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A. STATEMENT OF TECHNICAL RATIONALE AND JUSTIFICATI  ON

A.l1 INTRODUCTION

A 1.1 Inthe ongoing debates over the need totiiyenew sources of energy and to reduce the
emissions of greenhouse gases, companies aroumstltehave explored the use of various
alternative fuels, including compressed natural bqgefied propane gas, and hydrogen.
Hydrogen has emerged as one of the most promitieigpatives due to its emissions from the
vehicle being virtually zero. In the late 1990ise tEuropean Community allocated resources to
study the issue under its European Integrated Hyairéroject (EIHP) and forwarded the
results, two ECE-drafts for compressed gaseousiguefied Hydrogen, to UN-ECHhe
follow-up project, EIHP2, initiated discussions abthe possibility of a Global Technical
Regulation for hydrogen fueled vehicles. A fewrgdater, the United States outlined a vision
for a global initiative, the International Partsigip on the Hydrogen Economy, and invited
Japan, the European Union, China, Russia and nthey countries to participate in this effort.

A.1.2 For decades scientists, researchers ambgtsts have pointed to hydrogen, in both
compressed gaseous and liquid forms, as a posdibteative to gasoline and diesel as a vehicle
fuel. Ensuring the safe use of hydrogen as a fualdritical element in successful transitioning

to a global hydrogen economy. By their naturefusls present an inherent degree of danger due
to their energy content. The safe use of hydrogartjcularly in the compressed gaseous form,
lies in preventing catastrophic failures involviagombination of fuel, air and ignition sources

as well as pressure and electrical hazards.

A.1.3 The governments have identified the devalept of regulations and standards as one of
the key requirements for commercialization of hypno-fueled vehicles. Regulations and
standards will help overcome technological bardersommercialization, facilitate
manufacturers’ investment in building hydrogen-&akeVehicles and facilitate public acceptance
by providing a systematic and accurate means ekasgy and communicating the risk
associated with the use of hydrogen vehicles, twettie general public, consumer, emergency
response personnel or the insurance industry.

A.1.4 The development of this United Nations Gllobechnical Regulation (UN-GTR) No.

XX for Hydrogen Fueled Vehicles occurred under\tierld Forum for Harmonization of
Vehicle Regulations (Working Party 29 (WP.29))oé inland Transportation Committee (ITC)
of the United Nations Economic Commission for Er@PdNECE). The goals of this global
technical regulation (GTR) are to develop and éstala GTR for hydrogen-fueled vehicles that:
(1) attains or exceeds the equivalent levels ddtgais those for conventional gasoline fueled
vehicles; and (2) is performance-based and doesestrict future technologies.

A2 GTR ACTION PLAN

A.2.1 Given that hydrogen-fueled vehicle techggl still emerging, the WP.29 Executive
Committee of the 1998 Agreement (WP.29/AC.3), agitbat input from researchers is a vital
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component of this effort. Using existing regulasaand standards of hydrogen fueled fuel cell
vehicles (HFCVs) and conventional vehicles as dejut is important to investigate and
consider: (1) the main differences between congeativehicles and hydrogen-fueled vehicles
in safety and environmental issues; and, (2) tblertieal justification for requirements that
would be applied to hydrogen-fueled vehicles.

A.2.2 In June 2005, WP.29/AC.3 agreed to a pralpgpsm Germany, Japan and United States
of America regarding how best to manage the dewvedop process for a GTR on hydrogen-
fueled vehicles (ECE/TRANS/WP.29/AC.3/17). Undez igreed-upon process, once AC.3
approved an action plan for the development of & Gibmitted by the co-sponsors, two
subgroups were formed to address the safety anehthieonment aspects of the GTR. The
subgroup on safety for hydrogen fueled fuel cefligies (HFCV-SGS) reported to the WP.29
subsidiary Working Party on Passive Safety (GRIHHCV-SGS was chaired by Japan. The
chair for the group was designated in the summe006#. The environmental subgroup (HFCV-
SGE) was chaired by the European Commission arattegpto the WP.29 subsidiary Working
Party on Pollution and Energy (GRPE). In ordegnsure communication between the
subgroups and continuous engagement with WP.2@&n8l, the project manager (Germany)
coordinated and managed the various aspects @fdHeto ensure 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 of thERXZovered fuel cell (FC) and internal
combustion engine (ICE), compressed gaseous hydi@@H2) and liquid hydrogen (LH2)
GTR. At a subsequent session of WP.29, the GTiBraplan was submitted and approved by
AC.3 (ECE/TRANS/WP.29/2007/41).

A.2.3 In order to develop the GTR in the conteixévolving hydrogen technologies, the
trilateral group of co-sponsors proposes to devilepgGTR in two phases:

a. Phase 1 (GTR for hydrogen-fueled vehicles):
Establish a GTR by 2010 for hydrogen-fueled velitlased on a combination of
component-, subsystem-, and vehicle-level requerémlr The GTR specifies that each
contracting party will use its existing nationahgh tests where vehicle crash tests are
required, but and will use the agreed upon maxirallowable level of hydrogen leakage
as the crash test leakage requirement. The ngandae national regulation, and any
available research and test data will be usedoasia for the development of this first
phase of the GTR.

b. Phase 2 (Assess future technologies and harmoragh tests):
Amend the GTR to maintain its relevance with nawdiings based on new research and
the state of the technology beyond phase 1. Désleaw to harmonize crash test
requirements for HFCV regarding whole vehicle cristting for fuel system integrity.

A.2.4 The GTR will consist of the following kejeenents:

a. Component and subsystem level requirementsqrash test based):
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b.

Evaluate the non-crash requirements by reviewiradyaes and evaluations conducted to
justify the requirements. Add and subtract requeats or amend test procedures as
necessary based on existing evaluations or on gwakiations that could be conducted
by Contracting Parties and participants. Avoidiglespecific requirements to the extent
possible and do not include provisions that argedhnically justified. The main areas
of focus are:

i. Performance requirements for hydrogen storage rmgstieigh-pressure closures,
pressure relief devices, and fuel lines.
ii. Electrical isolation, safety and protection agagisttric shock (in-use).
iii. Performance and other requirements for sub-systegriation in the vehicle.

Vehicle-level requirements:
Examine the risks posed by the different typesief §ystems in different crash modes.
Review and evaluate analyses and crash tests deddiacexamine the risks and identify

appropriate mitigating measures for hydrogen-fuelgucles. The main areas of focus
are as follows:

I. In-use and post-crash limits on hydrogen releaBest-crash leakage limits apply
following execution of crash tests (front, side aedr) that are specified in national
requirements for crash safety testing in eachdieci®n.

ii. In-use and post-crash requirements for electrsmhtion and protection against
electric shock. Post-crash electrical safety gatapply following execution of
crash tests (front, side and rear) that are sgekifi national requirements for crash
safety testing in each jurisdiction.

A.3 DESCRIPTION OF TYPICAL HYDROGEN-FUELED FUEL C ELL
VEHICLES (HFCVs)

A.3.1 VEHICLE DESCRIPTION

A.3.1.1 Hydrogen fueled vehicles can use eithiarnal combustion engine (ICESs) or fuel cells
to provide power; however, hydrogen-fueled vehidestypically powered by fuel cell power
systems. Hydrogen-fueled fuel cell vehicles (HFCNave an electric drive-train powered by a
fuel cell that generates electric power electrodbalty using hydrogen. In general, HFCVs are
equipped with other advanced technologies to iseredficiency, such as regenerative braking
systems that capture the kinetic energy lost durinaging and store it in a battery or ultra-
capacitors. While the various HFCVs are likelyitfer with regard to details of the systems
and hardware/software implementations, the follgwimgjor systems are common to most
HFCVs:

Hydrogen fueling system
Hydrogen storage system
Hydrogen fuel delivery system
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* Fuel cell system
» Electric propulsion and power management system

A.3.1.2 A high-level schematic depicting the ftioial interactions of the major systems in a
hydrogen-fueled fuel cell vehicle (HFCV) is shownFigure A.1. During fueling, hydrogen is
supplied to the vehicle through the fueling recelgtand flows to the hydrogen storage system.
The hydrogen supplied to and stored within the bgdn storage system can be either
compressed gaseous or liquefied hydrogen. Whewethiele is started, hydrogen gas is released
from the hydrogen storage system. Pressure regsilahd other equipment within the hydrogen
delivery system reduce the pressure to the ap@tepavel for operation of the fuel cell system.
The hydrogen is electro-chemically combined witlygen (from air) within the fuel cell system
to produce high-voltage electric power. That gle@ower is supplied to the electric
propulsion power management system where it is tespdwer electric drive motors and/or
charge batteries and ultra-capacitors.
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Figure A.1. Example of High-level Schematic of Key = Systems in HFCVs

A.3.1.3 Figure A.2 illustrates a typical layoditkey components in the major systems of a
typical hydrogen fuel cell vehicle (HFCV). The g receptacle is shown in a typical position
on the rear quarter panel of the vehicle. As \gd#Bloline containers, hydrogen storage
containers, whether compressed gas or liquefiedolgygh, are usually mounted transversely in
the rear of the vehicle, but could also be moudi#édrently, such as lengthwise in the middle
tunnel of the vehicle. Fuel cells and ancillaaes usually located (as shown) under the
passenger compartment or in the traditional “engomapartment,” along with the power
management, drive motor controller, and drive metdgiven the size and weight of traction
batteries and ultra-capacitors, these componeatssarally located in the vehicle to retain the
desired weight balance for proper handling of takicle.
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A.3.1.4 A typical arrangement of componentradfydrogen fueled vehicle with compressed
hydrogen storage and powered by a fuel cell is shiowrigure A.2.
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Figure A.2. Example of a Hydrogen Fuel Cell Vehid

A.3.2 HYDROGEN FUELING SYSTEM

A.3.2.1 Either liquefied or compressed gas magupplied to the vehicle at a fueling station,

depending on the type of hydrogen storage systdheinehicle. At present, hydrogen is most

commonly dispensed to vehicles as a compressethgiais dispensed at pressures up to 125%
of the nominal working pressure (NWP) of the vehitd compensate for transient heating from
adiabatic compression during fueling.

A.3.2.2 Regardless of state of the hydrogeny#igcles are fuelled through a special fueling
nozzle on the fuel dispenser at the fueling statath connects with the fueling receptacle on the
vehicle to provide a “closed system” transfer ofltogen to the vehicle. The fueling receptacle
on the vehicle contains a check valve (or otheiadg\that prevents leakage of hydrogen out of
the vehicle when the fueling nozzle is disconnected

A.3.2.3 In addition to the above features onudlgicle, the fuel dispenser at the fueling station

also contains safe-guards to monitor the fuelimmg@ss and ensure that the temperature, pressure
and density in the hydrogen storage system doxuatesl safety limits.
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A.3.3 HYDROGEN STORAGE SYSTEM

The hydrogen storage system consists of all conmgerikat form the primary high pressure
boundary for containment of stored hydrogen. Téefkinctions of the hydrogen storage system
are to receive hydrogen during fueling, containtifidrogen until needed, and then release the
hydrogen to the fuel cell system for use in powgtime vehicle. At present, the most common
method of storing and delivering hydrogen fuel @adal is in compressed gas form. Hydrogen
can also be stored as liquid (at cryogenic conasjio Each of these types of hydrogen storage
systems are described in the following sections.

Additional types of hydrogen storage, such as agampressed storage, may be covered in
future revisions of this GTR once their developiteas matured. Cryo-Compressed Hydrogen
(CcH2) storage is a hybrid between liquid and caaged gas storage which can be fueled with
both cryogenic-compressed and compressed hydragen g

A.3.3.1 COMPRESSED HYDROGEN STORAGE SYSTEM

A.3.3.1.1 Components of a typical compresseddyein storage system are shown in Figure
A.3. The system includes the container and &kkiotomponents that form the “primary
pressure boundary” that prevents hydrogen frompaésgahe system. In this case, the following
components are part of the compressed hydrogesg&teystem:

e the container,

e the check valve,

e the shut-off valve,

* the thermally-activated pressure relief device (DPR

Storage
Container

Figure A.3. Typical Compressed Hydrogen StorageyStem

A.3.3.1.2 The hydrogen storage containers shlme&ompressed hydrogen gas. A hydrogen
storage system may contain more than one contdépEnding on the amount that needs to be
stored and the physical constraints of the padicuéhicle. Hydrogen fuel has a low energy
density per unit volume. To overcome this limiati compressed hydrogen storage containers
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store the hydrogen at very high pressures. Oreotidevelopment vehicles (prior to 2011),
hydrogen has typically been stored at a nominakimgrpressure of 35 MPa or 70 MPa , with
maximum fueling pressures of 125% of nominal wagkimessure (43.8 MPa or 87.5 MPa
respectively). During the normal “fast fill” fuelinprocess, the pressure inside the container(s)
may rise to 25% above the nominal working presasradiabatic compression of the gas causes
heating within the containers. As the temperaiutbe container cools after fueling, the
pressure is reduced. By definition, the settlexbpure of the system will be equal to the nominal
working pressure when the container is at 15C feBght pressures (that are higher or lower or
in between current selections) are possible ifuhge as commercialization proceeds.

A.3.3.1.3 Containers are currently constructedhfcomposite materials in order to meet the
challenge of high pressure containment of hydragenweight that is acceptable for vehicular
applications. Most high pressure hydrogen stocag¢ainers used in fuel cell vehicles consist
of two layers: an inner liner that prevents gakége/permeation (usually made of metal or
thermoplastic polymer), and an outer layer thavjol®s structural integrity (usually made of
metal or thermoset resin-impregnated fiber-reirddrcomposite wrapped over the gas-sealing
inner liner).

A.3.3.1.4 During fueling, hydrogen enters th@age system through a check valve. The
check valve prevents back-flow of hydrogen intoftieing line.

A.3.3.1.5 An automated hydrogen shut-off valvevents the out-flow of stored hydrogen
when the vehicle is not operating or when a fauttetected that requires isolation of the
hydrogen storage system.

A.3.3.1.6 Inthe event of a fire, thermallyiaated pressure relief devices (TPRDs) provide a
controlled release of the gas from the compresgdbhen storage containers before the high
temperatures in the fire weaken the containerscande a hazardous rupture. TPRDs are
designed to vent the entire contents of the coetaepidly. They do not reseat or allow re-
pressurization of the container. Storage contaiaad TPRDs that have been subjected to a fire
are expected to be removed from service and destroy

A.3.3.2 LIQUID HYDROGEN STORAGE SYSTEM

Since on-road vehicle experience with liquefiedrogegn storage systems is very limited, safety
requirements have not been comprehensively evaluatehave test procedures been widely
examined for feasibility and relevance to knowrui@ conditions. Therefore optional
requirements and test procedures for vehicles hgtiefied hydrogen storage systems are
presented in A.7 and B.7.1, respectively, for coasition by contracting parties for possible
adoption into their individual regulations. Itagpected that these requirements will be
considered for inclusion as requirements in a RIGTR that applies to vehicles with liquefied
hydrogen storage systems.
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A.3.4 HYDROGEN FUEL DELIVERY SYSTEM

A.3.4.1 The f purp hydrogen fuel delivery systeamsfers hydrogen from the storage systemi
to the propulsion system at the proper pressurdeangerature for the fuel cell (or ICE) to
operate. This is accomplished via a series offtowntrol valves, pressure regulators, filters,
piping, and heat exchangers. In vehicles withdfagd hydrogen storage systems, both liquid
and gaseous hydrogen could be released from thegstgystem and then heated to the
appropriate temperature before delivery to the ¢CRiel cell system. Similarly, in vehicles
with compressed hydrogen storage systems, thewnditoning of the gaseous hydrogen may
also be required, particularly in extremely colahgreezing weather.

A.3.4.2 The fuel delivery system must reducepfessure from levels in the hydrogen storage
system to values required by the fuel cell or I@&am. In the case of a 70 MPa NWP
compressed hydrogen storage system, for exampl@réssure may have to teeluced from as
high as 87.5 MPa to less than 1MPa at the inlgt@fuel cell system, and typically under 1.5
MPa at the inlet of an ICE system. This may regjuiultiple stages of pressure regulation to
achieve accurate and stable control and over-pregsatection of down-stream equipment in
the event that a pressure regulator fails. Ovessarre protection of the fuel delivery system
may be accomplished by venting excess hydrogethgaisgh pressure relief valves or by
isolating the hydrogen gas supply (by closing tmgt-®ff valve in the hydrogen storage system)
when a down-stream over-pressure condition is tedec

A.3.5 FUEL CELL SYSTEM

A.3.5.1 The fuel cell system generates the ettyt needed to operate the drive motors and
charge vehicle batteries and/or capacitors. Therseveral kinds of fuel cells, but Proton
Exchange Membrane (PEM) fuel cells are the commpe tised in automobiles because their
lower temperature of operation allows shorter stprttimes. The PEM fuel cells electro-
chemically combine hydrogen and oxygen (in airyeoerate electrical DC power. Fuel cells
are capable of continuous electrical generationrvgupplied with hydrogen and oxygen (air),
simultaneously generating electricity and watehwitt producing carbon dioxide (Gor other
harmful emissions typical of gasoline-fueled insrcombustion engines (ICES).

A.3.5.2 As shown in Figure A.1, typical fuel lcgystems include a blower to feed air to the
fuel cell stack. Approximately 50 to 70% of theygen supplied to the fuel cell stack is
consumed within the cells. The remainder is extealisom the system. Most of the hydrogen
that is supplied to the fuel cell system is constinvéhin the cells, but a small excess is required
to ensure that the fuel cells will not be damagébe excess hydrogen is either mixed with the
exhaust to produce a non-flammable exhaust fronvehécle or catalytically reacted.

A.3.5.2 The fuel cell system also includes aaxyl components to remove waste heat. Most
fuel cell systems are cooled by a mixture of glyamadl water. Pumps circulate the coolant
between the fuel cells and the radiator.

A.3.5.4  The individual fuel cells are usuadlgctrically connected in series in a stack such
that their combined voltage, the total stack vadtag between 300 and 600 Vdc. Since fuel cell
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stacks operate at high voltage, all reactant anthob connections (including the coolant itself)
to the fuel cell stack need to be adequately isdl&iom the conductive chassis of the vehicle to
prevent electrical shorts that could damage equipmieharm people if the insulation is
breeched.

A.3.6 ELECTRIC PROPULSION AND POWER MANAGEMENT SY STEM

A.3.6.1 The electric power generated by the dedllsystem is used to drive electric motors that
propel the vehicle. As illustrated in Figure Ani2any passenger fuel cell vehicles are front
wheel drive with the electric drive motor and drivain located in the “engine compartment”
mounted transversely over the front axle; howeottrer configurations and rear-wheel drive are
also viable options. Larger SUV-type fuel cell wds may be all- wheel drive with electric
motors on the front and rear axles or with compaators at each wheel.

A.3.6.2 The “throttle position” is used by thevdrmotor controller(s) to determine the amount
of power to be sent to the drive wheels. Many t&ll vehicles use batteries or ultra-capacitors
to supplement the output of the fuel cells. Thes@cles may also recapture energy during
stopping through regenerative braking, which rarghs the batteries or ultra-capacitors and
thereby maximizes efficiency.

A.3.6.3 The drive motors may be either DC or. ACthe drive motors are AC, the drive
motor controller must convert the DC power from finel cells, batteries, and ultra-capacitors to
AC. Conversely, if the vehicle has regeneratiwaking, the drive motor controller must convert
the AC power generated in the drive motor back @40 that the energy can be stored in the
batteries or ultra-capacitors.

A.4 RATIONALE FOR SCOPE, DEFINITIONS AND APPLICAB ILITY

A.4.1 Rationale for B. 2 ScopeThis GTR applies to hydrogen storage systems hawngnal
working pressures (NWP) of 70 MPa or less, witlassociated maximum fueling pressure of
125% of the nominal working pressure. Systems WMP up to 70 MPa include storage
systems currently expected to be of commerciatéstdor vehicle applications. In the future, if
there is interest in qualifying systems to highemimal working pressures, the test procedures
for qualification will be re-examined.

This GTR applies to fuel storage systems secutedgl@ed within a vehicle for usage throughout
the service life of the vehicle. It does not apjolystorage systems intended to be exchanged in
vehicle fueling. This GTR does not apply to vebéscWith storage systems using chemical
bonding of hydrogen; it applies to vehicles witbrage by physical containment of gaseous or
liquid hydrogen.

The hydrogen fueling infrastructure establishedmtio 2010 applies to fueling of vehicles up to

70 MPa NWP. This GTR does not address the reqemésfor the fueling station or the fueling
station/vehicle interface.
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This GTR provides requirements for fuel systemgritg in vehicle crash conditions, but does
not specify vehicle crash conditions. Contragfarties under the 1998 Agreement are
expected to execute crash conditions as specifidfieir national regulations

A.4.2 Rationale for B.3.18 and B.3.19 Definitionsf Service Life and Date of Removal
from Service. These definitions pertain to qualification oéttompressed hydrogen storage
system for on-road service. The service life esriaximum time period for which service
(usage) is qualified and/or authorized. This daent provides qualification criteria for liquid
and compressed hydrogen storage systems havingieesiée of 15 years or less (B.5.1). The
service life is specified by the manufacturer.

The date of removal from service is the calendée ¢month and year) specified for removal
from service. The date of removal from service baet by a regulatory authority. It is
expected to be the date of release by the manuéadtr initial usage plus the service life.

A.4.3 Rationale for B.4 Applicability of Requirements. The performance requirements in
B.5 address the design qualification for on-roadtise. Additional requirements in Annex B.7
are applicable for Contracting Parties with Typg#Agval systems that address the conformity of
mass production to units qualified to the requireta®f B.5. The goal of harmonization of
requirements as embodied in the United Nations &l®bchnical Regulations provides the
opportunity to develop vehicles that can be degdayeoughout Contracting Parties to achieve
uniformity of compliance and resulting economiesacdle; therefore, Type Approval
requirements beyond those specified in Annex Befhat expected.

It is expected that all Contracting Parties witagnize vehicles that meet the full requirements
of this GTR as suitable for on-road service witthair jurisdictions. Contracting Parties with
Type Approval systems may require, in addition, pbamce with their requirements for
conformity of production, material qualificationcdhydrogen embrittlement.

It is also understood that any individual ContnagtiParty may also elect to develop different
requirements for additional vehicles to qualify éor-road service within its jurisdiction. For
example:

(1) This GTR requires the use of hydrogen gagéntésting of compressed gas storage
(B.6.2.5). An individual Contracting Party mighéet to qualify vehicles for on-road
service using either hydrogen or air as the testigéire testing. In that case, those
vehicles qualified using air could be qualified tor-road service within the jurisdiction
of that individual Contracting Party.

(2) Venhicles qualified for on-road service usieguirements of this GTR including 11000
hydraulic pressure cycles in B.5.1.2 testing wdagdecognized as suitable for on-road
service in all Contracting Parties. An individ@dntracting Party might elect to qualify
additional vehicles for service within its indivialyurisdiction using 5500 or 7500
pressure cycles for compressed hydrogen storagel(B.
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A.5. RATIONALE FOR PERFORMANCE REQUIREMENTS, SCO PE &
DEFINITIONS

A.5.1 COMPRESSED HYDROGEN STORAGE SYSTEM TEST REQUIREMENTS &
SAFETY NEEDS

The containment of the hydrogen within the comgedshydrogen storage system is essential to
successfully isolate the hydrogen from the surrcuggland down-stream systems. The storage
system is defined to include all closure surfabes provide primary containment of high-
pressure hydrogen storage. The definition providefuture advances in design, materials and
constructions that are expected to provide impram@sin weight, volume, conformability and
other attributes.

Performance test requirements for all compressed hydrogen storage systems imad-vehicle
service are specified in B.5.1. The performancgetaequirements address documented on-
road stress factors and usages to assure robusicgtian for vehicle service. The qualification
tests were developed to demonstrate capabilitgtimpn critical functions throughout service
including fueling/de-fueling, parking under extreronditions, and performance in fires
without compromising the safe containment of thdrbgen within the storage system. These
criteria apply to qualification of storage systeimsuse in new vehicle production.

Conformity of Production with storage systems subjected to formal design qualification testing:
Manufacturers must ensure that all production unget the requirements of performance
verification testing in Part B.5.1.2. In additionanufacturers are expected to monitor the
reliability, durability and residual strength opresentative production units throughout service
life.

Organization of requirements. B.5.1 design qualification requirements for oad service
include:
B.5.1.1 Verification Tests for Baseline Metrics
B.5.1.2 Verification Test (Hydraulic) for Perfoamce Durability
B.5.1.3 Verification Test (Hydrogen Gas) for Egfmel On-Road Performance
B.5.1.4 Verification Test for Service-TerminatiRgrformance

B.5.1.1 establishes metrics used in the remaintireqperformance verification tests and in
production quality control. B.5.1.2 and B.5.1.8 #ne qualification tests that verify that the
system can perform basic functions of fueling, défig and parking under extreme on-road
conditions without leak or rupture through-out pecified service life. B.5.1.4 provides
confirmation that the system performs safely urtlerservice-terminating condition of fire.

Comparable stringency with current national regulations for on-road segvhas been assured
through two criteria: 1) replication or near replion, 2) examination of the technical basis for
requirements of individual contracting parties wiélspect to on-road safety and subsequent
recognition that the relevant expected safety abjeds achieved by the GTR requirement,
and/or 3) recognition that a GTR requirement appatgly provides additional stringency.
Examples of (1) are common throughout the documé&nio examples of (2) are noteworthy.
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First, some national regulations have required ¢batpressed storage be subjected to 45,000
full-fill hydraulic pressure cycles without ruptuifeno intervening leak occurs. The requirement
of B.5.1.1.2 (Baseline Initial Pressure Cycle LieP2,000 cycles. The 22,000 full-fill cycles
correspond to well over 7 million vehicles kilonrstéraveled in lifetime service (at 350-500 km
traveled per full-fueling). Since the expectedtiiine service is far less than 1 million km, the
requirement for 22000 pressure cycles was judgedawide substantial margin above extreme
worst-case vehicle service. Second, there vapoorgsions in national standards to assure
sufficient strength to survive exposures to stgiarking) and cyclic (fueling) pressure exposures
with residual strength. The capability to survindividual static and cyclic pressure exposures
has generally been evaluated by tests that areqingalent of B.5.1.2.4, B.5.1.2.5 and B.5.1.2.6,
but with each performed on a separate new vegsebverriding requirement for initial burst
pressure (>2.2 for carbon vessels and >3.3 fosglassels) was commonly used to indirectly
account for un-replicated factors such as the camg@ing of individually applied stresses and
chemical/physical impacts and ability to surviveppressurizations in fueling. The GTR
requirements, however, provide for direct accountor these factors with explicit replication of
the compounding of stresses and chemical/physigadcts and over-pressurizations. Unlike
conditions for other gaseous fuels, specification$ydrogen fueling provide safeguards to

limit potential over-pressurizations to extremegdioated in vessel testing. In addition, the GTR
requirements assure residual strength for endi@tktreme over-pressurization with retained
stability sufficient to assure capability to redisirst at pressures near (within 20%) of new
vessel capability. All of the GTR requirements exelicitly derived using published data that
clearly and quantitatively links the test critet@gaspecified aspects of safe on-road performance.
Thus, criteria providing indirect inference of safrformance through-out service life and at
end-of-life were replaced with criteria providingettt verification of capability for safe
performance at end-of-life under compounded waase@xposure conditions; hence, the result
is added stringency in assurance in capabilityséde performance throughout service life.
Examples of (3) include the GTR requirement foisptge cycle testing with hydrogen gas at
extreme temperatures (B.5.1.3.2) rather than arhi@emperature only, permeation testing with
hydrogen gas at extreme temperature and at repiieatd-of-life (B.5.1.3.3), end-of-life residual
strength (B.5.1.2.7) after compounded exposurettitipre stress factors (B.5.1.2), and localized
and engulfing fire testing (B.5.1.4).

The following sections (A.5.1.1 through A.5.1.4pecify the rationale for the performance
requirements established in Part B.5.1 for theguity of the compressed hydrogen storage
system.

A.5.1.1. Rationale for B.5.1.1 The Design Quétation Tests for Baseline Metrics.

The Design Qualification Tests for Baseline Methese several uses: 1) verify that systems
presented for design qualification (the qualifioatbatch) are consistent in their properties and
are consistent with manufacturer’s records for pobidn quality control; 2) establish the
median initial burst pressure, which is used fafgrenance verification testing (B.5.1.2,
B.5.1.3) and can be used for production qualityti@rii.e., to assure conformity of production
with properties of the qualification batch), andv@)ify that requirements are met for the
minimum burst pressure and number of pressure €ydéore leak.
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The Baseline Burst Pressure requirements diffen filee “end-of-life” burst pressure
requirements that conclude the test sequences$ia.B.and B.5.1.3. The baseline burst pressure
pertains to a new, unused vessel and the “endedfdurst pressure pertains to a vessel that has
completed a series of performance tests (B.5.1R®d.3) that replicate conditions of worst-
case usage and environmental exposure in a fuilcedife. Since fatigue accumulates over
usage and exposure conditions, it is expectedhledtend-of-life” burst pressure (i.e. burst
strength) could be lower than that of a new anckpased vessel.

A.5.1.1.1 Rationale for B.5.1.1.1 Baseline BurBressure B.5.1.1.1 establishes the midpoint
initial burst pressure, B and verifies that initial burst pressures of egst in the qualification
batch are within the range BR 10%. BPo is used as a reference point in perfocea
verification (B.5.1.2.8, and B.5.1.3.5) and veation of consistency within the qualification
batch. B.5.1.1.1 verifies that B greater than or equal to 200% NWP to screendpability

to sustain 180% NWP at end-of-life with minimaldasf strength during qualification testing.

In addition to being a performance requiremens @xpected that satisfaction of this
requirement will provide assurance to the testawlity of container stability before the
gualification testing specified in B.5.1.2, B.5.28d B.5.1.4 is undertaken.

A.5.1.1.2 Rationale for B.5.1.1.2 Baseline PresslCycle Life. The requirement specifies
that three (3) randomly selected new containerssaabe hydraulically pressure cycled to 125%
NWP without rupture for 22,000 cycles or until leadcurs. Leak may not occur within a
specified number of pressure cycles (#Cycles). sieeification of #Cycles within the range
5500 — 11,000 is the responsibility of individuair@racting Parties. That is, the number of
pressure cycles in which no leakage may occur, ESycannot be greater than 11,000, and it
could be set by the Contracting Party at a lowenlmer but not lower than 5,500 cycles for 15
years service life. The rationale for the numeénedues used in this specification follows:

A.5.1.1.2.a Rationale for "Leak Before Burst" Aspe&t of Baseline Pressure Cycle Life
Requirements. The Baseline Pressure Cycle Life requirement \esrifibsence of rupture during
22,000 hydraulic pressure cycles. The probabiiftg rupture event is made lower than the
probability of a leakage by requiring at least ®vas many hydraulic pressure cycles without
rupture as the number of cycles (#Cycles) requivigdout leakage. The risk (risk = (probability
of event) x (severity of event)) of a leak eventasnparable to that of rupture since the severity
of a leak event is lower than the severity of autgevent (fire risk without a damaging pressure
release). Also, the likelihood of fire resultimgrin hydrogen leakage is mitigated by the high
dispersion rate and buoyancy of hydrogen and becatydrogen-fueled vehicle is equipped
with hydrogen sensors that terminate vehicle operathen a leak is first detected (thereby
ensuring timely repair).

The minimum number of pressure cycles without lgak#Cycles (between 5500 and 11,000)
is established to verify resistance to leakage fsg€l.1.2.b). 22,000 cycles provides additional
assurance with respect to rupture. 22,000 emptytdueling cycles is expected to be
equivalent to over 10 million km (6 million mi) afiving (see discussion in A.5.1.1.2.b below).
Absence of rupture in hydraulic pressure cyclingamonstrated under the most stressful
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pressure cycling condition, which is the empty-ut-fill (from less than 2 MPa to 125% NWP).
(Note: a faster test time (lower number of pressyrdes until leakage occurs) could be
achieved by cycling to higher pressures but thatccelicit failure modes that could not occur in
real world service.)

