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A. STATEMENT OF TECHNICAL RATIONALE AND JUSTIFICATI ON

Al INTRODUCTION

A 1.1 In the ongoing debates over the need totifyenew sources of energy and to reduce the
emissions of green house gases, companies aroeinebtid have explored the use of various
alternative gases as fuels, including compressedaiajas, liquefied propane gas, and
hydrogen. Hydrogen has emerged as one of the mmsiiging alternatives due to its emissions
from the vehicle being virtually zero emissiontte late 1990’s, the European Community
allocated resources to study the issue under itsgean Integrated Hydrogen Project (EIHP)
and forwarded the results, two ECE-drafts for cagsped gaseous and liquefied Hydrogen, to
UN-ECE The follow-on project, EIHP2, initiated discusssoon the possibility of a Global
Technical Regulation for hydrogen fueled vehicléstew years later, the United States outlined
a vision for a global wide initiative, the Interiatal Partnership on the Hydrogen Economy, and
invited Japan, European Union, China, Russia antyrather countries to participate in this
effort.

A.1.2 For decades scientists, researchers ambgagsts have pointed to hydrogen, in both
compressed gaseous and liquid forms, as a posdibteative to gasoline and diesel as 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 hydropgartjcularly in the compressed gaseous form,
lies in preventing catastrophic failures involvimgombination of fuel, air and ignition sources

as well as pressure and electrical hazards.

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

A.1.4 The goals of this global technical requat{GTR) are to develop and establish a GTR
for Hydrogen Fuel Cell Vehicles (HFCV) that: (X)aéns or exceeds the equivalent levels of
safety as those for conventional gasoline fuelddcles; and, (2) is performance-based and
does not restrict future technologies.

A.2 GTRACTION PLAN
A.2.1 Given that hydrogen-fueled vehicle techgglcs still emerging, WP.29/AC.3 agreed that

input from researchers is a vital component of ¢fisrt. Based on a comparison of existing
regulations and standards of HFCV with conventiamdiicles, it is important to investigate and
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consider: (1) the main differences in safety andrenmental aspects; and, (2) what items need
to be regulated based on justification.

A.2.2 In June 2005, WP.29/AC.3 agreed to a prajpiopsm Germany, Japan and United States
of America regarding how best to manage the devedop process for a GTR on hydrogen-
fueled vehicles (ECE/TRANS/WP.29/AC.3/17). Undez tigreed process, once AC.3 approved
an action plan for the development of a GTR sulgalitty the co-sponsors, two subgroups were
formed to address the safety and the environmemicés of the GTR. The subgroup safety
(HFCV-SGS) reported to GRSP. HFCV-SGS was chdiyedapan. The chair for the group
would be discussed and designated by summer of. Z00& environmental subgroup (HFCV-
SGE) was chaired by the European Commission araitezpto GRPE. In order to ensure
communication between the subgroups and continengagement with WP.29 and AC.3, the
project manager (Germany) coordinated and mandmgedarious aspects of the work ensuring
that the agreed action plan was implemented prpped that milestones and timelines were set
and met throughout the development of the GTR. i@l stage of the GTR covers fuel cell
(FC) and internal combustion engine (ICE), comprdsgaseous hydrogen (CGH2) and liquid
hydrogen (LH2) GTR. At a subsequent session of28Rhe GTR action plan was submitted
and approved by AC.3 (ECE/TRANS/WP.29/2007/41).

== SGS - 8: add ELSA

A.2.3 In order to develop the GTR in the contix¢volving hydrogen technologies, the
trilateral group of co-sponsors proposes to devileGTR in two phases:

a. Phase 1 (GTR for hydrogen-fueled vehicles):
Establish a GTR by 2010 for hydrogen-fueled velitlased on a combined component
level, subsystems, and whole vehicle approach.thieorelated crash testing, the GTR
specifies that each contracting party will useeitssting national crash tests but develop
and agree upon a maximum allowable level of hydidgakage. The new Japanese
national regulation, and any available researchtestddata will be used as a basis for the
development of this first phase of the GTR.

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

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

a. Component and subsystem level requiremenitsgrash test based):
Evaluate the non-crash requirements by reviewiradyaes and evaluations conducted to
justify the requirements. Add and subtract requ&ats or amend test procedures as
necessary based on existing evaluations or on guigkiations that could be conducted
by Contracting Parties and participants. Avoidiglespecific requirements to the extent
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possible and do not include provisions that argusiified. The main areas of focus are
as follows:

i. Performance requirements for fuel containers, prreselief devices, and fuel lines.
ii. Electrical isolation; safety and protection agagisttric shock (in-use).
iii. Performance and other requirements for sub-sysi@egration in the vehicle.

b. Whole vehicle requirements:
Examine the risks posed by the different typesuef §ystems in different crash modes,
using as a starting point the attached tables.ieReand evaluate analyses and crash tests
conducted to examine the risks and identify appat@mitigating measures for
hydrogen-fueled vehicles. The main areas of fecasas follows:

i. Existing crash tests (front, side and rear) alresgaylied in all jurisdictions.
ii. Electrical isolation; safety and protection agag#lsttric shock (post crash).
iii. Maximum allowable hydrogen leakage in both pre- posk-crash situations.

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

A.3.1 VEHICLE DESCRIPTION

A.3.1.1 Hydrogen fueled vehicles can use eithrhal combustion engine (ICEs) or fuel cells
to provide power; however, typically hydrogen-fukleshicles are powered by fuel cell power
systems. Fuel cell vehicles (HFCVs) have an etedtive-train powered by a fuel cell that
generates electric power electrochemically fromrbgdn. In general, HFCVs are equipped
with other advanced technologies to increase efiicy, such as regenerative braking systems
that capture the energy lost during braking anckstdn a battery or ultra-capacitors. While the
various HFCVs are likely to differ with regard tetdils of the systems and hardware/software
implementations, the following major systems amagwn to most HFCVs:

* Hydrogen fueling system

* Hydrogen storage system

* Hydrogen fuel delivery system

* Fuel cell system

» Electric propulsion and power management system

A.3.1.2 A high-level schematic depicting the ftiowal interactions of the major systems is
shown in Figure A.1. Hydrogen is supplied to thelihg receptacle on the vehicle and flows to
the hydrogen storage container(s) within the Hydro§torage System. The hydrogen supplied
to and stored within the hydrogen storage contaiaarbe either compressed gas or liquefied
hydrogen. When the vehicle is started, the shiwailf’e is opened and hydrogen gas is allowed
to flow from the Hydrogen Storage System. Pressegalators and other equipment with the
Hydrogen Delivery System reduce the pressure feibyshe fuel cell system. The hydrogen is
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electro-chemically combined with oxygen (from airthe Fuel Cell System, and high-voltage
electric power is produced by the fuel cells. Powver from the fuel cells flows to the Electric
Propulsion and Power Management System wheraiidd to power drive motors and/or charge
batteries and ultra-capacitors, depending on tivedfthrottle“ and brake positions and the
operating state of the vehicle.

L o N o Bonlly il | L
I A."Hydrogen Fueling 1 IC. Hydrogen D. Fuel Cell System 0 E. Electric Propulsion

| - . Power Management
I Fueling : | Delivery Exhaust A I .
1 Receptacle I | i Batteries
I il Cathode | Ano Super/
| I 1 Exhaust | Exhagstll Ultra
—-—— - Capacitors
i |

T/PRD
| / Fuel I Electric

| Cell ] ’ Power
| 7y I Management
I
| i H 1
i Blower Drive Motor -
I Controller& ' Drive

I | CElectric Motor
| Braking

B. Hydrogen Storage |
I-----—-- . . L F N F N ¥ B |

Figure A.1. Example of High-level Schematic of Key = Systems in FCVs

A.3.1.3 Figure A.2 illustrates a typical layotitkey components in the major systems of a
typical fuel cell vehicle (HFCV). The fueling rgaacle is shown in a typical position on the
rear quarter panel of the vehicle. As with gasotinntainers, hydrogen storage containers,
whether compressed gas or liquefied hydrogen, aurally mounted transversely in the rear of
the vehicle, but could also be mounted differerdiych as lengthwise in the middle tunnel of the
vehicle. Fuel cells and ancillaries are usualtated (as shown) under the passenger
compartment or in the traditional “engine compartifiealong with the power management,
drive motor controller, and drive motors. Giver #ize and weight of traction batteries and
ultra-capacitors, these components are usuallyddda within the vehicle to retain proper
desired weight balance for proper handling of tbkeise.

A.3.1.4 A typical arrangement of componentnaihydrogen fueled vehicle powered by a fuel
cell is shown in Figure A.2.
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Figure A.2. Example of a Fuel Cell Vehicle

A.3.2 HYDROGEN FUELING SYSTEM

A.3.2.1 Either liquefied or compressed gas magupplied to the vehicle, depending on the
type of hydrogen storage used by the vehicle. rA$gnt, the most common method of storing
and delivering hydrogen fuel onboard is in compedsgas form where the hydrogen is
dispensed at pressures up to 125% of nominal wgriiassure (NWP) to compensate for the
effects of compression adiabatic heating duringt‘fal”.

