used as secondaisf mvice) or as high as 150 per cent
MAWRP (in case of a burst disc used as secondaisf dvice) during the simulation of a
vacuum loss fault.

Rationale for paragraph 7.2.3. verification tet for service-terminating conditions.

140. In addition to vacuum degradation or vacuuss,|dire also may cause overpressure
in liquefied hydrogen storage systems and thus grra@peration of the pressure relief
devices have to be proven in a bonfire test.

Rationale for verification of LHSS componentspressure relief device(s) and shut off
valves paragraph 7.2.4.

Rationale for pressure relief device qualification requirements (LHSS) paragraph 7.2.4.1.

141. The qualification requirements verify that thesign shall be such that the device(s)
will limit the pressure of the fuel container teetBpecified values even at the end of the
service life when the device has been exposed #llirfg/de-fuelling pressure and
temperature changes and environmental exposuresadéquacy of flow rate for a given
application is verified by the hydrogen storagetesys bonfire test and vacuum loss test
requirements (paras. 7.2.3. and 7.4.3.).

Rationale for shut-off valve qualification requirements (LHSS) paragraph 7.2.4.2.

142. These requirements are not intended to pretrentdesign and construction of
components (e.g. components having multiple funsjidhat are not specifically prescribed
in this standard, provided that such alternativasehbeen considered in testing the
components. In considering alternative designsamsizuction, the materials or methods
used shall be evaluated by the testing facilityettssure equivalent performance and
reasonable concepts of safety to that prescribetiibystandard. In that case, the number of
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samples and order of applicable tests shall be aflytagreed upon by the manufacturer
and the testing agency. Unless otherwise specifidldiests shall be conducted using
pressurised gas such as air or nitrogen contagtingast 10 per cent helium (see EC Reg.
406/2010 p.52 4.1.1.). The total number of operaiaycles shall be 20,000 (duty cycles)
for the automatic shut-off valves.

143. Fuel flow shut-off by an automatic shut-offwe mounted on a liquid hydrogen
storage container shall be fail safe. The terml afe" shall refer to a device’s ability to
revert to a safe mode or a safe complete shutdowallfreasonable failure modes.

144. The electrical tests for the automatic shéitvafve mounted on the liquid hydrogen
storage containers provide assurance of performaatbe (i) over temperature caused by
an overvoltage condition, and (ii) potential fadurof the insulation between the
component’s power conductor and the component gasin

Rationale for vehicle fuel system design qualdation requirements (LH2)

145. This section specifies requirements for triegnty of the hydrogen fuel delivery

system, which includes the liquid hydrogen storaggtem, piping, joints, and components
in which hydrogen is present. These requirememsneaddition to requirements specified
in paragraph 5.2., all of which apply to vehicleshwiquid hydrogen storage systems with
the exception of paragraph 2.1.1. The fuelling ptaele label shall designate liquid

hydrogen as the fuel type. Test procedures aregivparagraph 7.5.

Rationale for test procedures for LHSSs

146. Rationale for test procedures is included iwitlationale for performance
requirements in sections @& and GZ2b) of the preamble.

Rationale for paragraph 7.5. (Test procedure fopost-crash concentration
measurement for vehicles with liquefied hydrogen srage systems (LHSSSs))

147. As with vehicles with compressed storage systalirect measurement of hydrogen
or the corresponding depression in oxygen congpossible.

148. In the case where liquefied nitrogen is usadtfie crash, the concentration of
helium in the passenger, luggage, and cargo compats may be measured during the
helium leak test which is conducted after the crdslis possible to establish a helium
concentration criteria which is equivalent to 4 pent hydrogen concentration by volume,
but the relationship needs to be adjusted for fifierdnce in temperature of the gas
between the operating LHSS and the temperaturagitine helium leak test in addition to
accounting for differences in physical propertiBise liquefied hydrogen is stored (and will
leak) at cryogenic storage temperatures (-253°Q0#), but the system is approximately
room temperature (20°C or 293K) for the leak téstthis case, the equations given in
section F{a) may used to express the ratio of helium and hyatrogass flows is as:

Whed/Whz = Gi/Criz * (M pe/ M H2)1/2x (Th2! THe)l/2

and the ratio of helium and hydrogen volumetrioviicas:

Vie!/ Vip = Cue/ Gz * (M 2/ M He)llzx (The! THz)ll2

where terms are as defined in A 5.2.1.1. Applyihg tvolumetric flow ratio as
defined above to account for a system that opegdtesyogenic storage conditions
but is leak tested at room temperature to the rement that there be no greater
than 4 per cent by volume of hydrogen in the acuelicle, yields a value of
approximately 0.8 per cent by volume of heliumfesallowable value for the LHSS
post-crash test based on the leakage of gas frerhHISS.
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Rationale for paragraph 7.5.1. post-crash leatest — liquefied hydrogen storage
systems (LHSSSs)

149. The purpose of the test is to confirm that lkekage from vehicles with LHSSs
following the crash test. During the crash tesg tHHSS is filled with either liquefied
hydrogen (LH2) to the maximum quantity or liquefieittogen (LN2) to the equivalence of
the maximum fill level of hydrogen by weight (whithabout 8 per cent of the maximum
liquefied hydrogen volume in the LHSS) dependingohtfluid is planned for the crash
test. The LN2 fill of about 8 per cent is requiredsimulate the fuel weight for the crash
test, and slightly more liquefied nitrogen is addedaccommodate system cooling and
venting prior to the test. Visual detection of urgmtable post-crash leakage as defined in
paragraph 7.5.1.1 may be feasible if the LHSS cawibually inspected after the crash.
When using standard leak-test fluid, the bubblee s& expected to be approximately
1.5 mm in diameter. For a localized rate of 0.00§/sec (216 Nml/hr), the resultant
allowable rate of bubble generation is about 2030bbkes per minute. Even if much larger
bubbles are formed, the leak should be readilyctigtde. For example, the allowable
bubble rate for 6 mm bubbles would be approximatg®dy bubbles per minute, thus
producing a very conservative criteria if all tioinis and vulnerable parts are accessible for
post-crash inspection.

150. If the bubble test is not possible or desieedpverall leakage test may be conducted
to produce a more objective result. In this cake, leakage criteria is the same as that
developed for vehicles with compressed hydrogemageo systems. Specifically, the
allowable hydrogen leakage from the LHSS is 118rlb/or 10.7 g/min. The state of flow
leaking from the LHSS may be gaseous, liquid, dwa-phase mixture of both. The
leakage is expected to be in the gaseous stategsfing and shutoff valves downstream
of the container are more vulnerable to crash danthgn the highly insulated, double-
walled LHSS container. None-the-less, the postkctasts prescribed in this document can
detect very small leak sites and thus demonsthet@¢ceptability even if the leakage in the
liquid state. It is not necessary to address thesipdity of a two-phase leak as the flow rate
will be less than that what can occur in the ligstiate.

151. The post-crash leak test in paragraph 7.3.1i8. conducted with pressurized
helium. Conduct of this test not only confirms thatSS leakage is acceptable but also
allows the post-crash helium concentration testlescribed in paras. 113 to 115 section
F1(b) of the preamble to be performed at the same f{irthe.helium leak test is conducted
at room temperature with the LHSS pressurized Wwitium to normal operating pressure.
The pressure level should be below the activati@sgure of the pressure regulators and
the PRDs. It is expected that the helium test piressan be conducted at approximately 80
per cent of the Maximum Allowable Working Press(VMAWP).

Leakage of hydrogen in the liquid state of an ofegasystem is given by:
W, = Gy x A X (2 xp x AP)*? Equation A.7.5.1-1

where Wis the mass flow, gs the discharge coefficient, A is the area oftibée, p

is the density, and\P, is the pressure drop between the operating systedh
atmosphere. This equation is for incompressibl@$lisuch as fluids in the liquid
state. Use of this equation is very conservativettis situation as a portion of the
fluid often flashes (that is, changes to a gasstate) as the fluid passes through the
leakage hole, causing a reduction in density aedetbre a reduction in the mass
flow.

The leakage of helium gas during the leak tesivisrgby:
Wie = C X G X A X (e X Pe)*™? Equation A.7.5.1-2
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where G and A are as defined aboyeand P are the upstream (stagnation) fluid
density and pressure in the LHSS. C is given by:

C=y/((y + 1)/2)r D Equation A.7.5.1-3
wherey is the ratio of specific heats for the helium izt is leaking.

Since G and A are constants with the same values for latiid hydrogen leaking
from the operating LHSS and helium gas during #ak ltest, the ratio of helium to
liquid hydrogen leakage can be calculated by

Wie/ W, = GaeX (P! p1) Y2 (Pue/(2 X AP)) M2 Equation A.7.5.1-4

based on combiningquations A.7.5.1-1 and A.7.5.1-2. Equation A.7.5.1-4 can be
used to calculate the helium mass flow at the beginof the pressure test, but the
pressure will fall during the pressure test whesettee pressure of the operating
LHSS will remain approximately constant until detliquid has been vented.

152. In order to accurately determine the allowabbiuction in pressure during the leak
test, the change in helium flow with pressure neéeds accounted for. Since the density of
helium () varies with pressure, the mass flow of heliumrduthe pressure test will also
vary linearly with pressure as given by:

Wi =R X (Whe/ Pe) Equation A.7.5.1-5

where W and R are the helium mass flow and pressure during tessprre test and
Wge and R are the initial values of leak test.

Starting with the ideal gas law,
PV=MXRgx T Equation A.7.5.1-6

where Ris the test pressure, V is the volume of the LH8Sis mass of the LHSS,
Ry is the helium gas constant on a mass basis, asithé temperature of the LHSS.
DifferentiatingEquation 6 with time leads to

OP/ot =Ry x T/ V xoM /ot Equation A.7.5.1-7

where oP/ét is the change in pressure during the helium prestest.Since the
change in mass within the LHS8M4/dt) is equal to the helium mass flow during
the test period (W, Equation 5 for W, can be substituted intequation 7. After re-
arranging terms, the equation becomes

OP/ PI=RgX T/ V X (Whe ! Pae) X 0t = (Whe !/ Mug) X 0t Equation A.7.5.1-8
where My is the initial mass of helium in the LHSS for fhressure test.

Integrating the above differential equation resudtexpressions for the allowable
pressure at the end of the helium leak test andah@sponding allowable pressure
loss over the test period. The expressions are:

Paiiowapte = Pre X €XP (-Whe / MpeX tperiod) Equation A.7.5.1-9
and
Al::'zalllowable: R—Ie X (l - exp ('\Me/ MHeX tperiod)) Equation A.75.1-10

where ferioq iS the period of the test.

153. Use of the above equations can be best dliestrby providing an example for a
typical passenger vehicle with a 100 litre (L) volki LHSS. Per ground rule, the basic
safety parameters are established to be the santleatidgor the compressed hydrogen
storage System. Specifically, the period of the lesst is 60 minutes and the average H
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leakage shall be equivalent to 10.7 g/min. Usirgs¢hparameters for the example yields
the following:

Post-crash test periogdi,9 = 60 minutes
Allowable Liquid H, Leakage (W = 10.7 g/min = 118 NL/min of gas after flashing

Maximum Allowable Working Pressure (MAWP) = 6 atnga@ge) = 7 atm
(absolute)

Selected Helium Test PressurgidFbelow Pressure Regulator Setpoints = 5.8 atm
(absolute)

Ratio of specific heat (k) for helium = 1.66

C for helium = 0.725 fronkquation A.7.5.1-3

Helium Density at Initial Test Pressure = 0.956 g/L

Density of Liquified Hydrogen = 71.0 g/L

Liquid Hydrogen Leakage Pressure Droy) = 5.8 atm — 1 atm = 4.8 atm
Mass Ratio of Helium to Liquid HLeakage (W./ W) = 0.0654

Allowable Initial Helium Leakage (W) = 0.70 g/min = 3.92 NL/min

Initial Mass of Helium in the LHSS for the test ¢§1 = 95.6 g fromEquation
A.75.1-6

Allowable Reduction in Helium PressurdaRyowanid = 2.06 atm fromEquation
A.75.1-10

154. The above example illustrates how the equsiticem be used to determine the
reduction in helium pressure over the 60 minuted feeriod for the leak test. The
calculations were repeated over the likely rangearftainer volume (from 50L to 500L)
and typical container pressure ratings (from 6 &t®atm gauge) in order to understand the
sensitivity of the allowable pressure drop to kegragmeters. See Figure 5. Since the
allowable pressure drop are above 0.5 atm (typicalbstantially above 0.5 atm) for all
likely container sizes, it was decided to adopit@pte criterion of 0.5 atm for all containers
with a storage capacity greater than 200 litresrder to simplify the execution of the leak
test and the determination of criteria for the pagshe test. Similarly, a criterion of 2 atm
was adopted for containers less than or equal @lit@s, and a criterion of 1 atm for
containers greater than 100 litres and less thagwal to 200 litres.

Figure 5.
Allowable pressure loss during the LHSS leak test
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155. While the methodology results in straight-fard/ test method with an objective
result from a commonly-used type of test, it shobkl noted that the criterion is very
conservative in that the methodology assumes litgéttage rather than the more likely
gaseous leakage from the piping and valves dowvarstref the LHSS container. For
example, the ratio of hydrogen gas leakage caret@rmdined usingquation A.7.5.1-2 and
the resulting ratio of allowable helium gas leakégéydrogen gas leakage is a factor of
5.14 higher than that calculated assuming liquéfigdtogen leaks.

National provisions for material compatibility (including hydrogen
embrittlement) and Conformity of Production

Material compatibility and hydrogen embrittlement

156. The SGS subgroup recognized the importancereqtiirements for material
compatibility and hydrogen embrittlement and stattee work in these items. Compliance
with material qualification requirements ensuresttimanufacturers consistently use
materials that are appropriately qualified for login storage service and that meet the
design specifications of the manufacturers. Howedere to time constraint and other
policy and technical issues, agreement was nohezhduring Phase 1. Therefore, the SGS
working group recommended that Contracting Partiestinue using their national
provisions on material compatibility and hydrogenbeittlement and recommended that
requirements for these topics be deferred to Phadehe gtr activity.

National requirements complimentary to gtr requrements

157. The qualification performance requirementsrggeaph 5.) provide qualification
requirements for on-road service for hydrogen gtersystems. The goal of harmonization
of requirements as embodied in the United Natiolob& Technical Regulations provides
the opportunity to develop vehicles that can bedaey throughout Contracting Parties to
achieve uniformity of compliance, and thereby, dgpient globally. Therefore, Type
Approval requirements are not expected beyond reménts that address conformity of
production and associated verification of mategadperties (including requirements for
material acceptability with respect to hydrogen gttiement).

Topics for the next phase of developing the gtior hydrogen-fuelled
vehicles

158. Since hydrogen fuelled vehicles and fuel tathnologies are in early stages of
development of commercial deployment, it is expeédtet revisions to these requirements
may be suggested by an extended time of on-roagriexge and technical evaluations. It is
further expected that with additional experienceadditional time for fuller technical
consideration, the requirements presented as @ptiequirements in this document (LHSS
Section G of the preamble) s could be adopted asiremments with appropriate
modifications.

Focus topics for Phase 2 are expected to include:
(a) Potential scope revision to address additivabicle classes
(b)  Potential harmonization of crash test spedifices
(c)  Requirements for material compatibility and rggen embrittiement

(d)  Requirements for the fuelling receptacle
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1.

(e)

)

Evaluation of performance-based test for l@gatstress rupture proposed in
Phase 1

Consideration of research results reportedraftampletion of Phase 1 —
specifically research related to electrical safétydrogen storage systems,
and post-crash safety

The following test procedure will be considereébr long-term stress rupture:

@

(b)

(©

(d)

(e)

V)

Three containers made from the new materiay. (&. composite fibre
reinforced polymer) shall be burst; the burst puess shall be within +10 per
cent of the midpoint, BPo, of the intended appiaatThen,

0] Three containers shall be held at > 80 per &% and at 65 (+5) °C;
they shall not rupture within 100 hrs; the time rtgpture shall be
recorded.

(i)  Three containers shall be held at > 75 pett &0 and at 65 (+5) °C;
they shall not rupture within 1000hrs; the timertgpture shall be
recorded.

(iii)y  Three containers shall be held at > 70 pertd@Po and at 65 (+5) °C;
they shall not rupture within one year.

(iv)  The test shall be discontinued after one y&ach container that has
not ruptured within the one year test period undesga burst test, and
the burst pressure is recorded.

The container diameter shall be > 50 per cérthe diameter of intended
application and of comparable construction. Thé taray have a filling (to
reduce interior volume) if >99 per cent of the iide surface area remains
exposed.

Containers constructed of carbon fibre compssiénd/or metal alloys are
excused from this test.

Containers constructed of glass fibre compssite&at have an initial burst
pressure > 330 per cent NWP are excused from &sis in which case
BPmin = 330 per cent NWP shall be applied in paplgr5.1.1.1. (Baseline
Initial Burst Pressure).

There are carbon fibre containers that usesdlase as the protective layer,
and some of these containers contribute about 2ceet of rise in burst
pressure. In this case, it shall be demonstrateaialculation, etc., that the
pressure double the maximum filling pressure orvabcan be ensured by
carbon fibre excluding glass fibre. If it can berdmstrated that the rise in
burst pressure due to the glass fibre protectiyerlégs 2 per cent or below
and if the burst pressure is 2.00 NWP x 1.02 = NOP or more, the said
calculation may be omitted.

Introduction of glass fibre containers that Ban initial burst pressure of 330
per cent NWP is to be optional for each ContracRagty.
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@)

(b)

@)

Existing Regulations, Directives, and Internatbnal Standards

Vehicle fuel system integrity

National regulations and directives

@)

(b)
(©)

(d)

(e)
®
)
(h)

@

European Union — Regulation 79/2009 — Type-@ygdrof hydrogen-powered motor
vehicles

European Union — Regulation 406/2010 — impletimgnEC Regulation 79/2009

Japan — Safety Regulation Article 17 and Attaeht 17 — Technical Standard for
Fuel Leakage in Collision

Japan — Attachment 100 — Technical StandardHeet Systems Of Motor Vehicle
Fueled By Compressed Hydrogen Gas

Canada — Motor Vehicle Safety Standard (CMVS3&).1 — Fuel System Integrity
Canada — Motor Vehicle Safety Standard (CMVS88}.2 — CNG Vehicles
Korea — Motor Vehicle Safety Standard, Artiéle— Fuel System Integrity

United States — Federal Motor Vehicle Safetgn@ard (FMVSS) No. 301 - Fuel
System Integrity.

United States — FMVSS No. 303 — CNG Vehicles

National and International standards.