A.5.1.1.2.b Rationale for #Cycles, Number of Hydmalic Pressure Cycles in Qualification
Testing: #Cycles Greater Than or Equal to 5500 ahLess Than or Equal to 11000.The
number of hydraulic test pressure cycles is togeeified by individual Contracting Parties
primarily because of differences in the expectedstvoase lifetime vehicle range (distance
driven during vehicle service life) and worst-caseling frequency in different jurisdictions.
The differences in the anticipated maximum numlbéuelings are primarily associated with
high usage commercial taxi applications, which lsarsubjected to very different operating
constraints in different regulatory jurisdictiongzor example:

1. Vehicle Fleet Odometer Data (including taxiSjerra Research Report No. SR2004-09-
04 for the California Air Resource Board (2004)adpd on vehicle lifetime distance
traveled by scrapped California vehicles, whichshlbwed lifetime distances traveled
below 560,000 km (350,000 mi). Based on theagréig and 320 - 480 km (200 - 300
mi) driven per full fueling, the maximum numberlidétime empty-to-full fuelings can
be estimated as 1200 - 1800.

2. Vehicle Fleet Odometer Data (including taxi$yansport Canada reported that required
emissions testing in British Columbia, Canada,0@2showed the 5 most extreme
usage vehicles had odometer readings in the 806;A0000,000 km (500,000 —
600,000 mi) range. Using the reported model yeaeéch of these vehicles, this
corresponds to less than 300 full fuelings per yaaless than 1 full fueling per day.
Based on these figures and 320 - 480 km (200 n3pdriven per full fueling, the
maximum number of empty-to-full fuelings can barasted as 1650 - 3100.

3. Taxi Usage (Shifts/Day & Days/Week) Data: New York City (NYC) Taxicab Fact
Book (Schaller Consulting, 2006) reports extremagesof 320 km (200 mi) in a shift
and a maximum service life of 5 years. Less th@# df vehicles remain in service as
long as 5 years. The average mileage per ye&, @90 for vehicles operating 2 shifts
per day and 7 days per week.

There is no record of any vehicle remaining in higlge through-out the full 5 year
service life. However, if a vehicle were projectedhave fueled as often as 1.5 - 2 times
per day and to have remained in service for theimiax 5-year NYC taxi service life,
the maximum number of fuelings during the taxi ggr\ife would be 2750 - 3600.

4. Taxi Usage (Shifts/Day & Days/Week) Data: Traors Canada reported a survey of
taxis operating in Toronto and Ottawa that showadroon high usage of 20 hours per
day, 7 days per week with daily driving distance€540 — 720 km (335 — 450 mi).
Vehicle odometer readings were not reported. énetkireme worst-case, it might be
projected that if a vehicle could remain at thighhievel of usage for 7 years (the
maximum reported taxi service life); then a maximextreme driving distance of
1,400,000 — 1,900,000 km (870,000 — 1,200,000 srpyojected. Based on 320 - 480
km (200 - 300 mi) driven per full fueling, the pecied full-usage 15-year number of
full fuelings could be 2900 — 6000.
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Consistent with these extreme usage projectioesmihimum number of full pressure
hydraulic qualification test cycles for hydrogenrsige systems is set at 5500. The
upper limit on the number of full-fill pressure ¢gs is set at 11,000, which corresponds
to a vehicle that remains in the high usage sewi&full fueling per day for an entire
service life of 15 years (expected lifetime vehigldeage of 3.5 — 5.3 million km (2.2 —
3.3 million miles)).

In establishing #Cycles, it was recognized thatfical designs of some storage system designs
(such as composite wrap systems with metal lineriors) might not qualify for service at 70
MPa NWP if #Cycles is greater than 5500.

In establishing #Cycles, it was recognized th&Qi/cles is specified at 5500, some Contracting
Parties may require usage constraints to assuraldaelings do not exceed #Cycles.

A.5.1.2 Rationale for B.5.1.2 Verification Test for On-Road Performance Durability
(Hydraulic Sequential Tests). The verification test for on-road performanceathility ensures
the system is fully capable of avoiding rupture emextreme conditions of usage that include
extensive fueling frequency (perhaps associateld repplacement of drive train components),
physical damage and harsh environmental conditidimese durability tests focus on structural
resistance to rupture. The additional attentiorufmiure resistance under harsh external
conditions is provided because 1) the severityoosequences from rupture is high, and 2)
rupture is not mitigated by secondary factors ($eamte mitigated by onboard leak detection
linked to countermeasures). Since these extreméitoians are focused on structural stress and
fatigue, they are conducted hydraulically — whibves more repetitions of stress exposure in a
practical test time.

A.5.1.2.1 Assumptions used in developing the B5test protocol include:

a. Extended & severe service worst-case = lifetiihmost stressful empty-to-full (125%
NWP @ 85C, 80% @ -40C) fuelings under extended&ieusage; 10 service-station
over-pressurization events

b. Sequential performance of tests replicatesoad-experience where a single container is
subject to multiple extremes of different expostwaditions — it is not realistic to expect
that a container could only encounter one typexpbsure through the life of the vehicle.

c. Severe usage: Exposure to physical impacts

I. Drop impact (B.5.1.2.2) — the risk is primarily aftermarket risk during vehicle
repair where a new storage system, or an oldeesysgmoved during vehicle
service, is dropped from a fork lift during handjinThe test procedure requires
drops from several angles from a maximum utilitskfidt height. The test is
designed to demonstrate that containers have trabigy to survive representative
pre-installation drop impacts.

ii. Surface damage (B.5.1.2.3) — cuts characteriticear from mounting straps that
can cause severe abrasion of protective coatings

iii. On-road impacts that degrade exterior structurahgth and/or penetrate protective
coatings (e.g., flying stone chips) (B.5.1.2.3)mdated by pendulum impact.

d. Severe usage: exposure to chemicals in theashenvironment (B.5.1.2.4)
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Fluids include fluids used on vehicles (batteryda&iwasher fluid), chemicals used
on or near roadways (fertilizer nitrates & lye)ddhuids used in fueling stations
(methanol and gasoline).

The primary historical cause of rupture of highgstge vehicle containers (CNG
containers), other than fire and physical damage,bdeen stress corrosion rupture —
rupture occurring after a combination of exposoredrrosive chemicals and
pressurization.

Stress corrosion rupture of on-road glass-compesi#pped containers exposed to
battery acid was replicated by the proposed tedbpol; other chemicals were
added to the test protocol once the generic risthemical exposure was
recognized.

Penetration of coatings from impacts and expecterbad wear can degrade the
function of protective coatings -- recognized a®atributing risk factor for stress
corrosion cracking (rupture); capability to manaugt risk is therefore required.

e. Extreme number of fuelings/de-fuelings

Rationale for #Cycles greater than 5500 and lems 111,000 is provided in
A5.1.1.2.b.

f. Extreme pressure conditions for fueling/delifuggcycles (B.5.1.2.4)

Fueling station over-pressurization constrainedulgying station requirements to
less than or equal to 150% NWP. (This requiren@miueling stations must be
established within local codes and/or regulatianddeling stations.)

Field data on the frequency of failures of highgstee fueling stations involving
activation of pressure relief controls is not aafalié. Experience with CNG
vehicles suggests overpressure by fueling statiasshot contributed significant
risk for container rupture.

Assurance of capability to sustain multiple occnoes of over-pressurization due
to fueling station failure is provided by the regument to demonstrate absence of
leak in 10 exposures to 150% NWP fueling followgddng-term leak-free parking
and subsequent fueling/de-fueling.

g. Extreme environmental conditions for fuelirepfdeling cycles (B.5.1.2.6). Weather
records show temperatures less than or equal © e40ur in countries north of the 45-th
parallel; temperatures ~50C occur in desert avelsver latitude countries; each with
frequency of sustained extreme temperature ~5%eimsawith verifiable government
records. [Actual data shows ~5% of days have armuini temperature less than -30C.
Therefore sustained exposure to less than -30&3ssthan 5% of vehicle life since a
daily minimum is not reached for a full 24 hr pefjioData record examples
(Environment Canada 1971-2000):

http://www.climate.weatheroffice.ec.gc.ca/climatermals/results_e.html?Provinc
e=ONT%20&StationName=&SearchType=&LocateBy=Prov&eeximity=25&
ProximityFrom=City&StationNumber=&IDType=MSC&CityNae=&ParkName=
&LatitudeDegrees=&LatitudeMinutes=&LongitudeDegre&t ongitudeMinutes=
&NormalsClass=A&SelNormals=&Stnld=4157&
http://www.climate.weatheroffice.ec.gc.ca/climatermals/results_e.html?Provinc
e=YT%20%20&StationName=&SearchType=&LocateBy=ProeProximity=2
5&ProximityFrom=City&StationNumber=&IDType=MSC&Cityame=&ParkNa
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me=&LatitudeDegrees=&LatitudeMinutes=&LongitudeDegs=&LongitudeMinut
es=&NormalsClass=A&SelNormals=&Stnld=1617&

h. Extended and severe usage: high temperatlufdifparking up to 25 years (Prolonged
Exposure to High Pressure) (B.5.1.2.5) To avgeediormance test lasting for 25 years,
a time-accelerated performance test using increaessure developed using
experimental material data on currently used metatscomposites, and selecting the
worst-case for stress rupture susceptibility, wheclass fiber reinforced composite.
Use of laboratory data to establish the equival@rfdesting for stress rupture at 100%
NWP for 25 years and testing at 125% NWP for 100@r& (equal probability of failure
from stress rupture) is described in SAE Techriraggder 2009-01-0012. Laboratory data
on high pressure container composite strands —dewctation of time-to-rupture as a
function of static stress without exposure to ceiwes — is summarized in Aerospace
Corp Report No. ATR-92(2743)-1 (1991) and refereriberein.

i. No formal data is available on parking duwatper vehicle at different fill
conditions. Examples of expected lengthy full ddcurrences include vehicles
maintained by owners at near full fill conditiomf@andoned vehicles and collectors'
vehicles. Therefore, 25 years at full fill is takas the test requirement.

ii. The testing is performed at +&5because some composites exhibit a temperature-
dependent fatigue rate (potentially associated meigin oxidation) (J. Composite
Materials 11 79 (1977)). 8% is selected as the maximum potential exposure
temperature because under-hood maximum temperat#&2 °C have been
measured within a dark-colored vehicle parked detsin asphalt in direct sunlight
in 50°C ambient conditions. Also, a compressed gasaguert, painted black, with
no cover, in the box of a black pickup truck inedir sunlight in 49 °C had
maximum / average measured container skin suréanpdratures of 87 °C (189 °F)
/ 70 °C (159 °F).

lii. On-road experience with CNG containers —¢hleas not been a report of an on-
road stress rupture without exposure to corrogistess corrosion cracking) or
design anomaly (hoop wrap tensioned for liner casgion without autofrettage).
B.5.1.2 testing that includes chemical exposureaed 1000 hours of static full
pressure exposure simulates these failure condition

i. Residual proof pressure (B.5.1.2.7)

I. Fueling station over-pressurization constraineduleying station requirements to
less than or equal to 150% NWP. (This requiren@miiueling stations must be
established within local codes/regulations for ifugektations.)

ii. Laboratory data on static stress rupture usedfioalequivalent probability of
stress rupture of composite strands after 4 minattd80% NWP as after 10 hours
at 150% NWP as the worst case (SAE Technical R&@®-01-0012). Fueling
stations are expected to provide over-pressur@gion up to 150% NWP.

iii. Testing at “end-of-life” provides assurance to airsfueling station failure
throughout service.

j. Residual strength burst (B.5.1.2.8)

Requirement for a less than 20% decline in buestgure after 1000-hr static pressure
exposure is linked (in SAE Technical Report 20099012) to assurance that requirement
has allowance for #0% manufacturing variability in assurance of 2ang of rupture
resistance at 100% NWP.
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k. Rationale for not including a boss torque teguirement: note that damage to containers
caused by maintenance errors is not included becaamtenance errors, such as
applying excessive torque to the boss, are addtdssmaintenance training procedures
and tools and fail safe designs. Similarly, damageontainers caused by malicious and
intentional tampering is not included.

A.5.1.3 Rationale for B.5.1.3  Verification Tst for Expected On-Road Performance
(Pneumatic Sequential Tests) The verification test for expected on-roadf@@nance

requires the demonstration of capability to perf@ssential safety functions under worst-case
conditions of expected exposures. “Expected” ewpass(for a typical vehicle) include the fuel
(hydrogen), environmental conditions (such as oftecountered temperature extremes), and
normal usage conditions (such as expected veliietarie range, driving range per full fill,

fueling conditions and frequency, and parking).p&oted service requires sequential exposure to
parking and fueling stresses since all vehicle®enter both uses and the capability to survive
their cumulative impact is required for the saféf@@nance of all vehicles in expected service.

Pneumatic testing with hydrogen gas provides steeters associated with rapid and
simultaneous interior pressure and temperaturegsaand infusion of hydrogen into materials;
therefore, pneumatic testing is focused on theaipet interior and strongly linked to the
initiation of leakage. Failure by leakage is maadly mitigated by secondary protection —
monitoring and vehicle shut down when warrantedofbex conservative level of flammability
risk in a garage), which is expected to resultenytimely repair before leakage can develop
further since the vehicle will be out of service.

Data used in developing the B.5.1.3 test protaodbide:

a. Proof pressure test (B.5.1.3.1) — routine petdn of pressure containers includes a
verifying, or proof, pressure test at the poinpafduction, which is 150% NWP as
industry practice, i.e. 20% above the maximum serpressure.

b. Leak-free fueling performance (B.5.1.3.2)

i. Expected environmental conditions -- weather regsitbw temperatures less than
or equal to -40C occur in countries north of tbetd parallel; temperatures ~50C
occur in desert areas of lower latitude countrieach with frequency of sustained
extreme temperature ~5% in areas with verifiableegoment records. [Actual data
shows ~5% of days have a minimum temperature be30@ .- Therefore sustained
exposure to below -30C is less than 5% of veHhitdesince a daily minimum is not
reached for a full 24 hr period] Data record eghes (Environment Canada 1971-
2000):

() http://www.climate.weatheroffice.ec.gc.ca/dim _normals/results_e
html?Province=ONT%20&StationName=&SearchType=&Lie8y=Provin
ce&Proximity=25&ProximityFrom=City&StationNumber=&IType=MSC&
CityName=&ParkName=&LatitudeDegrees=&LatitudeMin#t&Longitude
Degrees=&LongitudeMinutes=&NormalsClass=A&SelNorsx® Stnld=415
7&

(b) http://www.climate.weatheroffice.ec.gc.ca/dite_normals/results_e
html?Province=YT%20%20&StationName=&SearchType=&aeBy=Prov
ince&Proximity=25&ProximityFrom=City&StationNumbe&DType=MSC
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&CityName=&ParkName=&LatitudeDegrees=&LatitudeMirgt&Longitud
eDegrees=&LongitudeMinutes=&NormalsClass=A&SelNolsr&Stnld=16
17&
ii. Number of fueling/de-fueling cycles
(&) The number of full fuelings required to demonsticpability for leak-free
performance in expected service is taken to be 500.
(1) Expected vehicle lifetime range is taken to be 280Km (155000 mi)

Vehicle Age Va. Averags Odometer
Passenger Cars

aaaaa

Vehiche g0

+ Roadside Mean
«— Smog Check data — CARE Pilot Scrappage Program, avg|

Source: Sierra Research Report No. SR2004-08tl@] "Review
of the August 2004 Proposed CARB Regulations tot@bn
Greenhouse Gas Emissions from Motor Vehicles: Efisttiveness
for the Vehicle Owner or Operator,” and dated Saper 22, 2004.

(2) Expected vehicle range per full fueling is takeméogreater than or
equal to 500km (300 mi) (based on 2006-2007 mataet of high
volume passenger vehicle manufacturers in Eur@pgrland North
America).

(3) 500 cycles = 250000/500 ~ 155000miles / 300milesegele

(4) Some vehicles may have shorter driving rangesykiueling, and
may achieve more than 500 full fuelings if no pErtuelings occur in
the vehicle life. Demonstrated capability to pemfovithout leak in
500 full fuelings is intended to establish fundataésuitability for on-
road service -- leakage is subject to secondangatibn by detection
and vehicle shut-down before safety risk develops.

(5) Since the stress of full fuelings exceedsstiness of partial fuelings,
the design verification test provides a significarargin of additional
robustness for demonstration of leak-free fueliegilaeling capability.

(b) Qualification requirement of 500 pneumaticgsgre cycles is conservative
when considering failure experience:

(1) On-road experience: 70 MPa hydrogen storggess have
developed leaks in o-ring sealings during briegglthan 50 full
fuelings) on-road service of demonstration protetyphicles.

(2) On-road experience: 70 MPa hydrogen storggiesis have
developed temporary (subsequently resealing) ldakiag brief (less
than 50 full fuelings) on-road service of demonstraprototype
vehicles.

(3) On-road experience: mechanical failures of30Mhicle storage
associated with gas intrusion into wrap/liner ameérlaminate
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C.

interfaces have developed after brief on-road serfless than 50 full
fuelings).

(4) On-road experience: failure of CNG vehiclerage due to interior

charge build-up and liner damage corona dischargetia failure
mode because static charge is carried into contaoreparticulate
fuel impurities and ISO 14687-2 (and SAE J2719) faguirements
limit particulates in hydrogen fuel -- also, fuelicpower systems are
not tolerant of particulate impurities and such umifes are expected
to cause vehicles to be out of service if inappeadprfuel is dispensed.

(5) Test experience: mechanical failures of Vielstorage systems

associated with gas intrusion into wrap/liner amdnlaminate
interfaces develop in ~50 full fuelings.

(6) Test experience: 70MPa hydrogen storage systieat passed NGV2

test requirements have failed during the B.5.1sBdenditions in
failure modes that would be expected to occur inaad service. The
Powertech report (McDougal, M., “SAE J2579 ValidatiTesting
Program Powertech Final Report”, National Renew&blergy
Laboratory Report No. SR-5600-49867 ((http://wwwlrgov/
docs/fy110sti/49867.pdf)) cites two failures ofteyss with containers
that have qualified for service: metal-lined cormip® container valve
leak and in-container solenoid leak, polymer-licedposite container
leak due to liner failure. The polymer-lined corspe container
failure by leakage was on a container that wasifigthito ANSI/CSA
NGV2 modified for hydrogen. The metal-lined compedailure of

the container valve was on a valve qualified to Eltdv12b.Report
conclusion: “The test sequences in SAE TIR J25%@ Ishown that
containers with no known failures in service eitireat the
requirements of the tests, or fail for reasons @inatunderstood and are
representative of future service conditions”

Fueling conditions

(a) SAE J2601 establishes fueling protocol -- 3 nesus fastest empty-to-full
fueling (comparable to typical gasoline fuelingistixg in installed state-of-
art hydrogen fueling stations); fuel temperature/i® MPa fast fueling is ~ -

40°C.

(b) Expected maximum thermal shock conditions arafsystem equilibrated at
an environmental temperature of 26Gubjected to -4C fuel, and for a
system equilibrated at -0 subjected to indoor private fueling at
approximately +2€C.

(c) Fueling stresses are interspersed with parkigs#s.

Leak-free Parking at full fill (B.5.1.3.3)

Leak and permeation are risk factors for Fezards for parking in confined

spaces such as garages.
il. The leak/permeation limit is characterisedtbg many possible combinations of

vehicle and garages, and the associated test mordiT he leak/permeation limit
is defined to restrict the hydrogen concentratromf reaching 25% LFL by
volume with worst credible conditions of a tighery hot (55C) garage having a
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low air exchange rate (0.03 volumetric air exchanger hour). The conservative
25% LFL limit is conventionally adopted to accomrat&lconcentration
inhomogeneities. Data for hydrogen dispersion behaygarage and vehicle
scenarios, including garage sizes, air exchangs eatd temperatures, and the
calculation methodology are found in the followngderence prepared as part of
the EC Network of Excellence (NoE) HySafe: P. AdamsBengaouer, B.
Cariteau, V. Molkov, A.G. Venetsanos, “Allowablednggen permeation rate
from road vehicles”, Int. Jour. of Hydrogen Energyailable online 8 June 2010,
ISSN 0360-3199, DOI: 10.1016/j.ijjhydene.2010.04.161
(http://www.sciencedirect.com/science/article/B6 VIF867HJ-
4/2/3c599afa202ac7970eafc5caa93cal9e).

iii. The resulting discharge limit measured atGand 115% NWP (full fill at 5%)
following specified pneumatic pressure cyclingloé storage system is scalable
depending on the vehicle size around a nominalevaful50 mL/min for a garage
size of 30.4 M The scaling factor, [(Vwidth+1)*(Vheight+0.05)*(¥hgth+1)/
30.4] accommodates alternative garage/vehicle caatibns to those used in the
derivation of the rate, and accommodates smallckehihat could be parked in
smaller garages. These vehicle level permeationnegents are consistent with
the proposals developed by the EU (NoE) HySafe ¢beee reference). The
permeation values measured for individual storageainer systems used in a
vehicle would sum to less than the vehicle limit.

iv. An alternative discharge limit is provided fesise of compliance testing for some
systems, which is also consistent with the progodaleloped by the EU NoE
HySafe. In this case, the permeation limit measateg5C and 115% NWP is 46
mL/h/L water capacity of the storage system anddted water capacity of the
vehicle storage system shall be less than 330 L.

v. The maximum pressure of a fully filled contirat 55C is 115% NWP
(equivalent state of charge to 125% NWP at 85C1408 NWP at 1%).

vi. Alocalized leak test is to be conductedniswge that external leakage cannot
sustain a flame that could weaken materials andexpently cause loss of
containment. Per SAE 2008-01-07R2&Gme Quenching Limits of Hydrogen
Leaks, the lowest flow of H2 that can support a flam®.i328 mg/sec per from a
typical compression fitting and the lowest leakgible from a miniature burner
configuration is 0.005 mg/sec. Since the miniatumer configuration is
considered a conservative “worst case”, the maxirtaakage criterion is selected
as 0.005 mg/sec.

vii. Parking provides opportunity for hydrogenwsation of interlaminate layers,
wrap/liner interface, liner materials, juncturegjmys, and joinings — fueling
stresses are applied with and without exposurgdodgen saturation. Hydrogen
saturation is marked by permeation reaching stestalg rate.

viii. By requiring qualification under the worstedible case conditions of raised
temperature, pressure cycling and equilibratiomwitdrogen, the permeation
verification removes uncertainty about permeatamfterature dependence, and
long term deterioration with time and usage.

d. Residual proof pressure (B.5.1.3.4)

DRAFT 24



I. Fueling station over-pressurization is coriatd by fueling station requirements
to pressurize at less than 150% NWP. (This remerd for fueling stations
must be established within local codes/regulatfon$ueling stations.)

ii. Laboratory data on static stress rupture used to define equivalent probability
of stress rupture of composite strands. It shotedupture probability after 4
minutes at 180% NWP to be equivalent for after @0rk at 150% NWP in the
worst case (SAE 2009-01-0012). Fueling statioeseapected to protect
against over-pressure over 150% NWP.

ii. Field data on the frequency of failures ol pressure fueling stations
involving activation of pressure relief controlsnist available. The small
number of 70MPa fueling stations currently avagatibes not support robust
statistics.

e. Residual strength burst (B.5.1.3.5)
Requirement for less than 20% decline in burstqunesafter lifetime service is
designed to ensure stability of structural comptsegsponsible for rupture
resistance; it is linked (in SAE 2009-01-0012assurance that requirement has
allowance for 10% manufacturing variability in asswce of greater than 25 years of
rupture resistance at 100% NWP in B.5.1.2.5.

It is expected that regulatory agencies and mahwfs will monitor the condition and
performance of storage systems during servicaéifpractical and appropriate to continually
verify that B.5.1.3 performance requirements captn-road requirements. This advisory is
meant to encourage manufacturers and regulatoncaggeto collect additional data.

A.5.1.4 Rationale for B.5.1.4ndB.6.2.5Verification Test for Service-Terminating
Performance in Fire. Verification of performance under service-termingtconditions is
designed to prevent rupture under conditions sergethat hydrogen containment cannot be
maintained. Fire is the only service-terminatingdition accounted for in design qualification.

A comprehensive examination of CNG cylinder in-geg\failures during the past decade. (SAE
Technical Paper 2011-01-0251) showed that the myajmirfire incidents occurred on storage
systems that did not utilize properly designed PRiDsl the remainder resulted when PRDs did
not respond to protect the container due to the éhadequate heat exposure on the PRDs even
though the localized fire was able to degrade theainer wall and eventually cause the storage
container to burst. The localized fire exposure mat been addressed in previous regulations or
industry standards. The fire test method in B®%aldresses both localized and engulfing fires.

The fire test conditions of B.6.2.5 were based elnicle-level tests by the Japanese Automobile
Research Institute (JARI) and US manufacturersummary of data is found in paper SAE
Technical Paper 2011-01-0251. Key findings arfobews:

1. About 40% of the vehicle laboratory fires intigated resulted in conditions that could be
categorized as a localized fire since the datacatds that a composite compressed gas
container could have been locally degraded befoneentional PRDs on end bosses
(away from the local fire exposure) would have\ated. (Note: A temperature of 300C
was selected as the temperature where the locdireecbndition could start as thermal
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gravimetric analysis (TGA) indicates that contaimaterials begin to degrade rapidily at
this temperature.)

2. While vehicle laboratory fires often lasted @@minutes, the period of localized fire
degradation on the storage containers lastedhassitO minutes.

3. The average of the maximum temperature duhiaddcalized fire period was less than
570°C with peak temperatures reaching approximdetyween 600°C and 880°C in
some cases.

4. The rise in peak temperature near the endeodlbitalized fire period often signaled the
transition to an engulfing fire condition.

Based upon the above findings, the temperaturéleiofB.6.2.5 was adopted. The selection of
600°C as the minimum temperature for the localfmedhold period ensures that the average
temperature and time of localized fire test expesue consistent with test data. Thermocouples
located 25 mm 40mm from the outside surface of the test artacéeused to control the heat
input and confirm that the required temperaturdilgres met. In order to improve the response
and controllability of the fire during testing (all as reproducibility of results), the use of
Liguefied Petroleum Gas (LPG) and wind guards peeified. Experience indicates the
controllability of the LPG fire will be approximdye+100°C in outdoor situations, producing
peak temperatures that also agree favorably wathrésults.

The proposed localized fire test set-up is basegreliminary work done by Transport Canada
and NHTSA in the US, but the approach was expatmlatiow the storage system to be
qualified by either a generic installation tesa@pecific vehicle installation test. Differences
between the two methods are as follows:

1. The generic (non-vehicle specific) allows the logad fire test to apply to more than one
vehicle but the mitigation devices (such as sh)et@ed to be permanently affixed to the
storage system and must protect the entire systenjist the area exposed to the
localized fire. The size for the generic localiZed test was selected to be 250mm +
50mm longitudinally with a width covering the diat@eof the container.

2. The specific vehicle installation localized firest@vould be customized to align with the
actual fire exposure area and would include proted¢eatures from the vehicle. If the
vehicle manufacturer elects to use the specificolelest approach, the direction and
size of the localized fire exposure is adjusteddoount for vehicle features such as
openings in adjacent sheet metal for lighteningf@ind pass-throughs 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 of the Ipedlis reduced from the generic size to
create a more challenging (and realistic) test.

A.5.1.5 Rationale for B.5.1.5 and B.6.2 Qualification Tests for Storage-System
Hydrogen-flow Closures The reliability and durability of hydrogen-floglosures is essential
for the integrity of the full storage system. Tdesures are partially qualified by their function
in the system-level performance tests (B.5.1).addition, these closures are qualified
individually not only to assure exceptional religiifor these moving parts, but also to enable
equivalent components to be exchanged in a st@ggiem without re-qualifying the entire
storage system. Closures that isolate high pressidrogen from the remainder of the fuel
system and the environment include:
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» thermally activated pressure relief device (TPRB)TPRD opens and remains open
when the system is exposed to fire.
» check valve. A check valve prevents reverse flowhe vehicle fueling line, e.g., a
non-return valve. Equivalent to a non-return valve
» shut-off valve. An automatic shut-off valve betwehe storage container and the
vehicle fuel delivery system defaults to the clopedition when unpowered.
Test procedures for qualification of hydrogen-flolwsures within the hydrogen storage system
were developed by OICA as outgrowths of discusswitisin CSA workgroups for
HPRD1:2009 and HGV3.1 (as yet unpublished), apdnts to those CSA workgroups testing
sponsored by US-DOE and performed at Powertechria#dies to verify closure test
procedures under discussion within CSA.

A.5.1.5.1 Rationale for TPRD Qualification Requirenents. The qualification requirements
verify that the device, once activated, will fullgnt the contents of the fuel container even at the
end of the service life when the device has begosed to fueling/de-fueling pressure and
temperature changes and environmental exposutes adequacy of flow rate for a given
application is verified by the hydrogen storageeysfire test requirements (B.5.1.4).

A.5.1.5.2 Rationale for Check Valve QualificatiorRequirements. These requirements are
not intended to prevent the design and construci@omponents (e.g. components having
multiple functions) that are not specifically prebed in this standard, provided that such
alternatives have been considered in testing thgoaents. In considering alternative designs
or construction, the materials or methods used beatvaluated by the testing facility to ensure
equivalent performance and reasonable conceptietlydo that prescribed by this standard. In
that case, the number of samples and order ofcaighéi tests shall be mutually agreed upon by
the manufacturer and the testing agency. Unldsswise specified, all tests shall be conducted
using hydrogen gas that complies with SAE J271f(ination Report on the Development of a
Hydrogen Quality Guideline for Fuel Cell Vehicles},ISO 14687-2 (Hydrogen Fuel-Product
Specification). The total number of operationatleg shall be 11,000 (fueling cycles) for the
check valve and 50,000 (duty cycles) for the autanshut-off valve.

Fuel flow shut-off by an automatic shut-off valveumted on a compressed hydrogen storage
vessel shall be fail safe. The term “fail safe’ersfto a device thatreverts to a safe mode orea saf
complete shutdown for all reasonable failure modes.

The electrical tests for the automatic shut-off/eainounted on the compressed hydrogen
storage vessels (B.6.2.6.2.g) provide assuranperédrmance with: (1) over temperature caused
by an overvoltage condition, and (2) potentialuiel of the insulation between the component’s
power conductor and the component casing. Theogerpf the pre-cooled hydrogen xxposure
test (B.6.2.6.2.)) is to verify that all componeitghe flow path from the receptacle to the
container that are exposed to precooled hydrogangituelling can continue to operate safely

A.5.1.6 Rationale for B.5.1.6 LabelingThe purpose of minimum labeling on the hydrogen
storage containers is three-fold: 1) To documleatdate when the system should be removed
from service, 2) To record information needed &mérmanufacturing conditions in event of on-
road failure, and 3) To document NWP to ensuralladion is consistent with the vehicle fuel
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system and fueling interface. Contracting pantiey specify additional labeling requirements.
Since the number of pressure cycles used in qeetiiéin under Section B.5.1.1.2 may vary
between Contracting Parties, that number shall ékea on each vessel.

A.5.2. VEHICLE FUEL SYSTEM REQUIREMENTS & SAFETY CONCERNS
A.5.2.1 IN-USE REQUIREMENTS

A.5.2.1.1. Fueling Receptacle Rationale for B.5121 and B.6.1.7 The vehicle fueling
receptacle should be designed to ensure that éli@dupressure is appropriate for the vehicle
fuel storage system. Examples of receptacle design be found in ISO 17268, SAE J2600 and
SAE J2799. A label shall be affixed to the fuelregeptacle to inform the fueler/driver/owner

of the type of fuel (liquid or gaseous hydrogen)yR and date for removal of storage containers
from service. Contracting parties may specify addal labeling requirements.