A.3.2.2 Regardless of state of the hydrogeny#iecles are fuelled through a special nozzle
on the filling stations to the fueling receptactetbe vehicle which allows a “closed system”
transfer of hydrogen to the vehicle such that peapthe dispensing area are not exposed to
unacceptable hazards. The fueling receptacle®ndhicle also contains a check valve (or other
device) that prevents leakage of hydrogen outeftileling receptacle in the event of a fault of
the back-flow prevention in the hydrogen storageey.

A.3.2.3 In addition to the above features onviblieicle, the dispenser also contains safe-guards
to monitor the fueling process and ensure thateh®perature and pressure are consistent with
the capability of the hydrogen storage system ervéhicle.

A.3.3 HYDROGEN STORAGE SYSTEM
The hydrogen storage system consists of all comperbat form the primary pressure
boundary of the stored hydrogen in the system. primeary function of the hydrogen storage

system is to contain the hydrogen within the stersgstem throughout the vehicle life. At
present, the most common method of storing andetiig hydrogen fuel on-board is in
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compressed gas form. Hydrogen can also be starbguad (at cryogenic conditions). Each of
these types of hydrogen storage systems are dedgritthe following sections.

A.3.3.1 COMPRESSED HYDROGEN STORAGE SYSTEM

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

+ the container,

* the check valve,

+ 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 streompressed hydrogen gas. A hydrogen
storage system may contain more than one contdépanding on the amount that needs to be
stored and the physical constraints of the padicuhicle. Hydrogen fuel has a low energy
density per unit volume. To overcome this limidati compressed hydrogen storage containers
store the hydrogen at very high pressures. Orentidevelopment vehicles (prior to 2010),
hydrogen has typically been stored at a nominakingrpressure of 35 MPa or at 70 MPa , with
maximum fueling pressures of 125% of nominal wogkimessure (43.8 MPa and 87.5 MPs
respectively). During the normal “fast fill” fuelinprocess, the actual pressure inside the
container(s) may rise to 25% above the nominal wmgrkressure as adiabatic compression of
the gas will cause a pressure rise in the contings the temperature in the container cools
after fueling, the pressure will reduce. By ddfom, the settled pressure of the system will be
equal to the nominal working pressure when theaipat is at 15C. Different pressures (that are
higher or lower or in between current selectioms)possible in the future as commercialization
proceeds.
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A.3.3.1.3 Containers are currently constructedhfcomposite materials in order to meet the
challenge of high pressure containment of hydragemweight that is acceptable for vehicular
applications. Most high pressure hydrogen stocageainers being evaluated in fuel cell
development vehicles consist of multi-layers withiner liner made of aluminum or
thermoplastic polymer to prevent gas leakage/peiioreand a resin-impregnated carbon fiber
composite that is wrapped over the gas sealing ilimer for structural integrity.

A.3.3.1.4 During fueling, hydrogen enters tiistem from the hydrogen fueling system
through a check valve (or shut-off valve). Thedhvalve prevents back-flow (leakage) of
hydrogen out through the hydrogen fueling linediaftieling is complete and the fueling nozzle
has been disconnected).

A.3.3.1.5 The hydrogen shut-off valve prevehtsaut-flow of stored hydrogen when the
vehicle is not operating or when a fault is detgéd¢kat requires isolation of the hydrogen storage
system from down-stream systems or the environment.

A.3.3.1.6 Inthe event of a fire, thermallyigated pressure relief devices (TPRDs) vent, i.e.,
provide a controlled release of, the gas containéde compressed hydrogen storage containers
before the high temperatures in a fire degrade ositppand metallic container materials, which
could cause a hazardous rupture of the hydrogeaggaontainers. Storage containers and
TPRDs that have been subjected to a fire shoutédineved from service and destroyed; hence,
the TPRDs are designed to vent the entire contdritee container rapidly and do not reseat or
allow re-pressurization of the container.

A.3.3.2 LIQUEFIED HYDROGEN STORAGE SYSTEM

A.3.3.2.1 Hydrogen gas has a low energy depsityunit volume. To overcome this
disadvantage, the liquefied hydrogen storage syfi&f8S) maintains the hydrogen at
cryogenic temperatures in a liquefied state.

A.3.3.2.2 Atypical liquefied hydrogen storagstem (LHSS) is shown Figure 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) tgetidrom the remainder of the fuel system and
the environment. All components located withirsthoundary are subject to the requirements
defined in this Section while components outsigelitbundary are subject to general
requirements in Section 4. For example, the typiEESS shown in Figure 4 consists of the
following regulatory elements:

» liquefied hydrogen storage container(s),

» shut off devices(s),

* a boil-off system,

» Pressure Relief Devices (PRDs),

» the interconnecting piping (if any) and fittingstveen the above components.
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Figure 4. Typical Liquefied Hydrogen Storage Sys&m

A.3.3.2.3 During fueling, liquefied hydrogen flevirom the fuelling system to the storage
container(s). Hydrogen gas from the LHSS retuortti¢ 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 pravioke both the liquefied hydrogen fill and
hydrogen fill return line to prevent leakage in thent of single failures.

A.3.3.2.4 Liquefied hydrogen is stored at crydgeonditions. 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. Gpacepted rules or standards (such as those
listed in the B7.2 annex) are advised to use fop@r design of the storage container and the
vacuum jacket.

A.3.3.2.5 During longer parking times of the \&j heat transfer will induce a pressure rise
within the hydrogen storage container(s). A boflsyistem 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 processed mswoed in down-stream systems.
Discharges from the vehicle resulting from oversstee venting should be addressed as part of
allowable leak/permeation from the overall vehicle.

A.3.3.2.6 In case malfunction of the boil-off 83, vacuum failure, or external fire, the
hydrogen storage container(s) are protected agavwespressure by two independent Pressure
Relief Devices (PRDs) and the vacuum jacket(shg¢guted by a vacuum jacket pressure relief
device.

A.3.3.2.7 When hydrogen is released to the psipulsystem, it flows from the LHSS through

the shut-off valve that is connected to the hydnoigeel 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.3.4 HYDROGEN FUEL DELIVERY SYSTEM

A.3.4.1 The fundamental purpose of a hydrogehdakvery system is to reliably deliver
hydrogen fuel to either an ICE or fuel cell statla apecified pressure and temperature for
proper engine or fuel cell operation over the fatige of vehicle operating conditions.
Hydrogen is delivered from the storage containgd(she fuel cell stack or to the ICE via a
series of valves, control valves, pressure regrdafiters, piping, and (a) possible (coolant)thea
exchanger(s) or heaters. In the case of a ligddfyelrogen storage system, both liquid and
gaseous hydrogen could be extracted from the sti@agdypically a coolant heat exchanger
downstream the container shut-off device heatdrahydrogen to the temperature range
specified by the manufacturer. Similarly, in tlzese of compressed hydrogen storage, some
thermal conditioning of the gaseous hydrogen mag bé required, particularly in extremely
cold, sub-freezing weather.

A.3.4.2 The fuel delivery system must reduceptfesssure from levels in the hydrogen storage
system to values required by the fuel cell or I@&am. In the case of 70 MPa compressed
hydrogen storage system, for example, the pressayehave to beeduced from as high as 87.5
MPa to levels typically under 1MPa at the inlettad fuel cell system and, respectively, typically
under 1.5 MPA at the inlet of an ICE system. Trhisy require multiple stages of pressure
regulation to achieve accurate and stable contilover-pressure protection of down-stream
equipment in the event that a fault in the regaladystem occurs. Over-pressure protection
may be accomplished, if necessary, by either vgrtktess hydrogen gas through pressure
safety valves or isolating the hydrogen gas sufiphclosing the shut-off valve) in the hydrogen
storage system when an over-pressure conditioatéctid.

A.3.5 FUEL CELL SYSTEM

A.3.5.1 The fuel cell generates the electrinigded to operate the drive motors and charge
vehicle batteries and/or capacitors. There arerakkimds of fuel cells, but Proton Exchange
Membrane (PEM) fuel cells are the common type useditomobiles at this time. The PEM
fuel cells electro-chemically combine hydrogen amgigen (in air) to generate electrical DC
power. Fuel cells are capable of continuous etsdtgeneration when supplied with hydrogen
and oxygen (air), simultaneously generating eleityrand water without producing carbon
dioxide (CQ) or other harmful emissions typical of gasolinet&d internal combustion engines
(ICE).