(@)
(b)

(©)

(d)

(e)
()
(9)
(h)

ISO 17268 — Compressed hydrogen surface vetgélelling connection devices

ISO 23273-1 — Fuel cell road vehicles — Safgpgcifications — Part 1: Vehicle
functional safety

ISO 23273-2 — Fuel cell road vehicles — Safspecifications — Part 2:
Protection against hydrogen hazards for vehicleleid with compressed hydrogen

ISO 14687-2 — Hydrogen Fuel — Product Spedifice— Part 2: Proton exchange
membrane (PEM) fuel cell applications for road eéds

SAE J2578 — General Fuel Cell Vehicle Safety

SAE J2600 — Compressed Hydrogen Surface Velatding Connection Devices
SAE J2601 — Fueling Protocols for Light DutysBaus Hydrogen Surface Vehicles
SAE J2799 — Hydrogen Quality Guideline for FGell Vehicles

Storage system

National regulations and directives:

(@)
(b)
(©)

(d)

China — Regulation on Safety Supervision foe@al Equipment
China — Regulation on Safety Supervision fos @glinder

Japan — JARI S001(2004) Technical Standard Gontainers of Compressed
Hydrogen Vehicle Fuel Devices

Japan — JARI S002(2004) Technical StandardGomponents of Compressed
Hydrogen Vehicle Fuel Devices
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(b)

@)

(e)

()
(9)
(h)

Japan — KHK 0128(2010) Technical Standard fom@ressed Hydrogen Vehicle
Fuel Containers with Maximum Filling Pressure uy@vPa

Korea — High Pressure Gas Safety Control Law
United States — FMVSS 304 - Compressed Natbeal fuel Container Integrity
European Union — Regulation 406/2010 implenmen&C Regulation 79/2009

National and International standards:

@)

(b)

(©)

(d)

(e)
(f)

(9)

CSA B51 Part 2 — High-pressure cylinders fa tm-board storage of natural gas
and hydrogen as fuels for automotive vehicles

CSA NGV2-2000 — Basic Requirements for Commdsdlatural Gas Vehicle
(NGV) Fuel Containers

CSA HPRD-1-2009 — Pressure Relief Devices Fompressed Hydrogen Vehicle
Fuel Containers

CSA HGV 3.1-2011 — Fuel System Component fodidgen Gas Power Vehicles
(Draft)

ISO 13985:2006 — Liquid Hydrogen — Land Vehieleel Tanks

ISO 15869:2009 — Gaseous Hydrogen and Hydrdgjends — Land Vehicle Fuel
Tanks (Technical Specification)

SAE J2579 — Fuel Systems in Fuel Cell and Othgirogen Vehicles

Electric safety

National regulations and directives:

(@)

(b)

(©)

(d)

(e)

()
(9)
(h)
(M
()

(k)

Canada — CMVSS 305—Electric Powered VehiclelectEolyte Spillage and
Electrical Shock Protection

ECE — Regulation 100 - Uniform Provisions Camieg the Approval of Battery
Electric Vehicles with Regard to Specific Requiretsefor the Construction and
Functional Safety

Japan — Attachment 101 — Technical StandardPfotection of Occupants against
High Voltage in Fuel Cell Vehicles

Japan — Attachment 110 — Technical StandardPfotection of Occupants against
High Voltage in Electric Vehicles and Hybrid Eléct¥ehicles

Japan — Attachment 111 — Technical StandardPfotection of Occupants against
High Voltage after Collision in Electric VehicleacHybrid Electric Vehicles

China — GB/T 24548-2009 Fuel cell electric velas - terminology

China — GB/T 24549-2009 Fuel cell electric \as$ - safety requirements
China — GB/T 24554-2009 Fuel cell engine - parfance - test methods
Korea — Motor Vehicle Safety Standard, Artidli8-2 — High Voltage System

Korea — Motor Vehicle Safety Standard, Articd-4 — Electrolyte Spillage and
Electric Shock Protection

China — QC/T 816-2209 Hydrogen supplying anfdeéng vehicles -specifications
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(b)

w

)] United States — FMVSS 305 - Electric-Powerechiées: Electrolyte Spillage and
Electrical Shock Protection

National and International Industry standards:

(a) ISO 23273-3 — Fuel cell road vehicles — Safepecifications — Part 3:
Protection of persons against electric shock

(b) SAE J1766 — Electric and Hybrid Electric Veki®attery Systems Crash Integrity
Testing

(©) SAE J2578 — General Fuel Cell Vehicle Safety

Benefits and Costs

159. At this time, the gtr does not attempt to difiarcosts and benefits for this first
stage. While the goal of the gtr is to enable iasesl market penetration of HFCVs, the
resulting rates and degrees of penetration are cootently known or estimatable.
Therefore, a quantitative cost-benefit analysis matspossible.

160. Some costs are anticipated from greater madwgtration of HFCVs. For example,
building the infrastructure required to make HFC¥wviable alternative to conventional

vehicles will entail significant investment coster fthe private and public sectors,
depending on the country. Especially in the eararg of HFCV sales, individual

purchasers of HFCVs are also likely to face greatsts than purchasers of conventional
gasoline or diesel vehicles, the same goes for faatwers of new HFCVs (However,

costs incurred by HFCV purchasers and manufactwerdd essentially be voluntary, as
market choice would not be affected).

161. While some costs are expected, the contraptinties believe that the benefits of gtr
are likely to greatly outweigh costs. Widespread aEHFCVs, with the establishment of
the necessary infrastructure for fuelling, is dptted to reduce the number of gasoline and
diesel vehicles on the road, which should reducddwmide consumption of fossil fuels.
Perhaps most notably, the reduction in greenhoaseagd criteria pollutant emissions
(such as N@ SO, and particulate matter) associated with the widesmpruse of HFCVs is
anticipated to result in significant societal bétsebver time by alleviating climate change
and health impact costs. The gtr may also lead éoredses in fuelling costs for the
operators of HFCVs, as hydrogen production is pahy unlimited and expected to
become more cost-effective than petroleum prodoctfor conventional vehicles.
Furthermore, decreased demand for petroleum idylitee lead to energy and national
security benefits for those countries with widegprélFCV use, as reliance on foreign oil
supplies decreasésAdditionally, although not attributable to thisr,gthe gtr may create
benefits in terms of facilitating OEM compliance thviapplicable fuel economy and
greenhouse gas emission standards by promotindex ywoduction and use of HFCVs.

Potential renewable sources of hydrogen incligetmlysis, high-temperature water splitting,
thermochemical conversion of biomass, photolytid fanmentative micro-organism systems and
photo-electrical systemSee http://www.hydrogen.energy.gov/production.htmklaccessed August
24, 2011).

[]

The renewable sources of hydrogen described itnBtm[1] are all capable of domestic production.
Natural gas, nuclear energy, and coal may be olbwestic sources. Available from
www.hydrogen.energy.gov/production.html (last aseelsAugust 24, 2011).
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162. The contracting parties have also not bees @béstimate net employment impacts
of the gtr. The new market for innovative desigd &chnologies associated with HFCVs
may create significant employment benefits for éhauntries with ties to HFCV
production. On the other hand, employment lossescigted with the lower production of
conventional vehicles could offset those gains. Tiwilding and retrofitting of
infrastructure needed to support hydrogen prodnctiod storage is likely to generate net
additions to the job market in the foreseeabler&utu
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Text of Regulation

1.

3.1

3.2.

3.3.

3.4.

3.5.

3.6.

3.7.

3.8.

3.9.

3.10.

Purpose

This regulation specifies safety-related perforoganrequirements for
hydrogen-fuelled vehicles. The purpose of this l&ipn is to minimize

human harm that may occur as a result of fire,tbarexplosion related to
the vehicle fuel system and/or from electric shaekised by the vehicle’'s
high voltage system.

Scope

This regulation applies to all hydrogen fuelled ietds of Category 1-1 and
1-2, with a gross vehicle mass (GVM) of 4,536 kikogs or less.

Definitions

For the purpose of this regulation, the followttgfinitions shall apply:

"Active driving possible mode" is the vehicle mode when application of
pressure to the accelerator pedal (or activatioaroequivalent control) or
release of the brake system causes the electriemptnain to move the
vehicle.

"Automatic disconnect” is a device that, when triggered, conductively
separates the electrical energy sources from the aethe high voltage
circuit of the electrical power train.

‘Burst-disc" is the non-reclosing operating part of a pressetief device
which, when installed in the device, is designedbieost at a predetermined
pressure to permit the discharge of compressedbegdr

"Check valve" is a non-return valve that prevents reverse flowhie vehicle
fuel line.

"Concentration of hydrogen" is the percentage of the hydrogen moles (or
molecules) within the mixture of hydrogen and &mgivalent to the partial
volume of hydrogen gas).

"Container" (for hydrogen storage) is the component withie thydrogen
storage system that stores the primary volume dfdgen fuel.

"Conductive connection” is the connection using contactors to an external
power supply when the rechargeable energy storggters (RESS) is
charged.

"Coupling system" for charging the rechargeable energy storage system
(RESS) is the electrical circuit used for chargihg RESS from an external
electric power supply including the vehicle inlet.

'‘Date of removal from service" is the date (month and year) specified for
removal from service.

'Date of manufacture’ (of a compressed hydrogen container) is the date
(month and year) of the proof pressure test canigdiuring manufacture.

51



ECE/TRANS/WP.29/GRSP/2011/33

3.11. 'Direct contact" indicates the contact of persons with high voltige parts.

3.12. '‘Enclosed or semi-enclosed spaces’ indicates the special volumes within the
vehicle (or the vehicle outline across openingst thre external to the
hydrogen system (storage system, fuel cell systarfizel flow management
system) and its housings (if any) where hydrogery mecumulate (and
thereby pose a hazard), as it may occur in theepgss compartment,
luggage compartment, cargo compartment and spaies time hood.

3.13. ‘Enclosure” is the part enclosing the internal units and piimg protection
against any direct contact.

3.14. 'Electric energy conversion system' is a system (e.g. fuel cell) that generates
and provides electrical power for vehicle proputsio

3.15. 'Electric power train" is the electrical circuit which may includes thaction
motor(s), and may also include the RESS, the étattpower conversion
system, the electronic converters, the tractiononsotthe associated wiring
harness and connectors and the coupling systeohéoging the RESS.

3.16. 'Electrical chassis' is a set of conductive parts electrically linkegether,
whose electrical potential is taken as reference.

3.17. ‘Electrical circuit" is an assembly of connected high voltage livespuat is
designed to be electrically energized in normakaien.

3.18. 'Electrical isolation" is the electrical resistance between a vehiclen hig
voltage bus source and any vehicle conductive tsireic

3.19. ‘Electrical protection barrier" is the part providing protection against direct
contact with live parts from any direction of acees

3.20. 'Electronic converter” is a device capable of controlling and/or conwerti
electric power for propulsion.

3.21. '‘Exhaust point of discharge" is the geometric centre of the area where fuel
cell purged gas is discharged from the vehicle.

3.22. 'Exposed conductive part" is the conductive part that can be touched under
the provisions of the IPXXB protection degree argtdmes electrically
energized under isolation failure conditions. Tihidudes parts under a cover
that can be removed without using tools.

3.23. '‘External electric power supply" is an alternating current (AC) or direct
current (DC) that provides electric power outsifi¢he vehicle.

3.24. 'Fuel cell system” is a system containing the fuel cell stack(s), aicpesing
system, fuel flow control system, exhaust systehgrmal management
system and water management system.

3.25. 'Fuelling receptacle” is the equipment to which a fuelling station nezzl
attaches to the vehicle and through which fuetasidferred to the vehicle.
The fuelling receptacle is used as an alternat\eefuelling port.

3.26. 'High voltage" is the classification of an electric component iocudt, if its
maximum working voltage is greater than 60 V arss ldhan or equal to 1500
V of direct current (DC), or greater than 30 V dess than or equal to 1000
V of alternating current (AC).

3.27. 'High Voltage Bus' is the electrical circuit, including the couplisgstem,
for charging the RESS that operates on high voltage
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3.28.

3.29.

3.30.
3.31.

3.32.

3.33.

3.34.

3.35.

3.36.

3.37.

3.38.

3.39.

3.40.

3.41.

'Hydrogen-fuelled vehicle" indicates any motor vehicle that uses compressed
gaseous or liquefied hydrogen as a fuel to prdpeiehicle, including fuel
cell and internal combustion engine vehicles.

'Hydrogen storage system" indicates a pressurized container, pressure relief
devices (PRDs) and shut off device that isolatestbeed hydrogen from the
remainder of the fuel system and the environment.

‘Indirect contact" is the contact of persons with exposed condugares.

‘Live parts' is the conductive part intended to be electricalhergized in
normal use.

‘Luggage compartment" is the space in the vehicle for luggage
accommodation, bounded by the roof, hood, floate svalls, as well as by
the electrical barrier and enclosure provided fastgxting the power train
from direct contact with live parts, being sepadafeom the passenger
compartment by the front bulkhead or the rear begkh

‘Liquefied hydrogen storage system” indicates liquefied hydrogen storage
container(s) pressure relief devices (PRDs), sfiudevice, a boil-off system

and the interconnection piping (if any) and fitgndgpetween the above
components.

‘Lower flammability limit (LFL)" is the lowest concentration of fuel at which
a gaseous fuel mixture is flammable at normal teatpee and pressure.

The lower flammability limit for hydrogen gas irras 4 per cent by volume

(para. 82 of thé&reamble).

'Maximum allowable working pressure (MAWP)" is the highest gauge
pressure to which a pressure container or storggeera is permitted to
operate under normal operating conditions.

'‘Maximum fuelling pressure (MFP)" is the maximum pressure applied to
compressed system during fuelling. The maximumlifglpressure is 125
per cent of the Nominal Working Pressure.

‘Nominal working pressure (NWP)" is the gauge pressure that characterizes
typical operation of a system. For compressed tggitagyas containers, NWP
is the settled pressure of compressed gas in fiullied container or storage
system at a uniform temperature of 15 °C.

'On-board isolation resistance monitoring system" is the device that
monitors isolation resistance between the high agat buses and the
electrical chassis.

'Open type traction battery" is a type of battery requiring liquid and
generating hydrogen gas that is released intotthesphere.

'Passenger compartment (for electric safety assessment)" is the space for
occupant accommodation, bounded by the roof, flemle walls, doors,
outside glazing, front bulkhead and rear bulkhead rear gate -, as well as
by the electrical barriers and enclosures proviftedprotecting the power
train from direct contact with live parts.

'Pressure relief device (PRD)" is a device that, when activated under
specified performance conditions, is used to relehdgdrogen from a
pressurized system and thereby prevent failureeotystem.
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3.42. 'Pressure relief valve" is a pressure relief device that opens at a preset
pressure level and can re-close.

3.43. 'Protection IPXXB" indicates protection from contact with high vgjealive
parts provided by either an electrical barrier mreaclosure; it is tested using
a Jointed Test Finger (IPXXB), as described in gaaph 6.3.3.

3.44. 'Protection IPXXD" indicates protection from contact with high vagjgalive
parts provided by either an electrical barrier mreaclosure and tested using
a Test Wire (IPXXD), as described in paragraph3®.3.

3.45. 'Rechargeable energy storage system (RESS)" is the rechargeable energy
storage system that provides electric energy feetatal propulsion.

3.46. '‘Rupture andburst" both mean to come apart suddenly and violentlgakr
open or fly into pieces due to the force of intéprassure.

3.47. 'Service disconnect” is the device for deactivation of an electricalcait
when conducting checks and services of the RESScéll stack, etc.

3.48. 'Service life" (of a compressed hydrogen container) indicategithe frame
during which service (usage) is authorized.

3.49. "Shut-off valve" is a valve between the storage container andehelhe fuel
system that can be automatically activated; thisevalefaults to “closed”
position when not connected to a power source.

3.50. 'Single failure" is a failure caused by a single event, includiny a
consequential failures resulting from this failure.

3.51. 'Solid insulator” is the insulating coating of wiring harnesses mes in
order to cover and prevent the high voltage livegpftom any direct contact.
This includes covers for insulating the high voéidiye parts of connectors
and varnish or paint for the purpose of insulation.

3.52. "Thermally-activated pressure relief device (TPRD)" is a non- reclosing PRD
that is activated by temperature to open and relegdrogen gas.

3.53. "Type approval" indicates a certification of a recognised bodyisgathat
prototype or pre-production samples of a speciéibiele, vehicle system or
vehicle system component meet the relevant spdgigeformance standards,
and that the final production versions also complylong as conformity of
production is confirmed.

3.54. ‘Vehicle fuel system" is an assembly of components used to store orlysupp
hydrogen fuel to a fuel cell (FC) or internal corstion engine (ICE).

3.55. ‘Working voltage”" is the highest value of an electrical circuit agi root
mean square (rms), specified by the manufacturerdetermined by
measurement, which may occur between any condugés in open circuit
conditions or under normal operating conditiontHé electrical circuit is
divided by galvanic isolation, the working voltaigedefined for each divided
circuit, respectively.

4. Applicability of Requirements

4.1. The requirements of paragraph 5. (using testitions and procedures in
paragraph 6.) apply to all compressed hydrogenefdeehicles.
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4.2, Each contracting party under the UN 1998 Agmet shall maintain its
existing national crash tests (frontal, side, @t rollover) and use the limit
values of section paragraph 5.2.2. for compliance.

4.3. The requirements of paragraph 5.3. apply tchydrogen-fuelled vehicles
using high voltage.

5. Performance Requirements

5.1. Compressed hydrogen storage system

This section specifies the requirements for thegrity of the compressed
hydrogen storage system. The hydrogen storagensystasists of the high
pressure storage container and primary closureceg\vbr openings into the
high pressure storage container. Figure 1 showgpical compressed
hydrogen storage system consisting of a pressudpathiner, three closure
devices and their fittings. The closure devicedide:

(a) a thermally-activated pressure relief deviceRD);
(b)  acheck valve that prevents reverse flow tdfithine; and

(c) an automatic shut-off valve that can close tevent flow from the
container to the fuel cell or ICE engine. Any sbiftvalve,and TPRD
that form the primary closure of flow from the stge container shall
be mounted directly on or within each container. ldast one
component with a check valve function shall be ntedrdirectly on
or within each container.

Figure 1.
Typical Compressed Hydrogen Storage System

Storage
Container

All new compressed hydrogen storage systems prodigceon-road vehicle service shall
have a NWP of 70 MPa or less and a service lifd%fyears or less, and be capable of
satisfying the requirements of paragraph 5.1.

The hydrogen storage system shall meet the perfarentest requirements specified in this
paragraph. The qualification requirements for oaereervice are:

5.1.1. Verification Tests for Baseline Metrics
5.1.2. Verification Test for Performance Durability
5.1.3. Verification Test for Expected On-Road Sysferformance
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5.1.4. Verification Test for Service TerminatingsBym Performance in Fire
5.1.5. Verification Test for Durability of ClosuRerformance

The test elements within these performance reqe@ngsnare summarized in Table 1. The
corresponding test procedures are specified ingpaipa 6.

Table 1
Overview of Performance Qualification Test Requirenents
1.1.1. Verification Tests for Baseline Performanc#letrics

1.1.1.1. BaselineInitial Burst Pressure
1.1.1.2. Baseline Initial Pressure Cycle Life

1.1.2. Verification Test for Performance Durability (sequential hydraulic tests)
1.1.2.1. Proof Pressure Test

1.1.2.2. Drop (Impact) Test

1.1.2.3. Surface damage

1.1.2.4. Chemical Exposure and Ambient TemperdRuessure Cycling Tests
1.1.2.5. High Temperature Static Pressure Test

1.1.2.6. Extreme Temperature Pressure Cycling

1.1.2.7. Residual Proof Pressure Test

1.1.2.8. Residual Strength Burst Test

1.1.3. Verification Test for Expected On-road Perfanance (sequential pneumatic
tests)

1.1.3.1. Proof Pressure Test

1.1.3.2. Ambient and Extreme Temperature Gas Pre&ycling Test (pneumatic)
1.1.3.3. Extreme Temperature Static Gas Pressuaie/Rermeation Test (pneumatic)
1.1.3.4. Residual Proof Pressure Test

1.1.3.5. Residual Strength Burst Test (Hydraulic)

1.1.4. Verification Test for Service Terminating Peformance in Fire

1.1.5. Verification Test for Closure Durability

5.1.1. Verification Tests for Baseline Metrics
5.1.1.1. Baseline Initial Burst Pressure

Three (3) new containers randomly selected from dbsign qualification
batch of at least 10 containers, are hydrauligadgssurized until burst (para.
6.2.2.1. test procedure). The manufacturer shafiplsu documentation
(measurements and statistical analyses) that estatile midpoint burst
pressure of new storage containers, BPO.
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All containers tested shall have a burst presaiitten +10 per cent of BPO
and greater than or equal to a minimum BPmin ob[@ér cent] NWP.

5.1.1.2. Baseline Initial Pressure Cycle Life (PCL)

Three (3) new containers randomly selected from dhsign qualification

batch are hydraulically pressure cycled at 20(+5)3CL25 per cent NWP

without rupture for [22,000] cycles or until a leakcurs (para. 6.2.2.2. test
procedure). Leakage shall not occur within a nundfeCycles, where the

number of Cycles is set individually by each Coctirg Party at 5,500,

7,500 or 11,000 cycles for a 15-year service life.

5.1.2. Verification Tests for Performance Durabpi(iHydraulic sequential tests)

If all three PCL measurements made in para. 21&ke greater than 11,000
cycles, or if they are all within + 25 per centeafch other, then only one (1)
container is tested in para. 5.1.2. Otherwise £tli8} containers are tested in
para. 5.1.2.

A hydrogen storage container shall not leak dutirggfollowing sequence of
tests, which are applied in series to a singleesysind which are illustrated
in Figure 2. At least one system randomly selectenn the design
qualification batch shall be tested to demonstiia¢eperformance capability.
Specifics of applicable test procedures for therbgdn storage system are
provided in para. 6.2.3.

Figure 2.
Verification Test for Performance Durability (hydra ulic)

BPO 20%
P e burst
—1180%NWP
4\ (4 min)
hemical o
&) expomure <+—150%NWP
7 S <+—125%NWP
%) 8 <~ 80%NWP
o €
S [}
o 5 g
o " » time
g o T\ A J
21 §g¢ Y Y
AEE 1)
21 60%#Cycles 1000 hr
3 15c25¢c 10 +85C 20%#Cycles
— 48 hr cycles +85C, 95%RH
o
o 15-25C 20%#Cycles
o -40C
—>
Residual
Strength
5.1.2.1. Proof Pressure Test. A storage contamprassurized to 150 per cent NWP
and held for 30 sec (para. 6.2.3.1. test proceddrestorage container that
has undergone a proof pressure test in manufaisteseempt from this test.
5.1.2.2. Drop (Impact) Test. The storage contameropped at several impact angles

(para. 6.2.3.2. test procedure).
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5.1.2.3. Surface Damage Test. The storage contarsrbjected to surface damage
(para. 6.2.3.3. test procedure).