The purpose of additional requirements in B.5.2i4 tb ensure that a major hydrogen leak does
not occur due to mishandling or vehicle drive-awdysng the fuelling operation. The selection
of a force of 667N was based on the maximum alldevédwrce for break-away at hydrogen
dispensers. Such break-away devices are requrseparate the fuel nozzle from the dispenser
in the event of a drive-away. The selection of 63 also consistent with a force that an adult

apply.

The procedure in B.6.1.7 considers that the foare lme applied in various directions. In the
case of a pulling force being applied along thes atithe nozzle, the value of 667N can be used
directly, but, if the force is applied perpendicuia the axis of the nozzle, the structural damage
at the receptacle on the vehicle will be caused byrque. Using the longest SAE J2600 nozzle
length current of 0.33m yields a maximum torqu&®® Nm. The torque is assumed to be the
result of the application of the force at the erfdthe nozzle in the four basis directions:
vertically up, vertically down, horizontally lefand horizontally right. The pressure check after
the application of the forces confirms that thesiinal or external lines have not ruptured. The
same leak rate as in B.5.1.3.3 was assumed fodetermination of as the leak rate (of 3.6
ml/min) represents the smallest leak that can suatdlame. Assuming a compressibility of 0.8
as a conservative value and that the accumulategrislarge compared to the remainder of the
“trapped” system when the shut-off valve is closbeé, required volume of the accumulator can
be calculated as follows:

Ptest = 1.25 x Rvp per the procedure in 7.3.2

Allowable Pressure Loss in 60 minutes = 5% = 0.05

Accumulator Volume = 3.6 cc/min x 0.103 MPa/(0.8.25 x Rwp ) X 60 min/hr = 445/

Pnwp
As final confirmation that the nozzle and receptagkre not damaged, the nozzle is dismounted
from the receptacle. The receptacle should nat bind fail to release during this process as the
operator is likely to perform some extreme meassioethat the vehicle can be driven away.
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A.5.2.1.2 Rationale for B.5.2.1.2 Overpressure®tection for the Low Pressure System.
The hydrogen delivery system downstream of a presggulator is to be protected against
overpressure due to the possible failure of thequme regulator.

A.5.2.1.3 Rationale for B.5.2.1.3 Hydrogen Diselnge System

A.5.2.1.3.1 Rationale for B.5.2.1.3.1 Pressure IR Systems. The vent line of storage
system discharge systems (TPRDs and PRDs) shoudbtexted by a cap to prevent
blockage by intrusion of objects such as dirt, sggmnd freezing water.

A.5.2.1.3.2 Rationale for B.5.2.1.2 Fuel Cell /fgine Exhaust Systems.In order to
ensure that the exhaust discharge from the velisiclen-hazardous, a performance-based
tests is designed to demonstrate that the disclisrgm-ignitable. The 3 second rolling-
average accommodates extremely short, non-hazatdmssents up to 8% without ignition.
Tests of flowing discharges have shown that flanogggation from the ignition source
readily occurs above 10% hydrogen, but does ngigate below 8% hydrogen. (SAE
Technical Papez007-01-437 “Development of Safety Criteria for Potentially Fiaable
Discharges from Hydrogen Fuel Cell Vehicles” (2@AE World Congress)). By limiting
the hydrogen content of any instantaneous peakoial® hazard to people near the point of
discharge is controlled even if an ignition souscpresent. The time period of the rolling-
average is determined to ensure that the spaceaditba vehicle remains non-hazardous as
the hydrogen from exhaust diffuses into the surdouys; this is the case of an idling vehicle
in a closed garage. In order to readily gain atzoege for this situation by building officials
and safety experts, it should be recognized tha¢mgonent/municipal building codes and
internationally-recognized standards such as IE@Z80equire that the space be less than
25% LFL (or 1% hydrogen) by volume. The time lirf@t the rolling-average was
determined by assuming an extremely high hydrogsechdrge rate that is equivalent to the
input to a 100 kW fuel cell stack. The time wasrt calculated for this hydrogen discharge
to fill the nominal space occupied by a passengarcle (4.6m x 2.6m x 2.6m) to 25% LFL.
The resultant time limit was conservatively estiatktio be 8 seconds for a “rolling average,”
demonstrating that the 3-second rolling averagd uséhis document is appropriate and
accommodates variations in garage and engine $ize.standard 1SO instrumentation
requirement is a factor of 6-10 less than the meaisualue. Therefore, during the test
procedure according to B.6.1.4, the 3-second phiverage requires a sensor response (90%
of reading) and recording rate of less than 300sadonds.

A.5.2.1.4 Rationale for B.5.2.1.4 Protectiongwinst Flammable Conditions: Single
Failure Conditions. Dangerous situations can occur if unintendeddgalof hydrogen reaches
flammable concentrations.
a. The on-board hydrogen container should be equipgida shut off valve that can be
automatically activated.
b. Protection against the occurrence of 4% bymwa hydrogen in air (or greater) in the
passenger compartment, luggage compartment, asdsspéthin the vehicle that contain
unprotected ignition sources is important.
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» Vehicles may achieve this objective by design €oample, where spaces are
vented to prevent increasing hydrogen concentrgltion

« If the vehicle achieves this objective by detectibinydrogen concentrations in
air of 4% or greater, then the main hydrogen slivfe(s) shall immediately
close to prevent further increases and providéisipation of the hydrogen, and
the driver shall be provided with a warning throwgbisual signal.

A.5.2.1.5 Rationale for B.5.2.1.5. Fuel leakag®etectable leakage is not permitted.

A.5.2.1.6 Rationale for B.5.2.1.6 Visual Signal/fning System. A visual signal/warning
system is to alert the driverhen hydrogen leakage results in concentratiorideateor above

4% by volume within the passenger compartment,dgggompartment, and spaces with
unprotected ignition sources within the vehiclee Msual signal/warning system should also
alert the driver in case of a malfunction of theltogen detection system. Furthermore, the
system shall be able to respond to either sceaadanstantly warn the driver. The shut-off
signal shall be inside the occupant compartmefroimt of and in clear view of the driver. There
is no data available to suggest that the warningtfan of the signal would be diminished if it is
only visual. In case of a detection system fajltine signal warning light should be yellow. In
case of the emergency shut-off of the valve, thpaiwarning light should be red.

A.5.2.1.7 Lower Flammability Limit (LFL) (Background for B.3.9).owest concentration of
fuel in which a gas mixture is flammable. Natioaat international standard bodies (such as
NFPA and IEC) recognize 4% hydrogen by volume iraaithe LFL (US Department of
Interior, Bureau of Mines Bulletin 503, 1952; InbfJHydrogen Energy,3L36 2007; NASA RD-
WSTF-0001, 1988). The LFL, which depends on thepterature, pressure and presence of
dilution gases, has been assessed using spesifim&thods (e.g., ASTM E681-04). While the
LFL value of 4% is appropriate for evaluating flamtoiity in general surroundings of vehicles
or inside passenger compartments, this criterioy Imesoverly restrictive for flowing gas
situations where ignition requires more than 4%rbgéen in many cases. Whether an ignition
source at a given location can ignite the leakiag gume depends on the flow conditions and
the type of ignition. At 4% hydrogen in a stagnadm-temperature mixture, combustion can
only propagate in the upward direction. At appnaaiely 8 to 10% hydrogen in the mixture,
combustion can also be propagated in the downwaddarizontal directions and the mixture is
readily combustible regardless of location of igimtsource. [Coward, H.F. et al, “Limits of
flammability of gases and vapors,” Bureau of MiBedletin 503; 1952, USA; Benz, F.J. et al,
“Ignition and thermal hazards of selected aerosflac#s”, RD-WSTF-0001, NASA Johnson
Space Center White Sands Test Facility, Las Crudil,USA, October 1988; Houf, W.G. et
al, “Predicting radiative heat fluxes and flammepiénvelopes from unintended releases of
hydrogen,”, International journal of Hydrogen Engrg, pp136-141, 2007]

A.5.2.1.8 Recommended Features for Design of a Hpdjien Fuel System.

As any performance-based technical regulation danctude testing requirements for every
possible scenario, this section is to provide mactufers a list of items that they should
consider during the design of hydrogen fuellingeys with the intention to reduce hydrogen
leaks and provide a safe product.
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a. The hydrogen fuel system should function in a sai@ proper manner and be designed to
minimize the potential for hydrogen leaks, (e.gnimize line connections to the extent
possible).

b. The hydrogen fuel system should reliably withstdr&chemical, electrical, mechanical
and thermal service conditions that may be founthdunormal vehicle operation.

c. The materials used should be compatible with gaseoliquid hydrogen, as appropriate

d. The hydrogen fuel system should be installed skhahit is protected against damage
under normal operating conditions.

e. Rigid fuel lines should be secured such that tteyl :10t be subjected to critical
vibration or other stresses.

f. The hydrogen fuel system should protect againstextiow in the event of a failure
downstream.

g. No component of the hydrogen fuel system, including protective materials that form
part of such components, should project beyonatiténe of the vehicle or protective
structure.

A5.2.2 POST CRASH REQUIREMENTS
A.5.2.2.1 Rationale for B.5.2.2.1 Post Crash Telseakage Limit

The allowable post-crash leakage in FMVSS 301tfferUSA) and ECE 94 and 95 are within
6% of each other for the 60 minute period afterdtash. Since the values are quite similar, the
value in ECE 94 of 30g/min was selected as a lfastte calculations to establish the post-
crash allowable hydrogen leakage for this document.

The criterion for post-crash hydrogen leakage seHaon allowing an equivalent release of
combustion energy as permitted by gasoline vehidésing a lower heating value of 120 MJ/kg
for hydrogen and 42.7 MJ/kg for gasoline basedheniS DOE Transportation Data Book, the
equivalent allowable leakage of hydrogen can berdehed as follows:

) . 42.MJ/kg )
W, =30g/mingasolinkeakage——=10.79/minhydrogefeakage
H g/ming g 120MJ/kg g ydrog g

for vehicles with either compressed hydrogen s®agtems or liquefied hydrogen storage
systems. The total allowable loss of hydrogehésdfore 6429 for the 60 minute period
following the crash.

The allowable hydrogen flow leakage can also beesged in volumetric terms at normal
temperature @) and pressure as follows:

10.7g/min

o= x 22.4INL/mol =118NL/min
2(1.00794)g/mol

for vehicles with either compressed or liquid hygho storage.

DRAFT 3



As confirmation of the hydrogen leak rate, JARIdocted ignition tests of hydrogen leaks
ranging from 131 NL/min up to 1000 NL/min underehicle and inside the engine
compartment. Results showed that, while a loudenoan be expected from ignition of the
hydrogen, the sound pressure level and heat flug wet enough (even at a 1000 NL/min leak
rate) to damage the under floor area of the vehielease the vehicle hood, or injure a person
standing 1 m from the vehicle (SAE Technical P&$7-01-0428 “Diffusion and Ignition
Behavior on the Assumption of Hydrogen Leakage feohydrogen-Fueled Vehicle”).

The container shall remain attached to the velasitke minimum of one attachment point.

A.5.2.2.2 Rationale for B.5.2.2.2 Post-Crash @Goentration Limit in Enclosed Spaces

This test requirement has been established to etisat hydrogen does not accumulate in the
passenger, luggage, or cargo compartments thad potgntially pose a post-crash hazard. The
criteria was conservatively set to 4% hydrogen blyme as the value represents the lowest
possible level at which combustion can occur (&dcombustion is extremely weak at this
value). Since the test is conducted in parallghwhe post-crash leak test and therefore will
extend for at least 60 minutes, there is no neguideide margin on the criteria to manage
dilution zones as there is sufficient time for tharogen to diffuse throughout the compartment.

A.5.3 ELECTRIC SAFETY REQUIREMENTS & SAFETY CONCE RNS
A.5.3.1 Rationale for electric safety requirements

A failure of a high voltage system may cause amtEteShock of a (human) body. Such a
shock will may happen with any source of electyititat causes a sufficient current through the
skin, muscles or hair. Typically, the expressionged to denote an unwanted exposure to
electricity, hence the effects are considered uralgs.
http://en.wikipedia.org/wiki/Electric_shock - citeote-0

The minimum current a human can feel depends onufrent type (AC or DC) and frequency.
A person can feel at least 1 mA (rms) of AC at &) Wwhile at least 5 mA for DC. The current
may, if it is high enough, cause tissue damagéatiation which leads to cardiac arrest. 60 mA
of AC (rms, 60 Hz) or 300-500 mA of DC can causbeilfation.

A sustained electric shock from AC at 120 V, 60islan especially dangerous source of
ventricular fibrillation because it usually excedlds let-go threshold, while not delivering
enough initial energy to propel the person awagnftbhe source. However, the potential
seriousness of the shock depends on paths thrbedotly that the currents take.

If the voltage is less than 200 V, then the hunian is the main contributor to the impedance of
the body in the case of a macro-shock the passiogreent between two contact points on the
skin. The characteristics of the skin are non-lifreavever. If the voltage is above 450-600 V,
then dielectric breakdown of the skin occurs. Thagrtion offered by the skin is lowered by
perspiration, and this is accelerated if elecyicduses muscles to contract above the let-go
threshold for a sustained period of time.
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A.5.3.2 In-Use Requirements

“In-Use Requirements” are the specifications whielre to be considered when the fuel cell
vehicle is engineered. These have to be fulfileeduoid any electric hazard to passengers of an
electric vehicle.

The requirements are focusing on the electric pdwagm operating on high voltage as well as
the high voltage components and systems whichavwagcally connected.

To avoid electrical hazards it is requested that harts (= conductive pat(s) intended to be
electrically energized in normal use) are protecigainst direct contact.

Protection against direct contact inside the paggecompartment has to be checked by using a
standardized Test Wire (IPXXD).

+

Standardized Test Wire

Outside the compartment a standardized Test F{iig&iXB) has to be used to check whether a
contact with live parts is possible or not.

Standardized Test Finger

Furthermore exposed conductive parts (= parts wtechbe touched with the standardized Test
Finger and becomes electrically energized unddatisa failure conditions) have also to be
protected against indirect contact. This meanseltatconductive barriers or enclosures have to
be galvanically connected securely to the eledtabassis.

Beside protection of direct and indirect contaotation resistance is required for AC
(Alternating Currentand DC (Direct Current) systems. Isolation resistemeasured against the
electrical chassis is a physical dimension deswgilthich maximum current flowing through
the human body is not dangerous.
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While DC systems are less harmful to the humares§se1) 10@/Volt are required. AC
systems have to fulfill 50Q/Volt. For the DC systems an on-board isolatiornstaace
monitoring system is required which warns the drivben the resistance is below 1Q0/olt.

The isolation resistance requirements of @30olt for DC or 500Q/Volt for AC allow
maximum body currents of 10 mA and 2 mA respecyivel

A.5.3.3 Post-Crash Requirements

Post-Crash requirements are the specificationshwiwe to be fulfilled by the vehicles after the
impact. They do not describe the way how the impastto be conducted. This is the
responsibility of each Contracting Party. The reguents have to be fulfilled to avoid any
electric hazard to passengers of the vehicle.

The requirements are focusing on the electric pdvaan operating on high voltage as well as
the high voltage components and systems whichavwagcally connected.

After the impact of the vehicle the following threeasures demonstrate that the systems are
safe. It means that the remaining “electricity I&wé the high voltage systems are no longer
dangerous to the passengers of the vehicle.

1. Absence of high Voltage
After the impact the voltage is equal or less tB&rVAC or 60 VDC

2. Isolation Resistance

Isolation resistance measured against the elekthessis is a physical dimension describing
which maximum current is not dangerous to the hub®ng.

After the impact for AC systems measured agairesetactrical chassis the minimum isolation
resistance has to be 5Q0Volt and for DC systems 10Q/Volt.

The isolation resistance requirements of @¥olt for DC or 500Q/Volt for AC allow
maximum body currents of 10 mA and 2 mA respecyivel

3. Physical protection
After the impact it should not be possible to tolieh parts after the crash, tested with the
standardized Test Finger. Furthermore protecti@mnat)indirect contact has also been fulfilled.

By decision of the Contracting Parties under th@81Agreement a fourth measure is allowed

4. Low Energy
After the impact the energy of the system has tbddew 2.0 Joules.

A.6 TEST PROCEDURES: RATIONALE

Test procedures in B.6 replicate on-road conditfonperformance requirements specified in
B.5. Most test procedures derive from test prooesiapecified in historical national regulations
and/or industry standards.
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A.6.1 Rationale for Storage and Fuel System Intedy Tests

A.6.1.1 Rationale for B.6.1.1 Test Procedure fdPost-Crash Leak test procedure for
Compressed Hydrogen Storage Systemghe post-crash leak test is organized as follows:
B.6.1.1.1 Test procedure when the test gas isolggah
B.7.3.5.1 Test procedure when the test gas isrhel

The loss of fuel represents the allowable releasetlfe entire compressed hydrogen storage
system on the vehicle. The post-crash release eatetermined by measuring the pressure loss
of the compressed storage system over a time pefiadl least 60 minutes after the crash and
then calculating the release rate of hydrogen basethe measured pressure loss and the time
period using the equation of state of the compregses in the storage system. (See the SAE
Technical Paper 2010-10B-0164, “Development of Methodology for FCV Post-crash Fuel
Leak Testing in Corporated into SAE J2578 for a plate discussion of the methodology.) In
the case of multiple hydrogen storage containeasdre isolated from each other after crash, it
may be necessary to measure hydrogen loss indliydussing the approach in B5.2.2.1) and
then sum the individual values to determine thaltmtlease of hydrogen gas from the storage
system.

The methodology can also be expanded to allow #e af a non-flammable gas for crash
testing. Helium has been selected as it, like dxyeln, has low molecular weight. In order to
determine the ratio of volumetric flows betweenilmel and hydrogen releases (and thus
establish a required relationship between hydragehhelium leakage, we assume that leakage
from the compressed hydrogen storage system cateberibed as choked flow through an
orifice where the orifice area (A) represents thaltequivalent leakage area for the post-crash
system. In this case the equation for mass flogwisn by

W =C x CdxAXxp x P)?

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

p=R,;xT /M
and
C =y /( (Y + 1)/2)(Y+1)/(Y'1)

where R is the universal gas constant and T, M, arate the temperature, molecular weight,
and ratio of specific heats ({Cp) for the particular gas that is leaking. Since EdR,, T, and

P are all constant for the situation of determirtimg relationship between post-crash helium and
hydrogen leakage, the following equation descrtbedlow ratio on a mass basis.

Whiz/ Whie = G2/ Che X (Muz2/ Mpe) 2

Since we can determine the volumetric flow ratiofyltiplying the mass flow ratio by the ratio
of molecular weights (M) at constant temperature pressure conditions are the same.
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V2! Ve = Guz/ Ce X (Mue/ Mp) 2

Based on the above relationship, it is possibletermine that the ratio of the volumetric flow
(and therefore the ratio gas concentration bymelubetween helium test gas and hydrogen is
approximately 75% for the same leak passages finenstorage system. Thus, the post-crash
hydrogen leakage can be determined by

VH2 = VHe /0.75

where Ve is the post-crash helium leakage (NL/min).

A.6.1.2 Rationale for B.6.1.2 Test Procedure fd?ost-Crash Concentration Test in
Enclosed Spaces for Vehicles with Compressed Hydreig Storage Systems

The test may be conducted by measuring hydrogey oreasuring the corresponding
depression in oxygen content. Sensors are todagdd at significant locations in the passenger,
luggage, and cargo compartments. Since the teshiducted in parallel with the post-crash leak
test of the storage system and therefore will ekfenat least 60 minutes, there is no need to
provide margin on the criteria to manage dilutiomes as there is sufficient time for the
hydrogen to diffuse throughout the compartment.

In the case where the vehicle is not crashed wyttrdgen and a leak test is conducted with
compressed helium, it is necessary to define ar@ifor the helium content that is equivalent to
4% hydrogen by volume. Recognizing that the cdnteh hydrogen or helium in the
compartment (by volume) is proportional to the wodéiric flow of the respective releases, it is
possible to determine the allowable helium conbgmolume, X, from the equation developed
in A.6.1.1 by multiplying the hydrogen concentraticriteria by 0.75. The criteria for helium
concentration is therefore as follows:

Xne = 4% H2 by volume x 0.75 = 3.0% by volume.

The criteria for helium concentration is theref@ by volume in the passenger, luggage, and
cargo compartments if the crash test of a vehidle avcompressed storage system is conducted
with compressed helium instead of compressed hyirog

An example of hydrogen concentration measuremeatilans can be found in the document
“Examples of hydrogen concentration measurememtpdor testing” (OICA report to SGS-3
based on Japanese Regulation Attachment 100)

A.6.2 Rationale for B.6.2 Test Procedures for Copressed Hydrogen Storage

Most test procedures for hydrogen storage systamgedfrom test procedures specified in
historical national regulations and/or industrynsiards. Key differences are the execution of
tests in sequence (as opposed to historical execaftitests in parallel, each on a separate new
vessel), and slowing of the filling rate in bumssting to correspond to in-service fueling rates.
In addition, hold times at burst pressure test gsdiave been extended to 30 seconds. These
changes are designed to reduce the sensitivityitidliburst measurements to the fueling rate.
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A.7  OPTIONAL REQUIREMENTS: RATIONALE

Since hydrogen fueled vehicles are in the earlyest@f development and commercial
deployment, testing and evaluation of test methodgialify vehicles for on-road service has
been underway in recent years. However, liqudiigtogen storage systems (LHSS) have
received considerably less evaluation than havepcessed gas storage systems. At the time of
the development of this document, an LHSS vehiakelieen proposed by only one
manufacturer, and on-road vehicle experience WHIS & is very limited. The proposed LHSS
requirements in this document have been discuss@d@chnical basis, and while they seem
reasonable, they have not been validated. Du@gdimited experience with LHSS vehicles,
some Contracting Parties have requested more timtedting and validation. Therefore, the
requirements for LHSS have been presented in $eAtio as optional.

It is expected that with additional testing expecie and time for technical review, the following
sections on hydrogen storage systems will receamsideration for transition to formal
requirements in a subsequent (future) phase oftapdahis GTR:

* Requirements for Vehicles with Liquefied Hydrogdnrdge Systems (A.7.1 and B.7)

* Requirement for Sensitivity to Stress Rupture (A&nd B.6.2.1.2)
At present, these sections are provided as optayreedoption by individual Contracting Parties
prior to the next phase in the development of dilisument.

A.7.1 Vehicles with Liquefied Hydrogen Storage Sysms: Rationale
A.7.1.1 Background Information for Liquid Hydro gen Storage Systems.

A.7.1.1.1 Hydrogen gas has a low energy dengityupit volume. To overcome this
disadvantage, the liquefied hydrogen storage sygtét8S) maintains the hydrogen at
cryogenic temperatures in a liquefied state.

A.7.1.1.2 A typical liquefied hydrogen storagstgyn (LHSS) is shown Figure A.4. Actual
systems will differ in the type, number, configuoat and arrangement of the functional
constituents. Ultimately, the boundaries of theSSHare defined by the interfaces which can
isolate the stored liquefied (and/or gaseous) hyelndrom the remainder of the fuel system and
the environment. All components located withirsthoundary are subject to the requirements
defined in this Section while components outsideltbundary are subject to general
requirements in Section 4. For example, the typietsS shown in Figure A.4 consists of the
following regulatory elements:

« liquefied hydrogen storage container(s),

e shut off devices(s),

* a boil-off system,

e Pressure Relief Devices (PRDs),

» the interconnecting piping (if any) and fittingsween the above components.
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Figure A.4. Typical Liquefied Hydrogen Storage Sgtem

A.7.1.1.3 During fueling, liquefied hydrogen flevirom the fuelling system to the storage
container(s). Hydrogen gas from the LHSS retuortbi¢ filling station during the fill process so
that the liquefied hydrogen can flow into liquefiegdrogen storage container(s) without over
pressurizing the system. Two shut-offs are praviole both the liquefied hydrogen fill and
hydrogen fill return line to prevent leakage in thent of single failures.

A.7.1.1.4 Liquefied hydrogen is stored at cryageonditions. In order to maintain the
hydrogen in the liquid state, the container needsetwell insulated, including use of a vacuum
jacket that surrounds the storage container. Gipaecepted rules or standards (such as those
listed in the B.7) are advised to use for propaigieof the storage container and the vacuum
jacket.

A.7.1.1.5 During longer parking times of the \a@@j heat transfer will induce a pressure rise
within the hydrogen storage container(s). A boflsyfstem limits heat leakage induced pressure
rise in the hydrogen storage container(s) to aspresspecified by the manufacturer. Hydrogen
that is vented from the LHSS may be processedmswuoed in down-stream systems.
Discharges from the vehicle resulting from oversgrge venting should be addressed as part of
allowable leak/permeation from the overall vehicle.

A.7.1.1.6 In case of malfunction of the boil-effstem, vacuum failure, or external fire, the
hydrogen storage container(s) are protected agavespressure by two independent Pressure
Relief Devices (PRDs) and the vacuum jacket(syggated by a vacuum jacket pressure relief
device.

A.7.1.1.7 When hydrogen is released to the psipulsystem, it flows from the LHSS through

the shut-off valve that is connected to the hydnoigel delivery system. In the event that a fault
is detected in the propulsion system or fill reeef#, vehicle safety systems usually require the
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container shut-off valve to isolate the hydrogemfrthe down-stream systems and the
environment.

A.7.1.2 Rationale for Liquefied Hydrogen Storagé&ystem Test Requirements and Safety
Concerns B.7.1

The containment of the hydrogen within the liqueéfigydrogen storage system is essential to
successfully isolating the hydrogen from the suntbngs and down-stream systems. The
system-level performance tests in Section B.7.Jewlereloped to demonstrate a sufficient
safety level against rupture of the container aahbility to perform critical functions
throughout service including pressure cycles duniagnal service, pressure limitation under
extreme conditions and faults, and in fires.

Performance test requirements for all liquefiedrbgeén storage systems in on-road vehicle
service are specified in Section B.7These criteria apply to qualification of storagstsyns for
use in new vehicle production.

This section (A.7.1.23pecifies the rationale for the performance requéets established in
Section B.7.1 for the integrity of the liquefieddmggen storage system. Manufacturers are
expected to ensure that all production units meetéquirements of performance verification
testing in Section B.7.1.1 to B.7.1.4.

A.7.1.2.1 Rationale for Verification Tests for Bseline Metrics for LHSSs B.7.1.1

A proof pressure test and a baseline initial biest are intended to demonstrate the structural
capability of the inner container.

A.7.1.2.1.1 Rationale for Proof Pressure Requireemt B.7.1.1.1 and Test B.7.3.1.1By
design of the container and specification of thespure limits during regular operation and
during fault management (as demonstrated in B.231@d B.7.3.2.3), the pressure in the inner
container could rise to 110% of the Maximum Allowaal/orking Pressure (MAWP) during
fault management by the primary pressure reliefageand no higher than 150% of MAWP
even in “worst case” fault management situationsnelthe primary relief device has failed and
the secondary pressure relief device is requiretttivate and protect the system. The purpose
of the proof test to 130 percent MAWP is to demmatstthat the inner container stays below its
yield strength at that pressure.

A.7.1.2.1.2 Rationale for Baseline Initial Burst Ressure Requirement B.7.1.1.2 and Test
B.7.3.1.2. By design (and as demonstrated in B5.2.3.3), thsgure may rise up to 150% of the
Maximum Allowable Working Pressure (MAWP) when gexondary (backup) pressure relief
device(s) may be required to activate. The busttisentended to demonstrate margin against
burst during this “worst case” situation. The gree test levels of either the Maximum
Allowable Working Pressure (in MPa) plus 0.1 MPdtiplied by 3.25, or the Maximum
Allowable Working Pressure (MAWP) (in MPa) plus 0/Pa multiplied by 1.5 and multiplied
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by Rm/Rp (where Rm is ultimate tensile strength Bpds minimum yield strength of the
container material), are common values to provig#nsnargin for metallic liners.

Additionally, the high burst test values (when camell with proper selection of materials
demonstrate that the stress levels are accept@ablguch that cycle fatigue issues are unlikely
for metallic containers that have supporting desigiculations. In the case of non-metallic
containers, an additional test is required in BIZBto demonstrate this capability as the
calculation procedures have not yet been standatdar these materials.

A.7.1.2.2 Rationale for Verification for Expeceéd On-road Performance B.7.1.2.

A.7.1.2.2.1 Rationale for Boil-off Requirement B.72..2.1 and Test B.7.3.2.1.

During normal operation the boil-off managementetysshall limit the pressure below MAWP.
The most critical condition for the boil-off managent system is a parking period after a
refueling to maximum filling level in a liquefied/rogen storage system with a limited cool-
down period of a maximum of 48 hours.

A.7.1.2.2.2 Rationale for Hydrogen Leak RequiremdrB.7.1.2.2 and Test B.7.3.2.2The
hydrogen discharge test shall be conducted duieplf of the liquid storage system.
Manufacturers will typically elect to react all (arost) of the hydrogen that leaves the container,
but, in order to have a hydrogen discharge critdiad is comparable to the values used for
Compressed Hydrogen Storage Systems, it should emyrhydrogen that leaves the vehicle
boil-off systems with other leakage, if any, toetetine the total hydrogen discharge from the
vehicles.

Having made this adjustment, the allowable hydratjeoharge from a vehicle with liquefied
hydrogen storage is the same as for a vehicleswthpressed hydrogen storage. According to
the discussion in A.5.1.3, the total discharge feowehicle with liquefied hydrogen may
therefore be 150 mL/min for a garage size of 30°4 As with compressed gas, the scaling
factor, [(Vwidth+1)*(Vheight+0.05)*(Vlength+1)/ 3@], can be used to accommodate
alternative garage/vehicle combinations to thosel urs the derivation of the rate, and
accommodates small vehicles that could be parksdaller garages.

Prior to conducting this test, the primary pressefief device is forced to activate so that the
ability of the primary relief device to re-closedameet required leakage is confirmed.

A.7.1.2.2.3 Rationale for Vacuum Loss Requirement.B.1.2.3 and Test Procedure B.7.3.2.3
In order to prove the proper function of the presselief devices and compliance with the
allowed pressure limits of the liquefied hydrogérage system as described in A7.1.2.1 and
verified in B.7.3.1, a sudden vacuum loss duertinfiow in the vacuum jacket is considered as
the “worst case” failure condition. In contrastigdrogen inflow to the vacuum jacket, air
inflow causes significantly higher heat input te thner container due to condensation of air at
cold surfaces and evaporation of air at warm sedaathin the vacuum jacket.
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The primary pressure relief device should be dashag type relief valve so that hydrogen
venting will cease when the effect of a fault sdbsi These valves, by globally-accepted design
standards, are allowed a total pressure increat@%fbetween the setpoint and full activation
when including allowable tolerances of the setpsatting itself. Since the relief valve should

be set at or below the MAWP, the pressure durisigrallation of the fault that is managed by

the primary pressure relief device should not edde)% of Maximum Allowable Working
Pressure (MAWP).

The secondary pressure relief device(s) shoul@comtate during the simulation of a vacuum
loss that is managed by the primary relief devéhair activation may cause unnecessary
instability and unnecessary wear on the secondarigces. To prove fail-safe operation of the
pressure relief devices and the performance o$élcend pressure relief device in accordance
with the requirements in B.7.1.2.3/B.7.3.2.3, aosektest shall be conducted with the first
pressure relief device blocked. In this casegeithlief valves or burst discs may be used, and
the pressure is allowed to rise to as high as £8éegmt MAWP (in case of a valve used as
secondary relief device) or as high as 150 pefg&\VP (in case of a burst disc used as
secondary relief device) during the simulation @aauum loss fault.

A.7.1.2.3. Rationale for B.7.1.3 Verification T& for Service-Terminating Conditions.

In addition to vacuum degradation or vacuum lass,dlso may cause overpressure in liquefied
hydrogen storage systems and thus proper opewtitie pressure relief devices have to be
proven in a bonfire test.

A.7.1.2.4 Rationale for Pressure Relief Device(Qualification Requirements (LH2)
B.7.1.4.1

The qualification requirements verify that the desshall be such that the device(s) will limit
the pressure of the fuel container to the specifeddes even at the end of the service life when
the device has been exposed to fueling/de-fuelingsure and temperature changes and
environmental exposures. The adequacy of flowfaata given application is verified by the
hydrogen storage system bonfire test and vacuusnéss requirements (B.7.1.2.3 and
B.7.3.2.3).