A.3.5.2 As shown in Figure A.1, typical fuellcgystems include a blower to feed air to the
cathode-side of the fuel cells. Approximately 60/0% of the oxygen is consumed within the
cells. The remainder is exhausted from the syst€he fuel cell usually consumes most of the
hydrogen that is supplied, but a small excessqggired to ensure that the fuel cells will not be
damaged. The excess hydrogen is either mixedthdétltathode exhaust to produce a non-
flammable exhaust from the vehicle or catalyticaigcted.
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A.3.5.3 The fuel cell system also includes dawryl components and systems to remove the
waste heat. Most fuel cell systems are cooled mjxéure of glycol-water. Coolant pumps
circulate the water through the fuel cells and ttoetine radiator.

A.3.5.4  The individual fuel cells are usudkyacked” or electrically connected in series such
that the voltage is between 300 and 600 Vdc. Simekcells operate at high voltage, all reactant
and coolant connections (including the coolantfit$e the fuel cell need to be adequately
isolated from the conductive chassis of the vetdaleh that there are no shorts that could cause
equipment damage or harm people when insulatibreisched.

A.3.6 ELECTRIC PROPULSION AND POWER MANAGEMENT SY STEM

A.3.6.1 The electric power generated by the éadllis ultimately used to drive electric motors
that ultimately propel the vehicle. As illustratedrigure A.2, many passenger fuel cell vehicles
are front wheel drive with the electric drive mogéord drive-train located in the “engine
compartment” mounted transversely over the froie;ehowever, other configurations and rear-
wheel drive are also viable options. Larger SUpetyuel cell vehicles may be all wheel drive
with electric motors on the front and rear axlesvith compact motors at each wheel.

A.3.6.2 The “throttle position” is used by thevérmotor controller(s) to determine that the
amount of power to be sent to the drive wheelsnyael cell vehicles use batteries or ultra-
capacitors to supplement the output of the fudscelhese fuel cell vehicles may also recapture
energy during stopping through regenerative bratong-charge the batteries or ultra-capacitors
and thereby maximize 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 regeneratiaking, the drive motor controller must convert
the generated in the drive motor back to DC sottieenergy 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 havomginal
working pressures (NWP) of 70 MPa or less, witlaasociated maximum fueling pressure of
125% of the nominal working pressure. Systems WP up to 70 MPa include storage
systems currently expected to be of commerciatéstefor vehicle applications. In the future, if
there is interest in qualifying systems to highemmal working pressures, the test procedures
for qualification will be re-examined.

This GTR applies to fuel storage systems secuttdglzed within a vehicle for usage throughout

the service life of the vehicle. It does not apipltorage systems intended to be exchanged in
vehicle refueling. This GTR applies does not applyehicles with storage systems using
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chemical bonding of hydrogen; it applies to velgaléth storage by containment of gaseous or
liquid hydrogen.

The fueling infrastructure established prior to @@pplies to fueling of vehicles up to 70 MPa
NWP. This GTR does not address the requirementhéofueling station or the fueling
station/vehicle interface.

This GTR provides requirements for fuel systemgritg in vehicle crash conditions, but does
not specify vehicle crash conditions. Contragtarties under the 1998 Agreement are
expected to execute crash conditions as specififfieir 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 sritaximum time period for which service
(usage) is qualified and/or authorized. This doent provides qualification criteria for liquid
and compressed hydrogen storage systems havingieesée of 15 years or less (B.5.1). The
service life is specified by the manufacturer.

The date of removal from service is the calend& @flmonth and year) specified for removal
from service. The date of removal from service meayset by a regulatory authority. It would
likely be no earlier that the date of manufactutes phe service life; it might be later; for
example, to accommodate the period of time betwesmufacture and installation in a vehicle.

A.4.3 Rationale for B.4 Applicability of Requiremrents. The performance requirements in
B.5 address the design qualification for on-roadise. Additional requirements in Annex B.7
are applicable for Contracting Parties with Type#gval 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 &ldbchnical Regulations provides the
opportunity to develop vehicles that can be degldjxeoughout Contracting Parties to achieve
uniformity of compliance and resulting economiescidle; therefore, Type Approval
requirements beyond those specified in Annex Behat expected.

== Contracting Parties: review text above and below

It is expected that all Contracting Parties witagnize vehicles that meet the full requirements
of this GTR as suitable for on-road service witthiair jurisdictions. In addition, any individual
Contracting Party may also elect to develop difierequirements for additional vehicles to
qualify for on-road service within that the juristion of that individual Contracting Party. For
example:

(1) This GTR requires the use of hydrogen gagé@ntésting of compressed gas storage
(B.6.2.5), but an individual Contracting Party ntigkect to qualify vehicles for on-road
service using either hydrogen or air as the tesimére testing. In that case, those
vehicles qualified using air could be qualified ém-road service within the jurisdiction
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of that individual Contracting Party but would metcessarily be recognized by other
Contracting Parties as qualified for on-road sexvic

(2) Contracting Party A might elect to qualify welbs using 5500 pressure cycles for
compressed hydrogen storage (B.5.1. 2) and Comigalearty B might require 7500
cycles. In that case, vehicles qualified for oadgervice by Contracting Party B would
be recognized as suitable for on-road service imt@oting Party A, but vehicles meeting
only the 5500 cycle requirement of Contracting yPArivould not be recognized as
suitable for on-road service in Contracting PartyHbwever, vehicles qualified for on-
road service in Contracting Party A using 7500 egéh testing would be recognized as
suitable for on-road service in Contracting Party B

(3) Contracting Parties with Type Approval systemmild not necessarily recognize
vehicles qualified for on-road service without cdiapce with requirements of Annex
B.7.

A.5. RATIONALE FOR PERFORMANCE REQUIREMENTS, SCO PE &
DEFINITIONS

A5.1 COMPRESSED HYDROGEN STORAGE SYSTEM TEST REQUIREMENTS &
SAFETY CONCERNS

The containment of the hydrogen within the comgedshydrogen storage system is essential to
successfully isolating the hydrogen from the sumdbngs and down-stream systems. The
system-level performance tests in Part B were dgeal to demonstrate capability to perform
critical functions throughout service including fing/de-fueling and parking under extreme
conditions, and performance in fires.

Performance test requirements for all compressddolgen storage systems in on-road vehicle
service are specified in PART B 5.These criteria apply to qualification of storagstsyns for
use in new vehicle production.

The storage system is defined to include all clesurrfaces that provide primary containment of
high pressure hydrogen storage. The definitiowiges for future advances in design, materials
and constructions that are expected to provideorgments in weight, volume, conformability
and other attributes. Performance-based requirenagidress documented on-road stress factors
and usages to assure robust qualification for Isilitkafor vehicle service.

Qualification requirements for on-road service lrd:
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 Egfeel On-Road Performance
B.5.1.4 Verification Test for Service TerminatiRgrformance

B.5.1.1 establishes metrics used in the remaintregperformance verification tests and in

production quality control. B.5.1.2 and B.5.1.8 #re qualification tests that verify that the
system can perform basic functions of fueling, défig and parking under extreme on-road
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conditions without leak or rupture through-out ipecified service life. B.5.1.4 provides
confirmation that the system performs safely urtderservice terminating condition of fire.

The remainder of this section (A.5dpecifies the rationale for the performance requénets
established in Part B.5.1 for the integrity of dmenpressed hydrogen storage system.

Manufacturers are expected to ensure that all gtauunits meet the requirements of
performance verification testing in Part B.5.118.addition, manufacturers are expected to
monitor the reliability, durability and residualestgth of representative production units
throughout service life.

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

The Design Qualification Tests for Baseline Mettieve several uses: 1) verify that systems
presented for design qualification (the qualifioatbatch) are consistent in their properties
(B.7.1.1.3), and are consistent with manufactareztords for production quality control
(B.5.1.1.1), 2) establish the median initial lhymessure, which is used for performance
verification testing (B.5.1.2, B.5.1.3) and for guztion quality control (i.e., to assure
conformity of production with properties of the djfieation batch) (B.7.1.1.4), and 3) verify that
the minimum burst pressure and number of presguwlexbefore leak meet minimal
requirements.

Initial burst pressure requirements differ from -@fidife burst pressure requirements that
conclude the test sequences in B.5.1.2 and B.5Th&.initial burst pressure pertains to a new,
unused vessel and the end-of-life burst pressutaipe to a vessel that has completed a series of
performance tests (B.5.1.2 or B.5.1.3) that re@ic@nditions of worst-case usage and
environmental exposure in a full service life. &irfatigue accumulates over usage and exposure
conditions, it is expected that the end-of-lifediypressure (i.e. burst strength) could be lower
than that of a new and unexposed vessel.

A.5.1.1.1 Rationale for B.5.1.1.1 Baseline BurBressure , B.5.1.1.1 establishes the median
initial burst pressure, B and verifies that initial burst pressures of eyt in the qualification
batch are within the range BR 10%. BPo is used as a reference point in perfocena
verification (B.5.1.2.8, and B.5.1.3.5), verifiaatiof consistency of the qualification batch
(B.7.1.1.3) and production quality control (confamgof production) (B.7.1.1.4). B.5.1.1.1
verifies that BR is greater than or equal to 200% NWP.