5.1.2.4. Chemical Exposure and Ambient-TemperaRnessure Cycling Test. The
storage container is exposed to chemicals fourtiénon-road environment
and pressure cycled to 125 per cent NWP at 26)°G for 60 per cent
number of Cycles pressure cycles (para. 6.2.3@hemical exposure is
discontinued before the last 10 cycles, which asadacted to 150 per
cent NWP.

5.1.2.5. High Temperature Static Pressure Test.stiage container is pressurized
to 125 per cent NWP at 85°C for 1,000 hr (para.3652 test procedure).

5.1.2.6. Extreme Temperature Pressure Cycling. §tbeage container is pressure
cycled at -40°C to 80 per cent NWP for 20 per eamhber of Cycles and at
+85°C and 95 per cent relative humidity to 125 gt NWP for 20 per cent
number of Cycles (para. 6.2.2.2.).

5.1.2.7. Hydraulic Residual Pressure Test. Theagocontainer is pressurized to 180
per cent NWP and held 4 minutes without burst (p&2.3.1. test
procedure).

5.1.2.8. Residual Burst Strength Test. The stomeainer undergoes a hydraulic

burst test to verify that the burst pressure iini0 per cent of the baseline
initial burst pressure determined in para. 5.1.1(para. 6.2.2.1. test
procedure).

5.1.3. Verification Test for Expected On-road Perfance (Pneumatic sequential
tests)

A hydrogen storage system shall not leak duringftiiewing sequence of
tests, which are illustrated in Figure 3. Specifi€sipplicable test procedures
for the hydrogen storage system are provided iagraph 6.

Figure 3.
Verification Test for Expected On-Road Performancgpneumatic/hydraulic)
3
BP, [¢-----
O L + Burst
180%NWP
4 min
» «125%NWP
e -- «—115%NWP
3 + 80%NWP
g ]
(]
S
e — — time
1501 a bc “——b a ——
o +55°C +55°C
NWP
o < <
5 5%cy -40C 2 5% cy +50C L
& 5%cy+50C° 8, S5%cy-40C g,
L 40%cy15-25C § S 40%cy15-25C § 2
s <R &%
o s s
& g S
-~ ~

a Fuel/defuel cycles @-40 with initial system equilibration @ -2G, 5 cycles with +28C fuel; 5 cycles with <-3%C fuel
b Fuel/defuel cycles @+8G with initial system equilibration @+8G, 5 cycles with <-3%C fuel
¢ Fuel/defuel cycles @15-26 with service (maintenance)defuelrate, 50 cycles
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5.1.3.1. Proof Pressure Test: A system is pressiitiz 150 per cent NWP (paragraph
6.2.3.1.).

5.1.3.2. Ambient and Extreme Temperature Gas Pre€3ycling Test. The system is
pressure cycled using hydrogen gas for 500 cyglesa@raph 6.2.4.1. test
procedure).

(@)  The pressure cycles are divided into two grotalf of the cycles
(250) are performed before exposure to static presgpara. 5.1.3.3.)
and the remaining half of the cycles (250) are qrened after the
initial exposure to static pressure (para. 5.1)3&% illustrated in
Figure 3.

(b)  In each group of pressure cycling, 25 cyclesparformed to 125 per
cent NWP at +50 °C and 95 per cent relative humiditen 25 cycles
to 80 per cent NWP at -40°C, and the remaining @@des to 125 per
cent NWP at 20° (+5}.

(c)  The hydrogen gas fuel temperature is -40 °C.

(d) During the first group of 250 pressure cycldiwe cycles are
performed after temperature equilibration of thetesn at 50°C and
95 per cent relative humidity; five cycles are peried after
equilibration at -40C; and five cycles are performed with fuel having
a temperature of +20(+5)°C after equilibration 40°C.

(e)  Fifty pressure cycles are performed using dudding rate greater
than or equal to the maintenance de-fuelling rate.

5.1.3.3. Extreme Temperature Static Pressure Leak#@ation Test. The system is
held at 115 per cent NWP and 55°C with hydrogen wad steady-state
permeation or 30 hours, whichever is longer (p&y2.4.2. test procedure).

(@ The test is performed after each group of 2B8umatic pressure
cycles in paragraph 5.1.3.2.

(b)  The maximum allowable hydrogen discharge frdra tompressed
hydrogen storage system is R*150Nml/min where R =
(Vwidth+1)*(Vheight+0.5)*(VIength+1)/30.4m3 and Vdih, Vheight
and Vlength are the vehicle width, height and langtspectively in
metres.

(c)  Alternatively, the maximum allowable hydrogeisaharge from the
compressed hydrogen storage system with a totarwatpacity of
less than 330L is 46mL/h/L water capacity of trerage system.

(d) If the measured permeation rate is greater ;@95 mg/sec (3.6
cc/min), a localized leak test is performed to easno point of
localized external leakage is greater than 0.005@eg (3.6 cc/min)
(para. 6.2.4.3. test procedure).

5.1.3.4. Residual Proof Pressure Test (hydraulicg. storage container is pressurized
to 180 per cent NWP and held 4 minutes without tb(para. 6.2.3.1. test
procedure).

5.1.3.5. Residual Strength Burst Test (hydraullt)e storage container undergoes a

hydraulic burst to verify that the burst presswgewithin 20 per cent of the
baseline burst pressure determined in para. 5.1(pdra. 6.2.2.1. test
procedure).
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5.1.4.

5.1.5.

5.1.5.1.

5.1.5.2.

Verification Test for Service Terminatingf®emance in Fire

This section describes the fire test with comprddsydrogen as the test gas.
Containers tested with hydrogen gas shall be aedepy all Contracting
Parties. However, Contracting Parties under the3 $reement may choose
to use compressed air as an alternative test gaseduification of a
container for use only within their countries ogians.

A hydrogen storage system is pressurized to NW& exposed to fire
(para. 6.2.5.1. test procedure). A temperatureratetd pressure relief device
shall release the contained gases in a controlbther without rupture.

Verification Test for Performance DurabilifyPrimary Closures

Manufacturers shall maintain records that confimat closures that isolate
the high pressure hydrogen storage system (the ($R&heck valve(s) and
shut-off valve(s) shown in Figure 1) meet the regmients described in the
remainder of this Section.

The entire storage system does not have to bealfigd (para. 5.1.) if these
closure components (components in Figure 1 exciuttia storage container)
are exchanged for equivalent closure componentsingacomparable

function, fittings, materials, strength and dimemsi, and qualified for

performance using the same qualification testshasotriginal components.
However, a change in TPRD hardware, its positiomstallation or venting

lines requires re-qualification with fire testingcarding to para. 5.1.4.

TPRD Quialification Requirements

Design qualification testing shall be conducted fimished pressure relief
devices which are representative of normal prodaciThe TPRD shall meet
the following performance qualification requirermsnt

(@)  Pressure Cycling Test (para. 6.2.6.1.1.)

(c)  Accelerated Life Test (para. 6.2.6.1.2.)

(d)  Temperature Cycling Test (para. 6.2.6.1.3.)
(e) Salt Corrosion Resistance Test (para. 6.2.§.1.
)] Vehicle Environment Test (para. 6.2.6.1.5.)
(g)  Stress Corrosion Cracking Test (para. 6.266.1.
(h)  Drop and Vibration Test (para. 6.2.6.1.7.)

0] Leak Test (para. 6.2.6.1.8.)

0] Bench Top Activation Test (para. 6.2.6.1.9.)
(k)  Flow Rate Test (para. 6.2.6.1.10.)

Check Valve and Automatic Shut-Off Valveal¥fication on Requirements

Design qualification testing shall be conductedfinoished check valves and
shut-off valves which are representative of normpedduction. The valve
units shall meet the following performance quadifion requirements:

(@) Hydrostatic Strength Test (para. 6.2.6.2.1.)
(b) Leak Test (para. 6.2.6.2.2.)
(c)  Extreme Temperature Pressure Cycling Test(fag.6.2.3.)
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5.1.6.

5.2.

5.2.1.
5.2.1.1.
52.1.1.1.

5.2.1.1.2.

5.2.1.1.3.

5.2.1.1.4.

5.2.1.2.

(d)  Salt Corrosion Resistance Test (para. 6.21§.2.

(e)  Vehicle Environment Test (para. 6.2.6.2.5.)

)] Atmospheric Exposure Test (para. 6.2.6.2.6.)

(9) Electrical Tests (para. 6.2.6.2.7.)

(h)  Vibration Test (para. 6.2.6.2.8.)

0] Stress Corrosion Cracking Test (para. 6.296)2.

0] Pre-Cooled Hydrogen Exposure Test (para. 2216.)
Labelling

A label shall be permanently affixed on each comtawith at least the
following information: Name of the Manufacturer, ris¢ Number, Date of
Manufacture, NWP, Type of Fuel, and Date of Remdrah Service. Each
container shall also be marked with the numbesyofes used in the testing
programme as per para. 5.1.1.2. Any label affixedttte container in
compliance with this section shall remain in plaoed be legible for the
duration of the manufacturer’s recommended seflifiedor the container.

Date of removal from service shall not be morenth& years after the date of
manufacture.

Vehicle fuel system

This section specifies requirements for the intggaf the hydrogen fuel
delivery system, which includes the hydrogen stersgstem, piping, joints,
and components in which hydrogen is present.

In-Use Fuel System Integrity:
Fuelling Receptacle Requirements

A compressed hydrogen fuelling receptabhll prevent reverse flow to the
atmosphere. Test procedure is visual inspection.

Fuelling receptacle label A label shadl provided close to the fuelling
receptacle; for instance inside a refilling hatahowing the following
information: fuel type, NWP, date of removal froergce of containers.

The fuelling receptacle shall be mourdadthe vehicle to ensure positive
locking of the fuelling nozzle. The receptacle thaé protected from
tampering and the ingress of dirt and water (egtalled in a compartment
which can be locked). Test procedure is by vigugbection.

The fuelling receptacle shall not be nted within the external energy
absorbing elements of the vehicle (e.g. bumper)siradl not be installed in
the passenger compartment, luggage compartmenbotied places where
hydrogen gas could accumulate and where ventilasiarot sufficient. Test
procedure is by visual inspection.

Over-pressure Protection for the Low RnessSystem (test procedure
para. 6.1.6.)

The hydrogen system downstream of a pressureategushall be protected
against overpressure due to the possible failutbeopressure regulator. The
set pressure of the overpressure protection deviak be lower than or equal
to the maximum allowable working pressure for tipprapriate section of

the hydrogen system.
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5.2.1.3.

5.2.1.3.1.

5.2.1.3.2.

5.2.1.4.
5.2.1.4.1.

5.2.1.4.2.

5.2.1.43.

5.2.1.5.

Hydrogen Discharge Systems

Pressure Relief Systems (test procquhnsgraph 6.1.6.)

@)

(b)

(©

TPRDs and PRDs. The outlet of the vent lingrésent, for hydrogen
gas discharge from TPRD(s) and/or PRD(s) of theag system
shall be protected by a cap.

TPRDs. The hydrogen gas discharge from TPRD{shhe storage
system shall not be directed:

0] into enclosed or semi-enclosed spaces;
(i)  into or towards any vehicle wheel housing;
(iii)  towards hydrogen gas containers;

(iv) forward from the vehicle, or horizontally (@dlel to road)
from the back or sides of the vehicle.

Other pressure relief devices (such as a llisk). The hydrogen gas
discharge from other pressure relief devices stailbe directed:

0] towards exposed electrical terminals, exposddctecal
switches or other ignition sources;

(i) into or towards the vehicle passenger or cargmpartments;
(i) into or towards any vehicle wheel housing:

(iv)  towards hydrogen gas containers.

Vehicle Exhaust System

At the vehicle exhaust system’s point of discharghe hydrogen
concentration level shall:

@

(b)

not exceed 4 per cent average by volume dwaimgmoving three-
second time interval during normal operation inahgdstart-up and
shutdown;

and not exceed 8 per cent at any time (pata4 6est procedure).

Protection against Flammable Conditioirsgl8 Failure Conditions

Hydrogen leakage and/or permeation fiterhydrogen storage system shall
not directly vent into the passenger, luggage,asg@ compartments, or to
any enclosed or semi-enclosed spaces within thdcleelthat contains
unprotected ignition sources.

Any single failure downstream of the miaydrogen shut off valve shall not
result in a hydrogen concentration in the air gredhan [2 per cent] by
volume anywhere in the passenger compartment aogptd test procedure
para. 6.1.3.

If, during operation, a single failuresults in a hydrogen concentration
exceeding [2 per cent] by volume in air in the eseld or semi-enclosed
spaces of the vehicle, then a warning shall beigeav(para. 5.2.1.6.). If the
hydrogen concentration exceeds 4 per cent by volumée air in the
enclosed or semi-enclosed spaces of the vehidantin shutoff valve shall
be closed to isolate the storage system. (Seprestdure, para. 6.1.3.).

Fuel System Leakage
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The hydrogen fuelling line and the hydrogen sy¢&ndownstream of the
main shut off valve(s) shall not leak. Compliantmlsbe verified at NWP
(para. 6.1.5. test procedure).

5.2.1.6. Tell-tale Signal Warning to Driver

The warning shall be given by a visual signal dsphkhy text with the
following properties:

(@)  Visible to the driver while in the driver's dgsated seating position
with the driver's seat belt fastened.

(b)  Yellow in colour if the detection system malftions and shall be red
in compliance with section para. 5.2.1.4.3.

(c)  When illuminated, shall be visible to the drivender both daylight
and night time driving conditions.

(d) Remains illuminated while the cause (2 per cemricentration or
detection malfunction) exists and the ignition limgksystem is in the
"On" ("Run") position or the propulsion system &igated.

(e) Extinguishes at the next propulsion systent stale only if the cause
for alerting the driver has been corrected.

5.2.2. Post-crash fuel system integrity

5.2.2.1. Fuel Leakage Limit: the volumetric flow lydrogen gas leakage shall not
exceed an average of 118 NL per minute for 60 remuatfter the crash (in
para. 6.1.1. test procedures).

5.2.2.2. Concentration Limit in Enclosed Spacesdidgen gas leakage shall not
result in a hydrogen concentration in the air gredhan [2 per cent] by
volume in the passenger, luggage and cargo comeatinfpara. 6.1.2. test

procedures).

5.2.2.3. Container Displacement. The storage coaitgd) shall remain attached to the
vehicle at a minimum of one attachment point.

5.3. Electrical safety

5.3.1. Electrical Safety requirements - in-use

5.3.1.1. General

Paragraph 5.3.1. applies to the electric powem tii fuel cell vehicles
equipped with one or more traction motor(s) opetdtg electric power and
not permanently connected to the grid, as well lasirthigh voltage
components and systems which are conductively atedeto the high
voltage bus of the electric power train.

5.3.1.2. Requirements for protection against efestrock
5.3.1.2.1. Protection against electric shock

These electrical safety requirements apply to higiitage buses under
conditions where they are not connected to extehigh voltage power
supplies.

5.3.1.2.2. Protection against direct contact

The protection against direct contact with live tpashall comply with
paragraphs 5.3.1.2.2.1. and 5.3.1.2.2.2. Theseegtims (solid insulator,
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electrical protection barrier, enclosure, etc.) lishaot be opened,
disassembled or removed without the use of tools.

5.3.1.2.2.1. For protection of live parts inside thbassenger compartment or luggage
compartment, the protection degree IPXXD shall lmviged.

5.3.1.2.2.2. For protection of live parts in aretteer than the passenger compartment or
luggage compartment, the protection degree IPXX&| &fe satisfied.

5.3.1.2.2.3. Connectors
Connectors (including vehicle inlet) are deemethéet this requirement if:

(@) they comply with paragraphs 5.3.1.2.2.1. an@8.12.2.2. when
separated without the use of tools or

(b)  they are located underneath the floor and amgigled with a locking
mechanism or

(c) they are provided with a locking mechanism atider components
shall be removed with the use of tools in ordersaparate the
connector or

(d)  the voltage of the live parts becomes equéletow DC 60V or equal
or below AC 30V (rms) within 1 second after the wector is
separated

5.3.1.2.2.4. Service disconnect

For a service disconnect which can be openedsshsabled or removed
without tools, it is acceptable if protection degit®XXB is satisfied when it
is opened, disassembled or removed without tools.

5.3.1.2.2.5. Marking

5.3.1.2.2.5.1. The symbol shown in Figure 4 shafiear on or near the RESS. The symbol
background shall be yellow, the bordering and tihevashall be black.

Figure 4
Marking of high voltage equipment

5.3.1.2.2.5.2. The symbol shall be visible on esites and electrical protection barriers,
which, when removed, expose live parts of high agdt circuits. This
provision is optional to any connectors for hightage buses. This provision
shall not apply to any of the following cases

(@  where electrical protection barriers or enaeswannot be physically
accessed, opened, or removed; unless other vetooiponents are
removed with the use of tools.

(b)  where electrical protection barriers or enctesu are located
underneath the vehicle floor

5.3.1.2.2.5.3Cables for high voltage buses which are not locat¢tin enclosures shall be
identified by having an outer covering with theaal orange.

64



ECE/TRANS/WP.29/GRSP/2011/33

5.3.1.2.3.
53.1.2.3.1L

5.3.1.2.3.2.

5.3.1.2.3.3.

53.1.2.4.
5.3.1.24.1.

5.3.1.2.4.2.

Protection against indirect contact

Isolation Resistance Monitoring. Fost@ction against electric shock which
could arise from indirect contact, the exposed cetide parts, such as the
conductive electrical protection barrier and enates shall be conductively
connected and secured to the electrical chasdiseléctrical wire or ground
cable, by welding, or by connection using boltg. e that no dangerous
potentials are produced.

The resistance between all exposeduntive parts and the electrical chassis
shall be lower than 0.1 ohm when there is currémi fof at least 0.2
amperes. Demonstrated by using one of the testeguves described in
para. 6.3.4.

This requirement is satisfied if the galvanic cection has been established
by welding. In case of doubts a measurement skathéde.

In the case of motor vehicles whigh @nnected to the grounded external
electric power supply through the conductive cotinec a device to enable
the conductive connection of the electrical chassithe earth ground shall
be provided. If AC high voltage buses and DC higiitage buses are
galvanically connected, isolation resistance betwee high voltage bus and
the electrical chassis shall have a minimum valtes@0 Q/volt of the
working voltage.

The device shall enable connection to the eartburgt before exterior
voltage is applied to the vehicle and retain theneation until after the
exterior voltage is removed from the vehicle.

Compliance to this requirement may be demonstraidter by using the
connector specified by the car manufacturer, orabglysis (e.g. visual
inspection, drawings etc.).

Isolation resistance

In fuel cell vehicles, DC high voltdgeses shall have an on-board isolation
resistance monitoring system together with a wartm the driver if the
isolation resistance drops below the minimum reglivalue of 100
ohms/volt. The function of the on-board isolatiossistance monitoring
system shall be confirmed as described in para2.6.3

The isolation resistance between the high voltage of the coupling system
for charging the RESS, which is not energized inditions other than that
during the charging of the RESS, and the electritessis need not to be
monitored.

Electric power train consisting of amye Direct Current or Alternating
Current buses

If AC high voltage buses and DC high voltage buses conductively

isolated from each other, isolation resistance betwthe high voltage bus
and the electrical chassis shall have a minimumevaf 100 ohms/volt of the
working voltage for DC buses, and a minimum valti&@ ohms/volt of the

working voltage for AC buses.

The measurement shall be conducted according o f8.1.

[5.3.1.2.4.3. Electric power train consisting ofrtined DC- and AC-buses
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53.1.2.4.4.

5.3.1.3.

5.3.2.
5.3.2.1.

5.3.2.2.

However, if all AC high voltage buses are protdctey one of the 2

following measures, isolation resistance betweerhtgh voltage bus and the
electrical chassis shall have a minimum value o® Bhms/volt of the

working voltage.

(a) double or more layers of solid insulators, &leal protection barriers
or enclosures that meet the requirement in paragra3.1.2.3.
independently, for example wiring harness;

(b)  mechanically robust protections that have sigfit durability over
vehicle service life such as motor housings, eteitrconverter cases
or connectors.]