A.7.1.2.5 Rationale for Shut-off Valve Qualificabn Requirements (LH2) B.7.1.4.2.

These requirements are not intended to preverddbign and construction of components (e.g.
components having multiple functions) that arespcifically prescribed in this standard,
provided that such alternatives have been congideresting the components. In considering
alternative designs or construction, the matenalsiethods used shall be evaluated by the
testing facility to ensure equivalent performanod eeasonable concepts of safety to that
prescribed by this standard. In that case, thebeurof samples and order of applicable tests
shall be mutually agreed upon by the manufacturdrthe testing agency. Unless otherwise
specified, all tests shall be conducted using piresesd gas such as air or nitrogen containing at
least 10 percent helium (see EC Reg. 406/2010452.). The total number of operational
cycles shall be 20,000 (duty cycles) for the autiershut-off valves.
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Fuel flow shut-off by an automatic shut-off valveumted on a liquid hydrogen storage vessel
shall be fail safe. The term “fail safe” shall nefe a device’s ability to revert to a safe modeor
safe complete shutdown for all reasonable failuogl@s.

The electrical tests for the automatic shut-offr/eainounted on the liquid hydrogen storage
vessels provide assurance of performance witho\{&) temperature caused by an overvoltage
condition, and (2) potential failure of the insudat between the component’s power conductor
and the component casing.

A.7.1.3 Rationale for B.7.2 Vehicle Fueling Systs in Vehicles with Liquefied Hydrogen
Storage Systems.

This section specifies requirements for the intggsf the hydrogen fuel delivery system, which
includes the liquid hydrogen storage system, pigimigts, and components in which hydrogen
is present. These requirements are in additisadaoirements specified in B.5.2, all of which
apply to vehicles with liquid hydrogen storage syss with the exception of B.2.1.1. The
fueling receptacle label shall designate liquidrogen as the fuel type. Test procedures are
given in B.7.3.5.

A.7.1.3 Rationale for B.7.4 Test Procedure for Po£rash Concentration Measurement for
Vehicles with Liquefied Hydrogen Storage Systems (HSSs)

As with vehicles with compressed storage systemsgtdneasurement of hydrogen or the
corresponding depression in oxygen content is plessi

In the case where liquefied nitrogen is used ferdtash, the concentration of helium in the
passenger, luggage, and cargo compartments magds&uned during the helium leak test which
is conducted after the crash. It is possible taldish a helium concentration criteria which is
equivalent to 4% hydrogen concentration by volug the relationship needs to be adjusted for
the difference in temperature of the gas betweemgerating LHSS and the temperature during
the helium leak test in addition to accountingddferences in physical properties. The

liquefied hydrogen is stored (and will leak) at@ygnic storage temperatures (-253C or 20K),
but the system is approximately room temperatud€ (@ 293K) for the leak test. In this case,
the equations given in A.6.1.1.1 may used to exyites ratio of helium and hydrogen mass
flows is as

Whe/Whz = CudCriz * (M kie/ M 12) 2% (T 2/ T )™
and the ratio of helium and hydrogen volumetrieviécas
Vhe! Viiz = G/ Ciz * (M 2/ M 1™ * (T el Tr2)™?
where terms are as defined in A.5.2.1.1. Applymgvolumetric flow ratio as defined above to

account for a system that operates at cryogeniaggoconditions but is leak tested at room
temperature to the requirement that there be ratgréhan 4% by volume of hydrogen in the
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actual vehicle, yields a value of approximately?0.8y volume of helium as the allowable value
for the LHSS post-crash test based on the leakbgasadrom the LHSS.

A.7.5.1 Rationale for B.7.4.1 Post-Crash Leak Bé-- Liquefied Hydrogen Storage
Systems (LHSSS)

The purpose of the test is to confirm that the dggkfrom vehicles with LHSSs following the
crash test. During the crash test, the LHSS isdiWith either liquefied hydrogen (LH2) to the
maximum quantity or liquefied nitrogen (LN2) to teguivalence of the maximum fill level of
hydrogen by weight (which is about 8% of the maximliquefied hydrogen volume in the
LHSS) depending which fluid is planned for the brésst. The LN2 fill of about 8% is required
to simulate the fuel weight for the crash test, slightly more liquefied nitrogen is added to
accommodate system cooling and venting prior tdgébke Visual detection of unacceptable
post-crash leakage as defined in B.7.3.5.1.1 mdgdmble if the LHSS can be visually
inspected after the crash. When using standakdtées fluid, the bubble size is expected to be
approximately 1.5 mm in diameter. For a localiza@ of 0.005 mg/sec (3.6 mL/min), the
resultant allowable rate of bubble generation mu&l2030 bubbles per minute. Even if much
larger bubbles are formed, the leak should be keddiectable. For example, the allowable
bubble rate for 6 mm bubbles would be approximad@lypubbles per minute, thus producing a
very conservative criteria if all the joints andnerable parts are accessible for post-crash
inspection.

If the bubble test is not possible or desired, eerall leakage test may be conducted to produce
a more objective result. In this case, the leakageria is the same as that developed for
vehicles with compressed hydrogen storage syst&pscifically, the allowable hydrogen
leakage from the LHSS is 118 NL/min or 10.7 g/mirhe state of flow leaking from the LHSS
may be gaseous, liquid, or a two-phase mixtureotti.bThe leakage is expected to be in the
gaseous state as the piping and shutoff valves stogam of the container are more vulnerable
to crash damage than the highly insulated, doulaléed LHSS container. None-the-less, the
post-crash tests prescribed in this document ceatideery small leak sites and thus demonstrate
the acceptability even if the leakage in the ligstiate. It is not necessary to address the
possibility of a two-phase leak as the flow raté e less than that what can occur in the liquid
state.

The post-crash leak test®.4.1.1 is conducted with pressurized helium. Condtfithig test

not only confirms that LHSS leakage is acceptahtealso allows the post-crash helium
concentration test as described in A.6.1.2.2 tpdséormed at the same time. The helium leak
test is conducted at room temperature with the Lid&Ssurized with helium to normal

operating pressure. The pressure level shouleclmavithe activation pressure of the pressure
regulators and the pressure relief devices (PRID$3.expected that the helium test pressure can
be conducted at approximately 80% of the Maximuthowhble Working Pressure (MAWP).

Leakage of hydrogen in the liquid state of an ofiegesystem is given by

W, =Cy XA X (2 xp x AP)Y? Equation A6112-1
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where W is the mass flow, {s the discharge coefficient, A is the area oflibke,p is the
density, and\P, is the pressure drop between the operating syatehatmosphere. This
equation is for incompressible fluids such as 8uithe liquid state. Use of this equation is
very conservative for this situation as a portibthe fluid often flashes (that is, changes to a
gaseous state) as the fluid passes through thadediole, causing a reduction in density and
therefore a reduction in the mass flow.

The leakage of helium gas during the leak tesivisrgby
Whe=C X G XA X (Pre X Puo)*? Equation A6112-2

where G and A are as defined aboyeand P are the upstream (stagnation) fluid demasity
pressure in the LHSS. C is given by

C =y /((y + 1))t DD Equation A6112-3
wherey is the ratio of specific heats for the helium et is leaking.

Since G and A are constants with the same values for lgpaiid hydrogen leaking from the
operating LHSS and helium gas during the leak thestratio of helium to liquid hydrogen
leakage can be calculated by

Whe!/ Wi = Cie X e/ p1) Y2 X (Pae/(2 x AP)) M2 Equation A6112-4

based on combiningquations A6112-1 and A6112-2. Equation 4 can be used to calculate the
helium mass flow at the beginning of the pressesg but the pressure will fall during the
pressure test where as the pressure of the opptad8S will remain approximately constant
until all the liquid has been vented.

In order to accurately determine the allowable o#idua in pressure during the leak test, the
change in helium flow with pressure needs to beatied for. Since the density of heliuppd)
varies with pressure, the mass flow of helium dythme pressure test will also vary linearly with
pressure as given by

Wi =R X (Whe/ Pue) Equation A6112-5

where W and Rare the helium mass flow and pressure during tbespre test and \Wand R
are the initial values of leak test.

Starting with the ideal gas law,
RV=M{ xRy XxT Equation A6112-6

where Ris the test pressure, V is the volume of the LH8Ss mass of the LHSS, 4is the
helium gas constant on a mass basis, and T igtheerature of the LHSS. Differentiating
Equation 6 with time leads to

OPJ/ot =Ry X T/ V xoM/ot Equation A6112-7
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wheredP/ct is the change in pressure during the helium presgst. Since the change in mass
within the LHSS §M/ot) is equal to the helium mass flow during the fesiod (W), Equation
5 for W; can be substituted intéquation 7. After re-arranging terms, the equation becomes

OP/ P, =Ry X T/V X (Whe! Phe) X 0t = (Whe ! Mue) X 0Ot Equation A6112-8
where My is the initial mass of helium in the LHSS for ghressure test.
Integrating the above differential equation resuitexpressions for the allowable pressure at the

end of the helium leak test and the correspondiogvable pressure loss over the test period.
The expressions are

Pailowable = Pre X €XP (-Wie / Mpe X theriod) Equation A6112-9
and
APa||owab|e: H—|e X (1 - eXp ('\Me/ MHe X tperiocb) Equatlon A6112'1O

where period iS the period of the test.

Use of the above equations can be best illustiaggaroviding an example for a typical
passenger vehicle with a 100 liter (L) volume LHS%er ground rule, the basic safety
parameters are established to be the same asthihefcompressed hydrogen storage Ssystem .
Specifically, the period of the leak test is 60 ntés and the average leakage must be
equivalent to 10.7 g/min. Using these parametarthie example yields the following:

Post-crash test periogdt.d = 60 minutes

Allowable Liquid H, Leakage (W = 10.7 g/min = 118 NL/min of gas after flashing
Maximum Allowable Working Pressure (MAWP) = 6 atga(ige) = 7 atm (absolute)
Selected Helium Test Pressurgdbelow Pressure Regulator Setpoints = 5.9 atm
(absolute)

Ratio of specific heat (k) for helium = 1.66

C for helium = 0.725 fronkquation A6112-3

Helium Density at Initial Test Pressure = 0.991 g/L

Density of Liquified Hydrogen = 71.0 g/L

Liquid Hydrogen Leakage Pressure Drayp{ = 5.9 atm — 1 atm = 4.9 atm

Mass Ratio of Helium to Liquid H_eakage (W./ W,) = 0.0668

Allowable Initial Helium Leakage (W) = 7.15 g/min = 4.01 NL/min

Initial Mass of Helium in the LHSS for the test (M= 99.1 g fromEquation A6112-6
Allowable Reduction in Helium PressureR;iowanid = 1.97 atm fronEquation A6112-
10

The above example illustrates how the equationdeamsed to determine the reduction in
helium pressure over the 60 minutes test periothimteak test. While the methodology results
in an objective result from a commonly-used typéest, it should be noted that the criterion is
very conservative in that the methodology assumeg leakage rather than the more likely
gaseous leakage from the piping and valves dovarstad the LHSS container. For example,
the ratio of hydrogen gas leakage can be determisigjEquation A6112-2 and the resulting
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ratio of allowable helium gas leakage to hydroges lgakage is a factor of 5.14 higher than that
calculated assuming liquefied hydrogen leaks, ithustrating the conservatism if the leakage is
in the gaseous form.

The test defined iB.7.3.5.1.1 requires modifications to the LHSS in the vehi@hd additional
time and expense to perform the post-crash teste the less, the use of this test method is
straight-forward, objective, and practical to coctidn a crashed vehicle and therefore adopted
for the purpose of regulatory requirements.

A.7.2 Sensitivity to Stress Rupturen hydrogen storage systems

New performance test requirements have been deactkopassure that compressed storage
systems designed with new materials and constngtio not have higher sensitivity to stress
rupture than would be properly qualified for seevicsing requirements of B.5.1.

B.5.1.2.5 qualifies storage systems for long-tparking under full fill conditions (25 years at
100%NWP) by testing at 125% NWP for 1000hr— thei\eajance of these requirements is based
on the relationship between time-to-failure andligostress that was established (Aerospace
Corp Report No. ATR-92(2743)-1 (1991) and referartberein) for vessels with sensitivity to
stress rupture as extreme as the current worstvesse| structural material (glass fiber
reinforced composite). B.6.2.1.2 verifies thatvegsel with sensitivity to stress rupture that
exceeds this worst-case condition is allowed.

The B.6.2.1.2 performance test verifies that thesgkis constructed from materials that have a
relationship between time-to-failure and appligést that is better than the worst-case
relationship for glass fiber reinforced compositattwas used as the basis for B.5.1.2.5 --
thereby B.6.2.1.2 verifyies that the worst-casedaiion used to qualify vessels in B.5.1.2.5 is
the extreme for on-road serviceThe worse-casetsgtysio stress rupture qualified for service
in B.5.1.2.5 (glass composite sensitivity) is thatlF increase in time-to-failure is associated
with a 18% decrease in the sustained pressure BB2.1.2 performance test verifies that a
x107 increase in time-to-failure is linked to no manar a 9% decrease in pressure — this
provides a margin for performance beyond the dildgs-composite limit. It also accommodates
an additional parking target of 115% NWP for 10rgeavhich provides for commercial vehicles
with highly thermally insulated containment vesgbkst are used in very warm climates and
fully fuel from empty at the end of each work daylammediately park for over 12 hours.

Because the B.6.2.1.2 qualification test is unugumirdensome (it requires over a year to
complete), systems for which public experimentahdae available for the vessels or vessel
structural material and for which on-road servigpegience is extensive can be qualified by
alternative criteria. The exception from B.6.2.te&ting for carbon-fiber reinforced composite
vessels is based on extensive experimental matiial(e.g. Aerospace Corp Report No. ATR-
92(2743)-1 (1991) and references therein) and eéxpar with on-road vehicle service. The
conditional exception from B.6.2.1.2 testing @teiss-fiber reinforced composite vessels is
based on extensive experimental material data Aexgspace Corp Report No. ATR-92(2743)-1
(1991) and references therein) and experienceexiidnsive on-road vehicle service —in the case
of glass-fiber composites, the material data suggbe expectation that if the vessel material is
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capable of sustaining 330%NWP for 30 seconds, ith@uld sustain 180%NWP for over 25
years, which would ensure capability to meet th@2aRWP end-of-life requirement.

Therefore, the conditional exception from B.6.2 te&ing for glass-fiber composite vessels is
that the vessels demonstrate a proof pressure08638WVP. Comparably extensive
experimental data (relationship between time-thi#faiand stress), and comparably extensive
experience with on-road service are not availatlether vessel materials; hence those vessels
are required to undergo the B.6.2.1.2 test.

A.8 OPTIONAL REQUIREMENTS FOR MATERIAL QUALIFICATI ON FOR TYPE
APPROVAL OF HYDROGEN STORAGE SYSTEMS

The SGS working group recommended deferring thenaicompatibility and hydrogen
embrittlement to Phase 2 of the GTR activity. §heup recognized its importance and started
the work in this item. However, due to time coastit and other policy and technical issues,
agreement was not reached during Phase 1.

The qualification performance requirements (SecBds) provide qualification requirements for
on-road service for hydrogen storage systems. gbaéof harmonization of requirements as
embodied in the United Nations Global Technical iRaipns provides the opportunity to
develop vehicles that can be deployed throughoutr@cting Parties to achieve uniformity of
compliance, and thereby, deployment globally. &fere, Type Approval requirements are not
expected beyond requirements that address confooigroduction and associated verification
of material properties (including requirementsraterial acceptability with respect to hydrogen
embrittlement).

Compliance with material qualification requiremeetsures that manufacturers consistently use
materials that are appropriately qualified for loggkn storage service and that meet the design
specifications of the manufacturers.

Contracting Parties that have Type Approval systenght elect requirements for material
gualification as follows. Requirements of thiséymay provide a baseline for harmonized
global acceptance among Contracting Parties fagdegpproval and conformity of production.

|

A.8.1 Plastic liner tensile test. For containegith plastic liners, two plastic liners are testtd
40°C in accordance with ISO 527-2. The tensile ysténgth and ultimate elongation must be
within the manufacturer’s specifications.

A.8.2 Plastic liner softening temperature tdsbr containers with plastic liners, the softening

temperature of polymeric materials from finishetels is determined based on the A50 method
in ISO 306. The softening temperature must betgréhan or equal to 160.
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A.8.3 Glass transition temperature test. Foraoets with composite wraps, the glass
transition temperature of resin materials is deteechin accordance with ASTM D3418. Test
results must be within the manufacturer’s spediices.

A.8.4 Resin shear strength test. For containétsamposite wraps, resin materials are tested
on a coupon of the over-wrap in accordance with IM3J2344. After boiling in water for 24
hours the minimum shear strength of the compositst ine 13.8MPa.

A.8.5 Coating test. For containers with exteeralironmental coatings, coatings are evaluated
as follows:

a) adhesion strength based on ISO 4624; thengpatust exhibit an adhesion rating of 4.

b) flexibility based on ASTM D522 Method B withl2.7 mm mandrel at the specified
thickness at -20C; the coating must not exhib#cks

c) impact resistance in accordance with ASTM D27%Be coating at room temperature
must pass a forward impact test of 18 J.

d) water exposure based on ASTM G154 using ansxpmf 1000 hours. There shall be
no evidence of blistering. The adhesion must ragating of 3 when tested in
accordance with ISO 4624.

e) salt spray exposure in accordance with ASTMBUding an exposure of 500 hours.

There must be no evidence of blistering. The adherust meet a rating of 3 when
tested in accordance with ASTM D3359.

A.8.6 Metal tensile strength and elongation. Duoentation of tensile strength and elongation
testing must confirm that materials meet the mastufar’s specifications.

a) For steel alloys, tensile strength and elangaests are conducted on a finished steel
unit (containment vessel or liner) that comes intaot with hydrogen in the interior of a
high pressure containment vessel according toleessength and elongation tests in
10.2-10.4 of ISO 9809-1:1999 or ISO 9809-2:2000mDestrated tensile strength and
elongation must meet the manufacturer’s designifspsitcons. For containment vessels
without full composite fiber/resin structural wrajtsis recommended that the elongation
be at least 14%.

b) For aluminum alloys, material tests are coteldion a finished aluminum alloy unit
(containment vessel or liner) that comes in con#attt hydrogen in the interior of a high
pressure containment vessel according to 10.23-drfd Annexes A or B of ISO
7866:1999. (These are tensile, corrosion and ¢oacking tests; corrosion tests are not
required). Demonstrated tensile strength and elibeyy must meet the manufacturer’s
design specifications. For containment vesselsawit full composite fiber/resin
structural wraps, it is recommended that the elbogde at least 12%. Welded liners
should follow guidance in 7.2.3 — 7.2.7 and AnneXes B (except B2.2) of EN

12862:2000. (These are tensile and erxibiIitystQ]s
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A.9 TOPICS FOR THE NEXT PHASE IN THE DEVELOPMENT OF THE GTR
FOR HYDROGEN-FUELED VEHICLES

Since hydrogen fueled vehicles and fuel cell tetbgies are in early stages of development of
commercial deployment, it is expected that revisitimthese requirements may be suggested by
an extended time of on-road experience and techewveduations. It is further expected that

with additional experience or additional time fallér technical consideration, the requirements
presented as optional requirements in this doculiadtion A.7) s could be adopted as
requirements with appropriate modifications.

It is furthermore expected that n In addition, qesvformance test requirements for resistance to
hydrogen embrittlement are expected to be develappdovide globally harmonized means to
assure that qualification of hydrogen storage systior durability using hydraulic pressure
cycling in B.5.1 are not compromised by chemictd&k by hydrogen through interior surfaces.
In the intervening period prior to the inclusiongefalification requirements for hydrogen
embrittlement, Contracting Parties are expectags®individual national material qualification
requirements as appropriate.

A.10 EXISTING REGULATIONS, DIRECTIVES, AND INTERN ATIONAL
STANDARDS

A.10.1 VEHICLE FUEL SYSTEM INTEGRITY

A.10.1.1 National regulations and directives.

* European Union -- Regulation 406/2010 implemenE@Regulation 79/2009

» Japan -- Safety Regulation Article 17 and Attachimién— Technical Standard for Fuel
Leakage in Collision

» Japan -- Attachment 100 — Technical Standard Fel Eystems Of Motor Vehicle Fueled
By Compressed Hydrogen Gas

» Canada -- Motor Vehicle Safety Standard (CMVSS).B81Fuel System Integrity

» Canada -- Motor Vehicle Safety Standard (CMVSS).361CNG Vehicles

» Korea -- Motor Vehicle Safety Standard, Article-9Fuel System Integrity

* United States -- Federal Motor Vehicle Safety StaddFMVSS) No. 301 - Fuel System
Integrity.

» United States -- FMVSS No. 303 — CNG Vehicles

A.10.1.2 National and International standards.

* IS0 17268 -- Compressed hydrogen surface veheflelling connection devices

* 1SO 23273-1 -- Fuel cell road vehicles — Safetycdpmtions — Part 1: Vehicle functional
safety

* SO 23273-2 -- Fuel cell road vehicles — Safetyc#pmtions — Part 2: Protection against
hydrogen hazards for vehicles fuelled with compeddsydrogen

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

* SAE J2578 -- General Fuel Cell Vehicle Safety
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SAE J2600 — Compressed Hydrogen Surface Vehiclernigu€onnection Devices
SAE J2601 — Fueling Protocols for Light Duty Gaseblydrogen Surface Vehicles
SAE J2799 — Hydrogen Quality Guideline for FuellG4dhicles

A.10.2 STORAGE-SYSTEM

A.10.2.1 National regulations and directives:

China -- Regulation on Safety Supervision for $geequipment

China -- Regulation on Safety Supervision for Ggnder

Japan -- JARI S001(2004) Technical Standard fort&pars of Compressed Hydrogen
Vehicle Fuel Devices

Japan -- JARI S002(2004) Technical Standard for @omants of Compressed Hydrogen
Vehicle Fuel Devices

Japan -- KHK 0128(2010) Technical Standard for @meesed Hydrogen Vehicle Fuel
Containers with Maximum Filling Pressure up to 7GMP

Korea -- Hgh Pressure Gas Safety Control Law

United States -- FMVSS 304 - Compressed NaturalfGa<Container Integrity
European Union -- Regulation 406/2010 implemenE@Regulation 79/2009

A.10.2.2 National and International standards:

CSA B51 Part 2 -- High-pressure cylinders for theboard storage of natural gas and
hydrogen as fuels for automotive vehicles

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

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

CSA HGV 3.1-2011 — Fuel System Component for HydroGas Power Vehicles (Draft)
ISO 13985:2006 -- Liquid Hydrogen — Land VehicleeFTanks

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

SAE J2579 -- Fuel Systems in Fuel Cell and Othedrblgen Vehicles

A.10.3 ELECTRIC SAFETY

A.10.3.1 National regulations:

Canada -- CMVSS 305—Electric Powered Vehicles: tidéyte Spillage And Electrical
Shock Protection

ECE -- Regulation 100 - Uniform Provisions Concegilrhe Approval Of Battery Electric
Vehicles With Regard To Specific Requirements foe Tonstruction AND Functional
Safety

Japan -- Attachment 101 — Technical Standard foteletion of Occupants against High
Voltage in Fuel Cell Vehicles

Japan -- Attachment 110 — Technical Standard foteletion of Occupants against High
Voltage in Electric Vehicles and Hybrid Electric Meles
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» Japan -- Attachment 111 — Technical Standard foteletion of Occupants against High
Voltage after Collision in Electric Vehicles and Ibiid Electric Vehicles

» China -- GB/T 24548-2009 Fuel cell electric vehsclgerminology

* China -- GB/T 24549-2009 Fuel cell electric vehsclesafety requirements

* China -- GB/T 24554-2009 Fuel cell engine - perfante - test methods

» Korea -- Motor Vehicle Safety Standard, Article 28-High Voltage System

» Korea -- Motor Vehicle Safety Standard, Article 1 Electrolyte Spillage and Electric
Shock Protection

* China -- QC/T 816-2209 Hydrogen supplying and ekfg vehicles -specifications

* United States -- FMVSS 305 - Electric-Powered VigsicElectrolyte Spillage and Electrical
Shock Protection

A.10.3.2 National and International Industry slards:

* SO 23273-3 -- Fuel cell road vehicles — Safetyc#pmations — Part 3: Protection of
persons against electric shock

* SAE J1766 -- Electric and Hybrid Electric Vehiclatiry Systems Crash Integrity Testing

 SAE J2578 -- General Fuel Cell Vehicle Safety

A.11 DISCUSSION OF KEY ISSUES
==Delete this section?

A.12 BENEFITS AND COSTS
== Delete this section?

DRAFT >



PART B. TEXT OF REGULATION
B.1. PURPOSE

B.1 This regulation specifies safety-related pemiance requirements for hydrogen-fueled
vehicles. The purpose of this regulation is toimine human harm that may occur as a result of
fire, burst or explosion related to the vehiclel fsyesstem and/or from electric shock caused by
the vehicle’s high voltage system.

B.2. SCOPE

B.2 This regulation applies to all hydrogen fueled eéds of Category 1-1 and 1-2, with a
gross vehicle mass (GVM) of 4,536 kilograms or.less

B.3. DEFINITIONS
For the purpose of this regulation, the followirgfiditions shall apply:

Hydrogen-fueled vehicle means any motor vehiclé tisas compressed gaseous or liquefied
hydrogen as fuel to propel the vehicle includinglftell and internal combustion engine
vehicles.

B.3.1 Type approval means the confirmation by means of certificatitmotigh a recognised
body that prototype or pre-production samples sfpecific vehicle, vehicle system or vehicle
system component meet the relevant specified pedoce standards, and that the final
production versions also comply, as long as conityraf production is confirmed.

B.3.2 Vehiclefuel system means an assembly of components used to stotgplyshydrogen
fuel to a fuel cell (FC) or internal combustion ameg(ICE).

B.3.3 Hydrogen storage system means pressurized container(s), pressure Rehgfate(PRDSs),
shut off device(s), and all components, fittingd &mel lines that isolate the stored hydrogen
from the remainder of the fuel system and the emvirent.

B.3.4 Pressurerdief device (PRD) means a device that, when activated uncsaifsad
performance conditions, is used to release hydrérgem a pressurized system and thereby
prevent failure of the system.

B.3.5 Burst-disc means the non-reclosing operating part of a pregslief device which, when
installed in the device, is designed to burst ptealetermined pressure to permit the discharge of
compressed hydrogen.B.3.Bhermally-activated pressure relief device (TPRD) means a non-
reclosing PRD that is activated by temperaturepencand release hydrogen gas.
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B.3.6 Pressurerelief valve means a pressure relief device that opens atsafgreessure level
and can re-close.

B.3.7 Check valve means a non-return valve that prevents reverseifldhe vehicle fuel line.

B.3.8 Rupture andburst both mean to come apart suddenly and violentlyakopen or fly into
pieces due to the force of internal pressure.

B.3.9 Shut-off valve means a valve between the storage container andkthicle fuel system
that can be automatically activated and defaulteéaclosed position when unpowered.

B.3.10 Nominal working pressure (NWP) means the gauge pressure that characteyiziesal
operation of a system. For compressed hydrogeca#ainers, NWP is the settled pressure of
compressed gas in fully fueled container, contaimesystem at a uniform temperature ofd5

B.3.11 Maximum allowable working pressure (MAWP) means the highest gauge pressure to
which a pressure container, container, or systgoensiitted to operate under normal operating
conditions.

B.3.12 Maximum fueling pressure (MFP) means for compressed systems, the
maximum pressure applied to the system duringrigeliThe maximum fueling pressure is
125% of theNominal Working Pressure.

B.3.13 Servicelife means the maximum time period for which servicade) is qualified
and/or authorized.

B.3.14 Date of removal from service means the calendar date (month and year) spetdfied
removal from service.

B.3.15 Date of manufacture (of a compressed hydrogen storage system) meartsalbndar date
(month and year) of the proof pressure test perdorguring manufacture.

B.3.16 Liquefied hydrogen storage system means liquefied hydrogen storage container(s)
pressure relief devices (PRDs) , shut off devidegi&off system and the interconnection piping
(if any) and fittings between the above components.

B.3.17 Singlefailure means a failure caused by a single event, inctudity consequential
failures resulting from this failure.

B.3.18 Lower flammability limit (LFL) means the lowest concentration of fuel atchita
gaseous fuel mixture is flammable at normal tempeeaand pressure. The lower flammability
limit for hydrogen gas in air is 4% by volume (A25L.6).

B.3.19 Exhaust point of discharge means the geometric center of the area wherecéliel
purged gas is discharged from the vehicle.
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B.3.20 Enclosed or semi-enclosed spaces means the special volumes within the vehicle (er th
vehicle outline across openings) that are exteamtide hydrogen system and its housings (if
any) where hydrogen may accumulate (and thereby adsmzard) such as the passenger
compartment, luggage compartment, cargo compariraespace under the hood.

B.3.21 Activedriving possible mode means the vehicle mode when application of prestur
the accelerator pedal (or activation of an equiMatentrol) or release of the brake system will
cause the electric power train to move the vehicle.

B.3.22 High voltage means the classification of an electric compowemircuit, if its
maximum working voltage is greater than 60 V aedslthan or equal to 1500 V of direct
current (DC) or greater than 30 V and less thamgmial to 1000 V of alternating current (AC).

B.3.23 High Voltage Bus means the electrical circuit, including the conglsystem for charging
the RESS that operates on high voltage.

B.3.24 Working voltage means the highest value of an electrical circolitage root mean square
(rms), specified by the manufacturer or determimgdheasurement, which may occur between
any conductive parts in open circuit conditionsioder normal operating condition. If the
electrical circuit is divided by galvanic isolatiathe working voltage is defined for each divided
circuit, respectively.

B.3.25 Automatic disconnect means a device that when triggered, conductivebasates the
electrical energy sources from the rest of the Rigltage circuit of the electrical power train.

B.3.26 Conductive connection means the connection using contactors to an eatpawer
supply when the rechargeable energy storage sY&®&®S) is charged.

B.3.27 Coupling system for charging the rechargeable energy storage system (RESS) means
the electrical circuit used for charging the RE&#nfan external electric power supply
including the vehicle inlet.

B.3.28 Direct contact means the contact of persons with high voltage piarts.

B.3.29 Electrical chassis means a set made of conductive parts electriiakgd together,
whose electrical potential is taken as reference.

B.3.30 Electrical circuit means an assembly of connected high voltage &vis pvhich is
designed to be electrically energized in normakaipen.

B.3.31 Electrical isolation means the electrical resistance between the eehigh voltage bus
source and any vehicle conductive structure.

B.3.32 Electrical protection barrier means the part providing protection against diceatact
to the live parts from any direction of access.
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B.3.33 Electric energy conversion system means a system (e.g. fuel cell) that generates and
provides electrical energy for vehicle propulsion.

B.3.34 Electric power train means the electrical circuit which may includess tifaction

motor(s), and may also include the RESS, the éat&nergy conversion system, the electronic
converters, the traction motors, the associateshgvitarness and connectors, and the coupling
system for charging the RESS

B.3.35 Electronic converter means a device capable of controlling and/or cdimgeelectric
power for for propulsion.

B.3.36 Enclosure means the part enclosing the internal units andiging protection against
any direct contact.

B.3.37 Exposed conductive part means the conductive part which can be touchedruhé
provisions of the protection degree IPXXB, and vahbecomes electrically energized under
isolation failure conditions.

B.3.38 External electric power supply means an alternating current (AC) or direct cur(®)
electric power supply outside of the vehicle.

B.3.39 Indirect contact means the contact of persons with exposed coneugtirts.

B.3.40 Live parts means the conductive part(s) intended to be @atiir energized in normal
use.

B.3.41 Luggage compartment means the space in the vehicle for luggage accatation,
bounded by the roof, hood, floor, side walls, all a® by the electrical protection barrier and
enclosure provided for protecting the power traomnf direct contact with live parts, being
separated from the passenger compartment by thelfutkhead or the rear bulk head.