In addition to being a performance requiremerig é@xpected that satisfaction of this
requirement will provide assurance to the testadility of container stability before the
gualification testing specified in B.5.1.2, B.5.53d B.5.1.4 is undertaken.

A.5.1.1.2 Rationale for B.5.1.1.2 Baseline PressuCycle Life. The requirement specifies
that three (3) randomly selected new containerssoabe 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.. speeification of #Cycles within the range
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5500 — 11,000 is the responsibility of individuadr@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 numigdlues used in this specification follows:

A.5.1.1.2.a Rationale for "Leak Before Burst" Aspet of Baseline Pressure Cycle Life
Requirements. The Baseline Pressure Cycle Life requirement \exifibsence of rupture during
22,000 hydraulic pressure cycles. The probability rupture event is made lower than the
probability of a leakage by requiring absence ptute in at least twice as many hydraulic
pressure test cycles. The risk (risk = (probabditevent) x (severity of event)) of a leak event
is comparable to that of rupture since the sevefity leak event is lower than the severity of a
rupture event (fire risk without a damaging pressetease). Also, the likelihood of fire
resulting from hydrogen leakage is mitigated bytigh dispersion rate and buoyancy of
hydrogen and because a hydrogen-fueled vehiclglipped with hydrogen sensors that
terminate vehicle operation when a leak is firdedeed (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 £sgel.1.2.b). 22,000 cycles provides additional
assurance with respect to rupture. 22,000 empfyltdueling cycles is expected to be
equivalent to over 10 million km (6 million mi) dfiving (see discussion in A.5.1.1.2.b below).
Absence of rupture in hydraulic pressure cyclindamonstrated under the most stressful
pressure cycling condition, which is the emptytyfill (from less than 2 MPa to 125% NWP).
(Note: a faster test time (lower number of pressymes until leakage occurs) could be
achieved by cyclng to higher pressures but thaldoelicit failure modes that could not occur in
real world service.)

A.5.1.1.2.b Rationale for #Cycles, Number of Hydnalic Pressure Cycles in Qualification
Testing: #Cycles greater than or equal to 5500 @ress than or equal to 11000The
number of hydraulic test pressure cycles is topgaeeified by individual Contracting Parties
primarily because of differences in the expectedsivoase lifetime vehicle range (distance
driven during vehicle service life) and worst-céseling frequency in different jurisdictions.
The differences in the anticipated maximum numliéuelings are primarily associated with
high usage commercial taxi applications, which lsarsubjected to very different operating
constraints in different regulatory jurisdictiong:or example:

1. Vehicle Fleet Odometer Data (including taxiSjerra Research Report No. SR2004-09-
04 for the California Air Resource Board (2004)aspd on vehicle lifetime distance
traveled by scrapped California vehicles, whichshtbwed lifetime distances traveled
below 560,000 km (350,000 mi). Based on theagdigand 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,082showed the 5 most extreme
usage vehicles had odometer readings in the 806509000,000 km (500,000 —
600,000 mi) range. Using the reported model yeaeéch of these vehicles, this
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corresponds to less than 300 full fuelings per yealess than 1 full fueling per day.
Based on these figures and 320 - 480 km (200 n3Ddriven per full fueling, the
maximum number of empty-to-full fuelings can baraated as 1650 - 3100.

3. Taxi Usage (Shifts/Day & Days/Week) Data: Newv York City (NYC) Taxicab Fact
Book (Schaller Consulting, 2006) reports extremegesof 320 km (200 mi) in a shift
and a maximum service life of 5 years. Less tHa¥ 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 highge 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 theimmamx 5-year NYC taxi service life,
the maximum number of fuelings during the taxi sElife would be 2750 - 3600
fuelings.

4. Taxi Usage (Shifts/Day & Days/Week) Data: Trors Canada reported a survey of
taxis operating in Toronto and Ottawa that showadrmon high usage of 20 hours per
day, 7 days per week with daily driving distanceS40 — 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 thighhlievel 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 srpydjected. 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.

Consistent with these extreme usage projectioesninimum number of full pressure
hydraulic qualification test cycles for hydrogeorsge systems is set at 5500. The
upper limit on the number of full-fill pressure égs is set at 11,000, which corresponds
to a vehicle that remains in the high usage sewfi@full fueling per day for an entire
service life of 15 years , the number of fuelingetime vehicle mileage of 3.5 - 5.3
million km (2.2 — 3.3 million miles)). lifetime nelage.

In establishing #Cycles, it was recognized thatesstorage system designs (such as composite
wrap systems with metal liner interiors) might gaglify for service at 70 MPa NWP if #Cycles
is greater than 5500.

In establishing #Cycles, it was recognized th&df/cles is specified at 5500, some Contracting
Parties may require usage constraints to asswealdatlings 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 emeixtreme conditions of usage that include
extensive fueling frequency (perhaps associateld jplacement of drivetrain components),
physical damage and harsh environmental conditidimese durability tests focus on structural
resistance to rupture. The additional attentiorupiure resistance under harsh external
conditions is provided because 1) the severityoolsequences from rupture is high, 2) rupture
is not mitigated by secondary factors (leaks atgyated by onboard leak detection linked to
countermeasures). Since these extreme conditrerfeeused on structural stress and fatigue,
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they are conducted hydraulically — which allows enmpetitions of stress exposure in a practical
test time.

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

a. Extended & severe service worst-case =Hhifetof most stressful empty-to-full (125%
NWP @ 85C, 80% @ -40C) fuelings under extended\&eusage; 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 oldeersygtmoved during vehicle
service, is dropped from a fork lift during handlinThe test procedure requires
drops from several angles from a maximum utilitskfidt height. The test is
designed to demonstrate that containers have tiabdy to survive representative
pre-installation drop impacts.

ii. Surface damage (B.5.1.2.3) — cuts characteriSiiear from mounting straps can
wear through protective coatings

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

d. Severe usage: Exposure to chemicals in thead-environment (B.5.1.2.4)

i. Fluids include fluids used on vehicles (battendaiwasher fluid), chemicals
used on or near roadways (fertilizer nitrates & lyand fluids used in fueling
stations (methanol and gasoline).

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

iii. Stress corrosion rupture of on-road glass-compesipped containers exposed to
battery acid was replicated by the proposed tegbpol; other chemicals were
added to the test protocol once the generic risthefmical exposure was
recognized.

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

e. Extreme Number of Fuelings/De-fuelings

i. Rationale for #Cycles greater than 5500 and tems 11,000 is provided in
A5.1.1.2b.

f. Extreme Pressure Conditions for fueling/delifgecycles (B.5.1.2.4)

i. Fueling station over-pressurization constraineduig)ing station requirements to
less than or equal to 150% NWP. (This requirenf@nfiueling stations must be
established within local codes and/or regulatiarddeling stations.)

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

iii. Assurance of capability to sustain multiple occoeces of over-pressurization due
to fueling station failure is provided by the regunent 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 fueliregfdeling 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 avébsver latitude countries; each with
frequency of sustained extreme temperature ~5%emsawith verifiable government
records. [Actual data shows ~5% of days have @moim temperature less than -30C.
Therefore sustained exposure to less than -30&Sssthan 5% of vehicle life since a
daily minimum is not reached for a full 24 hr pefjioData record examples
(Environment Canada 1971-2000):

i. http://www.climate.weatheroffice.ec.gc.ca/climatermals/results_e.html?Provinc
e=ONT%20&StationName=&SearchType=&LocateBy=Prov8ieeximity=25&
ProximityFrom=City&StationNumber=&IDType=MSC&CityNae=&ParkName=
&L atitudeDegrees=&LatitudeMinutes=&LongitudeDegre&s ongitudeMinutes=
&NormalsClass=A&SelNormals=&Stnld=4157&

ii. http://www.climate.weatheroffice.ec.gc.ca/climatermals/results_e.html?Provinc
e=YT%20%?20&StationName=&SearchType=&LocateBy=Proei&Proximity=2
5&ProximityFrom=City&StationNumber=&IDType=MSC&Cityame=&ParkNa
me=&LatitudeDegrees=&LatitudeMinutes=&L ongitudeDegs=&LongitudeMinut
es=&NormalsClass=A&SelNormals=&Stnld=1617&

h. Extended and Severe Usage: High TemperatukdilFParking up to 25 years
(Prolonged Exposure to High Pressure) (B.5.1.28)avoid a performance test lasting
for 25 years, a time-accelerated performance ssguncreased pressure developed
using experimental material data on currently usethls and composites, and selecting
the worst-case for stress rupture susceptibilityictvis glass fiber reinforced composite.
Use of laboratory data to establish the equival@id¢esting for stress rupture at 100%
NWP for 25 years and testing at 125% NWP for 1000r$ (equal probability of failure
from stress rupture) is described in SAE TechriRagler 2009-01-0012. Laboratory data
on high pressure container composite strands —ndestation of time-to-rupture as a
function of static stress without exposure to csines — is summarized in Aerospace
Corp Report No. ATR-92(2743)-1 (1991) and refersrberein.