Isolation resistance requirement fer toupling system for charging the
RESS.

For the vehicle inlet intended to be conductivebyected to the grounded
external AC power supply and the electrical circthiit is conductively

connected to the vehicle inlet during charging RESS, the isolation
resistance between the high voltage bus and tletrield chassis shall be at
least 1M ohms when the charger coupler is discaedecDuring the

measurement, the RESS may be disconnected. Theuragant shall be
conducted according to para. 6.3.1.

Functional safety

At least a momentary indication shall be giveth® driver when the vehicle
is in "active driving possible mode".

However, this provision does not apply under ctbods where an internal
combustion engine provides directly or indirecthe tvehicle’s propulsion
power upon start up.

When leaving the vehicle, the driver shall be infed by a signal (e.g.
optical or audible signal) if the vehicle is siifl the active driving possible
mode.

If the on-board RESS can be externally chargetlclee movement by its
own propulsion system shall be impossible as langha connector of the
external electric power supply is physically corteddo the vehicle inlet.

This requirement shall be demonstrated by usiegctinnector specified by
the car manufacturer.

The state of the drive direction control unit st identified to the driver.
Electric safety requirements — post-crash
General

Fuel cell vehicles equipped with electric poweairtr shall meet the

requirements of paragraphs 5.3.2.2. to 5.3.2.4s Thh be met by a separate
impact test provided that the electrical componeddsnot influence the

occupant protection performance of the vehicle tgpelefined in the impact

regulation. In case of this condition the requiratseof paras. 5.3.2.2. to

5.3.2.4. shall be checked in accordance with théhaoks set out in para.

6.3.5.

Protection against electric shock
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5.3.2.2.1.

5.3.2.2.2.

5.3.2.2.2.1.

5.3.2.2.2.2.

[5.3.2.2.3.

After the impact at least one of the three critesfeecified in paragraphs
5.3.2.2.1. t0 5.3.2.2.3. shall be met.

If the vehicle has an automatic disconnect function device(s) that
conductively divide the electric power train circduring driving condition,
at least one of the following criteria shall appbythe disconnected circuit or
to each divided circuit individually after the dismect function is activated.
However criteria defined in para. 5.3.2.2.2. st apply if more than a
single potential of a part of the high voltage lmisot protected under the
conditions of protection IPXXB.

In the case that the test is performed under timgliton that part(s) of the
high voltage system are not energized, the pratedgainst electric shock
shall be proved by either para. 5.3.2.2.2. or p&&.2.2.3. for the relevant
part(s).

Absence of high voltage

The voltages Vb, V1 and V2 of the high voltage lsuseall be equal or less
than 30 VAC or 60 VDC within 60 seconds after thgpact as specified in
para. 6.3.5. and para. 6.3.5.2.2.

Isolation resistance

The criteria specified in the paragraphs 5.3.212.and 5.3.2.2.2.2. below
shall be met.

The measurement shall be conducted in accordartbepaiagraph 6.3.5.2.3.
of paragraph 6.3.5.

Electrical power train consisting @parate DC- and AC-buses

If the AC high voltage buses and the DC high valtagses are conductively
isolated from each other, isolation resistance betwthe high voltage bus
and the electrical chassis (Ri, as defined in pargy6.3.5.2.3. of 6.3.5.)
shall have a minimum value of 1@volt of the working voltage for DC
buses, and a minimum value of 500volt of the working voltage for AC
buses.

Electrical power train consisting ofrbined DC- and AC-buses

If the AC high voltage buses and the DC high valtagses are conductively
connected they shall meet one of the following nexpents:

(@) isolation resistance between the high voltage &nd the electrical
chassis (Ri, as defined in paragraph 6.3.5.2.%.25.) shall have a
minimum value of 50@/volt of the working voltage.

(b) isolation resistance between the high voltage &nd the electrical
chassis (Ri, as defined in paragraph 6.3.5.2.%.356.) shall have a
minimum value of 10@/volt of the working voltage and the AC bus
meets the physical protection as described in [#aBa2.2.3.

(c) isolation resistance between the high voltage &nd the electrical
chassis (Ri, as defined in paragraph 6.3.5.2.%.25.) shall have a
minimum value of 10@/volt of the working voltage and the AC bus
meets the absence of high voltage as describearan .3.2.2.1.

Physical protection
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5.3.2.3.

5.3.2.4.

6.1.
6.1.1.

For protection against direct contact with high tagé live parts, the
protection IPXXB shall be provided.

In addition, for protection against electric shoskich could arise from
indirect contact, the resistance between all exppasenductive parts and
electrical chassis shall be lower than 0.1 ohm wthere is current flow of at
least 0.2 amperes.

This requirement is satisfied if the galvanic catite has been established
by welding. In case of doubts a measurement skath&ade.

Electrolyte spillage

In the period from the impact until 30 minutes aft® electrolyte from the
RESS shall spill into the passenger compartmentnanahore than 7 per cent
of electrolyte shall spill from the RESS outside ffassenger compartment.

The manufacturer shall demonstrate compliance icordance with
paragraph 6.3.5.2.6. of 6.3.5.

RESS retention

RESS located inside the passenger compartmentrenadlin in the location
in which they are installed and RESS componentf straain inside RESS
boundaries.

No part of any RESS that is located outside thesgrager compartment for
electric safety assessment shall enter the passenggartment during or
after the impact test.

The manufacturer shall demonstrate compliance icordance with
paragraph 6.3.5.2.7. of 6.3.5.

Test Conditions and Procedures

Compliance Tests for Fuel System Integrity
Post-Crash Compressed Hydrogen StoragerBystak Test

The crash tests used to evaluate post-crash hydrtgpkage are those
already applied in the jurisdictions of each coctirey party.

Prior to conducting the crash test, instrumentaigsanstalled in the hydrogen
storage system to perform the required pressure temdperature
measurements if the standard vehicle does notdirbave instrumentation
with the required accuracy.

The storage system is then purged, if necessalppwiog manufacturer
directions to remove impurities from the contaibefore filling the storage
system with compressed hydrogen or helium gas.eSihe storage system
pressure varies with temperature, the targete@riéssure is a function of the
temperature. The target pressure shall be detedmirem the following
equation:

Prarge= NWP x (273 + T) / 288

where NWP is the Nominal Working Pressure (MPa),isT the ambient
temperature to which the storage system is expéotsditle, and Rgyeds the
targeted fill pressure after the temperature settle
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6.1.1.1.

6.1.1.2.

The container is filled to a minimum of 95 per caditthe targeted fill
pressure and allowed to settle (stabilize) priczdnducting the crash test.

The main stop valve and shut-off valves for hydrogms, located in the
downstream hydrogen gas piping, are kept open iratedy prior to the
impact.

Post-crash leak test — compressed hydreperage system filled with
compressed hydrogen

The hydrogen gas pressurg, (RIPa), and temperature, {C), is measured
immediately before the impact and then at a tinterual, At (min), after the
impact. The time intervalAt, starts when the vehicle comes to rest after the
impact and continues for at least 60 minutes. Tihee interval, At, is
increased if necessary in order to accommodate ureragnt accuracy for a
storage system with a large volume operating upOidPa; in that case\t

can be calculated from the following equation:

At = VepussX NWP /1000 x ((-0.027 x NWP +4) xR 0.21) -1.7 x R

where R= Ps/ NWP, R is the pressure range of the pressure sensor (MPa)
NWP is the Nominal Working Pressure (MPaku¥s is the volume of the
compressed hydrogen storage system (L),/drid the time internal (min). If
the calculated value dft is less than 60 minuteAt is set to 60 minutes.

The initial mass of hydrogen in the storage systam be calculated as
follows:

P, = P,x 288/ (273 + J)
po = —0.0027 x (R)?+ 0.75 x B’ + 0.5789
Mo =po’ X Vchss

Correspondingly, the final mass of hydrogen ingt@age system, Mat the
end of the time internalyt, can be calculated as follows:

P/ =Px 288/ (273 +7)
pf =-0.0027 x (P)?+ 0.75 x P + 0.5789
M¢ =pf’ X Vchss

where Ris the measured final pressure (MPa) at the enbleofime interval,
and T is the measured final temperature (°C).

The average hydrogen flow rate over the time imtefthat shall be less than
the criteria in B 5.2.2.1.) is therefore

Vi = (M-My) / At X 22,41 / 2.016 X (Rget/Po)

where \{;; is the average volumetric flow rate (NL/min) ovére time
interval and the term (R /P,) is used to compensate for differences
between the measured initial pressugg aRd the targeted fill pressurg g

Post-Crash Leak Test — Compressed hydreg@age system filled with
compressed helium

The helium gas pressure; MPa), and temperature, T°C), are measured
immediately before the impact and then at a pregeted time interval after
the impact. The time intervaht, starts when the vehicle comes to rest after
the impact and continues for at least 60 minutes.
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6.1.2.

The time intervalAt, shall be increased if necessary in order tomeccodate
measurement accuracy for a storage system witiga lelume operating up
to 70MPa; in that cas@t can be calculated from the following equation:

At = VeussX NWP /1000 x ((-0.028 x NWP +5.5) xR 0.3) — 2.6 x R

where R= P,/ NWP, R is the pressure range of the pressure sensor (MPa)
NWP is the Nominal Working Pressure (MPaku¥sis the volume of the
compressed storage system (L), atds the time internal (min). If the value

of At is less than 60 minuteAt is set to 60 minutes.

The initial mass of hydrogen in the storage systeaalculated as follows:
P, =P,x 288/ (273 + )

po = —0.0043 x (F)?+ 1.53 x B’ + 1.49

Mo =po’ X Vchss

The final mass of hydrogen in the storage systerthatend of the time
internal,At, is calculated as follows:

Pf’ = PfX 288/ (273 + ])
b = -0.0043 x (P)2+ 1.53 x P + 1.49
Mt =pf X Vchss

where Ris the measured final pressure (MPa) at the ertdeofime interval,
and T is the measured final temperature (C).

The average helium flow rate over the time inteisdherefore
Ve = (M-Mo) / At x 22.41 / 4.003 X (# Piarge)

where \{,e is the average volumetric flow rate (NL/min) ovére time
interval and the termJPP.qedS used to compensate for differences between
the measured initial pressurg)Bnd the targeted fill pressure(g).

Conversion of the average volumetric flow of helitonthe average hydrogen
flow is done with the following expression:

VH2 = VHe/ 0.75

where \f;; is the corresponding average volumetric flow of fogen(that
shall be less than the criteria in B 5.2.2.1. tespa

Post-Crash Concentration Test for Encl&eates

The measurements are recorded in the crash testetaduates potential
hydrogen (or helium) leakage (test procedure pafal.).

Sensors are selected to measure either the buitd-ine hydrogen or helium
gas or the reduction in oxygen (due to displacenantir by leaking
hydrogen/helium).

Sensors are calibrated to traceable referencesstoe an accuracy obper
cent at the targeted criteria of 4 per cent hydnoge3 per cent helium by
volume in air, and a full scale measurement cajpphuf at least 25 per cent
above the target criteria. The sensor shall beldapd a 90 per cent response
to a full scale change in concentration within #0ands.

Prior to the crash impact, the sensors are lodat¢ke passenger, luggage,
and cargo compartments of the vehicle as follows:
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6.1.3.

6.1.3.1.

6.1.3.1.1.
6.1.3.1.1.1

6.1.3.1.1.2.

6.1.3.1.2.
6.1.3.1.2.1.

(@) At a distance within 250 mm of the headlineoabthe driver's seat
or near the top centre the passenger compartment.

(b) At a distance within 250 mm of the floor in fitoof the rear (or rear
most) seat in the passenger compartment.

(c) At a distance within 100 mm of the top of luggaand cargo
compartments within the vehictbat are not directly affected by the
particular crash impact to be conducted.

The sensors are securely mounted on the vehicletste or seats and
protected for the planned crash test from debiishbag exhaust gas and
projectiles. The measurements following the cragsie aecorded by
instruments located within the vehicle or by rentod@smission.

The vehicle may be located either outdoors in aa grotected from the
wind and possible solar effects or indoors in ecepaat is large enough or
ventilated to prevent the build-up of hydrogen torenthan 10 per cent of the
targeted criteria in the passenger, luggage, argb@mpartments.

Post-crash data collection in enclosed spaces cocesewhen the vehicle
comes to a rest. Data from the sensors are cdllexttéeast every 5 seconds
and continue for a period of 60 minutes after tsd.tA first-order lag (time
constant) up to a maximum of 5 seconds may beegppii the measurements
to provide "smoothing" and filter the effects ofisipus data points.

The filtered readings from each sensor shall bevibo¢he targeted criteria of
4 per cent for hydrogen and 3 per cent for heligrallaimes throughout the
60 minutes post-crash test period.

Compliance Test for Single Failure Condisio
Either test procedure of para. 6.1.3.1. or pata3&. shall be executed:
Test Procedure for Vehicle Equipped witldidgen Gas Leakage Detectors

Test Condition

Test vehicle. The propulsion systertheftest vehicle is started, warmed up
to its normal operating temperature, and left ojegefor the test duration. If
the vehicle is not a fuel cell vehicle, it is wadnegp and kept idling. If the
test vehicle has a system to stop idling automiéficeneasures are taken so
as to prevent the engine from stopping.

Test gas. Two mixtures of air and bgdn gas: 2 per cent concentration (or
less) of hydrogen in the air to verify functiontbe warning, and 4 per cent
concentration (or less) of hydrogen in the air éoify function of the shut-
down. The proper concentrations are selected baisdétie recommendation
(or the detector specification) by the manufacturer

Test method

Preparation for the test. The tesbielucted without any influence of wind.

(@) A test gas induction hose is attached to thdrdgen gas leakage
detector.

(b)  The hydrogen leak detector is enclosed witloeecto make gas stay
around hydrogen leak detector.
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6.1.3.1.2.2.

6.1.3.2.
6.1.3.2.1.
6.1.3.2.1.1.
6.1.3.2.1.2.

6.1.3.2.1.3.

6.1.3.2.1.4.

6.1.3.2.2.
6.1.3.2.2.1.
6.1.3.1.2.2.

6.1.3.2.2.3.

6.1.3.2.2.4.

6.1.3.2.2.5.

6.1.4.
6.1.4.1.

Execution of the test
(a)  Test gas is blown to the hydrogen gas leakatgctbr.

(b)  Proper function of the warning system is conéd when tested with
the gas to verify function of the warning.

(c)  The main shut-off valve is confirmed to be eldsvhen tested with
the gas to verify function of the shut-down. Foraewle, the
monitoring of the electric power to the shut-offweaor of the sound
of the shut-off valve activation may be used toftonthe operation
of the main shut-off valve of the hydrogen supply.

Alternative Test Procedure
Preparation:
The test is conducted without anyerfice of wind.

Special attention is paid to the ¢éestronment as during the test flammable
mixtures of hydrogen and air may occur.

Prior to the test the vehicle is pregato allow remotely controllable
hydrogen releases from the hydrogen system. Thébegriocation and flow
capacity of the release points downstream of thia imgdrogen shutoff valve
are defined by the vehicle manufacturer taking woese leakage scenarios
into account. As a minimum, the total flow of amnotely controlled releases
shall be adequate to trigger demonstration of t®raatic "warning" and
hydrogen shut-off functions.

For the purpose of the test, hydragercentration detectors are installed in
enclosed or semi enclosed volumes on the vehiclerevinydrogen can
accumulate from the simulated hydrogen releasespae. 6.1.3.2.1.3.).

Procedure:
Vehicle doors, windows and other cewate closed.

The propulsion system is startedwadtbto warm up to its normal operating
temperature and left operating at idle for the testtion.

A leak is simulated using the remaotetrollable function.

The hydrogen concentration is meascoatinuously until the concentration
does not rise for 3 minutes. The simulated leathés increased using the
remote controllable function until the main hydrogehutoff valve is closed
and the tell-tale warning signal is activated. Thenitoring of the electric
power to the shut-off valve or of the sound of #teit-off valve activation
may be used to confirm the operation of the maiunt-sff valve of the
hydrogen supply.

The test is successfully completedh# tell-tale warning and shut-off

function are executed at (or below) the levels Higec in paragraphs
5.2.1.4.2. and 5.2.1.4.3.; otherwise, the testiled and the system is not
qualified for vehicle service.

Compliance Test for the Vehicle Exhaust&ys

The power system of the test vehicle (&gl cell stack or engine) is
warmed up to its normal operating temperature.
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6.1.4.2.

6.1.4.3.

6.1.4.4.

6.1.4.5.

6.1.5.

6.1.5.1.

6.1.5.2.

6.1.5.3.
6.1.5.4.

6.1.5.5.

6.1.6.

6.2.
6.2.1.

6.2.2.

6.2.3.
6.2.4.

The measuring device is warmed up befae to its normal operating
temperature.

The measuring section of the measuringcdas placed on the centre line of
the exhaust gas flow within 100 mm from the exhaast outlet external to
the vehicle.

The exhaust hydrogen concentration isimootisly measured during the
following steps:

(@  The power system is shut down

(b)  Upon completion of the shut-down process, tloevgr system is
immediately started.

(c) After a lapse of one minute, the power systanturned off and
measurement continues until the power system shwtidorocedure
is completed.

The measurement device shall have a merasuat response time of less than
300 milliseconds.

Compliance Test for Fuel Line Leakage

The power system of the test vehicle (&gl cell stack or engine) is
warmed up and operating at its normal operatingptrature with the
operating pressure applied to fuel lines.

Hydrogen leakage is evaluated at access#itions of the fuel lines from
the high-pressure section to the fuel cell staaktlfje engine), using a gas
detector or leak detecting liquid, such as soaptiswl.

Hydrogen leak detection is performed prilypat joints

When a gas leak detector is used, dere@i@erformed by operating the
leak detector for at least 10 seconds at locatemglose to fuel lines as
possible.

When a leak detecting liquid is used, bgdn gas leak detection is
performed immediately after applying the liquid. dddition, visual checks
are performed a few minutes after the applicatibliqoid in order to check

for bubbles caused by trace leaks.

Installation verification
The system is visually inspected for compliance.
Test Procedures for Compressed Hydrogengtora

Test procedures for qualification requireteenf compressed hydrogen
storage are organized as follows:

Test Procedures for Baseline Performanceriddefrequirement of para.
5.1.1)

Test Procedures for Performance Durabilégygirement of para. 5.1.2.)

Test Procedures for Expected On-Road Pedfocen (requirement of
para. 5.1.3.)
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6.2.5.

6.2.6.

6.2.2.

6.2.2.1.

6.2.2.2.

6.2.3.

6.2.3.1.

6.2.3.2.
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Test Procedures for Service TerminatingdPerénce in Fire (requirement of
para. 5.1.4.)

Test Procedures for Primary Closures with lttydrogen Storage System
(requirement of para. 5.1.5.)

Test Procedures for Baseline Performanceridgefart (requirement of
para. 5.1.1.)

Burst Test (Hydraulic). The burst testamducted at 20(+5)°C using a non-
corrosive fluid. The rate of pressurization is |#san or equal to 1.4 MPa/s
for pressures higher than 150 per cent of the nalmiorking pressure. If the
rate exceeds 0.35 MPa/s at pressures higher th@més cent NWP, then
either the container is placed in series betweenptiessure source and the
pressure measurement device, or the time at thssyme above a target burst
pressure exceeds 5 seconds. The burst pressufge ofontainer shall be
recorded.

Pressure Cycling Test (Hydraulic). The ieperformed in accordance with
the following procedure:

(@)  The container is filled with a non-corrosiveid.

(b)  The container and fluid are stabilized at thecified temperature and
relative humidity at the start of testing; the eoaiment, fuelling fluid
and container skin are maintained at the speciéetperature for the
duration of the testing. The container temperatoeg vary from the
environmental temperature during testing.

(c)  The container is pressure cycled between1? #Pa and the target
pressure at a rate not exceeding 10 cycles pertenfouthe specified
number of cycles.

(d)  The temperature of the hydraulic fluid withifet container is
maintained and monitored at the specified tempegatu

Test Procedures for Performance Dural{iffart paragraph 5.1.2.)

Proof Pressure Test. The system is pieesusmoothly and continually with
a non-corrosive hydraulic fluid until the targestt@ressure level is reached
and then held for the specified time, not less B@seconds. The component
shall not leak or suffer permanent deformation. chanical components
shall be functional after completion of the test.

Drop (Impact) Test (Unpressurized). Oneore storage containers are drop
tested at ambient temperature without internal qunézation or attached
valves. The surface onto which the containers ewpped shall be a smooth,
horizontal concrete pad or other flooring type watjfuivalent hardness.