B.3.42 On-board isolation resistance monitoring system means the device which monitors the
isolation resistance between the high voltage basdghe electrical chassis.

B.3.430pen type traction battery means a type of battery requiring liquid and gatieg
hydrogen gas released to the atmosphere.

B.3.44 Passenger compartment (for electric safety assessment) means the space for occupant
accommodation, bounded by the roof, floor, siddsyaloors, outside glazing, front bulkhead
and rear bulkhead, or rear gate, as well as bgldatrical protection barriers and enclosures
provided for protecting the power train from direontact with live parts.

B.3.45 Protection IPXXB means protection from contact with high voltage Iparts provided

by either an electrical protection barrier or aclesure and tested using a Jointed Test Finger
(IPXXB) as described in B.6.3.3.
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B.3.46 Protection IPXXD means protection from contact with high voltage Iparts provided
by either an electrical protection barrier or aolesure and tested using a Test Wire (IPXXD) as
described in B.6.3.3.

B.3.47 Rechargeable energy storage system (RESS) means the rechargeable energy storage
system which provides electric energy for electnqrapulsion.

B.3.48 Service disconnect means the device for deactivation of the eledtdizauit when
conducting checks and services of the RESS, flletteek, etc.

B.3.49 Solid insulator means the insulating coating of wiring harnessesiged in order to
cover and prevent the high voltage live parts faeomg direct contact. This includes covers for
insulating the high voltage live parts of connestand varnish or paint for the purpose of
insulation.

B.4. APPLICABILITY OF REQUIREMENTS

B.4.1 The requirements of sections B.5 (usinggescedures in B.6) apply to all compressed
hydrogen fueled vehicles.

B.4.2 Each contracting party under the UNECE 1A§8ement shall maintain its existing
national crash tests (frontal, side, rear and veltpand use the limit values of section B.5.212 fo
compliance.

B.4.3 The requirements of section B.5.3 applgltdnydrogen-fueled vehicles using high
voltage.

B.5. PERFORMANCE REQUIREMENTS
B.5.1 COMPRESSED HYDROGEN STORAGE SYSTEM

This section specifies the requirements for thegnty of the compressed hydrogen storage
system. The hydrogen storage system consistedfigh pressure storage container(s) and
primary closure devices for openings into the pgissure storage container(s). Figure B.5.1.1
shows a typical compressed hydrogen storage sygiasisting of a pressurized container, three
closure devices and their fittings. The closwreicks include: 1) a thermally-activated pressure
relief device (TPRD), 2) a check valve that prasesverse flow to the fill line, and 3) an
automatic shut-off valve that can close to previent from the containment vessel to the fuel
cell or ICE engine.

Any shut-off valve(s), and TPRD(s) that form thenary closure of flow from the storage

container shall be mounted directly on or withieleaontainer. At least one component with a
check valve function shall be mounted directly onvighin each container.
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Storage
Container

Figure B.5.1.1 Typical Compressed Hydrogen Swi@gstem

All new compressellydrogen storage systems produced for on-road keebécvice shall have a
NWP of 70 MPa or less and a service life of 15 gemrless, and be capable of satisfying the
requirements of B.5.1.

The hydrogen storage system shall meet the perfarenist requirements specified in this
Section B.5.1. The qualification requirementsdofroad service are:

B.5.1.1 Verification Tests for Baseline Metrics

B.5.1.2 Verification Test for Performance Duréil

B.5.1.3 Verification Test for Expected On-Roadteyn Performance

B.5.1.4 Verification Test for Service TerminatiBgstem Performance in Fire

B.5.1.5 Verification Test for Closure Performarmgrability
The test elements within these performance req@nésnare summarized in Table B.5.1. The
corresponding test procedures are specified in@eBt6.

Table B.5.1
Overview of Performance Qualification Test Requirenents

B.5.1.1 Verification Tests for Baseline Performace Metrics
B.5.1.1.1 Baseline Initial Burst Pressure
B.5.1.1.2 Baseline Initial Pressure Cycle Life

B.5.1.2 Verification Test for Performance Durabiity (sequential hydraulic tests)
B.5.1.2.1 Proof Pressure Test
B.5.1.2.2 Drop (Impact) Test
B.5.1.2.3 Surface damage
B.5.1.2.4 Chemical Exposure and Ambient Tempeea®uessure Cycling Tests
B.5.1.2.5 High Temperature Static Pressure Test
B.5.1.2.6 Extreme Temperature Pressure Cycling
B.5.1.2.7 Residual Proof Pressure Test
B.5.1.2.8 Residual Strength Burst Test
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B.5.1.3 Verification Test for Expected On-road Pdormance (sequential
pneumatic tests)
B.5.1.3.1 Proof Pressure Test
B.5.1.3.2 Ambient and Extreme Temperature GassBre<ycling Test
(pneumatic)
B.5.1.3.3 Extreme Temperature Static Gas Presseak/Permeation Test
(pneumatic)
B.5.1.3.4 Residual Proof Pressure Test
B.5.1.3.5 Residual Strength Burst Test (Hydcul

B.5.1.4 Verification Test for Service TerminatingPerformance in Fire

B.5.1.5 Verification Test for Closure Durability

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

Three (3) new containers randomly selected frond#segn qualification batch of at least 10
containers, are hydraulically pressurized untisb(B.6.2.2.1 test procedure). The manufacturer
shall supply documentation (measurements andtstatianalyses) that establishes the midpoint
burst pressure of new storage containers,. BP

All containers tested must have a burst pressuitemit10% of BRy and greater than or equal to
a minimum BR,, of 200% NWP.

B.5.1.1.2 Baseline Initial Pressure Cycle LifePCL)

Three (3) new containers randomly selected fronddsgn qualification batch are hydraulically
pressure cycled to 125% NWP without rupture fo0@8,cycles or until leak occurs (B.6.2.2.2
test procedure). Leakage shall not occur witl@yates, where #Cycles is set individually by
each Contracting Party at 5,500, 7,500 or 11,0@0esyfor a 15 year service life.

B.5.1.2 Verification Tests for Performance Durabity (Hydraulic sequential tests)

If all three PCL measurements made in B.5.1.1.3yeeater than 11,000 cycles, or if they are all
within + 25% of each other, then only one (1) containégsged in B.5.1.2. Otherwise, three (3)
containers are tested in B.5.1.2.

A hydrogen storage container must not leak dutiregfollowing sequence of tests, which are

applied in series to a single system and whichllaistrated in Figure B.5.1.2. At least one
system randomly selected from the design qualiboabatch must be tested to demonstrate the
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performance capability. Specifics of applicabks f@rocedures for the hydrogen storage system
are provided in Section B.6.2.3.
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Figure B. 5.1.2 Verification Test for Performaridurability (hydraulic)

B.5.1.2.1 Proof Pressure Test. A storage coatasnpressurized to 150%NWP (B.6.2.3.1 test
procedure). A storage container that has underggmeof pressure test in
manufacture is exempt from this test.

B.5.1.2.2 Drop (Impact) Test. The storage cotais dropped at several impact angles
(B.6.2.3.2 test procedure).

B.5.1.2.3 Surface Damage Test: The storageaouartis subjected to surface damage
(B.6.2.3.3 test procedure).

B.5.1.2.4 Chemical Exposure and Ambient-TempeeaPressure Cycling Test. The storage
container is exposed to chemicals found in theaautrenvironment and pressure
cycled to 125% NWP at 20 $)°C for 60% #Cycles pressure cycles (B.6.2.3.4 test
procedure). Chemical exposure is discontinuedrbehe last 10 cycles, which are
conducted to 150% NWP.

B.5.1.2.5 High Temperature Static Pressure TEe storage container is pressurized to
125%NWP at 8% for 1000 hr (B.6.2.3.5 test procedure).
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B.5.1.2.6 Extreme Temperature Pressure Cyclifige storage container is pressure cycled at -
40°C to 80%NWP for 20% #Cycles and at #85and 95% relative humidity to
125%NWP for 20% #Cycles (B.6.2.2.2 test procedure).

B.5.1.2.7 Hydraulic Residual Pressure Test. Stheage container is pressurized to 180%NWP
and held 30 seconds without burst (test procedBe2E3.1).

B.5.1.2.8 Residual Burst Strength Test. Theagt® container undergoes a hydraulic burst test
to verify that the burst pressure is within 20%te baseline initial burst pressure
determined in B.5.1.1.1 (B.6.2.2.1 test procedure).

B.5.1.3 Verification Test for Expected On-road Pdormance (Pneumatic sequential tests)
A hydrogen storage system must not leak durindgdt@wing sequence of tests, which are

illustrated in Figure B.5.1.3. Specifics of applite test procedures for the hydrogen storage
system are provided in Section 6.

A

BP, [¢-----
180%NWP
4 min

«_125%NWP
-- «—115%NWP
+— 80%NWP

Pressure >
I

» time

+550C +550°C
o s S
5 5%cy -40C° S 5% cy +50C =
@ 5%cy +50C° g , 5%cy -40C g .
£ 40%cy15-25c £ 5 40%cy15-25¢ § s
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o s s
e S e
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a Fuel/defuel cycles @-80 with initial system equilibration @ -2Q, 5 cycles with +28C fuel; 5 cycles with <-3% fuel
b Fuel/defuel cycles @+8G with initial system equilibration @+3G, 5 cycles with <-3%C fuel
¢ Fuel/defuel cycles @15-26 with service (maintenance)defuelrate, 50 cycles

Figure B.5.1.3 Verification Test for Expected Gnad Performance (pneumatic/hydraulic)

B.5.1.3.1 Proof Pressure Test: A system is pres=d to 150%NWP (B.6.2.3.1 test
procedure).

B.5.1.3.2 Ambient and Extreme Temperature Gasdare Cycling Test. The system is
pressure cycled using hydrogen gas for 500 cy8e&Z.4.1 test procedure).

* The pressure cycles are divided into two groupsf éfdahe cycles (250) are
performed before exposure to static pressure (B3)and the remaining half of
the cycles (250) are performed after the initigla@sure to static pressure
(B.5.1.3.3) as illustrated in Figure B.5.1.3.
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In each group of pressure cycling, 25 cycles aréopmed to 125% NWP at +%0
and 95% relative humidity, then 25 cycles to 80% R -40C, and the remaining
200 cycles to 125% NWP at 205)%C.

The hydrogen gas fuel temperature is -48){&.

During the first group of 250 pressure cycles, fiveles are performed after
temperature equilibration of the system at&Gand 95% relative humidity; five
cycles are performed after equilibration at’@gand five cycles are performed
with fuel having a temperature of +ZDafter equilibration at -4C.

Fifty pressure cycles are performed using a defgefite greater than or equal to
the maintenance defueling rate.

B.5.1.3.3 Extreme Temperature Static Pressurk/Peameation Test. The system is held at
115%NWP and 5% with hydrogen gas until steady-state permeatiddOchours,
whichever is longer (B.6.2.4.2 test procedure).

The test is performed after each group of 2&umatic pressure cycles in
B.5.1.3.2.

The maximum allowable hydrogen discharge froemdompressed hydrogen
storage system is R*150Nml/min where R 5igM+1)*(V heighet0.5)*
(Viengtrit1)/30.4m and Migth, Vheightand Mengin are the vehicle width, height and
length respectively in meters.

Alternatively, the maximum allowable hydrogeasatharge from the compressed
hydrogen storage system with a total water capa€ibyss than 330L is 46mL/h/L
water capacity of the storage system.

If the measured permeation rate is greater @@®5 mg/sec (3.6 cc/min), then a
localized leak test is performed to ensure no paofitdcalized external leakage is
greater than 0.005 mg/sec (3.6 cc/min) (B.6.2dsBprocedure).

B.5.1.3.4 Residual Proof Pressure Test (hydraulitie storage container is pressurized to
180%NWP and held 4 minutes without burst (B.6.2t8st procedure).

B.5.1.3.5 Residual Strength Burst Test (hydrawlithe storage container undergoes a
hydraulic burst to verify that the burst pressgrevithin 20% of the baseline burst
pressure determined in B.5.1.1.1 (B.6.2.2.1 testquiure).

B.5.1.4 Verification Test for Service Terminatng Performance in Fire

This section describes the fire test with compré$s@lrogen as the test gas. Containers tested
with hydrogen gas shall be accepted by all Coritrgd®arties. However, Contracting Parties
under the 1998 Agreement may choose to use conggrassas an alternative test gas for
certification of the container for use only wittihreir countries or regions.
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A hydrogen storage system is pressurized to NWReapdsed to fire (B.6.2.5.1 test procedure).
A temperature-activated pressure relief device maisaise the contained gases in a controlled
manner without rupture.

B.5.1.5 Verification Test for Performance Durabilty of Primary Closures

Manufacturers shall maintain records that confinat tlosures that isolate the high pressure
hydrogen storage system (the TPRD(s), check vglaa shut-off valve(s) shown in Figure
B.5.1.1) meet the requirements described in thesaer of this Section.

The entire storage system does not have to beakfigd (B.5.1) if these closure components
(components in Figure B.5.1.1 excluding the stoi@ge#ainer) are exchanged for equivalent
closure components having comparable functionndi, materials, strength and dimensions,
and qualified for performance using the same gealibn tests as the original components.
However, a change in TPRD hardware, its positiomstallation or venting lines requires re-
qualification with fire testing according to B.541.

B.5.1.5.1 TPRD Qualification Requirements

Design qualification testing shall be conductedinished pressure relief devices which are
representative of normal production. The TPRDIghakt the following performance
gualification requirements:

* Pressure Cycling Test (B.6.2.6.1.1)

« Accelerated Life Test (B.6.2.6.1.2)

* Temperature Cycling Test (B.6.2.6.1.3)

» Salt Corrosion Resistance Test (B.6.2.6.1.4)

* Vehicle Environment Test (B.6.2.6.1.5)

» Stress Corrosion Test (B.6.2.6.1.6)

» Drop and Vibration Test (B.6.2.6.1.7 )

* Leak Test (B.6.2.6.1.8)

* Bench Top Activation Test (B.6.2.6.1.9)

* Flow Rate Test (B.6.2.6.1.10)

B.5.1.5.2 Check Valve and Automatic Shut-Off Valv€ualification Requirements

Design qualification testing shall be conductedinished pressure relief devices which are
representative of normal production. The valvewusinall meet the following performance
gualification requirements:

* Hydrostatic Strength Test (B.6.2.6.2.1)

« Leak Test (B.6.2.6.2.2)

* Extreme Temperature Pressure Cycling Test (B.235.

» Salt Corrosion Test (B.6.2.6.2.4)

* Vehicle Environment Test (B.6.2.6.2.5)

» Atmospheric Exposure Test (B.6.2.6.2.6)

» Electrical Tests (B.6.2.6.2.7
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* Vibration Test (B.6.2.6.2.8)
» Stress Corrosion Cracking Test (B.6.2.6.2.9)
* Pre-Cooled Hydrogen Exposure Test (B.6.2.6.2.10)

B.5.1.6 Labeling

A label shall be permanently affixed on each cor@awith at least the following information:
Name of the Manufacturer, Serial Number, Date ohiMacture, NWP, Type of Fuel, and Date
of Removal from Service. Each container must Bsoarked with the number of cycles used
in the testing program as per section B.5.1.Ag8y label affixed to the container in compliance
with this section shall remain in place and beldegfor duration of the manufacturer’'s
recommended service life of the container.

B.5.2 VEHICLE FUEL SYSTEM.

This section specifies requirements for the intggf the hydrogen fuel delivery system, which
includes the hydrogen storage system, piping,$pemd components in which hydrogen is
present.

B.5.2.1 In-Use Fuel System Integrity:
B.5.2.1.1 Fueling Receptacle Requirements

B.5.2.1.1.1 A compressed hydrogen fueling recéptsitall prevent reverse flow to the
atmosphere .

B.5.2.1.1.2 Fueling receptacle label: A lalbellsbe provided close to the fueling
receptacle, for example, inside a refilling hatsipwing the following information: fuel
type, NWP, date of removal from service of contesne

B.5.2.1.1.3 The fuelling receptacle shall be prbpsecured to the vehicle, protected
against maladjustment and rotation, (e.g. accommgdidy means of positive locking in all
directions), and installed in such a manner thptavides safety against reasonably
foreseeable handling errors and vehicle drive awa@empliance to this requirement is
demonstrated by meeting the requirements of B.6.1.7

B.5.2.1.4 The receptacle shall be protected fiwenrngress of dirt and water as far as is
reasonably practicable (e.g., the receptacle dhmeilocated behind a fuelling door). The
receptacle sealing services shall be protecteddnpaor cap and not visible when the
protections are in place. Compliance is determimedisual inspection.

B.5.2.1.5 The fuelling receptacle shall not beaunted within the external energy absorbing

elements of the vehicle (e.g. bumper) and shalbedhstalled in the passenger
compartment, luggage compartment, or other spaeg¢vént to the interior of the vehicle.
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Compliance is determined by visual inspection.BB& The receptacle and fuelling nozzle,
when connected, shall be bonded to the electricalhyductive chassis of the vehicle.
Compliance is demonstrated by measuring the etettisitance between:
a) the receptacle and the electrically-conductive sisqsvhen the nozzle is
disconnected) and
b) between the fuelling nozzle and the electricallypahactive chassis when the nozzle
is installed and locked (as done for fuelling).
In each case, measured electrical resistancelshidss than 1,000.

B.5.2.1.2 Over-pressure Protection for the Low Ryssure Systenftest procedure B.6.1.6).

The hydrogen system downstream of a pressure tegslaall be protected against overpressure
due to the possible failure of the pressure reguldihe set pressure of the overpressure
protection device shall be lower than or equahtorhaximum allowable working pressure for
the appropriate section of the hydrogen system.

B.5.2.1.3 Hydrogen Discharge Systems
B.5.2.1.3.1 Pressure Relief Syster(test procedure B.6.1.6)

a) TPRDs and PRDs. The outlet of the vent lihptasent, for hydrogen gas discharge from
TPRD(s) and/or PRD(s) of the storage system slegtirbtected, e.g. by a cap.
b) TPRDs. The hydrogen gas discharge from TPR&i(8)e storage system shall not be
directed:
« into enclosed or semi-enclosed spaces.
* into or towards any vehicle wheel housing
« towards hydrogen gas containers
» forward from the vehicle, or horizontally (paglto road) from the back or sides of the
vehicle
c) Other pressure relief devices (such as a blisk}. The hydrogen gas discharge from other
pressure relief devices shall not be directed:
» towards exposed electrical terminals, exposedretatswitches or other ignition
sources
* into or towards the vehicle passenger or cargopestments
* into or towards any vehicle wheel housing
» towards hydrogen gas containers

B.5.2.1.3.2Vehicle Exhaust System.At the vehicle exhaust system’s point of dischatige,
hydrogen concentration level shall (1) not exce#daderage by volume during any moving
three-second time interval during normal operatmmiuding start-up and shutdown (2) and not
exceed 8% at any time (B.6.1.4 test procedure).

B.5.2.1.4 Protection Against Flammable ConditionsSingle Failure Conditions
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B.5.2.1.4.1 Hydrogen leakage and/or permeatiom the hydrogen storage system shall not
directly vent to the passenger, luggage, or caogopartments, or to any enclosed or semi-
enclosed spaces within the vehicle that contaimatepted ignition sources

B.5.2.1.4.2 Any single failure downstream of thain hydrogen shut off valve shall not result
in a hydrogen concentration in air greater thanb4folume in the passenger compartment.

B.5.2.1.4.3 If during operation, a single failuesults in a hydrogen concentration greater than
4%, by volume in air in the enclosed or semi-eredospaces of the vehicle then the main
shutoff valve shall be closed to isolate the sysa@cha warning shall be provided (per
B.5.2.1.6).

B.5.2.1.5 Fuel System LeakageThe hydrogen fueling line and the hydrogen systgm(s
downstream of the main shut off valve(s) shallleak. Compliance shall be verified at NWP
(B.6.1.5 test procedure).

B.5.2.1.6 Tell-tale Signal Warning to Driver

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

a. Visible to the driver while in the driver's desigead seating position with the driver's seat
belt fastened.

b. Yellow in color if the detection system malfunctsoand shall be red in compliance with
section B.5.2.1.4.3.

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

d. Remains continuously illuminated while the causi @bncentration or detection
malfunction) exists and the ignition locking systenmn the "On" ("Run") position or the
propulsion system is activated.

e. Extinguishes at the next propulsion system startecynly if the cause for alerting the
driver has been corrected.

B.5.2.2  Post-Crash Fuel System Integrity

B. 5.2.2.1 Fuel Leakage Limit: the volumetric flow of hydrogen gas leakage shatlexceed
an average of 118 NL per minute for 60 minutesrdlfie crash (in B.6.1.1 test procedures).

B.5.2.2.2 Concentration Limit in Enclosed Spaced-dydrogen gas leakaghall not result in

a hydrogen concentration in air greater than 4%ddyme in the passenger, luggage and cargo
compartments (B.6.1.2 test procedures).

B.5.2.2.3 Container DisplacementThe storage container(s) shall remain attacheleto t
vehicle at a minimum of one attachment point.

B.5.3 Electrical Safety
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B.5.3.1 Electrical Safety Requirements - in-use

B.5.3.1.1 General

Paragraph B.5.3.1 applies to the electric powén whfuel cell vehicles equipped with one or
more traction motor(s) operated by electric powet mot permanently connected to the grid, as
well as their high voltage components and systetrisiware conductively connected to the high
voltage bus of the electric power train.

B.5.3.1.2 Requirements for Protection against Eledtal Shock

B.5.3.1.2.0  Protection against electric shock

These electrical safety requirements apply to kigtage buses under conditions where they are
not connected to external high voltage power segpli

B.5.3.1.2.1  Protection against direct contact

The protection against direct contact with livetpahall comply with paragraphs B.5.3.1.2.1.1
and B.5.3.1.2.1.2. These protections (solid insujalectrical protection barrier, enclosure, etc.)
shall not be able to be opened, disassembled avexinwithout the use of tools.

B.5.3.1.2.1.1 For protection of live parts inside the passemgenpartment or luggage
compartment, the protection degree IPXXD shall tosipled.

B.5.3.1.2.1.2 For protection of live parts in areas other thanghssenger compartment or
luggage compartment, the protection degree IPXXa8| §le satisfied.

B.5.3.1.2.1.3 Connectors
Connectors (including vehicle inlet) are deemenh&®t this requirement if:
a) they comply with B.5.3.1.2.1.1 and B.5.3.1.2.1.Z2wiseparated without the use of
tools or
b) they are located underneath the floor and are geavwith a locking mechanism or
C) they are provided with a locking mechanism and roteenponents shall be removed
with the use of tools in order to separate the eotor or
d) the voltage of the live parts becomes equal onb &€ 60V or equal or below AC
30V (rms) within 1 second after the connector sasated

B.5.3.1.2.1.4 Service disconnect

For a service disconnect which can be opened,stisaded or removed without tools, it is
acceptable if protection degree IPXXB is satisfiedler a condition where it is opened,
disassembled or removed without tools.

B.5.3.1.2.1.5 Marking

B.5.3.1. 2.1.5.The symbol shown in Figure 1 shall appear on or tteaRESS. The symbol
background shall be yellow, the bordering and thevashall be black.
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Figure 1 — Marking of high voltage equipment

B.5.3.1.2.1.5.Zhe symbol shall be visible on enclosures and ebattprotection barriers,
which, when removed expose live parts of high \g@taircuits. This provision is optional to any
connectors for high voltage buses. This provistwallsot apply to any of the following cases

a) where electrical protection barriers or enclosaaamot be physically accessed,
opened, or removed; unless other vehicle comporaatseemoved with the use of
tools.

b) where electrical protection barriers or enclosaredocated underneath the vehicle
floor

B.5.3.1. 2.1.5.&ables for high voltage buses which are not locaiigtin enclosures shall be
identified by having an outer covering with thearodrange.

B.5.3.1.2.2  Protection against indirect contact

B.5.3.1.2.2.1 For protection against electrical shock which daadise from indirect contact, the
exposed conductive parts, such as the conductatriglal protection barrier and enclosure, shall
be conductively connected securely to the eledtdicassis by connection with electrical wire or
ground cable, or by welding, or by connection udiofis, etc. so that no dangerous potentials
are produced.

B.5.3.1.2.2.2 The resistance between all exposed conductives [@artl the electrical chassis
shall be lower than 0.1 ohm when there is currlemt bf at least 0.2 amperes. Demonstrated by
using one of the test procedures described in B.6.3

This requirement is satisfied if the galvanic castiee has been established by welding. In case
of doubts a measurement shall be made.

B.5.3.1.2.2.3 In the case of motor vehicles which are connetdtle grounded external
electric power supply through the conductive cotinaca device to enable the conductive
connection of the electrical chassis to the eamigd shall be provided.

The device shall enable connection to the eartbrgtdefore exterior voltage is applied to the
vehicle and retain the connection until after thkieegor voltage is removed from the vehicle.

Compliance to this requirement may be demonstraiteer by using the connector specified by
the car manufacturer, or by analysis (e.g. visusppéction, drawings etc.).

B.5.3.1.2.3 Isolation Resistance
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B.5.3.1.2.3.1In fuel cell vehicles, DC high voltage buses sh@le an on-board isolation
resistance monitoring system together with a wayrim the driver if the isolation resistance
drops below the minimum required value of 100 owwls/ The function of the on-board
isolation resistance monitoring system shall befiomed as described in B.6.3.2.

The isolation resistance between the high voltagedb the coupling system for charging the
RESS, which is not energized in conditions othantthat during the charging of the RESS, and
the electrical chassis need not to be monitored.

B.5.3.1.2.3.2 Electric power train consisting ofeparate Direct Current or Alternating

Current buses
If AC high voltage buses and DC high voltage buesconductively isolated from each other,
isolation resistance between the high voltage bdstlae electrical chassis shall have a minimum
value of 100 ohms/volt of the working voltage fo€ buses, and a minimum value of 500
ohms/volt of the working voltage for AC buses.

The measurement shall be conducted according t8.B.6

[8531233  Electic power vain consisting ofmbined DC- and AC-buses
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B.5.3.1.2.3.4 Isolation resistance requirement fadhe coupling system for charging the
RESS

For the vehicle inlet intended to be conductivednmected to the grounded external AC power

supply and the electrical circuit that is condueiyvconnected to the vehicle inlet during

charging the RESS, the isolation resistance betwreehigh voltage bus and the electrical

chassis shall be at least 1M ohms when the chaoggrer is disconnected. During the

measurement, the RESS may be disconnected. Theumezent shall be conducted according
to B.6.3.1.

B.5.3.1.3 Functional Safety
At least a momentary indication shall be givenh driver when the vehicle is in "active driving
possible mode".

However, this provision does not apply under coadg where an internal combustion engine
provides directly or indirectly the vehicle’s prégian power upon start up.
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When leaving the vehicle, the driver shall be infed by a signal (e.g. optical or audible signal)
if the vehicle is still in the active driving pobk mode.

If the on-board RESS can be externally chargedcleemovement by its own propulsion system
shall be impossible as long as the connector oéxiternal electric power supply is physically
connected to the vehicle inlet.

This requirement shall be demonstrated by usingdm@ector specified by the car
manufacturer.

The state of the drive direction control unit shlidentified to the driver
B.5.3.2 Electric safety requirements — post-crash

B.5.3.2.1. General

Fuel cell vehicles equipped with electric poweirtrshall meet the requirements of paragraph
B.5.3.2.2 through B.5.3.2.4. This can be met bgmagte impact test provided that the electrical
components do not influence the occupant protege@formance of the vehicle type as defined
in the impact regulation. In case of this conditiba requirements of paragraph B.5.3.2.2.
through B.5.3.2.4 shall be checked in accordante thve methods set out in B.6.3.5.

B.5.3.2.2 Protection against electrical shock

After the impact at least one of the three critspacified in paragraph B.5.3.2.2.1 through
paragraph B.5.3.2.2.3 shall be met. However Cotig®arties under the 1998 Agreement can
choose to adopt Paragraph B.5.3.2.2.4 “Low eladtenergy” as additional criteria.

If the vehicle has an automatic disconnect functasrdevice(s) that conductively divide the
electric power train circuit during driving conditi, at least one of the following criteria shall
apply to the disconnected circuit or to each diglidecuit individually after the disconnect
function is activated. However criteria defineddirb.3.2.2.2 shall not apply if more than a
single potential of a part of the high voltage musot protected under the conditions of
protection IPXXB.

In the case that the test is performed under thdition that part(s) of the high voltage system
are not energized, the protection against elettsloack shall be proved by either B.5.3.2.2.2 or
B.5.3.2.2.3 for the relevant part(s).

B.5.3.2.2.1  Absence of high voltage
The voltages Vb, V1 and V2 of the high voltage Isusleall be equal or less than 30 VAC or 60
VDC within 60 seconds after the impact as speciiieB.6.3.5 paragraph B.6.3.5.2.22.

B.5.3.2.2.2 Isolation resistance
The criteria specified in the paragraphs B.5.3212and B.5.3.2.2.2.2 below shall be met.
The measurement shall be conducted in accordartheatiagraph B.6.3.5.2.3 of B.6.3.5.

B.5.3.2.2.2.1 Electrical power train consisting of separate DC- ad AC-buses
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If the AC high voltage buses and the DC high vadthgses are conductively isolated from each
other, isolation resistance between the high veltags and the electrical chassis (Ri, as defined
in paragraph B.6.3.5.2.3 of B.6.3$hall have a minimum value of 108volt of the working
voltage for DC buses, and a minimum value of 8D@olt of the working voltage for AC buses.

B.5.3.2.2.2.2 Electrical power train consisting cfombined DC- and AC-buses
If the AC high voltage buses and the DC high vatagses are conductively connected they
shall meet one of the following requirements:

(a) isolation resistance between the high voltagednd the electrical chassis (Ri, as defined in
paragraph B.6.3.5.2.3 of B.6.3.5) shall have amumh value of 50@/volt of the working
voltage.

(b) isolation resistance between the high voltagednd the electrical chassis (Ri, as defined in
paragraph B.6.3.5.2.3 of B.6.3.5) shall have ammumh value of 10@/volt of the working
voltage and the AC bus meets the physical protecsdescribed in B.5.3.2.2.3.

(c) isolation resistance between the high voltagednd the electrical chassis (Ri, as defined in
paragraph B.6.3.5.2.3 of B.6.3.5) shall have ammumh value of 10@/volt of the working
voltage and the AC bus meets the absence of hilfigeoas described in B.5.3.2.2.1.

| be

the
ohm

case

de.]

B.5.3.2.2.4 Low electrical energy

The total energy (TE) on the high voltage bused badess than [2.0] Joules when measured
according to the test procedure as specified iagraph B.6.3.5 .2.5 of B.6.3.5with the formula
(a). Alternatively the total energy (TE) may beccagdted by the measured voltage Vb of the
high voltage bus and the capacitance of the X-éapadG,) specified by the manufacturer or
determined by measurement according to formulaf(ppragraph B.6.3.5 .2.5 of B.6.3.5.

The energy stored in the Y-capacitors (THE,) shall also be less thail[2.0 ] Joules. This shalll
be calculated by measuring the voltages V1 andMBeohigh voltage buses and the electrical

chassis, and the capacitance of the Y-capacitesfsgy by the manufacturer or determined by
measurement according to formulas (c) of paragBapl8.5 .2.5 of B.6.3.5.

B.5.3.2.3 Electrolyte spillage
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In the period from the impact until 30 minutes afte electrolyte from the RESS shall spill into
the passenger compartment and no more than 7 peofcelectrolyte shall spill from the RESS
outside the passenger compartment.

The manufacturer shall demonstrate compliancecordance with paragraph B.6.3.5.2.6 of
B.6.3.5.

B.5.3.2.4 RESS retention
RESS located inside the passenger compartmentrsha@in in the location in which they are
installed and RESS components shall remain insE®@3Rboundaries.

No part of any RESS that is located outside thegrager compartment for electric safety
assessment shall enter the passenger compartnrerg duafter the impact test.