i. No formal data is available on parking dusatper vehicle at different fill
conditions. Examples of expected lengthy fulldiicurrences include vehicles
maintained by owners at near full fill conditioréandoned 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 an Arrhenius
temperature-dependent fatigue rate (potentiallp@ated with resin oxidation) (J.
Composite Materials 179 (1977)). 8% is selected as the maximum potential
exposure temperature because under-hood maximupetatares of +82 °C have
been measured within a dark-colored vehicle padkedide on asphalt in direct
sunlight in 56C ambient conditions. Also, a compressed gasaguert, painted
black, with no cover, in the box of a black pickapck in direct sunlight in 49 °C
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had maximum / average measured container skincautéanperatures of 87 °C
(189 °F) / 70 °C (159 °F).

iii. On-road experience with CNG containers —¢heas not been a report of an on-
road stress rupture without exposure to corrogistsss corrosion cracking) or
design anomaly (hoop wrap tensioned for liner caspion without autofrettage).
B.5.1.2 testing that includes chemical exposureaied 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 constraineduigying station requirements to
less than or equal to 150% NWP. (This requirenf@nfiueling stations must be
established within local codes/regulations for ifugktations.)

ii. Laboratory data on static stress rupture usedftnedequivalent probability of
stress rupture of composite strands after 30 secantiB0% NWP as after 2 hours
at 150% NWP as the worst case (SAE Technical R@#@®-01-0012). Fueling
stations are expected to provide over-pressuregtion up to 150% NWP.

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

j- Residual Strength Burst (B.5.1.2.8)

Requirement for a less than 20% decline in burestgrre 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 2&ang of rupture
resistance at 100% NWP.

k. Rationale for not including a boss torque teguirement: Note that damage to
containers caused by maintenance errors is natdedl because maintenance errors, such
as boss over torquing, are addressed by mainteriaicimg procedures and tools and fail
safe designs. Similarly damage to containers chlngenalicious 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-roadi@enance requires
the demonstration of capability to perform esséstifety functions under worst-case conditions
of expected exposures. “Expected” exposures (fgpiaal vehicle) include the fuel (hydrogen),
environmental conditions (such as often encounteregberature extremes), and normal usage
conditions (such as expected vehicle lifetime raxdgeing range per full fill, fueling conditions
and frequency, and parking). Expected serviceiregsequential exposure to parking and
fueling stresses since all vehicles encounter beéis and the capability to survive their
cumulative impact is required for the safe perfanoeaof all vehicles in expected service.

Pneumatic testing with hydrogen gas provides sfeetsers associated with rapid and
simultaneous interior pressure and temperaturegsnand infusion of hydrogen into materials;
therefore, pneumatic testing is focused on theaioat interior and strongly linked to the
initiation of leakage. Failure by leakage is magadiy mitigated by secondary protection —
monitoring and vehicle shut down when warrantedofise conservative level of flammability
risk in a garage), which is expected to resultanytimely repair before leakage can develop
further since the vehicle will be out of service.
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Data used in developing the B.5.1.3 test protaodlide:

a. Proof Pressure Test (B.5.1.3.1) — routine yetidn of pressure containers includes a
verifying, or proof, pressure test at the poinpadduction, 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 r@eshow 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 be80®. Therefore sustained
exposure to below -30C is less than 5% of velliidesince a daily minimum is not
reached for a full 24 hr period] Data record eghas (Environment Canada 1971-
2000):

(a) http://mww.climate.weatheroffice.ec.gc.ca/ate_normals/results_e
.htmI?Province=ONT%20&StationName=&SearchType=&LlteGy=Provin
ce&Proximity=25&ProximityFrom=City&StationNumber=&IType=MSC&
CityName=&ParkName=&L atitudeDegrees=&L atitudeMimnsst&Longitude
Degrees=&LongitudeMinutes=&NormalsClass=A&SelNoraw# Stnld=415
7&

(b) http:/Mmww.climate.weatheroffice.ec.gc.ca/ditd_normals/results_e
.htmI?Province=YT%20%20&StationName=&SearchType=&aieBy=Prov
ince&Proximity=25&ProximityFrom=City&StationNumbe&DType=MSC
&CityName=&ParkName=&LatitudeDegrees=&LatitudeMirgt&Longitud
eDegrees=&LongitudeMinutes=&NormalsClass=A&SelNolsr&Stnld=16
17&

i. Number of fueling/de-fueling cycles

(a) The number of full fuelings required to demonstipability for leak-free

performance in expected service is taken to be 500
(1) Expected vehicle lifetime range is taken to be 2800Km (155000 mi)

Vahicle Age Va. Average Odometer
Passenger Cars

.....
.

+ Roadside Mean
+— Smog Check data —CARE Pilot Scrappage Program, svg

Source: Sierra Research Report No. SR2004-0€itled] "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 Septer 22, 2004.

(2) Expected vehicle range per full fueling is taketéogreater than or
equal to 500km (300 mi) (based on 2006-2007 matatt of high
volume passenger vehicle manufacturers in Eurgpgnland North
America).
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(3) 500 cycles = 250000/500 ~ 155000miles / 300milescpele

(4) Some vehicles may have shorter driving rangesylkeiukeling, and
may achieve more than 500 full fuelings if no Ertilelings occur in
the vehicle life. Demonstrated capability to perfovithout leak in
500 full fuelings is intended to establish fundataésuitability for on-
road service -- leakage is subject to secondarngation 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 fueliegitkling capability.

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

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

(2) On-road experience: 70 MPa hydrogen storggeess have
developed temporary (subsequently resealing) ldakag brief (less
than 50 full fuelings) on-road service of demort&raprototype
vehicles.

(3) On-road experience: mechanical failures of30Mhicle storage
associated with gas intrusion into wrap/liner amérlaminate
interfaces have developed after brief on-road ser{tess than 50 full
fuelings).

(4) On-road experience: failure of CNG vehiclerage due to interior
charge build-up and liner damage corona dischargeti a failure
mode because static charge is carried into comtagreparticulate
fuel impurities and ISO 14687-2 (and SAE J2719) faguirements
limit particulates in hydrogen fuel -- also, fuell power systems are
not tolerant of particulate impurities and are etpé to cause vehicles
to be out of service if inappropriate fuel is disped.

(5) Test experience: mechanical failures of Vehstorage systems
associated with gas intrusion into wrap/liner amérlaminate
interfaces develop in ~ 50 full fuelings.

(6) Test experience: 70MPa hydrogen storage mgstlat passed
NGV2 test requirements have failed during the B®tést conditions
in failure modes that would be expected to occummoad service
(Powertech report to DOE/SAE, 2009). The Powerteglort cites
two failures of systems with containers that hawvelifjed for service:
metal-lined composite container valve leak anddntainer solenoid
leak, polymer-lined composite container leak duknter failure. The
polymer-lined composite container failure by leakags on a
container that was qualified to ANSI/CSA NGV2 maelif for
hydrogen. The metal-lined composite failure of¢batainer valve
was on a valve qualified to EIHP rev12Beport conclusion: “The test
sequences in SAE TIR J2579 have shown that comsaivith no
known failures in service either met the requiretaarf the tests, or
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fail for reasons that are understood and are reptatve of future
service conditions”

Fueling conditions

(a) SAE J2601 establishes fueling protocol -- 3 rmegus fastest empty-to-full
fueling (compatible with typical gasoline fuelingxisting in installed state-of-
art hydrogen fueling stations); fuel temperaturefést fueling is ~ -4%C.

(b) Expected maximum thermal shock conditions arefsystem equilibrated at
an environmental temperature of 26Gubjected to -4C fuel, and for a
system equilibrated at -30 subjected to indoor private fueling at
approximately +2€C.

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

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

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

The leak/permeation limit is characterisedtbg many possible combinations of
vehicle and garages, and the associated test morediThe leak/permeation limit
is defined to restrict the hydrogen concentratiomfreaching 25% LFL by
volume with worst credible conditions of a tighgry hot (55C) garage having a
low air exchange rate (0.03 volumetric air exchanmer hour). The conservative
25% LFL limit is conventionally adopted to accomratelconcentration
inhomogeneities. Data for hydrogen dispersion bighiaygarage and vehicle
scenarios, including garage sizes, air exchangs eatd temperatures, and the
calculation methodology are found in the followirederence prepared as part of
the EC Network of Excellence (NoE) HySafe: P. AdafsBengaouer, B.
Cariteau, V. Molkov, A.G. Venetsanos, “Allowablediggen permeation rate
from road vehicles”, Int. Jour. of Hydrogen Energyailable online 8 June 2010,
ISSN 0360-3199, DOI: 10.1016/j.ijhydene.2010.04.161
(http://www.sciencedirect.com/science/article/B6 V386 7HJ-
4/2/3c599afa202ac7970eafc5caa93cale).