All three of the following drop specifications $hhe accomplished. The
three drop specifications may be executed witmglsicontainer, or as many
as three containers may be used to accomplisiintbe tirop specifications.

(a) Dropped once from a horizontal position witk tiottom 1.8 m above
the surface onto which it is dropped.

(b)  Dropped once onto each end of the containen faovertical position
with a potential energy of not less than 488J, wiith height of the
lower end no greater than 1.8 m.
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(c) Dropped once at a 45° angle, and then for ryomagetrical and non-
cylindrical containers, the container is rotatetbtiygh 90° along its
longitudinal axis and dropped again at 45°C withciéntre of gravity
1.8 m above the ground. However, if the bottom lsser to the
ground than 0.6 m, the drop angle shall be changenhaintain a
minimum height of 0.6 m and a centre of gravityld m above the
ground. The three drop specifications are illustidielow.

Figure 5

450 450
Coplal [l /0 /)
* *
Q-”a #3b
1.8m

\ >488) { |20.6m ‘
<18m v

* centerof gravity

No attempt shall be made to prevent the bounciihgoatainers, but the
containers may be prevented from falling over dyiihe vertical drop test
described in b) above.

A single container may be used to accomplish ntba@ one of the three
drop specifications. (The three drop specificatiomsy be executed with a
single container, or as many as three containessbmaused to accomplish
the three drop specifications.)

If a single container is subjected to all threepdspecifications and leakage
does not occur within number of Cycles (5,500, @,50 11,000), then that
container will undergo further testing as specifiegparagraph 5.1.2.

If more than one container is used to executehadle drop specifications,
then those containers shall undergo pressure gyelicording to B 6.2.2.2.
until either leakage or [22,000] cycles without Hage have occurred.
Leakage shall not occur within number of Cycle$@D, 7,500 or 11,000).
The new container that will undergo further testasgspecified in paragraph
5.1.2., shall be identified as follows:

(@) If all containers reach [22,000] cycles withéedkage, then the new
container shall be subjected to the drop specifinat3) and then
undergo further testing as specified in paragraft?5

(b) If any container does not reach [22,000] cyelihout leakage, then
the new container shall be subjected to the dreeifpation(s) that
resulted in the lowest number of cycles to leakagd then will

undergo further testing as specified in paragraft?5

6.2.3.3. Surface Damage Test (Unpressurized). €kt froceeds in the following
sequence:

(a) Surface Flaw Generation: Two longitudinal sawscare made on the
bottom outer surface of the unpressurized horizattamage container
along the cylindrical zone close to but not in #feulder area. The
first cut is at least 1.25 mm deep and 25 mm lawatd the valve
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Figure 6

end of the container. The second cut is at lea& &im deep and
200 mm long toward the end of the container oppdki¢ valve.

(b)  Pendulum Impacts: The upper section of the Zootial storage
container is divided into five distinct (not ovesfaing) areas 100 mm
in diameter each (see Figure 6). After 12 hoursqgmditioning at —
40 °C in an environmental chamber, the centre cheaf the five
areas sustains the impact of a pendulum having ranpg with
equilateral faces and square base, the summitéggesdeing rounded
to a radius of 3 mm. The centre of impact of thedatum coincides
with the centre of gravity of the pyramid. The aqneof the pendulum
at the moment of impact with each of the five mdrlkeeas on the
container is 30 J. The container is secured ineptiring pendulum
impacts and not under pressure.

Side view of tank

6.2.3.4.

A\

“Side” View of Tank

Chemical Exposure and Ambient Temperafuessure Cycling Test. Each
of the 5 areas of the unpressurized container pgétoned by pendulum
impact (paragraph 6.4.2.5.2.) is exposed to orizz@fsolutions:

(@ 19 per cent (by volume) sulphuric acid in wdtettery acid),
(b) 25 per cent (by weight) sodium hydroxide in evat

(c) 5 per cent (by volume) methanol in gasolineui@® in fuelling
stations),

(d) 28 per cent (by weight) ammonium nitrate in evagurea solution),
and

(e) 50 per cent (by volume) methyl alcohol in watemdshield washer
fluid).

The test container is oriented with the fluid exyp@ areas on top. A pad of
glass wool approximately 0.5 mm thick and 100 mndiameter is placed on

each of the five preconditioned areas. A sufficiamtount of the test fluid is

applied to the glass wool sufficient to ensure thatpad is wetted across its
surface and through its thickness for the durasitne test.

The exposure of the container with the glass weahaintained for 48 hrs
with the container held at 125 per cent NWP (apppligdraulically) and 20 °
(+5)C before the container is subjected to furtheting.

Pressure cycling is performed to the specifiedatpressures according to
paragraph 6.2.2.2. at 20(+5)°C for the specifieshipers of cycles. The glass
wool pads are removed and the container surfacesed with water the
final 10 cycles to specified final target pressare conducted.
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6.2.3.5. Static Pressure Test (Hydraulic). Theagfersystem is pressurized to the
target pressure in a temperature-controlled chanlyes temperature of the
chamber and the non-corrosive fuelling fluid ischat the target temperature
within +5°C for the specified duration.

6.2.4. Test Procedures for Expected On-Road Peafiocen(para. 5.1.3.)

(Pneumatic test procedures are provided; Hyidratllest elements are
described in para. 6.3.2)

6.2.4.1. Gas Pressure Cycling Test (Pneumaticthdtonset of testing, the storage
system is stabilized at the specified temperatgiative humidity and fuel
level for at least 24 hrs. The specified tempeeatmd relative humidity is
maintained within the test environment throughdwt temainder of the test.
(When required in the test specification, the gystemperature is stabilized
at the external environmental temperature betweesspre cycles.) The
storage system is pressure cycled between less 2fwl) MPa and the
specified maximum pressure (+1MPa). If system adstthat are active in
vehicle service prevent the pressure from droppi@jow a specified
pressure, the test cycles shall not go below thatiied pressure. The fill
rate is controlled to a constant 3-minute pressamnep rate, but with the fuel
flow not to exceed 60 g/s; the temperature of tydrdgen fuel dispensed to
the container is controlled to the specified terapge. The defuelling rate is
controlled to greater than or equal to the intendekicle’s maximum fuel-
demand rate. The specified number of pressure gyideconducted. If
devices and/or controls are used in the intendéadtleapplication to prevent
an extreme internal temperature, the test may bedwaed with these
devices and/or controls (or equivalent measures).

6.2.4.2. Gas Permeation Test (Pneumatic). A stomgtem is fully filled with
hydrogen gas (full fill density equivalent to 108rpcent NWP at 15 °C is
113 per cent NWP at 55 °C) and held at 55 °C iaadesl container. The total
steady-state discharge rate due to leakage andepgom from the storage
system is measured.

6.2.4.3. Localized Gas Leak Test (Pneumatic). Abbritest may be used to fulfil this
requirement. The following procedure is used whendeicting the bubble
test:

(@  The exhaust of the shutoff valve (and otheeriml connections to
hydrogen systems) shall be capped for this testh@sest is focused
at external leakage).

At the discretion of the tester, the test artiday be immersed in the
leak-test fluid or leak-test fluid applied to thest article when resting
in open air. Bubbles can vary greatly in size, dejgg on conditions.
The tester estimates the gas leakage based onzthearsd rate of
bubble formation.

(b)  Note: For a localized rate of 0.005 mg/sec (Bl&L/min), the
resultant allowable rate of bubble generation isuat?,030 bubbles
per minute for a typical bubble size of 1.5 mm iandeter. Even if
much larger bubbles are formed, the leak shoulcehdily detectable.
For an unusually large bubble size of 6 mm in dieamehe allowable
bubble rate would be approximately 32 bubbles peuta.

6.2.5. Test Procedures for Service TerminatingdPerdnce in Fire (para. 5.1.4.)

7



ECE/TRANS/WP.29/GRSP/2011/33

78

6.2.5.1.

6.2.5.1.1.

6.2.5.1.2.

Fire Test (pneumatic)

The hydrogen container assembly consists of thmpoessed hydrogen
storage system with additional relevant featumedpding the venting system
(such as the vent line and vent line covering) ang shielding affixed
directly to the container (such as thermal wrapghef container(s) and/or
coverings/barriers over the TPRD(S)).

Either one of the following two methods are useddentify the position of
the system over the initial (localized) fire source

Method I: Qualification for a GenericofiNSpecific) Vehicle Installation

If a vehicle installation configuration is not gffeed (and the qualification of

the system is not limited to a specific vehicletatiation configuration) then

the localized fire exposure area is the area onestearticle farthest from the
TPRD(s). The test article, as specified above, axdludes thermal shielding
or other mitigation devices affixed directly to tbentainer that are used in all
vehicle applications. Venting system(s) (such aswént line and vent line
covering) and/or coverings/barriers over the TPRE{® included in the

container assembly if they are anticipated for ums@ny application. If a

system is tested without representative componeeitssting of that system
is required if a vehicle application specifies thee of these type of
components.

Method 2: Qualification for a Specifiehicle Installation

If a specific vehicle installation configurations ispecified and the
qualification of the system is limited to that sifiecvehicle installation
configuration, then the test setup may also incloither vehicle components
in addition to the hydrogen storage system. Thedécle components (such
as shielding or barriers, which are permanentlpcéitd to the vehicle's
structure by means of welding or bolts and notxaffito the storage system)
shall be included in the test setup in the vehicgtalled configuration
relative to the hydrogen storage system. This Ipedlfire test is conducted
on the worst case localized fire exposure areagdams the four fire
orientations: fires originating from the directioof the passenger
compartment, cargo/luggage compartment, wheel wallground-pooled
gasoline.

The container may be subjected to engulfing firdhout any shielding
components, as described in paragraph 6.2.5.2.

The following test requirements apply whether Methl or 2 (above) is
used:

(&  The container assembly is filled with compressgdrogen gas at 100
per cent of NWP. The container assembly is pogtiohorizontally
approximately 100 mm above the fire source. (Neate:stated in
para. 5.1.4., contracting parties under the 199&&ment may choose
to use compressed air as an alternative test gagftfication of the
container for use in their countries or regions.)

Localized Portion of the Fire Test

(b)  The localized fire exposure area is locatedhantest article furthest
from the TPRD(s). If Method 2 is selected and marimerable areas
are identified for a specific vehicle installatioanfiguration, the more
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vulnerable area that is furthest from the TPRDgg)dsitioned directly
over the initial fire source.

(c) The fire source consists of LPG burners coméiguto produce a
uniform minimum temperature on the test article suead with a
minimum 5 thermocouples covering the length ofttst article up to
1.65 m maximum (at least 2 thermocouples within lt@alized fire
area, and at least 3 thermocouples equally spavgd@ more than
0.5 m apart in the remaining area) located 25 mi®mm from the
outside surface of the test article along its lamdjnal axis. At the
option of the manufacturer or testing facility, &duhal
thermocouples may be located at TPRD sensing pomeny other
locations for optional diagnostic purposes.

(d)  Wind shields are applied to ensure uniform imgat

(e) The fire source initiates within a 250 mm +50nntongitudinal
expanse positioned under the localized exposura afethe test
article. The width of the fire source encompas$esentire diameter
(width) of the storage system. If Method 2 is stedd¢cthe length and
width shall be reduced, if necessary, to accountvéhicle-specific
features.

) As shown in Figure 7 the temperature of theriecouples in the
localized fire area has increased continuouslyt teast 600C within
3 minutes of ignition, and a temperature of at tle@80 °C is
maintained for the next 5 minutes. The temperaturthe localized
fire area shall not exceed 900 °C during this gkericCompliance to
the thermal requirements begins 1 minute afterrengethe period
with minimum and maximum limits and is based onmifiute rolling
average of each thermocouple in the region of éster(Note: The
temperature outside the region of the initial Soirce is not specified
during these initial 8 minutes from the time ofitgom.)

[The below profiles for fire time are being consield by SGS group:

Figure 7
Temperature profile of fire test
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Figure 8
Sequence of fire test

Temperature (deg C)

6.2.5.2.

Sequence of Fire Test
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Engulfing Portion of the Fire Test

Within the next 2-minute interval, the temperatateng the entire surface of
the test article shall be increased to at least D&nd the fire source is
extended to produce a uniform temperature alongtitiee length up to 1.65
meters and the entire width of the test articleg(dfing fire). The minimum
temperature is held at 800°C, and the maximum teaye shall not exceed
1100°C. Compliance to thermal requirements begins rutei after entering
the period with constant minimum and maximum lingitel is based on a 1-
minute rolling average of each thermocouple.

The test article is held at temperature (engulfiing condition) until the
system vents through the TPRD and the pressure tfalless than 1 MPa.
The venting shall be continuous (without interrap)i and the storage
system shall not rupture. An additional releaseugh leakage (not including
release through the TPRD) that results in a flartk l@ngth greater than 0.5
m beyond the perimeter of the applied flame shatllatcur.

Documenting Results of the Fire Test

The arrangement of the fire is recorded in sudfitidetail to ensure the rate
of heat input to the test article is reproducifilbe results include the elapsed
time from ignition of the fire to the start of vémg through the TPRD(s), and
the maximum pressure and time of evacuation unpilessure of less than 1
MPa is reached. Thermocouple temperatures and inentpressure are
recorded at intervals of every 10 sec or less dutite test. Any failure to
maintain specified minimum temperature requiremeated on the 1-minute
rolling averages invalidates the test result. Aajufe to maintain specified
maximum temperature requirements based on the (teniolling averages
invalidates the test result only if the test aetifdiled during the test.

Engulfing fire test:

The test unit is the compressed hydrogen storggiers. The storage system
is filled with compressed hydrogen gas at 100 pett NWP. The container
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6.2.6.

6.2.6.1.

6.2.6.1.1.

6.2.6.1.2.

is positioned horizontally with the container batt@pproximately 100 mm
above the fire source. Metallic shielding is usedptevent direct flame
impingement on container valves, fittings, and/@sgure relief devices. The
metallic shielding is not in direct contact withetlspecified fire protection
system (pressure relief devices or container valve)

A uniform fire source of 1.65 m (65 in) length pides direct flame
impingement on the container surface across iiseediibmeter. The test shall
continue until the container fully vents (until tle®ntainer pressure falls
below 0.7MPa (100 psi)). Any failure or inconsistgrof the fire source
during a test shall invalidate the result.

Flame temperatures shall be monitored by at Itdaste thermocouples
suspended in the flame approximately 25 mm (1 @pw the bottom of the
container. Thermocouples may be attached to stéslscup to 25 mm (1 in)
on a side. Thermocouple temperature and the canmtgiressure shall be
recorded every 30 seconds during the test.

Within five minutes after the fire is ignited, amerage flame temperature of
not less than 590°C (as determined by the averhtigeedwo thermocouples
recording the highest temperatures over a 60 secwed/al) is attained and
maintained for the duration of the test.

If the container is less than 1.65 m in lengtle, ¢entre of the container shall
be positioned over the centre of the fire sourcthd container is greater than
1.65m in length, then if the container is fittediwa pressure relief device at
one end, the fire source shall commence at thesifgoend of the container.
If the container is greater than 1.65 m in lengtld & fitted with pressure

relief devices at both ends, or at more than opation along the length of

the container, the centre of the fire source dhaltentred midway between
the pressure relief devices that are separatedhbygteatest horizontal

distance.

The container shall vent through a pressure rdbefce without bursting.

Test Procedures for Primary Closures wittie Compressed Gaseous
Hydrogen Storage System (para. 5.1.5. requirement).

Compressed Hydrogen Storage TPRD Quadldit&erformance Tests

Testing is performed with hydrogen gas having gaality compliant with
ISO 14687-2/SAE J2719. All tests are performednabiant temperature 20
(+5)°C unless otherwise specified. The HPRD quadifon performance tests
are specified as follows:

Pressure Cycling Test.

Five TPRD units undergo 11,000 internal pressycdes with hydrogen gas
having gas quality compliant with ISO 14687-2/SAE/19. The first five

pressure cycles are between < 2(+1)MPa and 156gmMNWP(+1MPa); the
remaining cycles are between 2(+1)MPa and 125 pat NWP(+1MPa).

The first 1500 pressure cycles are conducted aPRDI temperature of
+85 °C. The remaining cycles are conducted at a D'R&nperature of

+55 °C. The maximum pressure cycling rate is teclesy per minute.

Following this test, the pressure relief devicellsimieet the requirements of
the Leak Test (B 6.2.6.1.8.), Flow Rate Test (pamelg 6.2.6.1.10.) and the
Bench Top Activation Test (paragraph 6.2.6.1.9.).

Accelerated Life Test.
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6.2.6.1.3.

6.2.6.1.4.

6.2.6.1.5.

Eight TPRD units undergo testing; three at the ufecturer's specified
activation temperature, Tact, and five at an acatdd life temperature, Tlife
= 9.1 x Tact0.503. The TPRD is placed in an ovetiquid bath with the
temperature held constant (1 °C). The hydrogenpgassure on the TPRD
inlet is 125 per cent NWP (+1MPa). The pressungpsumay be located
outside the controlled temperature oven or batithEgdevice is pressured
individually or through a manifold system. If a nifatd system is used, each
pressure connection includes a check valve to ptemeessure depletion of
the system when one specimen fails. The three TPe8&ied at tact shall
activate in less than ten hours. The five TPRDsetesit Tlife shall not
activate in less than 500 hours.

Temperature Cycling Test

(@  Anunpressurized TPRD is placed in a liquichbagintained at -40°C
at least two hours. The TPRD is transferred to quidi bath
maintained at +85 °C within five minutes, and mainéd at that
temperature at least two hours. The TPRD is traresfeto a liquid
bath maintained at -40 °C within five minutes.

(b)  Step (a) is repeated until 15 thermal cyclesehaeen achieved.

(c)  With the TPRD conditioned for a minimum of twwours in the -40 °C
liquid bath, the internal pressure of the TPRDyisled with hydrogen
gas between < 2MPa and 80 per cent NWP for 10Gsywhile the
liquid bath is maintained at — 40 °C.

(d)  Following the thermal and pressure cycling, TRRD shall meet the
requirements of the Leak Test (para. 6.2.6.1.8Jept that the Leak
Test and Flow Rate Test (para. 6.2.6.1.10.) arelweiad at - 40°C,
and the Bench Top Activation Test (para. 6.2.6)1.9.

Salt Corrosion Resistance Test

Two TPRD units are tested. Any non-permanent buidgps are removed.
Each TPRD unit is installed in a test fixture incamance with the
manufacturer's recommended procedure so that etteexposure is
consistent with realistic installation. Each umsitpgressurized to 125 per cent
of the service pressure and exposed for 150 houasstlt spray (fog) test as
specified in ASTM B117 (Standard Practice for OiataSalt Spray (Fog)
Apparatus) except that in the test of one unit,pHeof the salt solution shall
be adjusted to 4.0 £ 0.2 by the addition of sulhacid and nitric acid in a
2:1 ratio, and in the test of the other unit, théqf the salt solution shall be
adjusted to 10.0 £ 0.2 by the addition of sodiurdrbyide.

If the component is expected to operate in vehigtelerbody service
conditions, then it is exposed for 500 hours to 4k spray (fog) test. The
temperature within the fog chamber is maintaine®@&B5°C). Following
these tests, each pressure relief device shall theetequirements of the
Leak Test (para. 6.2.6.1.8.), Flow Rate Test (péra.6.1.10.) and Bench
Top Activation Test (para. 6.2.6.1.9.).

Vehicle Environment Test

Resistance to degradation by external exposurautomotive fluids is
determined by the following test, by comparablelishied data or by known
properties (e.g. 300 series stainless steel). Theeisidn about the
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6.2.6.1.6.

6.2.6.1.7.

applicability of test data and known propertiesatsthe discretion of the
testing authority.

(@)  The inlet and outlet connections of the TPR® @nnected or capped
in accordance with the manufacturers installatiostructions. The
external surfaces of the TPRD are exposed for 24shat 20 (+57C
to each of the following fluids:

0] Sulphuric acid - 19 per cent solution by volumevater;
(i)  Sodium hydroxide - 25 per cent solution by ghaiin water
(i)  Ammonium nitrate - 28 per cent by weight irater; and

(iv)  Windshield washer fluid (50 per cent by volurmethyl
alcohol and water).

The fluids are replenished as needed to ensurgletenexposure for
the duration of the test. A distinct test is pamied with each of the
fluids. One component may be used for exposurd tf ¢he fluids in
sequence.

(b)  After exposure to each fluid, the componentviped off and rinsed
with water and examined. The component shall nowskigns of
mechanical degradation that could impair the fuamctiof the
component such as cracking, softening, or swell@@smetic changes
such as pitting or staining are not failures.