The manufacturer shall demonstrate compliancecdordance with paragraph B.6.3.5.2.7 of
B.6.3.5.

B.6. TEST CONDITIONS AND PROCEDURES
B.6.1 Compliance Tests for Fuel System Integrity
B.6.1.1 Post-Crash Compressed Hydrogen Storagestsym Leak Test

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

Prior to conducting the crash test, instrumentadnstalled in the hydrogen storage system to
perform the required pressure and temperature mexasuats if the standard vehicle does not
already have instrumentation with the required say

The storage system is then purged, if necessdlywiog manufacturer directions to remove
impurities from the tank before filling the storagystem with compressed hydrogen or helium
gas. Since the storage system pressure variesesiibperature, the targeted fill pressure is a
function of the temperature. The target pressoiall be determined from the following
equation:

Ptargetz NWP X (273 + D / 288
where NWP is the Nominal Working Pressure (MPg3)isThe ambient temperature to which the
storage system is expected to settle, apgkfs the targeted fill pressure after the temperature

settles.

The tank is filled to a minimum of 95% of the taiegkfill pressure and allowed to settle
(stabilize) prior to conducting the crash test.
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The main stop valve and shut-off valves for hydrogas, located in the downstream hydrogen
gas piping, are kept open immediately prior toithpact.

B.6.1.1.1 Post-Crash Leak Test -- Compressed Hydyen Storage System Filled with
Compressed Hydrogen
The hydrogen gas pressurg,(FPa), and temperatureg °C), is measured immediately before
the impact and then at a time intervstl,(min), after the impact. The time intervAl, starts
when the vehicle comes to rest after the impactcamtinues for at least 60 minutes. The time
interval,At, is increased if necessary in order to accomneoagasurement accuracy for a
storage system with a large volume operating ufdtdPa; in that casét can be calculated
from the following equation:
At = VenssX NWP /1000 x ((-0.027 x NWP +4) xsR 0.21) -1.7 X R

where R= P;/ NWP, Ris the pressure range of the pressure sensor (WP is the Nominal
Working Pressure (MPa),dVssis the volume of the compressed hydrogen storggfers (L),
andAt is the time internal (min). If the calculateduwaof At is less than 60 minuteAt is set to
60 minutes.
The initial mass of hydrogen in the storage systambe calculated as follows:

Po = Pox 288/ (273 + 1)

po = —0.0027 x (F)%+ 0.75 x B’ + 0.5789
Mo =po X Vchss

Correspondingly, the final mass of hydrogen indterage system, Mat the end of the time
internal,At, can be calculated as follows:

P’ =Prx 288/ (273 + 1)

pf =—0.0027 x (P)%+ 0.75 x P + 0.5789

Ms =pf’ X Vchss

where Ris the measured final pressure (MPa) at the etideafime interval, and;Ts the
measured final temperatuficy.

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

Vi = (M-Mo) / At X 22.41/2.016 X (Rget/Po)
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where \{j; is the average volumetric flow rate (NL/min) otee time interval and the term
(Prarget/Po) is used to compensate for differences between #asuomed initial pressure,,Pand
the targeted fill pressureaRe:

B.6.1.1.2 Post-Crash Leak Test -- Compressed Hydyen Storage System Filled with
Compressed Helium

The helium gas pressure; ®Pa), and temperature 1°C), are measured immediately before
the impact and then at a predetermined time intexf'ar the impact. The time intervalt,
starts when the vehicle comes to rest after thean@nd continues for at least 60 minutes.
The time intervalAt, shall be increased if necessary in order to mosodate measurement
accuracy for a storage system with a large volupeaiing up to 70MPa; in that cag,can be
calculated from the following equation:
At = VcussX NWP /1000 x ((-0.028 x NWP +5.5) xsR0.3) - 2.6 X R
where R= P;/ NWP, Ris the pressure range of the pressure sensor (MW@ is the Nominal
Working Pressure (MPa),dVssis the volume of the compressed storage systepafidat is
the time internal (min). If the value at is less than 60 minuteAt is set to 60 minutes.
The initial mass of hydrogen in the storage sysgeoalculated as follows:
Py =Pox 288/ (273 +7)
po = —0.0043 x (F)%+ 1.53 x B’ + 1.49
Mo =po X Vchss
The final mass of hydrogen in the storage systetineaénd of the time internalt, is calculated
as follows:
P =Prx 288/ (273 +7)
pf =—0.0043 x (P)*+ 1.53 x P + 1.49

Ms =pf’ X Vchss

where Ris the measured final pressure (MPa) at the etideafime interval, and;Ts the
measured final temperature (C).

The average helium flow rate over the time intersdherefore

Vie = (M-Mo) / At x 22.41/ 4.003 X (P Pearge)
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where ;e is the average volumetric flow rate (NL/min) ovlee time interval and the termy/P
PuargetiS Used to compensate for differences between gasuned initial pressuredjPand the
targeted fill pressure {(Fye).

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

VH2 = VHe /0.75

where \{j; is the corresponding average volumetric flow ofreggen(that must be less than the
criteria in B.5.2.2.1 to pass).

B.6.1.2 Post-Crash Concentration Test for Enclosefipaces

The measurements are recorded in the crash testvllaates potential hydrogen (or helium)
leakage (test procedure B.6.1.1).

Sensors are selected to measure either the buitd-itne hydrogen or helium gas or the
reduction in oxygen (due to displacement of aitdaking hydrogen/helium).

Sensors are calibrated to traceable referencesstoe@an accuracy of5% at the targeted

criteria of 4% hydrogen or 3% helium by volume in and a full scale measurement capability
of at least 25% above the target criteria. Theageshall be capable of a 90% response to a full
scale change in concentration within 10 seconds.

Prior to the crash impact, the sensors are lodgatdte passenger, luggage, and cargo
compartments of the vehicle as follows:

1) At a distance within 250 mm of the headliner abthesdriver’'s seat or near the top
center the passenger compartment.

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

3) At a distance within 100 mm of the top of luggagel cargo compartments within the
vehiclethat are not directly effected by the particular crash impact to be conducted.

The sensors are securely mounted to the vehicletste or seats and protected for the planned
crash test from debri, air bag exhaust gas an@égiilgs. The measurements following the crash
are recorded by instruments located within thealetor by remote transmission.

The vehicle may be located either outdoors in aa arotected from the wind and possible solar
effects or indoors in a space that is large enauglentilated to prevent the build-up of
hydrogen to more than 10% of the targeted criterthe passenger, luggage, and cargo
compartments.
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Post-crash data collection in enclosed spaces coceaavhen the vehicle comes to rest. Data
from the sensors are collected at least every @siscand continue for a period of 60 minutes
after the test. A first-order lag (time constam)to a maximum of 5 seconds may be applied to
the measurements to provide “smoothing” and filkereffects of spurious data points.

The filtered readings from each sensor shall bevbéhe targeted criteria of 4% for hydrogen
and 3% for helium at all times throughout the 6@umes post-crash test period.

B.6.1.3 Compliance Test for Single Failure Conditins

B.6.1.3.1 Alternative Test Procedure for Vehicl&quipped with Hydrogen Sensors

B.6.1.3.1.1 Test Condition

B.6.1.3.1.1a Test vehicle. The propulsion systéthetest vehicle is started, warmed up to its
normal operating temperature, and left operatimgtfe test duration. If the
vehicle is not a fuel cell vehicle, it is warmedaid kept idling. If the test vehicle
has a system to stop idling automatically, measaresaken so as to prevent the
engine from stopping.

B.6.1.3.1.1b Test gas. Mixture of air and hydrogas with 4% hydrogen or a lower
concentration is usedlhe proper concentration is selected based on the
recommendation (or the detector specification)Hgyrhanufacturer.

B.6.1.3.1.2 Test method.

B.6.1.3.1.2a Preparation for the test. The tesbhducted without any influence of wind. If
necessary for blowing the test gas to the hydraggeneakage detector without fail,
the following measures are taken.

« A test gas induction hose is attached to the hyalrags leakage detector.

* The hydrogen leak detector is enclosed with a ctiverake gas stay around
hydrogen leak detector.

B.6.1.3.1.2b Execution of the test.

* The number and location of the release points doeas of the main hydrogen
shutoff valve are defined by the vehicle manufaattmking worst case leakage
scenarios into account.

e Test gas is blown to the hydrogen gas |leakagectist

» Proper function of the warning system is confidne

* The main shut-off valve is confirmed to be clos@dhe monitoring of the electric
power to the shut-off valve or of the sound of shet-off valve activation may
be used to confirm the operation of the main sHitave of the hydrogen

supply.

B.6.1.3.2 Test Procedure for Vehicle Not Equippedith Hydrogen Sensors.

B.6.1.3.2.1 Preparation:

B.6.1.3.2.1.a The test is conducted without afiyémce of wind.

B.6.1.3.2.1.b Special attention is paid to thé éesironment as during the test flammable
mixtures of hydrogen and air may occur.

B.6.1.3.2.1.c Prior to the test the vehicle igppred to allow remotely controllable hydrogen
releases from the hydrogen system. The numbetjdocand flow capacity of the
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release points downstream of the main hydrogeroffrudlve are defined by the
vehicle manufacturer taking worst case leakagesstninto account. As a
minimum, the total flow of all remotely controlledleases shall be adequate to
trigger demonstration of the automatic “warningtldrydrogen shut-off functions.

B.6.1.3.2.1.d For the purpose of the test, hydnagecentration detectors are installed in

enclosed or semi enclosed volumes on the vehicerenMmydrogen can accumulate
from the simulated hydrogen releases (in B.6.11}.

If bulkheads or similar structures are providegevent hydrogen from intruding
Into passenger compartments, it is not necessdrgve hydrogen concentration
measurement points in the passenger compartments.

B.6.1.3.2.2 Procedure:

B.6.1.3.2.2.a Vehicle doors, windows and otherecsare closed.

B.6.1.3.1.2.b The propulsion system is startddyedd to warm up to its normal operating
temperature and left operating at idle for the desation.

B.6.1.3.2.2.c Aleak is simulated using the resvauintrollable function.

B.6.1.3.2.2.d The hydrogen concentration is messoontinuously until the concentration does
not rise for 3 minutes. The simulated leak is timemeased using the remote
controllable function until the main hydrogen shtit@lve is closed and the tell-
tale warning signal is activated.

B.6.1.3.2.2.e The test is successfully completken the tell-tale warning signal is activated.
If during the test the hydrogen concentration & ohthe measurement locations
exceeds 4% and the tell-tale warning signal hascibtated, the test is
terminated and the system is not qualified for gkehservice.

B.6.1.4 Compliance Test for the Vehicle ExhaustyStem

B.6.1.4.a The power system of the test vehiclg (&el cell stack or engine) is warmed up to
its normal operating temperature.
B.6.1.4.b The measuring device is warmed up beafeeeto its normal operating temperature.
B.6.1.4.c The measuring section of the measurawicd is placed on the centre line of the
exhaust gas flow within 200 mm from the exhausta@atet external to the vehicle.
B.6.1.4.d The exhaust hydrogen concentrationmsimoously measured during the following
steps::
* The power system is shut down
» Upon completion of the shut-down process, the p@ystem is immediately
started.
» After a lapse of one minute, the power systemnsed off and measurement
continues until the power system shut-down proce@icompleted.
B.6.1.4.e The measurement device must have a meeasat response time of less than 300
milliseconds.

B.6.1.5 Compliance Test for Fuel Line Leakage
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B.6.1.5.1 The power system of the test vehiclg. (éuel cell stack or engine) is warmed up and
operating at its normal operating temperature withoperating pressure applied to
fuel lines

B.6.1.5.2 Hydrogen leakage is evaluated at addessections of the fuel lines from the high-
pressure section to the fuel cell stack (or therex)gusing a gas detector or leak
detecting liquid, such as soap solution.

B.6.1.5.3 Hydrogen leak detection is performedhgarily at joints

B.6.1.5.4 When a gas leak detector is used, detest performed by operating the leak detector
for at least 10 seconds at locations as closeeldifies as possible.

B.6.1.5.5 When a leak detecting liquid is usedirbgen gas leak detection is performed
immediately after applying the liquid. In additiorisual checks are performed a few
minutes after the application of liquid in ordercteeck for bubbles caused by trace
leaks.

B.6.1.6 Installation verification: The system is visually inspected for compliance.
B.6.1.7 Compliance Test for Fueling Receptacle

B.6.1.7.1 A nozzle and hose assembly is preparethé test by installing a pressure gauge, a
gas accumulator, and shutoff valve upstream ohtdzzle inlet. The pressure gauge is
capable of measuring up to 1.5 NWP and located shathit measures the pressure of
the gas within the nozzle and receptacle whenhhedff valve is closed. The
accumulator iscapable of 1.5 NWP and also locateehdtream of the shut-off valve.
The volume of the accumulator (cc) is 44R{FP. For example, the accumulator
volume is 6.36 cc for a 70 MPa filling system.

B.6.1.7.2 The test is conducted in a well vergidladrea that can dilute any hydrogen gas that
may escape from the system if a line rupture ocdursg the test.

B.6.1.7.3 The nozzle is inserted into the recdptan the vehicle and locked into position. The
vehicle is then be pressurized with hydrogen gds26 NWP. The shut-off is then be
closed such that the gas is “trapped” within thezt®and accumulator.

B.6.1.7.4 After 1 hour, the pressure is measufdte pressure must be within 5% of the initial
setting. The shut-off is opened to restore theguree to 1.25 NWP and then re-closed
such that the gas is “trapped” within the nozzld aocumulator (again).

B.6.1.7.5 The nozzle is subjected to a pull f@t668N away from the vehicle (along the axis
of the nozzle) for 5 seconds. The nozzle musamerattached to the receptacle.
Following the application of the force and inspewtto ensure that the nozzle is still
mounted to the receptacle, the pressure checksasiloled in B.6.1.7.4 is repeated.

B.6.1.7.6 A nozzle is subjected to radial forcetha end of the nozzle (that are perpendicular to
the axis of the nozzle) in the vertical (upward dosvnward) and horizontal (left and
right directions). The force is sufficiently largeproduce a torque of 220 N-m at the
outer edge of the receptacle. Following the apgibn of the force and inspection, the
B.6.1.7.4 is repeated and its requirements musiddie

B.6.1.7.7 The nozzle is removed from the receptadihout binding.

B.6.2 TEST PROCEDURES FOR COMPRESSED HYDROGEN SORAGE
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B.6.2.1 Test procedures for qualification requiesits of compressed hydrogen storage are

organized as follows:

B.6.2.2 Test Procedures for Baseline Performdheteics (B.5.1.1 requirement)

B.6.2.3 Test Procedures for Performance Durgl{iBt5.1.2 requirement)

B.6.2.4 Test Procedures for Expected On-RoadbRednce (B.5.1.3 requirement)

B.6.2.5 Test Procedures for Service Terminatiadd®mance in Fire (B.5.1.4
requirement)

B.6.2.6 Test Procedures for Primary Closures thighHydrogen Storage System
(B.5.1.5 requirement)

B.6.2.1.2 Test procedure for optional requirenfensensitivity to stress rupture
Individual Contracting Parties may elect to addyet following requirement:
(1) Three containers made from the new materigl,(a composite fiber reinforced
polymer) shall be burst; the burst pressures maistithin ¥10% of the midpoint, BPo,
of the intended application. Then,

e Three containers shall be held 880% BPo and at 65 %)°C; they must not
rupture within 100 hrs; the time to rupture shallrbcorded.

e Three containers shall be held af5% BPo and at 65 §°C; they must not
rupture within 1000hrs; the time to rupture sihallrecorded.

* Three containers shall be held af6% BPo and at 65 &°C; they must not
rupture within one year.

* The test shall be discontinued after one year.hEaatainer that has not ruptured
within the one year test period undergoes a bass$t &nd the burst pressure is
recorded.

(2) The container diameter must b&0% of the diameter of intended application and of
comparable construction. The tank may have adl(to reduce interior volume) if
>99% of the interior surface area remains exposed.

(3) Containers constructed of carbon fiber comessand/or metal alloys are excused from
this test.

(4) Containers constructed of glass fiber compsditat have an initial burst pressure >
330% NWP are excused from this test, in which &g, = 330% NWP shall be
applied in B.5.1.1.1 (Baseline Initial Burst Pras3u

B.6.2.2 Test Procedures for Baseline Performanceeitics (B.5.1.1)

B.6.2.2.1 Burst Test (Hydraulic). The burst fiestonducted at 20 6)°C using a non-
corrosive fluid. The rate of pressurization is lésan or equal to 1.4 MPa/s for pressures
higher than 150% of the nominal working pressufehe rate exceeds 0.35 MPa/s at
pressures higher than 150% NWP, then either thearwr is placed in series between
the pressure source and the pressure measuremerd,dg the time at the pressure
above a target burst pressure exceeds 5 sec@hdsbhurst pressure of the container
shall be recorded.

B.6.2.2.2 Pressure Cycling Test (Hydraulic). Téw is performed in accordance with the
following procedure:
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a) The container is filled with a non-corrosiveidlu

b) The container and fluid are stabilized at thecdjied temperature and relative
humidity at the start of testing; the environmédungling fluid and container skin are
maintained at the specified temperature for thatitum of the testing. The container
temperature may vary from the environmental tentpegaduring testing.

c) The container is pressure cycled betweenl2MPa and the target pressure at a rate
not exceeding 10 cycles per minute for the spetifiember of cycles.

d) The temperature of the hydraulic fluid withiretcontainer is maintained and
monitored at the specified temperature.

B.6.2.3 Test Procedures for Performance DurabilityB.5.1.2)

B.6.2.3.1 Proof Pressure Test. The system isspreed smoothly and continually with a non-
corrosive hydraulic fluid until the target test ggsare level is reached and then held for at
least 30 seconds. The component must not leakfi@r permanent deformation. All
mechanical components must be functional after ¢etop of the test.

B.6.2.3.2 Drop (Impact) Test (Unpressured). Onmore storage containers are drop tested
without internal pressurization or attached valva#.drop tests may be performed on
one container, or individual impacts on a maximur oontainers. The surface onto
which the containers are dropped must be a smbotizontal concrete pad or other
flooring type with equivalent hardness. The camagis) should be tested in the
following sequence:

a) Dropped once from a horizontal position with bottom 1.8 m above the surface
onto which it is dropped.

b) Dropped once onto each end of the container &arrtical position with a potential
energy of not less than 488J, with the height efittwer end no greater than 1.8 m.

c) Dropped once at a 45 ° angle, and then for yomagetrical and non-cylindrical
containers, the container is rotated through 9@rigaits longitudinal axis and
dropped again at 45 °C with its center of gravi® h above the ground. However,
if the bottom is closer to the ground than 0.6me,drop angle must be changed to
maintain a minimum height of 0.6 m and a centegrakity of 1.8 m above the
ground. The drop pattern is illustrated below.

o@D
U

\3488] \ ‘zo.em ‘
_’IRm v

% center of gravity

Figure B.6.2.3.2

No attempt shall be made to prevent the bouncirgpofainers, but the containers may
be prevented from falling over during the vertidedp test described in b) above.
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Following the drop impacts, the container(s) isten be subjected to further testing as
specified in B.5.1.2.

B.6.2.3.3 Surface Damage Test (Unpressured). t&dtgroceeds in the following sequence:

a) Surface Flaw Generation: Two longitudinal sais are made on the bottom outer
surface of the unpressurized horizontal storagéaaoer along the cylindrical zone
close to but not in the shoulder area. The fustisat least 1.25 mm deep and
25 mm long toward the valve end of the containkre second cut is at least
0.75 mm deep and 200 mm long toward the end ofdh&ainer opposite the valve.

b) Pendulum Impacts: The upper section of th&botal storage container is divided
into five distinct (not overlapping) areas 100 nmdiameter each (see Figure
B.6.2.3.3). After 12 hrs preconditioning at —40ifCGan environmental chamber, the
center of each of the five areas sustains the itmgfacpendulum having a pyramid
with equilateral faces and square base, the suamdiedges being rounded to a
radius of 3 mm. The center of impact of the peadutoincides with the center of
gravity of the pyramid. The energy of the pendulatthe moment of impact with
each of the five marked areas on the containedds Jhe container is secured in
place during pendulum impacts and not under pressur

by

“Side” View of Tank
Figure B.6.2.3.3

B.6.2.3.4 Chemical Exposure and Ambient Tempeea@uessure Cycling Test. Each of the 5
areas of the unpressured container preconditiopgetbdulum impact (6.4.2.5b) is
exposed to one of five solutions: 1) 19% (by volysdfuric acid in water (battery acid),
2) 25% (by weight) sodium hydroxide in water, 3) 89 volume) methanol in gasoline
(fluids in fueling stations), 4) 28% (by weight) amanium nitrate in water (urea
solution), and 5) 50% (by volume) methyl alcoholuater (windshield washer fluid).

The test container is oriented with the fluid exjresareas on top. A pad of glass wool
approximately 0.5 mm thick and 100 mm in diameteplaced on each of the five
preconditioned areas. A sufficient amount of #ws fluid is applied to the glass wool
sufficient to ensure that the pad is wetted acitsssurface and through its thickness for
the duration of the test.

The exposure of the container with the glass weahaintained for 48 hrs with the
container held at 125% NWP (applied hydraulicadigyl 20 (6)°C before the container
is subjected to further testing.

Pressure cycling is performed to the specifiedepgessures according to B.6.2.2.2 at
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20 (45)°C for the specified numbers of cycles. The glasslwads are removed and the
container surface is rinsed with water the finac$0les to specified final target pressure
are conducted.

B.6.2.3.5 Static Pressure Test (Hydraulic). 3toeage system is pressurized to the target
pressure in a temperature-controlled chamber. t8in@erature of the chamber and the
non-corrosive fueling fluid is held at the targaetperature within 3°C for the specified
duration.

B.6.2.4 Test Procedures for Expected On-Road Perfoance (B.5.1.3)
(Pneumatic test procedures are providéytjraulic Test elements are described in 6.3.2)

B.6.2.4.1 Gas Pressure Cycling Test (Pneumatit)the onset of testing, the storage system is
stabilized at the specified temperature, relatiweidity and fuel level for at least 24 hrs.
The specified temperature and relative humiditp@ntained within the test
environment throughout the remainder of the tééthen required in the test
specification, the system temperature is stabiletetie external environmental
temperature between pressure cycles.) The stesafem is pressure cycled between
less than 2(+1) MPa and the specified maximum pressif system controls that are
active in vehicle service prevent the pressure fdoopping below a specified pressure,
the test cycles shall not go below that specifiexsgure. The fill rate is controlled to a
constant 3-minute pressure ramp rate, but witlitakeflow not to exceed 60 g/s; the
temperature of the hydrogen fuel dispensed to dinéamer is controlled to the specified
temperature. The defueling rate is controlledreater than or equal_tbe intended
vehicle’s maximum fuel-demand rate. The specifiathber of pressure cycles is
conducted. If devices and/or controls are usebanntended vehicle application to
prevent an extreme internal temperature, the tagthe conducted with these devices
and/or controls (or equivalent measures).

B.6.2.4.2 Gas Permeation Test (Pneumatic). ragwsystem is fully filled with hydrogen gas
(full fill density equivalent to 100% NWP at 15 1€113% NWP at 55 °C) and held at
55°C in a sealed container. The total steady-stathdige rate due to leakage and
permeation from the storage system is measured.

B.6.2.4.3 Localized Gas Leak Test (Pneumatic). bubble test may be used to fulfill this
requirement. The following procedure is used whamdaicting the bubble test:

a. The exhaust of the shutoff valve (and otherivatleconnections to hydrogen systems)
shall be capped for this test (as the test is @t external leakage).

At the discretion of the tester, the test articleyrbe immersed in the leak-test fluid or
leak-test fluid applied to the test article whestirgg in open air. Bubbles can vary
greatly in size, depending on conditions. Theetesstimates the gas leakage based
on the size and rate of bubble formation.

b. Note: Visual detection of unacceptable leakasgéeasible. When using standard
leak-test fluid, the bubble size is expected taapproximately 1.5 mm in diameter.
For a localized rate of 0.005 mg/sec (3.6 NmL/mthg resultant allowable rate of
bubble generation is about 2030 bubbles per minkten if much larger bubbles are
formed, the leak should be readily detectable. eéxample, the allowable bubble rate
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for 6 mm bubbles would be approximately 32 bubplesminute.

B.6.2.5 Test Procedures for Service Terminating P®®rmance in Fire (B.5.1.4)
B.6.2.5.1 Fire Test (pneumatic).

The hydrogen container assembly consists of thepoessed hydrogen storage system with
additional relevant features, including the vensiggtem (such as the vent line and vent line
covering) and any shielding affixed directly to dwntainer (such as thermal wraps of the
container(s) and/or coverings/barriers over the DER.

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

Method |: Qualification for a Generic (Non-SpecjfVehicle Installation

If a vehicle installation configuration is not sgesd (and the qualification of the system is
not limited to a specific vehicle installation canfration) then the localized fire exposure
area is the area on the test article farthest trmPRD(s). The test article, as specified
above, only includes thermal shielding or otherigation devices affixed directly to the
container that are used in all vehicle applicatio¥enting system(s) (such as the vent line
and vent line covering) and/or coverings/barriarsrahe TPRD(s) are included in the
container assembly if they are anticipated forinsany application. If a system is tested
without representative components, then retestirtigad system is required if a vehicle
application specifies the use of these type of comepts.

Method 2: Qualification for a Specific Vehicle talation

If a specific vehicle installation configurationgpecified and the qualification of the
system is limited to that specific vehicle instatla configuration, then the test setup
may also include other vehicle components in aoldito the hydrogen storage system.
These vehicle components (such as shielding orogrwhich are permanently attached
to the vehicle’s structure by means of welding @itdand not affixed to the storage
system) must be included in the test setup in éhecle-installed configuration relative to
the hydrogen storage system This localized fiseiteconducted on the worst case
localized fire exposure areas based on the foairofiientations: fires originating from
the direction of the passenger compartment, carggdge compartment, wheel wells or
ground-pooled gasoline.

In addition, the container is subjected an engglfire without any shielding components
as described in paragraph B.6.2.5.2.

The following test requirements apply whether Methoor 2 (above) is used:

a) The container assembly is filled with compeelskydrogen gas at 100 percent of NWP.
The container assembly is positioned horizontgllgraximately 100 mm above the fire
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source. (Note: as stated in section B 5.1.4, actitrg parties under the 1998 Agreement
may choose to use compressed air as an alternesivgas for certification of the
container for use in their countries or regions.)

Localized Portion of the Fire Test

b)

d)
e)

f)

The localized fire exposure area is located ort¢bearticle furthest from the TPRD(s).
If more vulnerable areas are identified for a gpeeehicle installation configuration,
the more vulnerable area that is furthest fromMR&D(S) is positioned directly over the
initial fire source.

The fire source consists of LPG burners configuoeproduce a uniform minimum
temperature on the test article measured with renmim 5 thermocouples covering the
length of the test article up to 1.65m maximumidast 2 thermocouples within the
localized fire area, and at least 3 thermocoupieisly spaced and no more than 0.5 m
apart in the remaining area) located 25 ma0#mm from the outside surface of the test
article along its longitudinal axis. At the optiohthe manufacturer or testing facility,
additional thermocouples may be located at TPRBisgrpoints or any other locations
for optional diagnostic purposes.

Wind shields are applied to ensure uniform heating

The fire source initiates within a 250mnb5®mm longitudinal expanse positioned under
the localized exposure area of the test articlee Width of the fire source encompasses
the entire diameter (width) of the storage systéhMethod 2 is selected, the length and
width shall be reduced, if necessary, to accountdbicle-specific features.

As shown in Figure 6.2.5.1, the temperature atlibemocouples in the localized fire
area are increased continuously to at least@®@athin 3 minutes of ignition, and a
temperature of at least 6is maintained for the next 5 minutes. The terapee in

the localized fire area shall not exceed @@uring this period. Compliance to the
thermal requirements begins 1-minute after entaghiegoeriod with minimum and
maximum limits and is based on a 1-minute rollimgrage of each thermocouple in the
region of interest. (Note: The temperature owtsiek region of the initial fire source is
not specified during these initial 8 minutes frdme time of ignition.)

Localized fire Fully engulfing fire

800°C

600° C- »
/7
Sop
/7

Localized Fi
/ ocalizedtire Engulfing Fire :
y (1.65 m linear extent) '

7

\
v

N\

3  minutes 8 10 TPRP
venting

‘ = = Signifies a continuous temperatureincrease (need not be Iineart

Figure 6.2.5.1 Temperature Profile of Fire Test

Engulfing Portion of the Fire Test
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g) Then within the next 2-minute interval, the tempera along the entire surface of the test
article shall be increased to at least®Dand the fire source is extended to produce a
uniform temperature along the entire length up.65 Ineters and the entire width of the
test article (engulfing fire). The minimum temgera is held at 80, and the
maximum temperature shall not exceed £000 Compliance to the thermal
requirements begins 1-minute after entering theogdewith constant minimum and
maximum limits and is based on a 1-minute rollingrage of each thermocouple.

h) The test article is held at temperature (engulfiregcondition) until the system vents
through the TPRD and the pressure falls to legs thslPa. The venting must be
continuous (without interruption), and the storagstem must not rupture. An additional
release through leakage (not including releasaitiirahe TPRD) that results in a flame
with length greater than 0.5 m beyond the perimeftéine applied flame must not occur.

Documenting Results of the Fire Test

The arrangement of the fire is recorded in suffit@etail to ensure the rate of heat input to
the test article is reproducible. The resultsudelthe elapsed time from ignition of the fire
to the start of venting through the TPRD(s), ar@rttaximum pressure and time of
evacuation until a pressure of less than 1 MPadstred. Thermocouple temperatures and
container pressure are recorded at intervals afyeM@sec or less during the test. Any
failure to maintain specified minimum temperatwgquirements based on the 1-minute
rolling averages invalidates the test result. Aalpure to maintain specified maximum
temperature requirements based on the 1-minuiagalerages invalidates the test result
only if the test article failed during the test.

B.6.2.5.2 Engulfing fire test:

The test unit is the compressed hydrogen storagjersy. The storage system is filled with
compressed hydrogen gas at 100 percent of NWP .cditainer vessel is positioned
horizontally approximately 100 mm above the firerse. A uniform fire source that is 1.65
meters long is used. Beginning five minutes afterfire is ignited, an average flame
temperature of not less than 590 degrees Celssusete@rmined by the average of the two
thermocouples recording the highest temperatures @80 second interval) is maintained.

B.6.2.6 Test Procedures for Primary Closures wit the Compressed Gaseous Hydrogen
Storage System (B.5.1.5 requirement)

B.6.2.6.1 Compressed Hydrogen Storage TPRD Quatliin Performance Tests

Testing is performed with hydrogen gas having gasity compliant with ISO 14687-2/SAE
J2719. All tests are performed at ambient tempege20(-5)°C unless otherwise specified.
The HPRD qualification performance tests are spgtes follows:

B.6.2.6.1.1 Pressure Cycling Test.

Five TPRD units undergo 11,000 internal pressuctesywith hydrogen gas having gas
quality compliant with ISO 14687-2/SAE J2719. Tinst five pressure cycles are between <
2MPa and 150% NWP; the remaining cycles are bet@éegh)MPa and 125%

NWP(+1lMPa). The first 1500 pressure cycles are condumt@ TPRD temperature of
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+85(+5)°C. The remaining cycles are conducted at a TRRiperature of +556§°C. The
maximum pressure cycling rate is ten cycles pewuteinFollowing this test, the pressure
relief device must meet the requirements of thevifRate Test (B.6.2.6.1.10) and the Bench
Top Activation Test (B.6.2.6.1.9).

B.6.2.6.1.2 Accelerated Life Test.