The resulting discharge limit measured alGand 115% NWP (full fill at 5%)
following specified pneumatic pressure cyclinglod 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 aoaibns to those used in the
derivation of the rate, and accommodates smallclehthat could be parked in
smaller garages. These vehicle level permeationin@gents are consistent with
the proposals developed by the EU NoE HySafe, Beecareference. The
permeation values measured for individual storageainer systems used in a
vehicle would sum to less than the vehicle limit.

. An alternative discharge limit is provided fease of compliance testing for some

systems, which is also consistent with the propodaVeloped by the EU NoE
HySafe. In this case, the permeation limit measategC 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.

The maximum pressure of a fully filled contirat 55C is 115% NWP
(equivalent state of charge to 125% NWP at 85C1&d%6 NWP at 20C).
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A localized leak test is to be conductedrtsige that external leakage cannot
sustain a flame that could weaken materials andegpuently cause loss of
containment. Per SAE 2008-01-07R2&me Quenching Limits of Hydrogen
Leaks, the lowest flow of H2 that can support a flam@.828 mg/sec per from a
typical compression fitting and the lowest leakgbke from a miniature burner
configuration is 0.005 mg/sec. Since the miniatwrmer configuration is
considered a conservative “worst case”, the maxirteakage criterion is selected
as 0.005 mg/sec.

Parking provides opportunity for hydrogerwsation of interlaminate layers,
wrap/liner interface, liner materials, juncturesjmygs, and joinings — fueling
stresses are applied with and without exposuregdodgen saturation. Hydrogen
saturation is marked by permeation reaching stastate rate.

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

d. Residual Proof Pressure (B.5.1.3.4)

Fueling station over-pressurization constrdibg fueling station requirements
to less than 150% NWP. (This requirement for fugbktations must be
established within local codes/regulations forifugktations.)

Laboratory data on static stress rupture useatkfine equivalent probability of
stress rupture of composite strands after 30 sescanti8B0% NWP as after 2
hours at 150% NWP in the worst case (SAE 2009-2R0Fueling stations
are expected to protect against over-pressurel®@no NWP.

Field data on the frequency of failures afth pressure fueling stations
involving activation of pressure relief controlsist available. The small
number of 70MPa fueling stations currently avaiatdbes not support robust
statistics.

e. Residual Strength Burst (B.5.1.3.5)
Requirement for less than 20% decline in burstquresafter lifetime service is
designed to ensure stability of structural comptsessponsible for rupture
resistance; it is linked (in SAE 2009-01-0012passurance that requirement has

all

owance for 10% manufacturing variability in assce of greater than 25 years of

rupture resistance at 100% NWP in B.5.1.2.5.

It is expected that regulatory agencies and matwis will monitor the condition and
performance of storage systems during servicea$fpractical and appropriate to continually
verify that B.5.1.3 performance requirements captn-road requirements. This advisory is
meant to encourage manufacturers and regulatonc#geto collect additional data.

A.5.1.4 Rationale for B.5.1.4 Verification Test for Service Terminating Performance
Verification of performance under service termingtconditions is designed to prevent the
severe impact of rupture under conditions so setvetehydrogen containment cannot be
maintained.
==SGS-10: US/participants will provide rationale fioe tests

==SGS-10: Comments on fire tests are requested;difuel, type of burners and others

Fire is the service terminating cdadificcounted for in design qualification
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A.5.1.5 Rationale for B.5.1.5 LabelingThe purpose of minimum labeling on the hydrogen
storage containers is three-fold: 1) To documieatdate when the system should be removed
from service, 2) To record information needed &érmanufacturing conditions in event of on-
road failure, and 3) To document NWP to ensurellation is consistent with the vehicle fuel
system and fueling interface.

A.5.2 LIQUIFIED HYDROGEN STORAGE SYSTEM TEST REQU IREMENTS &
SAFETY CONCERNS

The containment of the hydrogen within the liquéfieydrogen storage system is essential to
successfully isolating the hydrogen from the sumdbings and down-stream systems. The
system-level performance tests in Section B.5.2wleweloped to demonstrate a sufficient
safety level against burst of the container an@bdipy to perform critical functions throughout
service including pressure cycles during normaliser pressure limitation under extreme
conditions and faults, and in fires.

Performance test requirements for all liquefiedrbgen storage systems in on-road vehicle
service are specified in Section B 5hese criteria apply to qualification of storagsteyns for
use in new vehicle production.

This Section (A.5.2¥pecifies the rationale for the performance requénets established in
Section B.5.2 for the integrity of the liquefieddmggen storage system. Manufacturers are
expected to ensure that all production units nfeetequirements of performance verification
testing in Section B.5.2.1 t0 5.2.4.

A.5.2.1 Rationale for B.5.2.1 Verification Testfor Baseline Metrics

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

A.5.2.1.1 Rationale for B.5.2.1.1 Proof Pressiast

By design of the container and specification ofghessure limits during regular operation and
during fault management ( as demonstrated in B22u3d B.5.2.3.3), the pressure in the inner
container could rise to 110% of the Maximum Allowekorking Pressure (MAWP) during
fault management by the primary pressure reliefaeand no higher than 150% of MAWP
even in “worst case” fault management situationemghhe primary relief device has failed and
the secondary pressure relief device is requirettovate and protect the system. The purpose
of the proof test to 130 per cent MAWP is to dentitis that the inner container stays below its
yield strength at that pressure.

A.5.2.1.2 Rationale for B.5.2.1.2 Baseline IniBarst Pressure
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By design (and as demonstrated in B5.2.3.3), taegure may rise up to 150% of the Maximum
Allowable Working Pressure (MAWP) when the secogdaackup) pressure relief device(s)
may be required to activate. The burst test is\ohte to demonstrate margin against burst during
this “worst case” situation. The pressure testlewof either the Maximum Allowable Working
Pressure (in MPa) plus 0.1 MPa multiplied by 3.2%he Maximum Allowable Working

Pressure (MAWP) (in MPa) plus 0.1 MPa multiplieddby and multiplied by Rm/Rp (where

Rm is ultimate tensile strength and Rp is minimueidystrength of the container material) are
common values to provide such margin for metailtiers.

Additionally, the high burst test values (when camel with proper selection of materials in
B5.2.2) demonstrate that the stress levels aregtaday low such that cycle fatigue issues are
unlikely for metallic containers that have suppagtdesign calculations. In the case of non-
metallic containers, an additional test is defimed.2.1 to demonstrate this capability as the
calculation procedures have not yet been standatdiy for these materials.

A.5.2.2 Rationale for B.5.2.2 Verification for Material Compatibility

Proper selection of materials for exposure to hgdroat extremely low temperatures is required
to ensure that materials will not show hydrogen efthlment or otherwise degrade during
expected operation. The test methods in B.5.2l@ctean internationally accepted approach to
evaluate material compatibility.

A.5.2.3 Rationale for B.5.2.3 Verification for Kpected On-road Performance.
A.5.2.3.1 Rationale for B5.2.3.1 Boil-off Test

During normal operation the boil-off managementeysshall 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/tirogen storage system with a limited cool-
down period of maximum 48 hours.

A.5.2.3.2 Rationale for B.5.2.3.2 Hydrogen DisgeaT est

The Hydrogen discharge test shall be conducteshdoil-off of the liquid storage system.
Manufacturers will typically elect to react all (most) of the hydrogen that leaves the container,
but, in order to have a hydrogen discharge critédéis comparable to the values used for
Compressed Hydrogen Storage Systems, it is todeciny hydrogen that leaves the vehicle
boil-off systems with other leakage, if any, toatatine the total hydrogen discharge from the
vehicles.

Having made this adjustment, the total hydrogenhdisge from a vehicle with liquefied
hydrogen storage is the same as a vehicle with cesepd hydrogen storage system. According
to the discussion in B.5.1.3, the total dischargenfa vehicle with liquefied hydrogen may
therefore be 150 mL/min for a garage size of 30°4 rs with compressed gas, the scaling
factor, [(Vwidth+1)*(Vheight+0.05)*(Vlength+1)/ 38], can be used to accommodate
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alternative garage/vehicle combinations to thosel uis the derivation of the rate, and
accommodates small vehicles that could be parksthaler garages.

Prior to conducting this test, the primary pressetef device should be forced to activate so
that the ability of the primary relief device tocse and meet required leakage is confirmed.

A.5.2.3.3 Rationale for B.5.2.3.1 Vacuum Loss Test

In order to prove the proper function of the presselief devices and the compliance with the
allowed pressure limits of the liquefied hydrogérage system as described in A5.2.1 and
verified in B.5.2.1, 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 sedacithin the vacuum jacket.