(c) At the conclusion of all exposures, the unigbgall comply with the
requirements of the Leak Test (para. 6.2.6.1.8l9wFRate Test
(para. 6.2.6.1.10.) and Bench Top Activation tpard. 6.2.6.1.9.).

Stress Corrosion Cracking Test.

For TPRDs containing components made of a copasedalloy (e.g. brass),
one TPRD unit is tested. The TPRD is disassemlaikaopper-based alloy
components are degreased and then the TPRD isenellesl before it is
continuously exposed for ten days to a moist amerairi mixture
maintained in a glass chamber having a glass cover.

Aqueous ammonia having a specific gravity of 0i94maintained at the
bottom of the glass chamber below the sample amnaentration of at least
20 ml per litre of chamber volume. The sample isiganed 35(+5) mm
above the aqueous ammonia solution and supporteah imert tray. The
moist ammonia-air mixture is maintained at atmosigheressure at
+35° (+5)C. Copper-based alloy components shallexbibit cracking or
delaminating due to this test.

Drop and Vibration Test

(a) Six TPRD units are dropped from a height of 2amambient
temperature onto a smooth concrete surface. Eaunblséas allowed
to bounce on the concrete surface after the iritiglact. One unit is
dropped in six orientations (opposing direction8 afrthogonal axes).
If each of the six dropped samples does not shiblei exterior
damage that indicates that the part is unsuitabteuke, it shall
proceed to step (b).

(b)  Each of the six TPRD units dropped in stepafa) one additional unit
not subjected to a drop are mounted in a testréxfo accordance
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6.2.6.1.8.

6.2.6.1.9.

6.2.6.1.10.

with manufacturer’s installation instructions antrated 30 minutes
along each of the three orthogonal axes at the s®#re resonant
frequency for each axis. The most severe resomanguéncies are
determined using an acceleration of 1.5 g and swgetrough a

sinusoidal frequency range of 10 to 500Hz within ribwtes. The

resonance frequency is identified by a pronouncecrease in

vibration amplitude. If the resonance frequencynds found in this

range, the test shall be conducted at 500 Hz. Wolkp this test, each
sample shall not show visible exterior damage thdicates that the
part is unsuitable for use. It shall subsequentietithe requirements
of the Leak Test (para. 6.2.6.1.8.), Flow Rate Tpata. 6.2.6.1.10.)
and Bench Top Activation Test (para. 6.2.6.1.9.).

Leak Test

The TPRD unit is held at 125 per cent NWP withrogén gas for one hour
at ambient temperature before leakage is measAcadiracy, response time
and calibration of the measurement method are dented. The total
hydrogen leak rate shall be less than 216 Nml/hr.

Bench Top Activation Test

Two new TPRD units are tested without being subpgdo other design
qualification tests in order to establish a baseliime for activation.
Additional pre-tested units (pre-tested accordiryg paras. 6.2.6.1.1.,
6.2.6.1.3., 6.2.6.1.4., 6.2.6.1.5. or 6.2.6.1. hglargo bench top activation
testing as specified in other tests in para. 612.6.

(@)  The test setup consists of either an oven ionredy which is capable
of controlling air temperature and flow to achié@) (+ 10)°C in the
air surrounding the TPRD. The TPRD unit is not esgubdirectly to
flame. The TPRD unit is mounted in a fixture acdogdto the
manufacturer’s installation instructions; the tesbfiguration is to be
documented.

(b) A thermocouple is placed in the oven or chimteymonitor the
temperature. The temperature remains within the@able range for
two minutes prior to running the test.

(c)  The pressurized TPRD unit is inserted into akien or chimney, and
the time for the device to activate is recordedorPto insertion into
the oven or chimney, one new (not pre-tested) TP&Rit is
pressurized to no more than 25 per cent NWP (tkegsted); TPRD
units are pressurized to no more than 25 per c#iPNand one new
(not pre-tested) TPRD unit is pressurized to 100cpat NWP.

(d)  TPRD units previously subjected to other téstpara. 6.2.6.1. shall
activate within a period no more than two minutesger than the
baseline activation time of the new TPRD unit that pressurized to
up to 25 per cent NWP.

(e)  The difference in the activation time of theotWPRD units that had
not undergone previous testing shall be no mone Zhainutes.

Flow Rate Test

(a) Eight TPRD units are tested for flow capacitiie eight units consist
of three new TPRD units and one TRPD unit from eaéththe
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following previous tests: paras. 6.2.6.1.1.,, 62%, 6.2.6.1.4.,
6.2.6.1.5. and 6.2.6.1.7.

(b) Each TPRD unit is activated according to pa#a&2.6.1.9. After
activation and without cleaning, removal of pards,reconditioning,
each TPRD unit is subjected to flow test using bgén, air or an
inert gas.

(c)  Flow rate testing is conducted with a gas ipletssure of 2 (+ 0.5)
MPa. The outlet is at ambient pressure. The irdetperature and
pressure are recorded.

(d)  Flow rate is measured with accuracy within pe2 cent. The lowest
measured value of the eight pressure relief devitedl not be less
than 90 per cent of the highest flow value.

(e) Flow rate is recorded as the lowest measurddevef the eight
pressure relief devices tested in NL per minute°@Oand 1
atmosphere) corrected for hydrogen.

6.2.6.2. Compressed Hydrogen Storage QualificaBerformance Tests for Check
Valve and Automatic Shut-Off Valve

Testing shall be performed with hydrogen gas hagas quality compliant
with 1SO 14687-2/SAE J2719. All tests are performatl ambient
temperature 20 (+5)°C unless otherwise specifielte Theck valve and
automatic shut-off valve qualification performantests are specified as
follows:

6.2.6.2.1. Hydrostatic Strength Test

The outlet opening in components is plugged arldevaeats or internal
blocks are made to assume the open position. Ohéuested without being
subjected to other design qualification tests ideorto establish a baseline
burst pressure, other units are tested as spedifiesubsequent tests of
para. 6.2.6.2.

(& A hydrostatic pressure of 250 per cent NWPpjsliad to the inlet of
the component for three minutes. The componentxamied to
ensure that rupture has not occurred.

(b)  The hydrostatic pressure is then increased @tte of less than or
equal to 1.4 MPa/sec until component failure. Thelrbstatic
pressure at failure is recorded. The failure pressaf previously
tested units shall be no less than 80 per certieofdilure pressure of
the baseline, unless the hydrostatic pressure dxcé60 per cent
NWP.

6.2.6.2.2. Leak Test

One unit is tested at ambient temperature with@imd subjected to other
design qualification tests. Three temperature regiare specified:

(@)  Ambient temperature: condition the unit at Z)(%C; test at 5 per
cent NWP and 150 per cent NWP

(b)  High temperature: condition the unit at +85 &t at 5 per cent NWP
and 150 per cent NWP

(c) Low temperature: condition the unit at -40 t€st at 5 per cent NWP
and 100 per cent NWP. Additional units undergdkléesting as
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6.2.6.2.3.

specified in other tests in para. 6.2.6.2. witmterirupted exposure to
the temperatures specified in those tests.

The outlet opening is plugged with the appropriai&ting connection and
pressurized hydrogen is applied to the inlet. Aspécified test temperatures,
the unit is conditioned for one minute by immersion a temperature
controlled fluid (or equivalent method). If no budb are observed for the
specified time period, the sample passes thelfdstibbles are detected, the
leak rate is measured by an appropriate method. |@&le rate shall not
exceed 216 Nml/hr of hydrogen gas.

Extreme Temperature Continuous Valvei@yd est:

@)

(b)

(©

The total number of operational cycles is 50,0bhe valve unit are
installed in a test fixture corresponding to the nofacturer’s
specifications for installation. The operation ohet unit is
continuously repeated using hydrogen gas at atliipé pressures.

An operational cycle shall be defined as follows:

0] A check valve is connected to a test fixtured goressure is
applied in six pulses to the check valve inlet witle outlet
closed. The pressure is then vented from the chalie inlet.
The pressure is lowered on the check valve outlde s
to < 60 per cent NWP prior to the next cycle.

(i)  An automatic shut-off valve is connected tdest fixture and
pressure is applied continuously to the both thet iand outlet
sides.

An operational cycle consists of one full operatiord reset within an
appropriate period as determined by the testing@age

Testing is performed on a unit stabilized ate ttollowing
temperatures:

0] Ambient Temperature Cycling. The unit undergopsgrational
(open/closed) cycles at 125 per cent NWP througpeQOcent
of the total cycles with the part stabilized at(28) °C. At the
completion of the ambient temperature operatiogales, the
unit shall comply with the ambient temperature lei@st
specified in para. 6.2.6.2.2.

(i)  High Temperature Cycling. The unit then undszg
operational cycles at 125 per cent NWP through rscpet of
the total operational cycles with the part stabifizat +85 °C.
At the completion of the +850C cycles, the unitlsbamply
with the high temperature (+85 °C) leak test spedifin
paragraph 6.2.6.2.2.

(i) Low Temperature Cycling. The unit then undeeg
operational cycles at 100 per cent NWP through rocpat of
the total cycles with the part stabilized at -40 & the
completion of the -40 °C operational cycles, thet whall
comply with the low temperature (-40 °C) leak tgsécified in
paragraph 6.2.6.2.2.

Check valve Chatter Flow Test. Following 11,Gfjferational cycles
and leak tests, the check valve is subjected to 0s of chatter
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6.2.6.2.4.

6.2.6.2.5.

6.2.6.2.6.

flow at a flow rate that causes the most chattatvéflutter). At the
completion of the test the check valve shall compith the ambient
temperature leak test (para. 6.2.6.2.2.) and thength test (para.
6.2.6.2.1.).

Salt Corrosion Resistance Test

Components having all surfaces in contact withrbgdn composed of AISI

series 300 Austenitic stainless steels are exenopt Torrosion resistance
testing. Materials used in valve units are subjgdb this test except where
the applicant submits declarations of results dftstecarried out on the

material provided by the manufacturer.

The component is supported in its normally insthlposition and exposed
for 150 hours to a salt spray (fog) test as spatifin ASTM B117 (Standard
Practice for Operating Salt Spray (Fog) Apparatls)the component is
expected to operate in vehicle underbody servicaditions, it is
subsequently exposed for 500 hours to the saltysgfeg) test. The
temperature within the fog chamber is maintaine@@at-35 °C). The saline
solution consists of 5 per cent sodium chloride &dper cent distilled
water, by weight. Immediately after the corrosiestf the sample is rinsed
and gently cleaned of salt deposits, examined f&todion, and then shall
comply with the requirements of the ambient tempeealeak test (para.
6.2.6.2.2.) and the Hydrostatic Strength Test (p&aéa6.2.1.).

Vehicle Environment Test

Resistance to degradation by exposure to automdtids is determined by
the following test, by comparable published dathyknown properties (e.g.
300 series stainless steel). The decision abouapipicability of test data
and known properties is at the discretion of tisting authority.

@

(b)

(©

The inlet and outlet connections of the valvit are connected or
capped in accordance with the manufacturers iasi@tl instructions.
The external surfaces of the valve unit are expdse@4 hours at 20
(+5) °C to each of the following fluids:

0] Sulphuric acid -19 per cent solution by volumevater;
(i)  Sodium hydroxide - 25 per cent solution by gl in water
(iii)  Ammonium nitrate — 28 per cent by weight imter; and

(iv)  Windshield washer fluid (50 per cent by volurmeethyl
alcohol and water).

The fluids are replenished as needed to ensure letengxposure for
the duration of the test. A distinct test is paried with each of the
fluids. One component may be used for exposurdl @f ¢he fluids in
sequence.

After exposure to each chemical, the componenviped off and
rinsed with water.

At the conclusion of all exposures, the unighall comply with the
requirements of the ambient temperature leakagépaes. 6.2.6.2.2.)
and Hydrostatic Strength Test (para. 6.2.6.2.1.).

Atmospheric Exposure Test

87



ECE/TRANS/WP.29/GRSP/2011/33

88

6.2.6.2.7.

6.2.6.2.8.

6.2.6.2.9.

The atmospheric exposure test applies to qualifinabf check valves; it
does not apply to qualification of automatic shfftvalves.

(@)  All non-metallic materials that provide a fuwaintaining seal, and that
are exposed to the atmosphere, for which a satisfadeclaration of
properties is not submitted by the applicant, shatl crack or show
visible evidence of deterioration after exposurestggen for 96 hours
at 70°C at 2 MPa in accordance with ASTM D572 (8tad Test
Method for Rubber- Deterioration by Heat and Oxygen

(b)  All elastomers shall demonstrate resistanceztine by one or more
of the following:

0] Specification of elastomer compounds with ebkshled
resistance to ozone.

(i)  Component testing in accordance with 1SO 1431ASTM
D1149, or equivalent test methods.

Electrical Tests

The electrical tests apply to qualification of tigomatic shut-off valve; they
do not apply to qualification of check valves.

(@)  Abnormal Voltage Test. The solenoid valve iargected to a variable
DC voltage source. The solenoid valve is operasefbiéows:

0] An equilibrium (steady state temperature) hdestablished
for one hour at 1.5 times the rated voltage.

(i)  The voltage is increased to two times the dateltage or 60
volts, whichever is less, and held for one minute.

(i) Any failure shall not result in external leage, open valve or a
similar unsafe condition.

The minimum opening voltage at NWP and room tentpegashall be
less than or equal to 9 V for a 12 V system and than or equal to
18 V for a 24 V system.

(b)  Insulation Resistance Test. 1,000 V D.C. isliagmetween the power
conductor and the component casing for at least daands. The
minimum allowable resistance for that componer24i8 k2.

Vibration Test

The valve unit is pressurized to its 100 per ¢¢WP with hydrogen, sealed
at both ends, and vibrated for 30 minutes alondy ediche three orthogonal
axes at the most severe resonant frequencies. Td® severe resonant
frequencies are determined by acceleration of wbtlya sweep time of 10
minutes within a sinusoidal frequency range of d8@0Hz. If the resonance
frequency is not found in this range the test imdiwted at 500 Hz.

Following this test, each sample shall not shoviblésexterior damage that
indicates that the performance of the part is camised. At the completion

of the test, the unit shall comply with the reqments of the ambient
temperature leak test specified in para. 6.2.6.2.2.

Stress Corrosion Cracking Test

For the valve units containing components madeadper-based alloy (e.g.
brass), one valve unit is tested. The valve undissssembled, all copper-
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6.2.6.10.

6.3.
6.3.1.
6.3.1.1.

6.3.1.2.

6.3.1.2.1.
6.3.1.2.1.1.

based alloy components are degreased and themltres wnit is reassembled
before it is continuously exposed for ten days st ammonia-air mixture
maintained in a glass chamber having a glass cover.

Aqueous ammonia having a specific gravity of 0.84maintained at the
bottom of the glass chamber below the sample amnaentration of at least
20 ml per litre of chamber volume. The sample isiganed 35(+5) mm
above the aqueous ammonia solution and supporteah imert tray. The
moist ammonia-air mixture is maintained at atmosigheressure at
+35(+5) °C. Copper-based alloy components shall extiibit cracking or
delaminating due to this test.

Pre-Cooled Hydrogen Exposure Test

The valve unit is subjected to pre-cooled hydroges at -40 °C at a flow rate
of 30 g/s at external temperature of 20(+5) °C dominimum of three

minutes. The unit is de-pressurized and re-pressdirafter a two minute
hold period. This test is repeated ten times. Th& procedure is then
repeated for an additional ten cycles, exceptttiatold period is increased
to 15 minutes. The unit shall then comply with tteguirements of the
ambient temperature leak test specified in pafa6&.2.

Test Procedures for Electrical Safety (paua.)
Isolation Resistance Measurement Method
General

The isolation resistance for each high voltage dfuhe vehicle is measured
or shall be determined by calculating the measun¢éwues of each part or
component unit of a high voltage bus (hereinafééenred to as the "divided
measurement").

Measurement Method

The isolation resistance measurement is condudigd selecting an
appropriate measurement method from among thasel lin para. 6.3.1.2.1.
to 6.3.1.2.2., depending on the electrical charbehe live parts or the
isolation resistance.

The range of the electrical circuit to be measueedlarified in advance,
using electrical circuit diagrams.

Moreover, modifications necessary for measuring iolation resistance
may be carried out, such as removal of the coverder to reach the live
parts, drawing of measurement lines and changefiware.

In cases where the measured values are not stabléo the operation of the
on-board isolation resistance monitoring systenseasary modifications for
conducting the measurement may be carried outdppstg the operation of
the device concerned or by removing it. Furthermevken the device is
removed, a set of drawings will be used to prow the isolation resistance
between the live parts and the electrical chassimms unchanged.

Utmost care shall be exercised to avoid shorudiand electric shock since
this confirmation might require direct operatiorighee high-voltage circuit.

Measurement method using DC voltage foffmehicle sources

Measurement instrument
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6.3.1.2.1.2.

6.3.1.2.2.
6.3.1.2.2.1.

6.3.1.2.2.2.

6.3.1.2.2.3.

An isolation resistance test instrument capablemblying a DC voltage
higher than the working voltage of the high voltdgs is used.

Measurement method

An insulator resistance test instrument is coretdietween the live parts
and the electrical chassis. The isolation resigascsubsequently measured
by applying a DC voltage at least half of the wotkivoltage of the high
voltage bus.

If the system has several voltage ranges (e.qusecof boost converter) in
conductive connected circuit and some of the coraptscannot withstand
the working voltage of the entire circuit, the mibn resistance between
those components and the electrical chassis candasured separately by
applying their own working voltage with those compats disconnected.

Measurement method using the vehicleis RESS as DC voltage source
Test vehicle conditions

The high voltage-bus is energized by the vehiobsi® RESS and/or energy
conversion system and the voltage level of the RE®®/or energy

conversion system throughout the test shall beagt|the nominal operating
voltage as specified by the vehicle manufacturer.

Measurement instrument

The voltmeter used in this test shall measure RlDes and has an internal
resistance of at least 10(M

Measurement method

6.3.1.2.2.3.1. First step

The voltage is measured as shown in Figure 1 aadhigh voltage Bus
voltage (Vb) is recorded. Vb shall be equal to oeager than the nominal
operating voltage of the RESS and/or energy coieisy/stem as specified
by the vehicle manufacturer.
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Figure 9
Measurement of Vb, V1, V2

Electrical Chassis

Energy Conversion I
_ System Assembly V2 RESS Assembly

! |  High Voltage Bus l | |

! Traction System |

Electrical Chassis

6.3.1.2.2.3.2. Second step

The voltage (V1) between the negative side of figh koltage bus and the
electrical chassis is measured and recorded (geee).

6.3.1.2.2.3.3. Third step

The voltage (V2) between the positive side of tighhvoltage bus and the
electrical chassis is measured and recorded (geee?).

6.3.1.2.2.3.4. Fourth step

If V1 is greater than or equal to V2, a standardwn resistance (Ro) is
inserted between the negative side of the highageltbus and the electrical
chassis. With Ro installed, the voltage (V1') betwehe negative side of the
high voltage bus and the electrical chassis is aredysee Figure 2).

The electrical isolation (Ri) is calculated accagito the following formula:
Ri = Ro*(Vb/V1' — Vb/V1) or Ri = Ro*Vb*(1/V1' — 1/\V1)

The resulting Ri, which is the electrical isolaticesistance value (if), is
divided by the working voltage of the high voltames in volt (V):

Ri Q /V = RiQ [/ Working voltage (V)

91



ECE/TRANS/WP.29/GRSP/2011/33

92

Figure 10
Measurement of V1’

Electrical Chassis

Energy Conversion
_System Assembly RESS Assembly

I |  High Voltage Bus I |

| /Ener :
oy | Traction System |

Electrical Chassis

If V2 is greater than V1, a standard known resistaiRo) is inserted
between the positive side of the high voltage s the electrical chassis.
With Ro installed, the voltage (V2') between thesitige side of the high
voltage bus and the electrical chassis is measy&ee Figure 10). The
electrical isolation (Ri) is calculated accordimythe formula shown below.
This electrical isolation value (in ohms) is divilby the nominal operating
voltage of the high voltage bus (in volts). Thecélieal isolation (Ri) is

calculated according to the following formula:

Ri = RO*(Vb/V2' — Vb/V2) or Ri = Ro*Vb*(1/V2' — 1\2)

The resulting Ri, which is the electrical isolaticesistance value (if), is
divided by the working voltage of the high voltages in volts (V).