Eight TPRD units undergo testing; three at the rfasturer’s specified activation
temperature, &, and five at an accelerated life temperatufg, 39.1% Tae? > The TPRD

is placed in an oven or liquid bath with the tenapere held constant (+1°C). The hydrogen
gas pressure on the TPRD inlet is 125% NWBEMPa). The pressure supply may be
located outside the controlled temperature ovevatin. Each device is pressured
individually or through a manifold system. If amnifald system is used, each pressure
connection includes a check valve to prevent pressepletion of the system when one
specimen fails. The three TPRDs tested.gtmiust activate in less than ten hours. The five
TPRDs tested at;jt must not activate in less than 500 hours.

B.6.2.6.1.3 Temperature Cycling Test

(1) An unpressurized TPRD is placed in a liquathbmaintained at -356)°C at least two
hours. The TPRD is transferred to a liquid bathntagned at +85(%)°C within five
minutes, and maintained at that temperature at t@@shours. The TPRD is transferred
to a liquid bath maintained at -3&)*C within five minutes.

(2) Step (a) is repeated until 15 thermal cyckrgehbeen achieved.

(3) With the TPRD conditioned for a minimum of twwours in the -35°C liquid bath, the
internal pressure of the TPRD is cycled with hy@mgas between < 2MPa and
100%NWP for 100 cycles while the liquid bath is mained at -35(%)°C.

(4) Following the thermal and pressure cycling, T'°"RD must meet the requirements of the
Flow Rate Test (B.6.2.6.1.10), except that the HRate test is conducted at -35§%C,
and the Bench Top Activation Test (B.6.2.6.1.9).

B.6.2.6.1.4 Salt Corrosion Test

Two TPRD units are tested. Any non-permanent oadps are removed. Each TPRD unit is
installed in a test fixture in accordance with thenufacturer’'s recommended procedure so
that external exposure is consistent with realisstallation. Each unit is pressurized to 125
percent of the service pressure and exposed foh@d#s to a salt spray (fog) test as
specified in ASTM B117 (Standard Practice for OfiatpSalt Spray (Fog) Apparatus)
except that in the test of one unit, the pH ofgak solution shall be adjusted to 4.0 £ 0.2 by
the addition of sulfuric acid and nitric acid ir24. ratio, and in the test of the other unit, the
pH of the salt solution shall be adjusted to #0M2 by the addition of sodium hydroxide.
Following these tests, each pressure relief davigst meet the requirements of the Flow
Rate Test (B.6.2.6.1.10) and the Bench Top Activaliest (B.6.2.6.1.9).

B.6.2.6.1.5 Vehicle Environment Test

Resistance to degradation by external exposurattoretive fluids is determined by the
following test, or by comparable published dataypknown properties (e.g. 300 series
stainless steel). The decision about the applitabf test data and known properties is at
the discretion of the testing authority.
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(1) The inlet and outlet connections of the TPRD amneated or capped in accordance
with the manufacturers installation instructionkeexternal surfaces of the TPRD are
exposed for 24 hours at 20 (#6)to each of the following fluids:

» Sulfuric acid - 19 percent solution by volume intera

* Sodium hydroxide - 25 percent solution by weighivater

 Ammonium nitrate - 28 percent by weight in watergda

* Windshield washer fluid (50 percent by volume métigohol and water).

The fluids are replenished as needed to ensureletargxposure for the duration of the
test. A distinct test is performed with each & fluids. One component may be used for
exposure to all of the fluids in sequence.

(2) After exposure to each chemical, the comporswiped off and rinsed with water and
examined. The component must not show signs oharecal degradation that could
impair the function of the component such as cragksoftening, or swelling. Cosmetic
changes such as pitting or staining are not falure

(3) At the conclusion of all exposures, the unib@gist comply with the requirements of the
Flow Rate test (B.6.2.6.1.10) and the Bench TopvAtbn test (B.86.2.6.1.9).

B.6.2.6.1.6 Stress Corrosion Cracking Test.

For TPRDs containing components made of a coppszeballoy (e.g., brass), one TPRD
unit are tested. The TPRD is disassembled, appeoglloy components are degreased and
then the TPRD is reassembled before it is contislyoexposed for ten days to a moist
ammonia-air mixture maintained in a glass chambgmuy a glass cover.

Aqueous ammonia having a specific gravity of 09#haintained at the bottom of the glass
chamber below the sample at a concentration @faat 20 ml per liter of chamber volume.
The sample is positioned 3&)}mm above the aqueous ammonia solution and stgapior

an inert tray. The moist ammonia-air mixture igmteined at atmospheric pressure at
+35(+5)°C. Brass units must not exhibit cracking dadenation due to this test.

B.6.2.6.1.7 Drop and Vibration Test

(1) Six TPRD units are dropped from a height of 2tlambient temperature onto a smooth
concrete surface. Each sample is allowed to boandbe concrete surface after the
initial impact. One unit is dropped in six orietmbas (opposing directions of 3
orthogonal axes). If each of the six dropped sasmgb not show visible exterior damage
that indicates that the part is unsuitable for tisex it shall proceed to step (b).

(2) Each of the six TPRD units dropped in stepata) one additional unit not subjected to a
drop are mounted in a test fixture in accordandh wianufacturer’s installation
instructions and vibrated 30 minutes along eadh®three orthogonal axes at the most
severe resonant frequency for each axis. The sevstre resonant frequencies are
determined using an acceleration of 1.5 g and siwgebrough a sinusoidal frequency
range of 10 to 500Hz within 10 minutes. The resgedrequency is identified by a
pronounced increase in vibrational amplitude.h& tesonance frequency is not found in
this range, the test shall be conducted at 500Fd#Howing this test, each sample must
not show visible exterior damage that indicates tia part is unsuitable for use. Then it
must meet the requirements of the Flow Rate Te$§tZB.1.10) and the Bench Top
Activation Test (B.6.2.6.1.9).
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B.6.2.6.1.8 Leak Test.

The TPRD unit is held at 125% NWP with hydrogen fgane hour at ambient temperature
before leakage is measured. The method for mewsisrat the discretion of the testing
facility; the accuracy, response time and calibrabf the measurement method is
documented. The total hydrogen leak rate mus¢gethan 0.2 NnL/hr.

B.6.2.6.1.9 Bench Top Activation Test

Two new TPRD units are tested without being subptd other design qualification tests in
order to establish a baseline time for activatiokdditional pre-tested units (pre-tested
according to B.6.2.6.1.1, B.6.2.6.1.3, B.6.2.6.B4,.2.6.1.6 or B.6.2.6.1.7) undergo
bench top activation testing as specified in otbsts in Section B.6.2.6.1..

(1) The test setup consists of either an oven wniody which is capable of controlling air
temperature and flow to achieve 600(x 10)°C indhmesurrounding the TPRD. The
TPRD unit is not exposed directly to flame. TheRDPunit ismounted in a fixture
according to the manufacturer’s installation instians; the installation is be
documented.

(2) A thermocouple is placed in the oven or chimtwesnonitor the temperature. The
temperature remains within the acceptable rangevominutes prior to running the test.

(3) The pressurized TPRD unit is inserted intodhen or chimney, and the time for the
device to activate is recorded. Prior to insertian the oven or chimney, one new (not
pre-tested) TPRD unit is pressurized to no more &0 NWP; the pre-tested ) TPRD
units are pressurized to no more than 25% NWP paredhew(not pre-tested) TPRD unit
is pressurized to 100% NWP.

(4) TPRD units previously subjected to other t@stSection B.6.2.6.1 must activate within
a period no more than two minutes longer than #selne activation time of the new
TPRD unit that was pressurized to up to 25% NWP.

(5) The difference in the activation time of thetTPRD units that had not undergone
previous testing must be no more than 2 minutes.

B.6.2.6.1.10 Flow Rate Test

(1) Three new TPRD units are tested for flow cégadddditional units undergo flow rate
testing as specified in previous tests (B.6.2.6R.6.2.6.1.3, B.6.2.6.1.4, B.6.2.6.1.6 or
B.6.2.6.1.7).

(2) Each TPRD unit is activated according to B&P28. After activation and without
cleaning, removal of parts, or reconditioning, e&€tRD unit is subjected to flow test
using hydrogen, air or an inert gas.

(3) Flow rate testing is conducted with a gastiplessure of 2(£0.5) MPa. The outlet is at
ambient pressure. The inlet temperature and pressa recorded.

(4) Flow rate is measured with accuracy withinpe2cent. The lowest measured value of
the nine pressure relief devices must not be hems 90 percent of the highest flow value.

(5) Flow rate is recorded as the lowest measuatakvof the nine pressure relief devices
tested in NL per minute G and 1 atmosphere) corrected for hydrogen.

B.6.2.6.2 Compressed Hydrogen Storage Qualificata Performance Tests for Check
Valve and Shut-Off Valve
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Testing shall be performed with hydrogen gas hagag quality compliant with ISO 14687-
2/SAE J2719. All tests are performed at ambiempirature 20(3)°C unless otherwise
specified. The check valve and automatic shutalfe qualification performance tests are
specified as follows:

B.6.2.6.2.1 Hydrostatic Strength Test.

The outlet opening in components is plugged andevaéats or internal blocks are made to

assume the open position. One unit is tested witheing subjected to other design

gualification tests in order to establish a baselinrst pressure, other units are tested as
specified in subsequent tests of Section B.6.2.6.2.

(1) A hydrostatic pressure of 250% NWP is appt@the inlet of the component for three
minutes. The component is examined to ensure dipatire has not occurred.

(2) The hydrostatic pressure is then increased atafdéss than or equal to 1.4 MPa/sec
until component failure. The hydrostatic presatr&ilure is recorded. The failure
pressure of previously tested units must be nothess 80 percent of the failure pressure
of the baseline, unless the hydrostatic pressweesis 400% NWP.

B.6.2.6.2.2 Leak Test.

One unit is tested at ambient temperature witheurigosubjected to other design
gualification tests. Three temperature regimespeeified:

(1) Ambient temperature: condition the unit at#Z){C; test at 5% NWP and 150%
(2) High temperature: condition the unit at +8&50€; test at 5% NWP and 150%

(3) Low temperature: condition the unit at -4B)C€; test at 5% NWP and 100%NWP.
Additional units undergo leak testing as specifiedther tests in Section B.6.2.6.2 with
uninterrupted exposure to the temperatures spdgifighose tests.

The outlet opening is plugged with the appropriatging connection and pressurized
hydrogen is applied to the inlet. At all specifiedt temperatures, the unit is conditioned for
one minute by immersion in a temperature contrdlied (or equivalent method). If no
bubbles are observed for the specified time petloelsample passes the test. If bubbles are
detected, the leak rate is measured by an apptepniethod. The leak rate must not exceed
10 NL/hour of hydrogen gas.

B.6.2.6.2.3 Extreme Temperature Continuous V@alyeling Test

(1) The total number of operational cycles is 80,0The valve unit are installed in a test
fixture corresponding to the manufacturer’s speatfons for installation. The operation
of the unit is continuously repeated using hydrogas at all specified pressures.

An operational cycle shall be defined as follows:

(&) A check valveis connected to a test fixturé pressure is applied in six pulses to the
check valve inlet with the outlet closed. The puesss then vented from the check
valve inlet. The pressure is lowered on the chedke outlet side to < 60% NWP
prior to the next cycle.

(b) An automatic shut-off valve is connected test fixture and pressure is applied
continuously to the both the inlet and outlet sides

An operational cycle consists of one full operatamd reset within an appropriate period

as determined by the testing agency.
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(2) Testing is performed on a unit stabilizedhat following temperatures:

(&) Ambient Temperature Cycling. The unit undesgoperational (open/closed) cycles
at 125% NWP through 90 percent of the total cyelil the part stabilized at 20
(+5)°C. At the completion of the ambient temperatureraponal cycles, the unit
must comply with the ambient temperature leakgpstified in B.6.2.6.2.2.

(b) High Temperature Cycling. The unit then umgydess operational cycles at 125%
NWP through 5 percent of the total operational egakith the part stabilized at
+85(45)°C. At the completion of the +86 cycles, the unit must comply with the
high temperature (+86) leak test specified in B.6.2.6.2.2.

(c) Low Temperature Cycling. The unit then undegoperational cycles at 100%
NWP through 5 percent of the total cycles with plaet stabilized at -£C. At the
completion of the -4 operational cycles, the unit must comply with lthe
temperature (-4C) leak test specified in B.6.2.6.2.2.

(3) Check valve Chatter Flow Test. Following Q®perational cycles and leak tests, the
check valve is subjected to 240 hours of chattav tt a flow rate that causes the most
chatter (valve flutter). At the completion of ttest the check valve must comply with
the ambient temperature leak test (B.6.2.6.2.2)thadtrength test(B.6.2.6.2.1).

B.6.2.6.2.4 Salt Corrosion Resistance Test.

AISI series 300 Austenitic stainless steels arengtdrom corrosion resistance testing.
Materials used in valve units are subjected byt¢seagency to this test except where the
applicant submits declarations of results of teatsied out on the material provided by the
manufacturer.

The component is supported in its normally insthpjesition and exposed for 150 hours to a
salt spray (fog) test as specified in ASTM Bll7a(tard Practice for Operating Salt Spray
(Fog) Apparatus). If the component is expectedp@rate in vehicle underbody service
conditions, then it is exposed for 500 hours toghie spray (fog) test. The temperature
within the fog chamber is maintained at 303p The saline solution consists of 5 percent
sodium chloride and 95 percent distilled waterweyght. Immediately following the
corrosion test, the sample is rinsed and gentlyndd of salt deposits, examined for
distortion, and then must comply with the requiratseof the ambient temperature leak test
specified in B.6.2.6.2.2.

B.6.2.6.2.5 Vehicle Environment Test

Resistance to degradation by exposure to automftivs is determined by the following

test, or by comparable published data, or by knpraperties (e.g. 300 series stainless steel).

The decision about the applicability of test datd Bnown properties is at the discretion of

the testing authority.

(1) The inlet and outlet connections of the valve ani connected or capped in accordance
with the manufacturers installation instructionkeexternal surfaces of the valve unit
are exposed for 24 hours at 20 (+5)oC to eacheofdtowing fluids:

» Sulfuric acid - 19 percent solution by volume intera

* Sodium hydroxide - 25 percent solution by weightvater

*  Ammonium nitrate - 28 percent by weight in watergda

» Windshield washer fluid (50 percent by volume mét#igohol and water).
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The fluids are replenished as needed to ensureletargxposure for the duration of the
test. A distinct test is performed with each @& fluids. One component may be used for
exposure to all of the fluids in sequence.

(2) After exposure to each chemical, the comporsewiped off and rinsed with water and
examined. The component must not show signs of amecal degradation that could
impair the function of the component such as cragksoftening, or swelling. Cosmetic
changes such as pitting or staining are not falure

(3) At the conclusion of all exposures, the unibgist comply with the requirements of the
ambient temperature leakage test (B.6.2.6.2.2})l@mdtrength test (B.6.2.6.2.1).

B.6.2.6.2.6

Atmospheric Exposure Test. The atmospheric expasst applies to qualification of check

valves; it does not apply to qualification of auttio shut-off valves.

(1) All non-metallic materials which that providduel containing seal, and which are
exposed to atmosphere, for which a satisfactoriad&tton of properties is not submitted
by the applicant, must not crack or show visiblelernce of deterioration after exposure
to oxygen for 96 hours at 70°C at 2 MPa in accocdamith ASTM D572 (Standard Test
Method for Rubber- Deterioration by Heat and Oxygen

(2) All elastomers must demonstrate resistan@zéme by one or more of the following:

» Specification of elastomer compounds with establistesistance to ozone.
e Component testing in accordance with ISO 1431/ITM31149, or equivalent test
methods

B.6.2.6.2.7 Electrical Tests.
The electrical tests apply to qualification of tngomatic shut-off valve; they do not apply to
gualification of automatic check valves.
(1) Abnormal Voltage Test. The solenoid valveasnected to a variable DC voltage
source. The solenoid valve is operated as follows:
(@) An equilibrium (steady state temperature) helestablished for one hour at 1.5
times the rated voltage. (b) The voltage is inseedo two times the rated voltage or
60 volts whichever is less and held for one minute.
(c) Any failure must not result in external leakagpen valve, or a similar unsafe
condition.
The minimum opening voltage at NWP and room tentpegamust be less than or equal
to 9V for a 12 V system and less than or equaBty for a 24 V system.
(2) Insulation Resistance Tesit,000 V D.C. is applied between the power conduatak
the component casing for at least two seconds. nfihenum allowable resistance for
that component is 240k

B.6.2.6.2.8 Vibration Test.

The valve unit is pressurized to its 100% NWP waydrogen, sealed at both ends, and
vibrated for 30 minutes along each of the threbagtnal axes at the most severe resonant
frequencies. The most severe resonant frequen@etetermined by acceleration of 1.5 g
with a sweep time of 10 minutes within a sinusofdaduency range of 10 to 500Hz. If the
resonance frequency is not found in this rangedbiels conducted at 500 Hz. Following
this test, each sample must not show visible extelamage that indicates that the part is
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unsuitable for use. At the completion of the tds, unit must comply with the requirements
of the ambient temperature leak test specified.61B6.2.2.

B.6.2.6.2.9 Stress Corrosion Cracking Test

Brass valves with a history of satisfactory fielgherience are exempt from this requirement
if documentation can be submitted to the testirenay to justify exemption to this
requirement. Brass valves for which a satisfgctieclaration of properties is not submitted
shall be tested.

The brass unit is subjected to the stresses norma@tlosed on it as a result of assembly.
The component is degreased and then continuouplysexl for ten days to a moist ammonia-
air mixture maintained in a glass chamber havigtpas cover. Aqueous ammonia having a
specific gravity of 0.94 is maintained at the bottof the glass chamber below the sample at
a concentration of 21.2 ml per liter of chambemwoé. The sample is positioned 38 mm
(1.5 in) above the aqueous ammonia solution andastgd in an inert tray. The moist
ammonia-air mixture is maintained at atmosphergspure with the temperature constant at
+35(+2)°C. Brass units must not exhibit cracking dadgenation due to this test.

B.6.2.6.10 Pre-Cooled Hydrogen Exposure Test.

The valve unit is subjected to pre-cooled hydrogas at -40 °C at a flow rate of 30 g/s at
external temperature of 2G°C for a minimum of three minutes. The unitlés

pressurized and re-pressurized after a two minoite eriod. This test is repeated ten times.
This test procedure is then repeated for an aadtdititen cycles, except that the hold period
is increased to 15 minutes. The unit must thenptpmith the requirements of the ambient
temperature leak test specified in B.6.2.6.2.2

B.6.3 TEST PROCEDURES FOR ELECTRIC SAFETY (B.5.3)

B.6.3.1 ISOLATION RESISTANCE MEASUREMENT METHOD

B.6.3.1.1 General

The isolation resistance for each high voltagediuke vehicle is measured or shall be
determined by calculation using measurement vdhoes each part or component unit of a high
voltage bus (hereinafter referred to as the “didideeasurement”).

B.6.3.1.2 Measurement Method

The isolation resistance measurement is condugtselbcting an appropriate measurement
method from among those listed in Paragraphs B.2.3. through B.6.3.1.2.2, depending on the
electrical charge of the live parts or the isolatiesistance.

The range of the electrical circuit to be measusedarified in advance, using electrical circuit
diagrams.
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Moreover, modification necessary for measuringisétion resistance may be carried out, such
as removal of the cover in order to reach the piags, drawing of measurement lines, and
change in software.

In cases where the measured values are not stabl® dhe operation of the on-board isolation
resistance monitoring system, necessary modificdtioconducting the measurement may be
carried out, such as stopping of the operatiomefdevice concerned or removing it.
Furthermore, when the device is removed, it mugirbgen, using drawings, etc., that it will not
change the isolation resistance between the livis pad the electrical chassis.

Utmost care must be exercised to avoid short ¢ienud electric shock since this confirmation
might require direct operations of the high-voltageuit.

B.6.3.1.2.1 Measurement method using DC voltageofn off-vehicle sources

B.6.3.1.2.1.1 Measurement instrument
An isolation resistance test instrument capabl@pplying a DC voltage higher than the working
voltage of the high voltage bus is used.

B.6.3.1.2.1.2 Measurement method

An insulator resistance test instrument is conrtkbetween the live parts and the electrical
chassis. The isolation resistance is then measiyregplying a DC voltage at least half of the
working voltage of the high voltage bus.

If the system has several voltage ranges (e.gulseaaf boost converter) in conductive
connected circuit and some of the components camitiestand the working voltage of the entire
circuit, the isolation resistance between thosepmmnts and the electrical chassis can be
measured separately by applying their own workioligge with those components
disconnected.

B.6.3.1.2.2 Measurement method using the vehicledsvn RESS as DC voltage source

B.6.3.1.2.2.1 Test vehicle conditions

The high voltage-bus is energized by the vehiadd&/s RESS and/or energy conversion system
and the voltage level of the RESS and/or energy&mion system throughout the test shall be at
least the nominal operating voltage as specifiethbyehicle manufacturer.

B.6.3.1.2.2.2 Measurement instrument
The voltmeter used in this test shall measure D@egand has an internal resistance of at least
10 MQ.

B.6.3.1.2.2.3 Measurement method

B.6.3.1.2.2.3.1 First step

The voltage is measured as shown in Figure 1 andith voltage Bus voltage (Vb) is recorded.
Vb must be equal to or greater than the nominatadpe voltage of the RESS and/or energy
conversion system as specified by the vehicle nzaurer.
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Electrical Chassis

Energy Conversion I
System Assembly V2 RESS Assembly

High Voltage Bus l | |

Traction System I |

Electrical Chassis

Figure 1: Measurement of Vb, V1, V2

B.6.3.1.2.2.3.2 Second step
The voltaé;e (V1) between the negative side of igh foltage bus and the electrical chassis is
measured and recorded (see Figure 1).

B.6.3.1.2.2.3.3 Third step
The voltage (V2) between the positive side of tigh lvoltage bus and the electrical chassis is
measured and recorded (see Figure 1).

B.6.3.1.2.2.3.4 Fourth step

If V1 is greater than or equal to V2, a standardvkn resistance (Ro) is inserted between the
negative side of the high voltage bus and the mbéatichassis. With Ro installed, the voltage
(V1’) between the negative side of the high volthge and the electrical chassis is measured
(see Figure 2).

The electrical isolation (Ri) is calculated accagito the following formula:

Ri = Ro*(Vb/V1’' — Vb/V1) or Ri=Ro*Vb*(1/V1 4/V1)

The resulting Ri, which is the electrical isolatiogsistance value (i), is divided by the
working voltage of the high voltage bus in volt (V)

Ri Q/V = Ri2 / Working voltage (V)
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Electrical Chassis

Energy Conversion
System Assembly RESS Assembly

| |  High Voltage Bus | |

Energy
Conversio

! Traction System I |
System 1 I

Electrical Chassis
Figure 2: Measurement of V1
If V2 is greater than V1, a standard known resistaiiRo) is inserted between the positive side
of the high voltage bus and the electrical cha¥dith Ro installed, the voltage (V2’) between
the positive side of the high voltage bus and teetecal chassis is measured. (See Figure 3).
The electrical isolation (Ri) is calculated accaglto the formula shown below. This electrical

isolation value (in ohms) is divided by the nomiopkrating voltage of the high voltage bus (in
volts).The electrical isolation (Ri) is calculatadcording to the following formula:

Ri = Ro*(Vb/V2' — Vb/IV2) or Ri= Ro*Vb*(1/V2’' -4/V2)

The resulting Ri, which is the electrical isolati@sistance value (i), is divided by the
working voltage of the high voltage bus in voltg(V

Ri Q/V = Ri2 / Working voltage V
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Electrical Chassis

Energy Conversion ] R
System Assembly 0 RESS Assembly
I ............... : ) V2' R e
. | High Voltage Bus 1 | I
| | ! |
: " :
! I | I
: | Traction System : |
| | ! |
| | ! |
| i ! |
S ] . I

Electrical Chassis

Figure 3: Measurement of V2’

B.6.3.1.2.2.35 Fifth step
The electrical isolation value Ri (in ohms) divideglthe working voltage of the high voltage
bus (in volts) results in the isolation resistatineohms/volt).

(NOTE 1: The standard known resistance Ro (in ohsié)e value of the minimum required
isolation resistance (in ohms/V) multiplied by therking voltage of the vehicle
plus/minus 20% (in volts). Ro is not required toppecisely this value since the
equations are valid for any Ro; however, a Ro vaiukis range should provide
good resolution for the voltage measurements.)

B.6.3.2 Confirmation Method for Functions of On-bard Isolation Resistance
Monitoring System

The function of the on-board isolation resistan@itoring system is confirmed by the
following method or a method equivalent to it.

A resistor is inserted that does not cause thatisol resistance between the terminal being
monitored and the electrical chassis to drop belmvminimum required isolation resistance
value. The warning signalmust be activated.

B.6.3.3 PROTECTION AGAINST DIRECT CONTACTS OF PART S UNDER
VOLTAGE
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B.6.3.3.1 Access probes
Access probes to verify the protection of persayarest access to live parts are given in table 1.

B.6.3.3.2 Test conditions

The access probe is pushed against any openirtge ehclosure with the force specified in
table 1. If it partly or fully penetrates, it isggled in every possible position, but in no casé sha
the stop face fully penetrate through the opening.

Internal electrical protection barriers are consdepart of the enclosure.

A low-voltage supply (of not less than 40 V and mmire than 50 V) in series with a suitable
lamp is connected, if necessary, between the paotdive parts inside the electrical protection
barrier or enclosure.

The signal-circuit method is also applied to thevimg live parts of high voltage equipment.
Internal moving parts may be operated slowly, whiei®is possible.

B.6.3.3.3 Acceptance conditions

The access probe does not touch live parts.

If this requirement is verified by a signal circh&tween the probe and live parts, the lamp must
not light.

In the case of the test for IPXXB, the jointed tasgjer may penetrate to its 80 mm length, but
the stop face (diameter 50 mm x 20 mm) must nag gasugh the opening. Starting from the
straight position, both joints of the test fingee auccessively bent through an angle of up to 90
degree with respect to the axis of the adjoinirgise of the finger and are placed in every
possible position.

In case of the tests for IPXXD, the access probg peaetrate to its full length, but the stop face
must not fully penetrate through the opening.
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Table 1 - Access probes for the tests for protection of persons against access to hazardous parts

First | Addit Test
] ] Access probe
numeral | lefter force
2 E 10MN+/-10%
Jointed test finger
Steo lace
1@ 0= 20
— o,
. 8
SeeFig. 1 .
for full Y-
dimensions \ /
Jointed vest finger
/ IMetall
Inaudating material 80
456 D IN+/-10%
Tast vars 1.0 mm giamater 100 mm long

Spnere 35 = 0.2

H
Appros. 100 ——— W00z 0.2 L]
A ﬂ
a t_ e — - )
] ‘\ Ragic rast wre i
Handla [ IMaal) !m fram from b

Baguditing mateniall Siop lnce
Hnmulatmg materal)
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Figure 1 - Jointed test finger
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Material: metal. except where otherwise specified

Linear dimensions in millimeters

Tolerances on dimensions without specific tolerance:

on angles_ 0/-10'

o linear dimensions:

up to 25 mm: 0/-0.03

over 25 mm:+/- 0.2

Both joints shall permit movement in the same plane and the same direction through an
angle of 900" with 2 0 to +10” tolerance.
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B.6.3.4 TEST METHOD FOR MEASURING ELECTRIC RESISTAN CE

A) Test method using a resistance tester

The resistance tester is connected to the measpwings (typically, electrical chassis and
electro conductive enclosure/electrical protectianrier) and the resistance is measured
using a resistance tester that meets the speminctitat follows.

Resistance tester: Measurement current at leagt O
Resolution 0.00 or less

The resistanc® shall be less than 0.1 ohm.

B) Test method using D.C. power supply, voltmeter andmmeter.

Example of the test method using D.C. power supgitmeter and ammeter is shown

below.
Connection tc
Blarrier/EncIosur
pc. H @ — Barrier/Enclosure
Power C\E \ $ R
Sty ] — » Electrical Chassis

Connection tc
Electrical Chassis

Test Procedure

» The D.C. power supply, voltmeter and ammeter anmneocted to the measuring points
(Typically, electrical chassis and electro condueegnclosure/electrical protection
barrier).

» The voltage of the D.C. power supply is adjustethsd the current flow becomes
more than 0.2 A.

» The currentI'” and the voltageV ” are measured.

» The resistanceR ” is calculated according to the following formula
R=V/I

The resistancR shall be less than 0.1 ohm.
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Note: If lead wires are used for voltage and mirneeasurement, each lead wire must be
independently connected to the electrical protedbarrier/enclosure/electrical chassis.
Terminal can be common for voltage measurementamneént measurement.

Barrier/Enclosure/
Electrical chassis 7 Lead Wires

Lead wires shall be independent
current measurement and voltage
measurement. Terminal can be common.

Terminal

B.6.3.5 TEST CONDITIONS AND TEST PROCEDURE REGRADING POST
CRASH

B.6.3.5.1 Test Conditions

B.6.3.5.1.1 General

The test conditions specified in paragraphs B.6BX5through B.6.3.5.1.4 are used.

Where a range is specified, the vehicle shall Ipalske of meeting the requirements at all points
within the range.

B.6.3.5.1.2  Electrical power train adjustment
B.6.3.5.1.2.1 The RESS may be at any state of charge, whickvaltbe normal operation of the
power train as recommended by the manufacturer.

B.6.3.5.1.2.2 The electrical power train shall be energized withvithout the operation of the
original electrical energy sources (e.g. engineegatior, RESS or electric energy conversion
system), however:

B.6.3.5.1.2.2.1lt is permissible to perform the test with allparts of the electrical power train
not being energized insofar as there is no negatfiteence on the test result. For parts of the
electrical power train not energized, the protecagainst electrical shock shall be proved by
either physical protection or isolation resistaand appropriate additional evidence.

B.6.3.5.1.2.2.2If the power train is not energized and an auten@sconnect is provided, it is
permissible to perform the test with the automdisconnect being triggered. In this case it must
be demonstrated that the automatic disconnect woaid operated during the impact test. This
includes the automatic activation signal as wetha&sconductive separation considering the
conditions as seen during the impact.
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[B.6.3.5.1.3 ltis allowed to modify the fuel system so thatagpropriate amount of fuel can
be used to run the engine or the electrical eneogyersion system.]

B.6.3.5.1.4 The vehicle conditions other than specified inagaaphs B.6.3.5 .1.1 through
B.6.3.5.1.3 are in the crash test protocols otth@racting parties.

B.6.3.5.2 Test Procedures for the protection of theccupants of vehicles operating on
electrical power from high voltage and electrolyg spillage

This section describes test procedures to demoastwanpliance with the electrical safety

requirements of B.5.3.2.

Before the vehicle impact test conducted, the higllage bus voltage (Vb) (see figure 1) is
measured and recorded to confirm that it is witthe operating voltage of the vehicle as
specified by the vehicle manufacturer.

B.6.3.5.2.1  Test setup and equipment
If a high voltage disconnect function is used, meaments are taken from both sides of the
device performing the disconnect function.

However, if the high voltage disconnect is integoalhe RESS or the energy conversion system
and the high-voltage bus of the RESS or the enepgyersion system is protected according to
protection IPXXB following the impact test, measuents may only be taken between the
device performing the disconnect function and eieaitloads.

The voltmeter used in this test measures DC valndshave an internal resistance of at least 10
MQ.

B.6.3.5.2.2  The following instructions may be useifivoltage is measured.

After the impact test, determine the high voltage Woltages (Vb, V1, V2) (see figure 1).

The voltage measurement is made not earlier theetdnds, but not later than 60 seconds after
the impact.

This procedure is not applicable if the test idg@ned under the condition where the electric
power train is not energized.
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Energy Conversion ] RESS Assembly
System Assembly V2

— e _: ngh Voltage Bus l P et — h — — — E—

: Traction System : :
RESS
! Vb | !

Electrical Chassis
Figure 1 Measurement of Vb, V1, V2

B.6.3.5.2.3 Isolation resistance
See B.6.3.1.2 “Measurement method”

All measurements for calculating voltage(s) andteieal isolation are made after a minimum of
5 seconds after the impact.