The primary pressure relief device should be dasig 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 setpseiting itself. Since the relief valve should

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

the primary pressure relief device should not eddee0% of Maximum Allowable Working
Pressure (MAWP).

The secondary pressure relief device(s) shoulécatdiate during the simulation of a vacuum
loss that is managed by the primary relief deviéhair 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.5.2.3.3 a second tesll ble conducted with the first pressure relief
device blocked. In this case, either relief valweburst discs may be used, and the pressure is
allowed to rise to as high as 136 per cent MAWRése of a valve used as secondary relief
device) or as high as 150 per cent MAWP (in caselmirst disc used as secondary relief
device) during the simulation of a vacuum losstfaul

A.5.2.4. Rationale for B.5.2.4 Verification Testor Service Terminating Conditions
In addition to vacuum degradation or vacuum logsdiso may cause overpressure in liquefied

hydrogen storage systems and thus proper opeattiie pressure relief devices and the
requirements described in Section A.5.2.3.3 haveetproven in a bonfire test

A.5.3. VEHICLE FUEL SYSTEM REQUIREMENTS & SAFETY CONCERNS

A.5.3.1 IN-USE REQUIREMENTS
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A.5.3.1.1. Rationale for B.5.3.1.1. Fueling PartThe vehicle fueling receptacle should be
designed to ensure the fueling pressure is apptepior the vehicle fuel storage system.
Examples of receptacle designs can be found inlBZ88, SAE J2600 and SAE J2799. A label
shall be affixed to the fueling port to inform theler/driver/owner of the type of fuel (liquid or
gaseousydrogen), NWP and date for removal of storage @nata from service.

A.5.3.1.2 Rationale for B.5.3.1.2 Hydrogen Disalnge System

A.5.3.1.2.1 Rationale for B.5.3.1.2.1 Pressurelief systems. The vent line of storage
system discharge systems (TPRDs and PRDs) shoylrbbexted by a cap to prevent
blockage by intrusion of objects such as dirt, sgyrand freezing water.

A.5.3.1.2.1 Rationale for B.5.3.1.2 Fuel cell hgine exhaust systems.In order to ensure
that the exhaust discharge from the vehicle ismarardous a performance-based tests is
defined to demonstrate that the discharge is noitaigle.

The 3 second rolling-average accommodates extreshelst, non-hazardous transients up to
8% without allowing ignition. Tests of flowingstiharges have shown that propagation
from the ignition source readily occurs above 10fdrbgen, but does not propagate below
8% hydrogen. (SAE Technical Papeo7-01-437 ,Development of Safety Criteria for
Potentially Flammable Discharges from Hydrogen Kiedl Vehicles” (2007 SAE World
Congress)). By limiting the hydrogen content oy snstantaneous peak to 8%, the hazard
to people near the point of discharge is controdeen if an ignition source is present. The
time period of the rolling-average is determine@msure that the space around the vehicle
remains non-hazardous as the hydrogen from exd#tistes into the surroundings; this is
the case of a idling vehicle in a closed garageorder to readily gain acceptance for this
situation by building officials and safety expeitshould be recognized that
government/municipal building codes and internallyarecognized standards such as IEC
60079 require that the space be less than 25% &F1% hydrogen) by volume. The time
limit for the rolling-average was determined byumasg an extremely high hydrogen
discharge rate that is equivalent to the input 1@ kW fuel cell stack. The time was then
calculated for this hydrogen discharge to fill tttaninal space occupied by a passenger
vehicle (4.6m x 2.6m x 2.6m) to 25% LFL. The réaunl time limit was conservatively
estimated to be 8 seconds for a “rolling averagefonstrating that the 3-second used in
this document is appropriate and accommodatestizargain garage and engine size. The
standard ISO instrumentation requirement is a faafté-10 of the measured value.
Therefore, during the test procedure according.61B4, the 3-second rolling average
requires a sensor response (90% of reading) aoddiag rate of less than 300 milliseconds.

A.5.3.1.3 Rationale for B.5.3.1.3 Protectiorgainst flammable conditions: Single
Failure Conditions . Dangerous situations can occur if unintendeddgelof hydrogen reaches
flammable concentrations.
a. The on-board hydrogen container should be equipgtda shut off valve that can be
automatically activated.
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b. Protection against the occurrence of 4% byumwea hydrogen in air (or greater) in the
passenger compartment, luggage compartment, andspéthin the vehicle that contain
unprotected ignition sources is important.

» Vehicles may achieve this objective by design ékeimple, where spaces are
vented to prevent increasing hydrogen concentrsion

« If the vehicle achieves this objective by detectibihydrogen concentrations in
air of 4% or greater, then the main hydrogen sliwvtgie(s) shall immediately
close to prevent further increases and providelifsipation of the hydrogen, and
the driver shall be provided with a warning throwghisual telltale.

A.5.3.1.4 Rationale for B.5.3.1.4. Fuel leakagéeakage is not permitted.

A.5.3.1.5 Rationale for B.5.3.1.5 Tell-Tale.A telltale/warning system is to alert the driver
when hydrogen leakage results in concentrationideateor above 4% by volume within the
passenger compartment, luggage compartment, andsspéth unprotected ignition sources
within the vehicle. The telltale should also atee driver in case of a malfunction of the
hydrogen detection system. Furthermore, the systell be able to respond to either scenario
and instantly warn the driver. The shut-off tetitahall be inside the occupant compartment in
front of and in clear view of the driver. Therenis data available to suggest that the warning
function of the telltale would be diminished ifstonly visual. In case of the detection system
failure, the telltale warning light should be yelloin case of the emergency shut-off of the
valve, the telltale light should be red.

A.5.3.1.6 Lower Flammability Limit (LFL) (Background for B.3.9)-owest concentration of
fuel in which a gas mixture is flammable. Natioaatl 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; InofJHydrogen Energy,3L36 2007; NASA RD-
WSTF-0001, 1988) for further information. The Law&ammability Limit (LFL) depends on
mixture temperature, pressure and the presencéutibd gases, has been assessed using
specific test methods (e.g., ASTM E681-04). WHile LFL value of 4% is appropriate for
evaluating flammability in general surroundingssehicles or inside passenger compartments,
this criterion may be overly restrictive for flovgrgas situations where ignition requires more
than 4% hydrogen in many cases. Whether an ignstarce at a given location can ignite the
leaking gas plume depends on the flow conditionstha type of ignition. At 4% hydrogen in a
stagnant room-temperature mixture, combustion céynpropagate in the upward direction. At
approximately 8 to 10% hydrogen in the mixture, bastion can also be propagated in the
downward and horizontal directions and the mixianeadily combustible regardless of location
of ignition source. [Coward, H.F. et al, “Limits iitmmability of gases and vapors”, Bureau of
Mines Bulletin 503; 1952, USA; Benz, F.J. et dgyrition and thermal hazards of selected
aerospace fluids”, RD-WSTF-0001, NASA Johnson Spizemter White Sands Test Facility, Las
Cruces, NM, USA, October 1988; Houf, W.G. et &redicting radiative heat fluxes and
flammability envelopes from unintended releasesyofrogen®, International journal of
Hydrogen Energy, e, pp136-141, 2007]

A.5.3.1.7 Recommended features for design of a hpgen fuel system.
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As any performance based technical regulation danotude 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.
a. It should function in a safe and proper mannertzndesigned to minimize the potential
for hydrogen leaks, (e.g. the minimize line conite to the extent possible).
b. It should reliably withstand the chemical, eleatjenechanical and thermal service
conditions that may be found during normal vehageration.
c. The materials used should be compatible with gaseoliquid hydrogen as appropriate
d. The hydrogen fuel system should be installed shahit is protected against damage
under normal operating conditions.
e. Rigid fuel lines should be secured such that tiey 10t be subjected to critical
vibration or other stresses.
f. It should protect against excess flow in the ewdra failure downstream of the fueling
system.
g. No component of the hydrogen fuel system, including protective materials that form
part of such components, should project beyonatitkne of the vehicle or protective
structure.

A.5.3.2 POST CRASH REQUIREMENTS
A.5.3.2.1 Rationale for B.5.3.2.1 Post-Crash Tekeakage Limit

The allowable post-crash leakage in FMVSS 301ttferUSA) and ECE 94 and 95 are within
6% of each other for the 60 minute period afterdtassh. Since the values are quite similar, the
value in ECE 94 and 95 of 30g/min was selectedlzases of the calculations to establish the
post-crash allowable hydrogen leakage for this duemit.

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

W, =30g/minx ﬂ‘]/kgzlo.?g/min
120MJ/kg

for vehicles with either Compressed Hydrogen Ster@gstems (CHSSs) or Liquefied Hydrogen
Storage Systems (LHSSs). The total allowable dé$sgydrogen is therefore 6429 for the 60
minute period following the crash.