Ri Q /V =RiQ/Working voltage
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Figure 11
Measurement of V2

Electrical Chassis

Energy Conversion I Ry

System Assembly | _. v . RESSAssembly _
I | High Voltage Bus 1 I |

Energy

: | :
! Traction Systel : I

Electrical Chass

6.3.1.2.2.3.5. Fifth step

The electrical isolation value Ri (in ohms) dividied the working voltage of
the high voltage bus (in volts) results in the asi@n resistance (in
ohms/volt).

(Note 1: The standard known resistance Ro (in ohms) isvétee of the minimum
required isolation resistance (in ohms/V) multigliey the working voltage of the
vehicle plus/minus 20 per cent (in volts). Ro i$ remuired to be precisely this value
since the equations are valid for any Ro; howeseRo value in this range should
provide good resolution for the voltage measuremgnt

6.3.2. Confirmation Method for Functions of On-twatsolation Resistance
Monitoring System

The function of the on-board isolation resistancenitoring system is
confirmed by the following method or a method ealéwt to it.

A resistor is inserted that does not cause thatisol resistance between the
terminal being monitored and the electrical chadsisdrop below the
minimum required isolation resistance value. Thenivey signal shall be

activated.
6.3.3. Protection against direct contacts of Rarter Voltage
6.3.3.1. Access probes

Access probes to verify the protection of persayerest access to live parts
are given in table 2.

6.3.3.2. Test conditions
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6.3.3.3.

The access probe is pushed against any openintie afnclosure with the

force specified in table 1. If it partly or fullyepetrates, it is placed in every
possible position, but in no case shall the stap fally penetrate through the
opening.

Internal electrical protection barriers are consddepart of the enclosure.
A low-voltage supply (of not less than 40 V and matre than 50 V) in series

with a suitable lamp is connected, if necessarjwéen the probe and live
parts inside the electrical protection barrier mclesure.

The signal-circuit method is also applied to theving live parts of high
voltage equipment.

Internal moving parts may be operated slowly, whki®is possible.
Acceptance conditions
The access probe does not touch live parts.

If this requirement is verified by a signal circbigtween the probe and live
parts, the lamp shall not light.

In the case of the test for IPXXB, the jointed tiisgier may penetrate to its
80 mm length, but the stop face (diameter 50 mn®xrian) shall not pass
through the opening. Starting from the straightitims, both joints of the test
finger are successively bent through an angle dbug0 degree with respect
to the axis of the adjoining section of the fingerd are placed in every
possible position.

In case of the tests for IPXXD, the access probg penetrate to its full
length, but the stop face shall not fully penettateugh the opening.
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Table 2
Access probes for the tests for protection of perss against access to hazardous parts
First | Addit. | Access probe Test force
numeral letter (Dimensions in mm)
2 B Jointed test finger
Stop face
2 (@ 50 % 20)
5
See Fig.1 i 10 N£10%
for full
dimensions /
Jointed test finger
(Metal)
Insulating material < g0 —
4,5.6 D Test wire 1.0 mm diameter, 100 mm long
v
Sphere 35+0.2 3 =
—— Approx. llZlO._i — 10002 —
= | | Q|
R T e - IN£10%
& Handle Rigid test wire |
(Insulating material) (Metal)  Edges free
Stop face from burrs
(Insulating material)
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Figure 12
Jointed Test Fingers
@75
Handl : i ' (I
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2 r::’ ] r:__%"j -+
<, i | i i.h‘l.
[ 1 : ] 1 ] *
i : | |[ |
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| |
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] I
! |
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Stop face - /L I'
p | Chamfer [
Joints < L le@12 all edges [ ‘ =
e O |
2 3 v
A A = o
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R2 = 0.05 BNAE 2 pp— e
oo ] ! R4=006_ !
cylindrical . ;
spherical ;
1
Section A-A 31—
=
! - -i +
B pa
o]
i I
Section B-B | ! :
I
L .
s
& 50
Material: metal, except where otherwise specified
Linear dimensions in millimetres
Tolerances on dimensions without specific tolerance
on angles, 0/10'
on linear dimensions:
up to 25 mm: 0/-0.05
over 25 mm: +/-0.2
Both joints shall permit movement in the same plané the same direction through
an angle of 90° with a 0 to +10° tolerance.
6.3.4. Test Method for Measuring Electric Resiséanc
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Test method using a resistance tester.

The resistance tester is connected to the measyoigts (typically,
electrical chassis and electro conductive encldsle@rical protection
barrier) and the resistance is measured usingistarse tester that meets the
specification that follows.

Resistance tester: Measurement current at leagt 0.2
Resolution 0.01 or less

The resistance R shall be less than 0.1 ohm.

Test method using D.C. power supply, voltmeter amadneter.

Example of the test method using D.C. power supmitmeter and ammeter
is shown below.

Figure 13
Connection to Barrier/Enclosure
|
A > ~ .
pc H A) — Barrier/Enclosure
Power Vv $ R
Supply - 1+ — ~ Electrical Chassis

Connection tc
Electrical Chassis

Test Procedure

The D.C. power supply, voltmeter and ammeter amnected to the measuring points
(Typically, electrical chassis and electro condeegnclosure/electrical protection barrier).

The voltage of the D.C. power supply is adjustedhsd the current flow becomes more
than 0.2 A.

The current "I " and the voltage "V " are measured.

The resistance "R " is calculated according to thHellowing formula:
R=V/I

The resistance R shall be less than 0.1.0hm
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Note:

If lead wires are used for voltage and current mesasent, each lead wire shall be independently
connected to the electrical protection barrier/esate/electrical chassis. Terminal can be common
for voltage measurement and current measurement.

Barrier/Enclosure/

Electrical chassis 47 Lead Wires

Lead wires shall be independent for current
measurement and voltage measurement. Terming|
can be common.

— Bolt
Terminal
6.3.5. Test Conditions and Test Procedure reggfdost Crash
6.3.5.1. Test Conditions

6.3.5.1.1. General
The test conditions specified in paragraphs 61250 6.3.5.1.4. are used.

Where a range is specified, the vehicle shall &pable of meeting the
requirements at all points within the range.

6.3.5.1.2. Electrical power train adjustment

6.3.5.1.2.1. The RESS may be at any state of chaigieh allows the normal operation
of the power train as recommended by the manufactur

6.3.5.1.2.2. The electrical power train shall bergized with or without the operation of
the original electrical energy sources (e.g. engi@eerator, RESS or electric
energy conversion system), however:

6.3.5.1.2.2.1. It is permissible to perform thet tggh all or parts of the electrical power
train not being energized insofar as there is rgatiee influence on the test
result. For parts of the electrical power train eoergized, the protection
against electric shock shall be proved by eitheysial protection or
isolation resistance and appropriate additional@wie.

6.3.5.1.2.2.2. If the power train is not energizaed an automatic disconnect is provided, it
is permissible to perform the test with the autamatisconnect being
triggered. In this case it shall be demonstrated the automatic disconnect
would have operated during the impact test. Thiduohes the automatic
activation signal as well as the conductive separatonsidering the
conditions as seen during the impact.

[6.3.5.1.3. ltis allowed to modify the fuel system that an appropriate amount of fuel
can be used to run the engine or the electricabgreonversion system.]
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6.3.5.1.4.

6.3.5.2.

6.3.5.2.1.

6.3.5.2.2.

The vehicle conditions other than sjetiin paras. 6.3.5.1.1 to 6.3.5.1.3. are
in the crash test protocols of the contractingipsrt

Test Procedures for the protection ofabeupants of vehicles operating on
electrical power from high voltage and electrolgpéllage

This section describes test procedures to denadastompliance with the
electrical safety requirements of para. 5.3.2.

Before the vehicle impact test conducted, the higltage bus voltage (Vb)
(see figure 1) is measured and recorded to confirat it is within the
operating voltage of the vehicle as specified @ywahicle manufacturer.

Test setup and equipment

If a high voltage disconnect function is used, measients are taken from
both sides of the device performing the disconfigmttion.

However, if the high voltage disconnect is intégoathe RESS or the energy
conversion system and the high-voltage bus of tE&SXR or the energy
conversion system is protected according to primtedPXXB following the
impact test, measurements may only be taken bettheedevice performing
the disconnect function and electrical loads.

The voltmeter used in this test measures DC vatmgb have an internal
resistance of at least 10¢M

The following instructions may be udeebitage is measured.

After the impact test, determine the high voltédges voltages (Vb, V1, V2)
(see figure 14).

The voltage measurement is made not earlier thaacbnds, but not later
than 60 seconds after the impact.

This procedure is not applicable if the test isfgrened under the condition
where the electric power train is not energized.
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Figure 14

Measurement of Vb, V1, V2

Energy Conversion I

System Assembly

RESS Assembly
V2

..... _: HighVOltageBUS l e

: Traction System :
i y v Ress

Vi

Electrical Chassis

6.3.5.2.3.

[6.3.5.2.4.

Isolation resistance
See para. 6.3.1.2 "Measurement method"

All measurements for calculating voltage(s) arettical isolation are made
after a minimum of 5 seconds after the impact.

For example, megohmmeter or oscilloscope measuntsnage an appropriate
alternative to the procedure described above forasumeéng isolation

resistance. In this case it may be necessary tatidete the on-board
isolation resistance monitoring system.

Physical Protection

Following the vehicle crash test, any parts surding the high voltage
components are opened, disassembled or removeduwithe use of tools.
All remaining surrounding parts shall be considepadt of the physical
protection.

The Jointed Test Finger described in para. 6i8.Biserted into any gaps or
openings of the physical protection with a testéoof 10 N + 10 per cent for
electrical safety assessment. If partial or fulhgteation into the physical
protection by the Jointed Test Finger occurs, tietdd Test Finger shall be
placed in every position as specified below.

Starting from the straight position, both jointistbe test finger are rotated
progressively through an angle of up to 90 degvatsrespect to the axis of
the adjoining section of the finger and are plaiceglvery possible position.

Internal electrical protection barriers are coasid part of the enclosure
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6.3.5.2.5.

6.3.5.2.6.

6.3.5.2.7.

If appropriate, a low-voltage supply (of not leban 40 V and not more than
50 V) in series with a suitable lamp is connectetiMeen the Jointed Test
Finger and high voltage live parts inside the eleat protection barrier or
enclosure

Acceptance conditions

The requirements of para. 5.3.2.2.3. are met & Jointed Test Finger
described in para. 6.3.3. is unable to contact hajtage live parts.

If necessary a mirror or a fibrescope may be usedder to inspect whether
the Jointed Test Finger touches the high voltagesu

If this requirement is verified by a signal circhietween the Jointed Test
Finger and high voltage live parts, the lamp shatllight.

Electrolyte spillage

Appropriate coating shall be applied, if necesstoythe physical protection
in order to confirm any electrolyte leakage frone tRESS after the impact
test.

Unless the manufacturer provides the means tcerdifitiate among the
leakage of different liquids, all liquid leakagecisnsidered as an electrolyte.

RESS retention

Compliance shall be determined by visual inspectio

7. Vehicles with a liquid hydrogen storage systelf HSSs)

7.1.

7.2.

LHSS optional requirements

As described in para. 7 of the preamble, individDahtracting Parties may
elect to adopt the gtr with or without the LHSSuiegments in para. 7.

Para. 7. is organized as follows:

Para. 7.2. LHSS design qualification requirements
Para. 7.3. LHSS fuel system integrity

Para. 7.4. Test procedures for LHSS design goatiin
Para. 7.5. Test procedures for LHSS fuel systeayiity
LHSS design qualification requirements

This Section specifies the requirements for theegrity of a liquefied
hydrogen storage system.

The hydrogen storage system qualifies for theqoerdnce test requirements
specified in this Section. All liquefied hydrogetorsige systems produced for
on-road vehicle service shall be capable of satigfyequirements of para.
7.2.

The manufacturer shall specify a maximum allowablerking pressure
(MAWP) for the inner container.

The test elements within these performance req@ingsnare summarized in
Table 3.
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These criteria apply to qualification of storagstems for use in new vehicle
production. They do not apply to re-qualificatioh any single produced
system for use beyond its expected useful serviae-gqualification after a
potentially significant damaging event.

Table 3
Overview of Performance Qualification Requirements
Para. 7.2.1. Verification of Baseline Metrics

7.2.1.1. Proof pressure
7.2.1.2. Baseline initial burst pressure, perfedron the inner container

7.2.1.3. Baseline Pressure cycle life

Para. 7.2.2. Verification of Expected On-road Perfonance
Para. 7.2.2.1. Boil-off
Para. 7.2.2.2. Leak
Para. 7.2.2.3. Vacuum loss

Para. 7.2.3. Verification for Service Terminating Rrformance: Bonfire

Para. 7.2.4. Verification of Components

7.2.1. Verification of Baseline Metrics
7.2.1.1. Proof pressure

A system is pressurized to a pressure pte&t3 (MAWP + 0.1 MPa) in
accordance with test procedure para. 7.4.1.1. witlwvisible deformation,
degradation of container pressure, or detectablalge.

7.2.1.2. Baseline Initial Burst Pressure

The burst test is performed per the test procedungara. 7.4.1.2. on one
sample of the inner container that is not integtateits outer jacket and not
insulated.

The burst pressure shall be at least equal tdtinst pressure used for the
mechanical calculations. For steel containersitheither:

(@ the Maximum Allowable Working Pressure (MAWR) MPa) plus
0.1 MPa multiplied by 3.25;

or

(b)  the Maximum Allowable Working Pressure (MAWR) MPa) plus
0.1 MPa multiplied by 1.5 and multiplied by Rm/Ryhere Rm is the
minimum ultimate tensile strength of the containeaterial and Rp
(minimum vyield strength) is 1.0 for austenitic $¢eend Rp is 0.2 for
other steels.

7.2.1.3. Baseline Pressure Cycle Life
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7.2.2.

7.2.2.1.

7.2.2.2.

7.2.2.3.

7.2.3.

7.2.4.

When using metallic containers and/or metallic vaou jackets, the

manufacturer shall either provide a calculatiororder to demonstrate that
the container is designed according to currenoregilegislation or accepted
standards (e.g. in US the ASME Boiler and Pres¥assel Code, in Europe
EN 1251-1 and EN 1251-2 and in all other countaiespplicable regulation
for the design of metallic pressure containersyeiime and perform suitable
tests (including para. 7.4.1.3.) that prove theesavel of safety compared to
a design supported by calculation according to atecestandards.

For non-metallic containers and/or vacuum jackeits, addition to
para. 7.4.1.3. testing, suitable tests shall bégded by the manufacturer to
prove the same level of safety compared to a netadhtainer.

Verification for Expected On-road Performanc
Boil-off

The boil-off test is performed on a liquid hydroggtorage system equipped
with all components as described in para. 7.1.2hefpreamble (Figure 4).
The test is performed on a system filled with ldjliydrogen per the test
procedure in para. 7.4.2.1. and shall demonsttze the boil-off system

limits the pressure in the inner storage contaboebelow the maximum

allowable working pressure.

Leak

After the boil-off test in para. 7.2.2.1., the tgyn is kept at boil-off pressure
and the total discharge rate due to leakage slealinbasured per the test
procedure in para. 7.4.2.2.. The maximum allowatikcharge from the
hydrogen storage system is R*150 NmL/min where
R = (Vwidth+1)*(Vheight+0.5)*(Vlength+1)/30.4 and width, Vheight,
Vlength are the vehicle width, height, length (nespectively.]

Vacuum loss

The vacuum loss test is performed on a liquid bgdn storage system
equipped with all components as described in parh2. of the preamble
(Figure 7.1.2. of the preamble). The test is pengt on a system filled with
liquid hydrogen per the test procedure in para2734 and shall demonstrate
that both primary and secondary pressure reliefcédsvimit the pressure to
the values specified in para. 7.4.2.3. in case wacpressure is lost.

Verification of Service-Terminating Conditg Bonfire

At least one system shall demonstrate the workihghe pressure relief
devices and the absence of rupture under the fulpwervice-terminating
conditions. Specifics of test procedures are pexyieh para. 7.4.3.

A hydrogen storage system is filled to half-fujuid level and exposed to
fire in accordance with test procedure para. 7.4Be pressure relief
device(s) shall release the contained gas in arated manner without
rupture.

For steel containers the test is passed whenetiidrements relating to the
pressure limits for the pressure relief deviceslescribed in para. 7.4.3. are
fulfilled. For other container materials, an eqleva level of safety shall be
demonstrated.

Verification of Components
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7.2.4.1.

7.2.4.2.

7.2.5.

7.3.

The entire storage system does not have to beiakfigd (para. 7.2.) if

container shut-off devices and pressure reliefaevicomponents in Figure
4 of the preamble excluding the storage contairse® exchanged for
equivalent components having comparable functittimds, and dimensions,
and qualified for performance using the same qualibn (paras. 7.2.4.1.
and 7.2.4.2.) as the original components.

Pressure Relief Devices Qualification Rements

Design qualification testing shall be conducted fimished pressure relief
devices which are representative of normal produactiThe pressure relief
devices shall meet the following performance gidifon requirements:

(a) Pressure Test (para. 7.4.4.1. test procedure)

(b) External leakage Test (para. 7.4.4.2. testguiure)

(c) Operational Test (para. 7.4.4.4. test proog)du

(d)  Corrosion Resistance Test (para. 7.4.4.4 presedure)
(e)  Temperature cycle Test (para. 7.4.4.8. textquiure)
Shut-off Valves Qualification Requirements

Design qualification testing shall be conductedinished shut-off valves (in
Figure 4 of the preamble named shut-off devicesiclwlare representative
for normal production. The valve shall meet theldiwing performance
gualification requirements:

(a) Pressure Test (para. 7.4.4.1. test procedure)

(b)  External leakage Test (para. 7.4.4.2. testquore)

(c)  Endurance Test (para. 7.4.4.3. test procedure)

(d)  Corrosion Resistance Test (para. 7.4.4.5 prestedure)
(e) Resistance to dry-heat Test (para. 7.4.4.6ptesedure)
() Ozone ageing Test (para. 7.4.4.7. test proadur

() Temperature cycle Test (para. 7.4.4.8. testqutore)

(h)  Flex Line Cycle Test (para. 7.4.4.9. test pdoce)
Labelling

A label shall be permanently affixed on each ciotawith at least the
following information: Name of the Manufacturer,rié¢ Number, Date of
Manufacture, MAWP, Type of Fuel. Any label affixéd the container in
compliance with this section shall remain in plaCentracting parties may
specify additional labelling requirements.

LHSS Fuel System Integrity

This section specifies requirements for the intggof the hydrogen fuel
delivery system, which includes the liquid hydroggarage system, piping,
joints, and components in which hydrogen is pres@ihiese requirements are
in addition to requirements specified in para. 5&l of which apply to
vehicles with liquid hydrogen storage systems witle exception of
para. 5.2.1.1. The fuelling receptacle label stiaflignate liquid hydrogen as
the fuel type. Test procedures are given in paf. 7
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7.3.1.

7.3.2.

7.4.
7.4.1.

7.4.1.1.

7.4.1.2.

Flammable materials used in the vehiclel ffeprotected from liquefied air
that may condense on elements of the fuel system.

The insulation of the components shall pnéeuEuefaction of the air in
contact with the outer surfaces, unless a systegoided for collecting and
vaporizing the liquefied air. The materials of t@mponents nearby shall be
compatible with an atmosphere enriched with oxygen.

Test Procedures for LHSS Design Qualification
Verification Tests for Baseline Metrics
Proof pressure test

The inner container and the pipe work situatedveen the inner container
and the outer jacket shall withstand an inner pnesstest at room
temperature according to the following requirements

The test pressureep is defined by the manufacturer and shall fulfie th
following requirements:

Prest> 1.3 (MAWP + 0.1 MPa)

(@) For metallic containers, eitheggpis equal to or greater than the
maximum pressure of the inner container duringtfan@inagement (as
determined in para. 7.4.2.3.) or the manufactureves by calculation
that at the maximum pressure of the inner contath&ing fault
management no yield occurs.

(b)  For non-metallic containers,.§ is equal to or greater than the
maximum pressure of the inner container duringtfaidinagement (as
determined in para. 7.4.2.3.).

The test is conducted according to the followingcedure:

(a) The test is conducted on the inner storage agmet and the
interconnecting pipes between inner storage costaémd vacuum
jacket before the outer jacket is mounted.

(b)  The testis either conducted hydraulically witater or a glycol/water
mixture, or alternatively with gas. The containepressurized to test
pressure gy at an even rate and kept at that pressure faast 110
minutes.

(c) The test is done at ambient temperature. Incdse of using gas to
pressurize the container, the pressurization isdora way that the
container temperature stays at or around ambierdaeature.

The test is passed successfully if, during the fis minutes after applying
the proof pressure, no visible permanent deformatio visible degradation
in the container pressure and no visible leakagelatectable.