For example, megohmmeter or oscilloscope measuitsraem an appropriate alternative to the
procedure described above for measuring isolat@sistance. In this case it may be necessary to
deactivate the on-board isolation resistance mondsystem.
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B.6.3.5.2.5 Low electrical Energy

Prior to the impact a switch S1 and a known disphaesistor Re is connected in parallel to the
relevant capacitance (ref. figure 2).

Not earlier than 5 seconds and not later than 60rsks after the impact the switch S1 shall be
closed while the voltage Vb and the current leaeasured and recorded.

The product of the voltage Vb and the current liategrated over the period of time, starting
from the moment when the switch S1 is closgaufttil the voltage Vb falls below the high
voltage threshold of 60 V DCyft The resulting integration equals the total epdide) in
joules.

th
(@) TE = [V, X1 dt
tc
When Vb is measured at a point in time betweercbrs#s and 60 seconds after the impact and

the capacitance of the X-capacitors)(fS specified by the manufacturer or determined by
measurement total energy (TE) is calculated acogrti the following formula:

(b) TE = 0.5 x §x(V,> — 3 600)
When V1, V2 (see figure 1) are measured at a poitine between 5 seconds and 60 seconds
after the impact and the capacitances of the Y-aitgpa (G, C,») are specified by the

manufacturer or determined by measurement totabgrn@E:, TE,,) is calculated according to
the following formulas:

(©) TEs = 0.5 x G X (V4° -3 600)
TE2= 0.5 X G2 X (V2™ 3 600)

This procedure is not applicable if the test iSgraned under the condition where the electric
power train is not energized.
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Electrical Chassis

Energy Conversion

RESS Assembly
High Voltage Bus

Traction System Vb

Electrical Chassis

Figure 2 : E.g. measurement of high voltage bus energy store  d in X-capacitors

B.6.3.5.2.6 Electrolyte spillage
Appropriate coating must be applied, if necess@aryhe physical protection in order to confirm
any electrolyte leakage from the RESS after theachpest.

Unless the manufacturer provides means to diffeaenbetween the leakage of different liquids,
all liquid leakage is considered as the electrolyte

B.6.3.5.2.7 RESS retention
Compliance shall be determined by visual inspection

TYPE APPROVAL REQUIREMENTS FOR RECHARGEABLE ENERGYS TORAGE
SYSTEM REQUIREMENTS (RESS)

B.6.4.1Protection against excessive current
The RESS shall not overheat.

If the RESS is subject to overheating due to exeessirrent, it shall be equipped with a
protective device such as fuses, circuit breakersain contactors.

However, the requirement may not apply if the mantufrer supplies data that ensures
overheating from excessive current is preventetowuit the protective device.
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B.7 VEHICLES WITH LIQUID HYDROGEN STORAGE SYSTEMS (LHSSSs)

As described in Section A.7, this section is omlorindividual Contracting Parties may elect to
adopt the GTR with or without the LHSS requiremenibe requirements are organized as
follows:

The requirements are organized as follows:

Section B.7 is organized as follows:
B.7.1 LHSS design qualification requirements
B.7.2 LHSS fuel system integrity
B.7.3 Test procedures for LHSS design qualificatio
B.7.4 Test procedures for LHSS fuel system intggri

B.7.1 Liquefied Hydrogen Storage System Design @lification Requirements

This Section specifies the requirements for thegnty of a liquefied hydrogen storage system.
The hydrogen storage system is qualified to théopaance test requirements specified in this
Section. All liquefied hydrogen storage systenmlpced for on-road vehicle service must be

capable of satisfying requirements of this sectidi, 1.

The manufacturer must specify a maximum allowalbekmg pressure (MAWP) for the inner
container.

The test elements within these performance req@nésnare summarized in Table B.7.1.
These criteria apply to qualification of storagetsyns for use in new vehicle production. They

do not apply to re-qualification of any single puodd system for use beyond its expected useful
service or re-qualification after a potentiallyrsfgcant damaging event.

Table B.7.1
Overview of Performance Qualification Requirements

B.7.1.1 Verification of Baseline Metrics

B.7.1.1.1 Proof pressure
B.7.1.1.2 Baseline initial burst pressure, perfednon the inner tank
B.7.1.1.3 Baseline Pressure cycle life

B.7.1.2 Verification of Expected On-road Performane
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B.7.1.2.1 Boil-off
B.7.1.2.2 Leak
B.7.1.2.3 Vacuum loss

B.7.1.3 Verification for Service Terminating Perfemance: Bonfire

B.7.1.4 Verification of Components

B.7.1.1 Verification of Baseline Metrics

B.7.1.1.1 Proof pressure

A system is pressurized to a pressusg»1.3 (MAWP + 0.1 MPa) in accordance with test
procedure B.7.4.1.1 without visible deformationgidelation of container pressure, or detectable
leakage.

B.7.1.1.2 Baseline Initial Burst Pressure

The burst test is performed per the test proceiiuBe7.4.1.2 on one sample of the inner container
that is not integrated in its outer jacket andinstilated.

The burst pressure shall be at least equal touhst pressure used for the mechanical calculations.
For steel containers that is either:
» the Maximum Allowable Working Pressure (MAWP) (irPd) plus 0.1 MPa multiplied by
3.25;

.|o
=

the Maximum Allowable Working Pressure (MAWP) (irPd) plus 0.1 MPa multiplied
by 1.5 and multiplied by Rm/Rp, where Rm is theimum ultimate tensile strength of
the container material and Rp (minimum yield sttBihg 1.0 for austenitic steels and Rp
is 0.2 for other steels.

B.7.1.1.3 Baseline Pressure Cycle Life
When using metallic containers and/or metallic waoyackets the manufacturer must either
provide a calculation in order to demonstrate thatcontainer is designed according to
current regional legislation or accepted standéds in US the ASME Boiler and Pressure
Vessel Code, in Europe EN 1251-1 and EN 1251-2raadl other countries an applicable
regulation for the design of metallic pressure aordrs) or define and perform suitable tests
(including B.7.4.1.3)which prove the same levesafiety compared to a design supported by
calculation according to accepted standards.

For non-metallic containers and/or vacuum jackataddition to B.7.4.1.3 testing, suitable

tests must be designed by the manufacturer to pgheveame level of safety compared to a
metallic container.
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B.7.1.2 Verification for Expected On-road Perfornance
B.7.1.2.1 Boil-off

The boil-off test is performed on a liquid hydrogaarage system equipped with all components as
described in A.7.1.2 (Figure A.4). The test isfgened on a system filled with liquid hydrogen

per the test procedure in B.7.3.2.1 and must detraieghat the boil-off system limits the pressure
in the inner storage container to below the maxinallowable working pressure.

B.7.1.2.2 Leak

After the boil-off test in B.7.1.2.1, the systenkept at boil-off pressure and the total dischaege
due to leakage shall be measured per the testquoren B.7.3.2.2. The maximum allowable
discharge from the hydrogen storage system is RNBQ/min where R =
(Vwidth+1)*(vheighf"o-5)*(Vlength+1)/30-4 and Vdth, Vheighb Vlength are the vehicle width, height,
length (m), respectively.]

B.7.1.2.3 Vacuum loss

The vacuum loss test is performed on a liquid hgdrostorage system equipped with all
components as described in A.7.1.2 (Figure A.4g fHst is performed on a system filled with
liquid hydrogen per the test procedure in B.7.3@h8 must demonstrate that both primary and
secondary pressure relief devices limit the pressuthe values specified in B.7.3.2.3 in case
vacuum pressure is lost .

B.7.1.3  Verification of Service-Terminating Conditons: Bonfire

At least one system must demonstrate the workirtgeopressure relief devices and the absence
of rupture under the following service-terminatcwnditions. Specifics of test procedures are
provided in Section B.7.3.3.

A hydrogen storage system is filled to half-fuguid level and exposed to fire in accordance
with test procedure B.7.3.3. The pressure rekeiak(s) must release the contained gas in a
controlled manner without rupture.

For steel containers the test is passed when thereenents relating to the pressure limits for the
pressure relief devices as described in B.7.3123udfilled. For other container materials, an
equivalent level of safety must be demonstrated.

B.7.1.4 Verification of Components

The entire storage system does not have to bealdigd (B.7.1) if container shut-off devices
and pressure relief devices (components in FigudeAad7.1.2. excluding the storage container)
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are exchanged for equivalent components having acabge function, fittings, and dimensions,
and qualified for performance using the same ggalibn tests as the original components.

B.7.1.4.1 Pressure Relief Devices QualificatiomiReements

Design qualification testing shall be conductedinished pressure relief devices which are
representative of normal production. The presgeiref devices shall meet the following
performance qualification requirements:

* Pressure Test (B.7.4.4.1 test procedure)

- External leakage Test (B.7.4.4.2 test procedure)

* Operational Test (B.7.4.4.4 test procedure)

» Corrosion Resistance Test (B.7.4.4.4 test procg@dure

» Temperature cycle Test (B.7.4.4.8 test procedure)

B.7.1.4.2 Shut-off Valves Qualification Requirartse

Design qualification testing shall be conductedinished shut-off valves (in Figure A.4 in
A.7.1.2 named shut-off devices) which are repreges for normal production. The valve shall
meet the following performance qualification reguanents:

* Pressure Test (B.7.4.4.1 test procedure)

- External leakage Test (B.7.4.4.2 test procedure)

* Endurance Test (B.7.4.4.3 test procedure)

» Corrosion Resistance Test (B.7.4.4.5 test procgdure

* Resistance to dry-heat Test (B.7.4.4.6 test praegdu

* Ozone ageing Test (B.7.4.4.7 test procedure)

* Temperature cycle Test (B.7.4.4.8 test procedure)

» Seat leakage Test (B.7.4.4.9 test procedure)

B.7.1.5 Labeling

A label shall be permanently affixed on each caor@awith at least the following information:
Name of the Manufacturer, Serial Number, Date ohiacture, MAWP, Type of Fuel. Any
label affixed to the container in compliance witstsection shall remain in place. Contracting
parties may specify additional labeling requirersent

B.7.2 VEHICLE FUEL SYSTEM.

This section specifies requirements for the intggf the hydrogen fuel delivery system, which
includes the liquid hydrogen storage system, pigimigts, and components in which hydrogen
is present. These requirements are in additisadqaoirements specified in B.5.2, all of which
apply to vehicles with liquid hydrogen storage eys$ with the exception of B.5.2.1.1. The
fueling receptacle label shall designate liquidregen as the fuel type. Test procedures are
given in B.7.4.
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B.7.2.1 Flammable materials used in the vehic#dl $e protected from liquefied air that may
condense on elements of the fuel system.

B.7.2.2 The insulation of the components shalVene liquefaction of the air in contact with the
outer surfaces, unless a system is provided fdeatolg and vaporizing the liquefied air. Then
the materials of the components nearby shall bepatibie with an atmosphere enriched with
oxygen.

B.7.3. TEST PROCEDURES FOR LIQUEFIED HYDROGEN STORAGE SYSTEMS
B.7.3.1 Verification Tests for Baseline Metrics
B.7.3.1.1 Proof pressure test

The inner container and the pipe work situated betwthe inner tank and the outer jacket must
withstand an inner pressure test at room temperattoording to the following requirements.

The test pressurgepis be defined by the manufacturer and must futidl following
requirements:

*  Prest=>1.3 (MAWP + 0.1 MPa)

* For metallic containers eithegpis equal to or greater than the maximum pressiutteco
inner container during fault management (as detexchin B.7.3.2.3 ) or the
manufacturer proves by calculation that at the maxin pressure of the inner container
during fault management no yield occurs.

» For non-metallic containers;cpis equal to or greater than the maximum pressiutteeo
inner container during fault management (as detezthin B.7.3.2.3).

The test is conducted according to the followingcedure:

a. The test is conducted on the inner storage contaime the interconnecting pipes between
inner storage container and vacuum jacket bef@@titer jacket is mounted.

b. The test is either conducted hydraulically with evair a glycol/water mixture, or
alternatively with gas. The container is pres®dito test pressure.pat an even rate and
kept at that pressure for at least 10 minutes.

c. The testis done at ambient temperature. In tee oausing gas to pressurize the container,
the pressurization is done in a way that the caetaemperature stays at or around ambient
temperature.

The test is passed successfully if during at I28@shinutes after applying the proof pressure no

visible permanent deformation, no visible degramtain the container pressure and no visible
leakage are detectable.
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B.7.3.1.2 Baseline Initial Burst Pressure

The test is conducted according to the followingcedure:

a. The test is conducted on the inner container ai@mbemperature.

b. The test is conducted done hydraulically with waitea water/glycol mixture.

c. The pressure is increased at a constant ratexoeeding 0.5 MPa/min until burst or
leakage of the container occurs.

d. When the Maximum Allowable Working Pressure (MAW®j)eached there is a wait period
of at least ten minutes at constant pressure, gluvlnich time the deformation of the tank
can be checked.

e. The pressure is recorded or written during theremést.

For steel inner containers, the test is passecdesatidly if at least one of the two passing créeri
described in chapter 5.2.1.2 is fulfilled. Forenmontainers made out of an aluminum alloy or
other material, a passing criterion must be definbtth guarantees at least the same level of safety
compared to steel inner containers.

B.7.3.1.3 Baseline Pressure Cycle Life

Containers and/or vacuum jackets are pressureccygth a number of cycles at least three
times the number of possible full pressure cydies( the lowest to highest operating
pressure) for an expected on-road performance.ntihier of pressure cycles is defined by
the manufacturer under consideration of operatnegsure range, size of the storage and,
respectively, maximum number of refuelings and mmaxn number of pressure cycles under
extreme usage and storage conditions. Pressulegysiconducted between atmospheric
pressure and MAWP at liquid nitrogen temperatueeas, by filling the container with liquid
nitrogen to certain level and alternately pressogiand depressurizing it with (pre-cooled)
gaseous nitrogen or helium.

B.7.3.2 Verification for Expected On-road Performarce
B.7.3.2.1 Boil-off test

The test is conducted according to the followingcedure:

a. For pre-conditioning, the container is fueled witjuid hydrogen to the specified maximum
filling level. Hydrogen is subsequently extractedil it meets half filling level, and the
system is allowed to completely cool down for aiske24 hours and a maximum of 48
hours.

b. The container is filled to the specified maximuitrfg level.

c. The container is pressurized until boil-off pregsisrreached.

d. The test lasts for at least another 48 hours hiigoff started and is not terminated before
the pressure stabilizes. Pressure stabilizatisrobhaurred when the average pressure does
not increase over a two hour period.

The pressure of the inner container is recordesritten during the entire test. The test is
passed successfully if the following requirememésfalfilled:
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- The pressure stabilizes and stays below MAWP duhagvhole test.
- The pressure relief devices are not allowed to @hgimg the whole test.

The pressure of the inner container shall be reszbot written during the entire test. The test is
passed when the following requirements are futfille

- The pressure shall stabilize and stay below MAW#/hdLthe whole test.

- The pressure relief devices are not allowed to ahgimg the whole test.

B.7.3.2.2 Leak test
The test shall is conducted according to the pra@edescribed in B.7.3.5.1.
B.7.3.2.3 Vacuum loss test

The first part of the test is conducted accordmthe following procedure:
a. The vacuum loss test is conducted with a completebfed-down container (according to
the procedure in B.7.3.2.1).
b. The container is filled with liquid hydrogen to tepecified maximum filling level.
c. The vacuum enclosure is flooded with air at an eadmto atmospheric pressure.
d. The test is terminated when the first pressurefrdievice does not open any more.

The pressure of the inner container and the vagauoket is recorded or written during the

entire test. The opening pressure of the firsttgafevice is recorded or written. The first part

of test is passed if the following requirementsfaiiled:

- The first pressure relief device opens below dMAWP and limit the pressure to not more
than 110 percent of the MAWP.

- The first pressure relief device does not operredgure above MAWP.

- The secondary pressure relief device does not dpeng the entire test.

After passing the first part, the test shall beeepd subsequently to re-generation of the vacuum
and cool-down of the container as described above.

e. The vacuum is re-generated to a value specifiethéynanufacturer. The vacuum shall be
maintained at least 24 hours. The vacuum pumpstagyconnected until the time directly
before the start of the vacuum loss.

f. The second part of the vacuum loss test is condweits a completely cooled-down
container (according to the procedure in B.7.3.2.1)

g. The container is filled to the specified maximuitirfg level.

h. The line downstream the first safety relief devicblocked and the vacuum enclosure is
flooded with air at an even rate to atmosphericguee.

i. The test is terminated when the second pressue delvice does not open any more.

The pressure of the inner container and the vagaaket is recorded or written during the
entire test. For steel containers the secondgbaine test is passed if the second pressure relief
device does not open below 110 percent of therssspre of the first safety relief device and
limits the pressure in the container to a maxim@® gercent of the MAWP if a safety valve is
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used, or, 150 percent of the MAWRP if a burst dsskised as the second safety relief device.
other container materials, an equivalent leveladéty must be demonstrated.

B.7.3.3 Verification Test for Service-TerminatingPerformance Due to Fire

The tested liquid hydrogen storage system musgpesentative of the design and the
manufacturing of the type to be homologated. lmaiacturing must be completely finished
and it shall be mounted with all its equipment.

The first part of the test is conducted accordmthe following procedure:

a.

b.

The bonfire test is conducted with a completelyledalown container (according to the
procedure in B.7.3.2.1).

The tank contained during the previous 24 hourslamre of liquid hydrogen at least
equal to half of the water volume of the inner tank

The tank is filled with liquid hydrogen so that theantity of liquid hydrogen measured
by the mass measurement system is half of the memiallowed quantity that may be
contained in the inner tank.

A fire burns 0.1 m underneath the tank. The leragith the width of the fire exceed the
plan dimensions of the container by 0.1 m. The tnapire of the fire is at least 590 °C.
The fire shall continue to burn for the duratiortlod test.

The pressure of the tank at the beginning of theisebetween 0 MPa and 0.01 MPa at
the boiling point of hydrogen in the inner tank.

The test shall continue until the storage presdapeeases to or below the pressure at the

beginning of the test, or alternatively in caseftret PRD is a re-closing type, the test
shall continue until the safety device has opewe@fsecond time.

The test conditions and the maximum pressure reaefithin the tank during the test are
recorded in a test certificate signed by the mastufar and the technical service.

The test is passed if the following requiremenésfalfilled:

a. The secondary pressure relief device is not opefzeéow 110 percent of the set
pressure of the primary pressure relief device.

b. The tank must not burst and the pressure insidenttex tank shall not exceed the
permissible fault range of the inner tank.

The permissible fault range for steel tanks isodlews:

- If a safety valve is used as secondary pressued davice, the pressure inside the
tank does not exceed 136 percent of the Maximurmmwsble Working Pressure
(MAWP) of the inner tank.

- If a burst disk is used outside the vacuum areseesndary pressure relief device, the
pressure inside the tank is limited to 150 pero¢tihe Maximum Allowable
Working Pressure (MAWP) of the inner tank.

- If a burst disk is used inside the vacuum areaegrglary pressure relief device, the
pressure inside the tank is limited to 150 pero¢tihe Maximum Allowable
Working Pressure plus 0.1 MPa (MAWP + 0.1 MPa)hefinner tank.
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For other materials, an equivalent level of safetyst be demonstrated.
B.7.3.4 Component Verification Tests

Testing shall be performed with hydrogen gas hagawgquality compliant with ISO 14687-
2/SAE J2719. All tests shall be performed at amttiemperature 206)°C unless otherwise
specified. The HPRD qualification performancedest specified as follows:

B.7.3.4.1 Pressure Test

A hydrogen containing component shall withstandhaiit any visible evidence of leak or
deformation a test pressure of 1,5 times its MaxmAllowable Working Pressure (MAWP)

with the outlets of the high pressure part plugddt pressure shall then be increased from 1,5
to 3 times the Maximum Allowable Working PressuvAWP). The component shall not show
any visible evidence of rupture or cracks.

The pressure supply system shall be equipped vptisdive shut-off valve and a pressure
gauge, having a pressure range of not less thaimieS nor more than 2 times the test pressure
and the accuracy of the gauge shall be 1 percahegiressure range.

For components requiring a leakage test, thissteslt be performed prior to the pressure test.
B.7.3.4.2 External leakage Test

A component shall be free from leakage through siebody seals or other joints, and shall not
show evidence of porosity in casting when testedessribed in section B.7.3.4.3.3.
at any gas pressure between zero and its MaximuwawAble Working Pressure (MAWP).
The test shall be performed on the same equipmeéehné &llowing conditions:
e at ambient temperature;
» at the minimum operating temperature or at liquicbgen temperature after sufficient
conditioning time at this temperature to ensurerntta stability;
* at the maximum operating temperature after sufitcd®nditioning time at this
temperature to ensure thermal stability.
During this test the equipment under test shatideected to a source of gas pressure. A
positive shut-off valve and a pressure gauge haaipgessure range of not less than 1,5 times
nor more than 2 times the test pressure shalldialied in the pressure supply piping and the
accuracy of the gauge shall be 1 percent of thespre range. The pressure gauge shall be
installed between the positive shut-off valve amelsample under test.
Throughout the test, the sample shall be testettédage, with a surface active agent without
formation of bubbles or measured with a leakage lests than 10 cm3/hour.

B.7.3.4.3 Endurance Test

B.7.3.43.1
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A component shall be capable of conforming to thaiaable leakage test requirements of
sections B.7.3.4.2 and B.7.3.4.9., after beingestibf to 20000 operation cycles.

B.7.3.4.3.2

The appropriate tests for external leakage andisakage, as described in sections B.7.3.4.2 and
B.7.3.4.9 shall be carried out immediately follog/ithe endurance test.

B.7.3.4.3.3.

The shut-off valve shall be securely connectedpceasurised source of dry air or nitrogen and
subjected to 20000 operation cycles. A cycle stalkist of one opening and one closing of the
component within a period of not less than 10 £&bsds.

B.7.3.4.34

The component shall be operated through 96 peateéhe number of specified cycles at
ambient temperature and at the MAWP of the compoiaring the off cycle the downstream
pressure of the test fixture shall be allowed toageo 50 percent of the MAWP of the
component.

B.7.3.4.3.5

The component shall be operated through 2 perdeghedotal cycles at the maximum material
temperature (-40°C to +85°C) after sufficient cdiaiing time at this temperature to ensure
thermal stability and at MAWP. The component shathply with sections B.7.3.4.2 and
B.7.3.4.9. at the appropriate maximum material terafure (-40°C to +85°C) at the completion
of the high temperature cycles.

B.7.3.4.3.6

The component shall be operated through 2 perdeghedotal cycles at the minimum material
temperature (-40°C to +85°C) but not less thartehgperature of liquid nitrogen after sufficient
conditioning time at this temperature to ensurerntia stability and at the MAWP of the
component. The component shall comply with sect®i7s3.4.2 and B.7.3.4.9. at the
appropriate minimum material temperature (-40°@86°C) at the completion of the low
temperature cycles.

B.7.3.4.4 Operational Test

The operational test shall be carried out in acaocd with EN 13648-1 or EN 13648 2. The
specific requirements of the standard are applkecabl

B.7.3.4.5 Corrosion Resistance Test

Metallic hydrogen components shall comply with lisekage tests referred to in sections
B.7.3.4.2 and B.7.3.4.9. after being submitted44 fours salt spray test according to ISO 9227
with all connections closed.

A copper or brass hydrogen containing componerit stianply with the leakage tests referred to
in sections B.7.3.4.2 and B.7.3.4.9 and after bsufgmitted to 24 hours immersion in ammonia
according to ISO 6957 with all connections closed.

B.7.3.4.6 Resistance to dry-heat Test
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The test shall be carried out in compliance wit® IEBB8. The test piece shall be exposed to air at
a temperature equal to the maximum operating temyper for 168 hours. The change in tensile
strength shall not exceed + 25 percent. The chemgkimate elongation shall not exceed the
following values:

e maximum increase 10 percent,
* maximum decrease 30 percent.

B.7.3.4.7 Ozone ageing Test

The test shall be in compliance with ISO 1431-1e Tést piece, which shall be stressed to 20
percent elongation, shall be exposed to air at ¥G®&ith an ozone concentration of 50 parts per
hundred million during 120 hours.

No cracking of the test piece is allowed.

B.7.3.4.8 Temperature cycle Test

A non-metallic part containing hydrogen shall coynith the leakage tests referred to in
sections B.7.3.4.2 and B.7.3.4.9 after having lsedmmitted to a 96 hours temperature cycle
from the minimum operating temperature up to th&mam operating temperature with a cycle
time of 120 minutes, under Maximum Allowable WoriRressure (MAWP).

B.7.3.4.9 Seat leakage Test

Any flexible fuel line shall be capable of conforngito the applicable leakage test requirements
referred to in section B.7.3.4.2, after being scigjé to 6000 pressure cycles.

The pressure shall change from atmospheric presstine Maximum Allowable Working
Pressure (MAWP) of the tank within less than fieeands, and after a time of at least five
seconds, shall decrease to atmospheric pressura\ass than five seconds.

The appropriate test for external leakage, asneddo in section B.7.3.4.2 shall be carried out
immediately following the endurance test.

B.7.4 TEST PROCEDURES FOR FUEL SYSTEM INTEGRITY IN VEHICLES WITH
LIQUEFIED HYDROGEN STORAGE SYSTEMS
B.7.4.1 Post-Crash Leak Test -- Liquid Hydrogen Strage

Prior to the vehicle crash test, the following stape taken to prepare the Liquefied Hydrogen
Storage System (LHSS):

1) If the vehicle does not already have the follayviapabilities as part of the standard

vehicle and tests in 6.1.1.2.1 are to be perforniedfollowing shall be installed before
the test:
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a) LHSS Pressure Sensor. The pressure sensor shalaHall scale of reading of at
least 150% of MAWP, an accuracy of at least 1%ubfdcale, and capable of
reading values of at least 10 kPa.

b) LHSS Temperature Sensor. The temperature senalbbshcapable of measuring
cryogenic temperatures expected before crash.s@hsor is located on an outlet,
as near as possible to the tank.

c) Fill and drain ports. The ability to add andeve both liquefied and gaseous
contents of the LHSS before and after the craghstesl be provided.

2) The LHSS is purged with at least 5 volumes of gi&o gas.

3) The LHSS is filled with nitrogen to the equivalerafehe maximum fill level of
hydrogen by weight.

4) After fill, the (nitrogen) gas vent is then beszal, and the tank allowed to equilibrate.
5) 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 crashed pde siaregional regulation. Following the
crash, there shall be no visible leak of cold m&o gas or liquid for a period of at least 1
hour after the crash. Additionally, the operépibf the pressure controls or Pressure Relief
Devices (PRDs) shall be proven to ensure that Hi®3 is protected against burst after the
crash. If the LHSS vacuum has not been comprontigdbe crash, nitrogen gas may be
added to the LHSS via the fill / drain port untiepsure controls and/or PRDs are activated.
In the case of re-closing pressure controls or RRBsvation and re-closing for at least 2
cycles shall be demonstrated. Exhaust from théngof the pressure controls or the PRDs
shall not be vented to the passenger, luggaggrgocompartments during these post-crash
tests.

Following confirmation that the pressure contradi&m safety relief valves are still
functional, a leak test shall be conducted on tH8& using the procedures in either
B.6.1.1.2.1 or B.6.1.1.2.2.

B.7.4.1.1 Post-Crash Leak Test for the Liquefied ydrogen Storage Systems (LHSSSs)

The following test replaces both the leak testin.&1.2.1 and gas concentration measurements
as defined in B.7.4.1.2.2. Following confirmatitiat the pressure control and/or safety relief
valves are still functional, the leak tightnesshef LHSS may be proven by detecting all possible
leaking parts with a sniff sensor of a calibrateslitin leak test device used in sniff modus.

The test can be performed as an alternative ifdt@wving pre-conditions are fulfilled:

- No possible leaking part shall be below iqaitl nitrogen level on the storage container

- All possible leaking parts are pressurizethwiielium gas when the LHSS is pressurized.

- Required covers and/or body panels and paridoe removed to gain access to all
potential leak sites.
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Prior to the test the manufacturer shall providistaof all possible leaking parts of the LHSS.
Possible leaking parts are:

- Any connectors between pipes and betwegespand the container
- Any welding of pipes and components dowaestr the container

- Valves

- Flexible lines

- Sensors

Prior to the leak test overpressure in the LHSSulshibe released to atmospheric pressure and
afterwards the LHSS should be pressurized withuhetio at least the operating pressure but
well below the normal pressure control settingt{epressure regulators do not activate during
the test period). The test is passed if the tet@tage amount (i.e., the sum of all detected
leakage points) is less than 10-3 mbarl/s.

B.7.4.1.2 Alternative Post-Crash Tests for Liquedéd Hydrogen Storage Systems (LHSSS)
B.7.4.1.2.1 Post-crash Leak Test.

Following confirmation that the pressure contrallam safety relief valves are still functional,

the following test may be conducted to measurgtst-crash leakage. The concentration test in
B.6.1.2.2 shall be conducted in parallel for then@iiute test period if the hydrogen
concentration has not already been directly meddotwing the vehicle crash.

The tank shall be vented to atmospheric pressuddhamliquefied contents of the tank shall be
removed and the tank shall be heated up to amta@ergerature. The heat-up could be done, e.g.
by purging the tank sufficient times with warm oden or increasing the vacuum pressure. The
tank shall then be purged with helium by either —

a) flowing at least 5 volumes through the tank
or
b) pressurizing and de-pressurizing the tank the LES8ast 5 times.

The LHSS shall then be filled with helium to jusidw the normal pressure control setting (so
the pressure regulators do not activate duringdsieperiod) and held for a period of 60
minutes. The following condition shall be met otlez 60 minute period:

The measured loss of pressure shall be less hiearatue calculated from

APajiowable = Phe (1-exp (-Wie/ Mpe ™ tperiod))
where R is the initial absolute pressure of the leak &t periog €quals 60 minutes.
Myeis the initial mass of helium (B contained within the LHSS and is calculated by

multiplying the initial density of helium by the kone of the LHSS. W is the initial
allowable flow of helium that is given by

Whe= Wi * Cue * (pre/ pi) ¥2* (Phe/(2* AP))
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wherep, is the density of liquid HandAP, is the pressure drop equal tg.Phinus
atmospheric pressure.yds given by

Crie =y /( (y + 1)12)™
wherey is the ratio of specific heats for helium gas.
B.7.4.1.2.2 Post-Crash Enclosed Spaces Test

The measurements shall be recorded in the crastihgd®valuates potential liquid hydrogen
leakage in test procedure B.7.4.1.2.1 if the LH8&a&ins hydrogen for the crash test or during
the helium leak test in test procedure B.6.1.1.2.

Select sensors to measure the build-up of hydrogé&elium (depending which gas is contained
within the Liquefied Hydrogen Storage Systems (LE)SBr the crash test. Sensors may
measure either measure the hydrogen/helium cootéhé atmosphpere within the
compartments or measure the reduction in oxygee fadisplacement of air by leaking
hydrogen/helium).

The sensors shall be calibrated to traceable mfess have an accuracy of 5% of reading at the
targeted criteria of 4% hydrogen (for a test witjuéfied hydrogen) or 0.8% helium by volume

in air (for a test at room temperature with heliyand a full scale measurement capability of at
least 25% above the target criteria. The sensal sl capable of a 90% response to a full scale
change in concentration within 10 seconds.

The installation in vehicles with LHSSs shall méet same requirements as for vehicles with
compressed hydrogen storage systems in B.6.12afia from the sensors shall be collected at
least every 5 seconds and continue for a periddahinutes after the vehicle comes to a rest if
post-crash hydrogen is being measured or aftantti@ion of the helium leak test if helium
buildup is being measured. Up to a 5 second gliverage may be applied to the
measurements to provide “smoothing” and filter @feof spurious data points. The rolling
average of each sensor shall be below the targeteda of 4% hydrogen (for a test with
liquefied hydrogen) or 0.8% helium by volume in @ar a test at room temperature with
helium) at all times throughout the 60 minute pasish test period.

DRAFT 118



B.8 Material compatibility

Each Contracting Parties shall continue to useutgent provisions for material compatibility
and hydrogen embrittlement requirements.
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