Baseline Initial Burst Pressure
The test is conducted according to the followingcedure:
(&  The testis conducted on the inner containandiient temperature.

(b)  The test is conducted hydraulically with watar a water/glycol
mixture.

(c) The pressure is increased at a constant rait,erceeding 0.5
MPa/min until burst or leakage of the containerursc
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7.4.1.3.

7.4.2.
7.4.2.1.

(d)  When the Maximum Allowable Working Pressure (WR) is
reached there is a wait period of at least ten tesat constant
pressure, during which time the deformation of tbatainer can be
checked.

(e)  The pressure is recorded or written duringethifre test.

For steel inner containers, the test is passedesafidly if at least one of the
two passing criteria described in para. 5.2.1.2.fuBilled. For inner
containers made out of an aluminium alloy or otheaterial, a passing
criterion shall be defined which guarantees attlédas same level of safety
compared to steel inner containers.

Baseline Pressure Cycle Life

Containers and/or vacuum jackets are pressure ccywith a number of

cycles at least three times the number of possilllgoressure cycles (from
the lowest to highest operating pressure) for arpeeted on-road
performance. The number of pressure cycles is eefby the manufacturer
under consideration of operating pressure ranges of the storage and,
respectively, maximum number of refuellings and mmasn number of

pressure cycles under extreme usage and storadéions. Pressure cycling
is conducted between atmospheric pressure and MAMRuid nitrogen

temperatures, e.g. by filling the container witjuid nitrogen to certain level
and alternately pressurizing and depressurizingith (pre-cooled) gaseous
nitrogen or helium.

Verification for Expected On-road Performman
Boil-off test
The test is conducted according to the followingcedure:

(@) For pre-conditioning, the container is fuellgith liquid hydrogen to
the specified maximum filling level. Hydrogen is bsequently
extracted until it meets half filling level, andetlsystem is allowed to
completely cool down for at least 24 hours and imam of 48
hours.

(b)  The container is filled to the specified maxmfilling level.
(c)  The container is pressurized until boil-off ggare is reached.

(d)  The test lasts for at least another 48 houey &bil-off started and is
not terminated before the pressure stabilizes sBresstabilization has
occurred when the average pressure does not iecoyas a two hour
period.

The pressure of the inner container is recordedrdten during the entire
test. The test is passed successfully if the falhgwrequirements are
fulfilled:

(@)  The pressure stabilizes and stays below MAWihduhe whole test.

(b)  The pressure relief devices are not allowedpen during the whole
test.

The pressure of the inner container shall be restbrt written during the
entire test. The test is passed when the followgggirements are fulfilled:
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(@)  The pressure shall stabilize and stay below MAWdring the whole
test.

(b)  The pressure relief devices are not allowedpen during the whole
test.

7.4.2.2. Leak test

The test shall is conducted according to the praeeddescribed in
para. 7.4.4.2.

7.4.2.3. Vacuum loss test
The first part of the test is conducted accordmthe following procedure:

(@  The vacuum loss test is conducted with a cotalgleooled-down
container (according to the procedure in para2714.

(b)  The container is filled with liquid hydrogen tthe specified
maximum filling level.

(c) The vacuum enclosure is flooded with air at ewen rate to
atmospheric pressure.

(d)  The test is terminated when the first pressalief device does not
open any more.

The pressure of the inner container and the vacjacket is recorded or
written during the entire test. The opening pressfrthe first safety device
is recorded or written. The first part of test iasped if the following
requirements are fulfilled:

(@)  The first pressure relief device opens belowtdlAWP and limit the
pressure to not more than 110 per cent of the MAWP.

(b)  The first pressure relief device does not opgnpressure above
MAWP.

(c)  The secondary pressure relief device does pen auring the entire
test.

After passing the first part, the test shall beespd subsequently to re-
generation of the vacuum and cool-down of the doateas described above.

(@) The vacuum is re-generated to a value spedifjethe manufacturer.
The vacuum shall be maintained at least 24 hours.vRcuum pump
may stay connected until the time directly befdne start of the
vacuum loss.

(b) The second part of the vacuum loss test is woted with a
completely cooled-down container (according to fvecedure in
para. 7.4.2.1.).

(c)  The container is filled to the specified maxmfilling level.

(d)  The line downstream the first safety relief idevis blocked and the
vacuum enclosure is flooded with air at an ever tatatmospheric
pressure.

(e)  The test is terminated when the second preselie¢ device does not
open any more.

107



ECE/TRANS/WP.29/GRSP/2011/33

108

7.4.3.

The pressure of the inner container and the vacjachket is recorded or
written during the entire test. For steel contasrtee second part of the test is
passed if the second pressure relief device doespesm below 110 per cent
of the set pressure of the first safety relief devénd limits the pressure in
the container to a maximum 136 per cent of the MAWN® safety valve is
used, or, 150 per cent of the MAWP if a burst dislused as the second
safety relief device. For other container materias equivalent level of
safety shall be demonstrated.

Verification Test for Service-Terminatingriormance Due to Fire

The tested liquid hydrogen storage system shalrdpeesentative of the
design and the manufacturing of the type to be hogated. Its
manufacturing shall be completely finished andhialsbe mounted with all
its equipment.

The first part of the test is conductactording to the following procedure:

(@ The bonfire test is conducted with a completelyoled-down
container (according to the procedure in para2714.

(b)  The container contained during the previoushddrs a volume of
liquid hydrogen at least equal to half of the watelume of the inner
container.

(c)  The container is filled with liquid hydrogen $loat the quantity of
liquid hydrogen measured by the mass measuremstarsyis half of
the maximum allowed quantity that may be contaiiredhe inner
container.

(d)  Afire burns 0.1 m underneath the containee TEmgth and the width
of the fire exceed the plan dimensions of the doataby 0.1 m. The
temperature of the fire is at least 590 °C. The §hall continue to
burn for the duration of the test.

(e)  The pressure of the container at the beginafrte test is between 0
MPa and 0.01 MPa at the boiling point of hydrogentlie inner
container.

) The test shall continue until the storage puesslecreases to or below
the pressure at the beginning of the test, orraterely in case the
first PRD is a re-closing type, the test shall cwm until the safety
device has opened for a second time.

(@ The test conditions and the maximum pressuaehed within the
container during the test are recorded in a tesificate signed by the
manufacturer and the technical service.

The test is passed if the following requiremenésfatfilled:

(@) The secondary pressure relief device is notatee below 110 per
cent of the set pressure of the primary presslief device.

(b)  The container shall not burst and the presdoside the inner
container shall not exceed the permissible fautigeaof the inner
container.

The permissible fault range for steel containeesi$ollows:

(a) If a safety valve is used as secondary preseeiief device, the
pressure inside the container does not exceed &B&cgnt of the
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7.4.4.

7.4.4.1.

7.4.4.2.

Maximum Allowable Working Pressure (MAWP) of the ner
container.

(b) If a burst disk is used outside the vacuum aegecondary pressure
relief device, the pressure inside the containdimséted to 150 per
cent of the Maximum Allowable Working Pressure (MM)Vof the
inner container.

(c) If a burst disk is used inside the vacuum agaecondary pressure
relief device, the pressure inside the containdmiged to 150 per
cent of the Maximum Allowable Working Pressure pud MPa
(MAWP + 0.1 MPa) of the inner container.

For other materials, an equivalent level of sai#tgll be demonstrated.
Component Verification Tests

Testing shall be performed with hydrogen gas hagag quality compliant
with 1SO 14687-2/SAE J2719. All tests shall be perfed at ambient
temperature 20)°C unless otherwise specified. The HPRD qualifica
performance tests are specified as follows:

Pressure Test

A hydrogen containing component shall withstandhwitt any visible
evidence of leak or deformation a test pressur&58f per cent Maximum
Allowable Working Pressure (MAWP) with the outleitthe high pressure
part plugged. The pressure shall subsequentlydseased from 150 per cent
to 300 per cent Maximum Allowable Working PressyMAWP). The
component shall not show any visible evidence pfure or cracks.

The pressure supply system shall be equipped wjtbs#tive shut-off valve
and a pressure gauge having a pressure range ¢dssothan 150 per cent
and no more than 200 per cent of the test prestheegccuracy of the gauge
shall be 1 per cent of the pressure range.

For components requiring a leakage test, thisstestl be performed prior to
the pressure test.

External leakage Test

A component shall be free from leakage through stetnody seals or other
joints, and shall not show evidence of porositycasting when tested as
described in para. 7.4.4.3.3. at any gas pressateekn zero and its
Maximum Allowable Working Pressure (MAWP).

The test shall be performed on the same equipmenthe following
conditions:

(@) at ambient temperature;

(b) at the minimum operating temperature or at itlguitrogen
temperature after sufficient conditioning time histtemperature to
ensure thermal stability;

(c) at the maximum operating temperature afterigefit conditioning
time at this temperature to ensure thermal stgbilit

During this test, the equipment under test shalt@enected to a source of
gas pressure. A positive shut-off valve and a presgiauge having a
pressure range of not less than 150 per cent anthor@ than 200 per cent of

109



ECE/TRANS/WP.29/GRSP/2011/33

the test pressure shall be installed in the pressupply piping; the accuracy
of the gauge shall be 1 per cent of the pressurgeraThe pressure gauge
shall be installed between the positive shut-offf@aand the sample under
test.

Throughout the test, the sample shall be testedefitkage, with a surface
active agent without formation of bubbles or meaduwith a leakage rate
less than 216 Nml/hour.

7.4.4.3. Endurance Test

7.4.4.3.1. A component shall be capable of confognb the applicable leakage test
requirements of paras. 7.4.4.2. and 7.4.4.9., &kémg subjected to 20000
operation cycles.

7.4.4.3.2. The appropriate tests for external lgakand seat leakage, as described in
paras. 7.4.4.2. and 7.4.4.9. shall be carried wumddiately following the
endurance test.

7.4.4.3.3. The shut-off valve shall be securelynemted to a pressurized source of dry
air or nitrogen and subjected to 20000 operatiaiesy A cycle shall consist
of one opening and one closing of the componertiwi period of not less
than 10 £ 2 seconds.

7.4.4.3.4, The component shall be operated thrad@@tper cent of the number of
specified cycles at ambient temperature and alWtA&/P of the component.
During the off cycle the downstream pressure of témt fixture shall be
allowed to decay to 50 per cent of the MAWP of ¢tbenponent.

7.4.4.3.5. The component shall be operated thr@ugér cent of the total cycles at the
maximum material temperature (-40°C to +85 °C) eraftsufficient
conditioning time at this temperature to ensurernta stability and at
MAWP. The component shall comply with paras. 72..4nd 7.4.4.9. at the
appropriate  maximum material temperature (-40 °C +H86 °C) at the
completion of the high temperature cycles.

7.4.4.3.6. The component shall be operated thr@ugér cent of the total cycles at the
minimum material temperature (-40 °C to +85 °C) Inatt less than the
temperature of liquid nitrogen after sufficient dafoning time at this
temperature to ensure thermal stability and atMi#&VP of the component.
The component shall comply with paras. 7.4.4.2. ahd.4.9. at the
appropriate  minimum material temperature (-40 °C #85 °C) at the
completion of the low temperature cycles.

7.4.4.4. Operational Test

The operational test shall be carried out in ataoce with EN 13648-1 or
EN 13648 2. The specific requirements of the stethdee applicable.

7.4.4.5. Corrosion Resistance Test

Metallic hydrogen components shall comply with kbakage tests referred to
paras. 7.4.4.2. and 7.4.4.9. after being submttiet44 hours salt spray test
according to 1ISO 9227 with all connections closed.

A copper or brass hydrogen containing componeatl sfomply with the
leakage tests referred to paras. 7.4.4.2. and.9.44d after being submitted
to 24 hours immersion in ammonia according to IS@676 with all
connections closed.
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7.4.4.6. Resistance to dry-heat Test

The test shall be carried out in compliance wit® I838. The test piece shall
be exposed to air at a temperature equal to theirmax operating

temperature for 168 hours. The change in tensikngth shall not exceed
+25 per cent. The change in ultimate elongationll shat exceed the

following values:

maximum increase 10 per cent,
maximum decrease 30 per cent.
7.4.4.7. Ozone ageing Test

The test shall be in compliance with ISO 1431-e Test piece, which shall
be stressed to 20 per cent elongation, shall besexpto air at +40 °C with
an ozone concentration of 50 parts per hundredomiduring 120 hours.

No cracking of the test piece is allowed.
7.4.4.8. Temperature cycle Test

A non-metallic part containing hydrogen shall cdynpith the leakage tests
referred to in paras. 7.4.4.2. and 7.4.4.9. aféetirty been submitted to a 96
hours temperature cycle from the minimum operatamgperature up to the
maximum operating temperature with a cycle timeldd minutes, under
Maximum Allowable Working Pressure (MAWP).

7.4.4.9. Flex Line Cycle Test

Any flexible fuel line shall be capable of confang to the applicable
leakage test requirements referred to in para4.2.4.after being subjected to
6,000 pressure cycles.

The pressure shall change from atmospheric presturthe Maximum
Allowable Working Pressure (MAWP) of the containgthin less than five
seconds, and after a time of at least five secomstigll decrease to
atmospheric pressure within less than five seconds.

The appropriate test for external leakage, asnetleto in para. 7.4.4.2., shall
be carried out immediately following the endurates.

7.5. Test Procedures for LHSS Fuel System
7.5.1. Post-Crash Leak Test — Liquid Hydrogen Sfera

Prior to the vehicle crash test, the followingpsteare taken to prepare the
Liquefied Hydrogen Storage System (LHSS):

(@) If the vehicle does not already have the follgyvcapabilities as part
of the standard vehicle, and tests in para. 6drd.to be performed;
the following shall be installed before the test:

0] LHSS Pressure Sensor. The pressure sensor lshnadl a full
scale of reading of at least 150 per cent of MA\WPaccuracy
of at least 1 per cent of full scale, and capableading values
of at least 10 kPa.

(i) LHSS Temperature Sensor. The temperature sesisall be
capable of measuring cryogenic temperatures expdigéore
crash. The sensor is located on an outlet, asagpossible to
the container.
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7.5.1.1.

(i)  Fill and drain ports. The ability to add angmove both
liquefied and gaseous contents of the LHSS befark ater
the crash test shall be provided.

(b)  The LHSS is purged with at least 5 volumesitstbgen gas.

(c)  The LHSS is filled with nitrogen to the equieate of the maximum
fill level of hydrogen by weight.

(d)  After fill, the (nitrogen) gas vent is to beoskd, and the container
allowed to equilibrate.

(e)  The leak-tightness of the LHSS is confirmed.

After the LHSS pressure and temperature sensoisatedthat the system has
cooled and equilibrated, the vehicle shall be erdsper state or regional
regulation. Following the crash, there shall bevisible leak of cold nitrogen
gas or liquid for a period of at least 1 hour aftex crash. Additionally, the
operability of the pressure controls or PressurieRBevices (PRDs) shall
be proven to ensure that the LHSS is protectechagburst after the crash. If
the LHSS vacuum has not been compromised by ttsh critrogen gas may
be added to the LHSS via the fill / drain port Lptiessure controls and/or
PRDs are activated. In the case of re-closing pressontrols or PRDs,
activation and re-closing for at least 2 cycledlidh@ demonstrated. Exhaust
from the venting of the pressure controls or th®BRhall not be vented to
the passenger, luggage, or cargo compartmentsgdilmése post-crash tests.

Following confirmation that the pressure controtl/an safety relief valves
are still functional, a leak test shall be conddcten the LHSS using the
procedures in either para. 6.1.1.1. or para. 1.1.

Either test procedure para. 7.5.1.1. or the atera test procedure
para. 7.5.1.2. (consisting of paras. 7.5.1.2.1. ah8.1.2.2) may be
undertaken to satisfy test procedure para. 7.5.1.

Post-Crash Leak Test for the Liquefied tdgen Storage Systems (LHSSs)

The following test would replace both the leak tagara. 7.5.1.2.1. and gas
concentration measurements as defined in para.l.Z.3. Following
confirmation that the pressure control and/or safelief valves are still
functional; the leak tightness of the LHSS may Ibevpn by detecting all
possible leaking parts with a sniff sensor of abcated Helium leak test
device used in sniff modus. The test can be peddras an alternative if the
following pre-conditions are fulfilled:

(@) No possible leaking part shall be below theiitignitrogen level on
the storage container

(b)  All possible leaking parts are pressurized widlium gas when the
LHSS is pressurized.

(c)  Required covers and/or body panels and partdeaemoved to gain
access to all potential leak sites.

Prior to the test the manufacturer shall providestaof all possible leaking
parts of the LHSS. Possible leaking parts are:

(@  Any connectors between pipes and between pipgshe container

(b)  Any welding of pipes and components downstré#aencontainer
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7.5.1.2.

7.5.1.2.1.

7.5.1.2.2.

(c) Valves
(d)  Flexible lines
(e) Sensors

Prior to the leak test overpressure in the LHSSukhde released to
atmospheric pressure and afterwards the LHSS sHmildressurized with
helium to at least the operating pressure but talbw the normal pressure
control setting (so the pressure regulators do amivate during the test
period). The test is passed if the total leakageush (i.e. the sum of all
detected leakage points) is less than 216 Nml/hr.

Alternative Post-Crash Tests for Liquefigdirogen Storage Systems

Both tests of paras. 7.5.1.2.1. and 7.5.1.2.2.carelucted under the test
procedure of para. 7.5.1.2.

Alternative Post-Crash Leak Test for thiquefied Hydrogen Storage
Systems

Following confirmation that the pressure controblé®r safety relief valves

are still functional, the following test may be duocted to measure the post-
crash leakage. The concentration test in paral.8.Ehall be conducted in
parallel for the 60 minute test period if the hyglen concentration has not
already been directly measured following the veh@hsh.

The container shall be vented to atmospheric presand the liquefied
contents of the container shall be removed ancctiitainer shall be heated
up to ambient temperature. The heat-up could bedem. by purging the
container sufficient times with warm nitrogen orcieasing the vacuum
pressure.

If the pressure control set point is less tharp80 cent of the MAWP, the
pressure control shall be disabled so that it demsactivate and vent gas
during the leak test.

The container shall then be purged with heliuneibiyer:
(@) flowing at least 5 volumes through the containe
or

(b)  pressurizing and de-pressurizing the contather LHSS at least 5
times.

The LHSS shall then be filled with helium to 80 gent of the MAWP of the

container or to within 10 per cent of the primamsiief valve setting,

whichever results in the lower pressure, and heddafperiod of 60 minutes.
The measured pressure loss over the 60 minut@éesd shall be less than
less than or equal to the following criterion basedthe liquid capacity of
the LHSS:

(a) 2 atm allowable loss for 100L systems or less;

(b) 1 atm allowable loss for systems greater th@@lLland less than or
equal to 200L; and

(c) 0.5 atm allowable for systems greater than 200L
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The measurements shall be recorded in the crasthtgsevaluates potential
liquid hydrogen leakage in test procedure para.l1228l. if the LHSS

contains hydrogen for the crash test or during HeBum leak test in test
procedure para. 6.1.2.

Select sensors to measure the build-up of hydragehelium (depending
which gas is contained within the Liquefied Hydrog8torage Systems
(LHSSs) for the crash test. Sensors may measutrereineasure the
hydrogen/helium content of the atmosphere withia tompartments or
measure the reduction in oxygen (due to displacémérair by leaking
hydrogen/helium).

The sensors shall be calibrated to traceableaefes, have an accuracy of 5
per cent of reading at the targeted criteria o4 gent hydrogen (for a test
with liquefied hydrogen) or 0.8 per cent helium\mlume in the air (for a
test at room temperature with helium), and a fudhle measurement
capability of at least 25 per cent above the tacgétria. The sensor shall be
capable of a 90 per cent response to a full scaémge in concentration
within 10 seconds.

The installation in vehicles with LHSSs shall mtet same requirements as
for vehicles with compressed hydrogen storage syst@ para. 6.1.2. Data
from the sensors shall be collected at least eévesgconds and continue for a
period of 60 minutes after the vehicle comes tes if post-crash hydrogen
is being measured or after the initiation of thédiume leak test if helium
build-up is being measured. Up to a 5 second igliverage may be applied
to the measurements to provide "smoothing" anerfiéffects of spurious
data points. The rolling average of each sensdit bhabelow the targeted
criteria of 4 per cent hydrogen (for a test wituiéfied hydrogen) or 0.8 per
cent helium by volume in the air (for a test atmoemperature with helium)
at all times throughout the 60 minute post-crasheriod.