The allowable hydrogen flow leakage can also beesged in volumetric terms at normal
temperature (TC) and pressure as follows:
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10.7g/min__, 55 41NL/mol =118NL/min

" 2(1.00794)/mol

<+~~~ Formatted: Pattern: Clear

H H H (Custom
for vehicles with either CHSSs or LHSSs. Color(RGB(242:242:242)))

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&i¥)7-01-0428 “Diffusion and Ignition
Behavior on the Assumption of Hydrogen Leakage feokfydrogen-Fueled Vehicle”).

A.5.3.2.2 Rationale for B.5.3.2.2 Post-Crash Co ncentration Limit in Enclosed Spaces This test
requirement has been established to ensure thabdsm does not accumulate in the passenger,
luggage, or cargo compartments that could poténiaise a post-crash hazard. The criteria was
conservatively set to 4% hydrogen by volume asevaéipresents the lowest possible level that
combustion can occur (and the combustion is extiemeak at this value). Since the test is
conducted in parallel with the post-crash leak tsll therefore will extend for at least 60
minutes, there is no need to provide margin onctiteria to manage dilution zones as there is
sufficient time for the hydrogen to diffuse throwgi the compartment.

A.5.4. ELECTRIC SAFETY REQUIREMENTS & SAFETY CONCER NS

Purpose: This section will specify the ELSA reguients for vehicle’s high voltage system.
A.5.4.1 In-Use Requirements

A.5.4.2 Post-Crash Requirements

== Insert Rationale from ELSA

A.6 RATIONALE FOR B.6 TEST PROCEDURES

Test procedures in B.6 for replicate on-road coowtt for performance requirements specified
in B.5.1, 5.5.2 and B.5.3. Most individual tesbgedures and testing steps within test sequences
in B.5.1 and B.5.2 derive from historical nationadulations and/or industry standards.

== USA to draft rationale for fire test procedure

A.6.1 Rationale for B.6.1 Post-crash

A.6.1.1 Rationale for B.6.1.1 Test Procedure fdPost-Crash Leak
The post-crash leak test is organized as follows:
B.6.1.1.1 Post-crash leak test for compressedolgga storage systems
B.6.1.1.1.1 Test procedure when the test ghgdsogen
B.6.1.1.1.2 Test procedure when the test ghslism
B.6.1.1.2 Post-crash leak test for liquid hydrogeorage systems
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A.6.1.1.1. Rationale for B.6.1.1.1 Post-crash leatest procedure for Compressed
Hydrogen Storage Systems (CHSSs)The loss of fuel represents the allowable reldas the
entire compressed hydrogen storage system on thi&lee The post-crash release can be
determined by measuring the pressure loss of thgpmssed storage system over a time period
of at least 60 minutes after the crash and thetuksing the release rate of hydrogen based on
the measured pressure loss and the time period ttenequation of state of the compressed gas
in the CHSS. (See the SAE Technical Paper 2010d1®}, “Development of the Methodology
for FCV Post-crash Fuel Leak Testing in Corporadted SAE J2578 for a complete discussion
of the methodology.) In the case of multiple hydnogstorage containers that are isolated from
each other after crash, it may be necessary to uredsydrogen loss individually (using the
approach in B5.3.2.1) and then sum the individudues to determine the total release of
hydrogen gas from the strorage system.

The methodology can also be expanded to allow 8 af a non-flammable gas for crash
testing. Helium has been selected as it, like dyeln, has low molecular weight. In order to
determine the ratio of volumetric flows betweenilral and hydrogen releases (and thus
establish a required relationship between hydragehhelium leakage, we assume that leakage
from the compressed hydrogen storage system caheberibed as choked flow through an
orifice where the orifice area (A) represents thimltequivalent leakage area for the post-crash
system. In this case the equation for mass flogivisn by

W:CxcdxAX(px P)1/2

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

p=R*T/M
and
C=y/( +1)2)"

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 &dR,, T, and

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

W2/ Whe = G2/ Cre® (Mia/ Mig) 2

Since we can determine the volumtric flow rationbyltiplying the mass flow ratio by the ratio
of molcular weights (M) at constant temperature pregssure conditions are the same.

V2! Ve = Gia/ Crie * (Mue/ M) V2

Based on the above relationship, it is possibldetermine that the ratio of the volumtric flow
(and therefore the ratio gas concentration bymelubetween helium test gas and hydrogen is
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approximately 75% for the same leak passages fnen€HSS. Thus, the post-crash hydrogen
leakage can be determined by
VH2 = VHe /0.75

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

A.6.1.1.2 Rationale for B.6.1.1.2 Post-Crash Leakest -- Liquefied Hydrogen Storage
Systems (LHSSSs)

The purpose of the test is to confirm that the dgmkfrom vehicles with LHSSs following the

crash test.Visual detection of unacceptable leakage should be feasible. When using standard leak-test
fluid, the bubble size is expected to be approximately 1.5 mm in diameter. For a localized rate of 0.005
mg/sec (3.6 mL/min), the resultant allowable rate of bubble generation is about 2030 bubbles per minute.
Even if much larger bubbles are formed, the leak should be readily detectable. For example, the
allowable bubble rate for 6 mm bubbles would be approximately 32 bubbles per minute, thus producing a
very conservative criteria if all the joints and vulnerable parts all 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 leakagteria is the same as that developed for
vehicles with Compressed Hydrogen Storage Syst&PhtSEs). Specifically, the allowable
hydrogen leakage from the LHSS is 118 NL/min orf71§/min.The state of flow leaking from
the LHSS may be gaseous, liquid, or a two-phase¢ungof both. The leakage is expected to be
in the gaseous state as the piping and shutoffesatlownstream of the container are more
vulnerable to crash damage that the highly insd|adeuble-walled LHSS container. None the
less, the helium test prescribed in this documemt detect very small leak sites and thus
demonstrate the acceptability even if the leakag¢he ligued state. It is not necessary to
address the possiblity of a two-phase leak asltive fate will be less than that can occur in the
liquid state.

The helium leak test is conducted at room tempezatith the LHSS pressurized with helium to
normal operating pressure. The pressure levelldhmei below the activation pressure of the
pressure regulators and the Pressure Relief De(RiRBs). If is expected that the helium test
pressure can be conducted at approximately 80%eofMaximum Allowable Working Pressure
(MAWP).

Leakage of hydrogen in the liquid state of an ofiregesystem is given by
W =G X AX (2% p* AP)Y? Equation 1

where W is the mass flow, £s the discharge coefficient, A is the area of tiode, p is the
density, andAP, is the pressure drop between the operating systedh atmosphere. This
equation is for incompressible fluids such as 8uid the liquid state. Use of this equation is
very conservative for this situation as a portidrthee fluid often flashes (that is, changes to a
gaseous state) as the fluid passes through thadedkole, causing a reduction in density and
therefore a reduction in the mass flow.
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The leakage of helium gas during the leak tesivisrgby

Whe = C* Cg X A ™ (pre  Pre)™? Equation 2

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

C =y /((y + 1)/2)¥ 1/t Equation 3
wherey is the ratio of specific heats for the helium gz is leaking.

Since G and A are constants with the same values for lpiid 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 = Gre * (pre/ p) 2 * (Pue/(2* APY) V2 Equation 4

based on combiningquations 1 and 2. Equation 4 can be used to calculate the helium mass
flow at the beginning of the pressure test, butpitessure will fall during the pressure test where
as the pressure of the operating LHSS will remapreximately constant until all the liquid has
been vented.

In order to accurately determine the allowable ofidn in pressure during the leak test, the
change in helium flow with pressure needs to beacted for. Since the density of heliupyd)
varies with pressure, the mass flow of helium dyitime pressure test will also vary linearly with
pressure as given by

Wi =R™ (Whe/ Pie) Equation 5

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

Starting with the ideal gas law,

PV=M{* R *T Equation 6

where Ris the test pressure, V is the volume of the LH83s mass of the LHSS, (i the
helium gas constant on a mass basis, and T igtheetrature of the LHSS. Differentiating
Equation 6 with time leads to

OP/ot =Ry * T 1V * oMyt Equation 7
wheredPy/ct is the change in pressure during the helium presgst. Since the change in mass

within the LHSS §M//at) is equal to the helium mass flow during the pesiod (W), Equation
5 for W; can be substituted infequation 7. After re-arranging terms, the equation becomes
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8Pt/ Pt = Rg X T / V X (WHe/ H—|e) x (3t = (WHe/ MHe) X (3t Equatlon 8
where M is the initial mass of helium in the LHSS for {messure test.

Integrating the above differential equation resinltexpressions for the allowable pressure at the
end of the helium leak test and the correspondilogvable pressure loss over the test period.
The expressions are

Bl B exp (‘\N-Ie/ Mpe 1:periocb Equation 9

and
APgjiowable= Phe ™ (1 - exp (-Wie / Mpe™ tperiod) Equation 10

where feriogiS the period of the test.

Use of the above equations can be best illustrategroviding an example for a typical
passenger vehicle with a 100 liter (L) volume LHSS Per groundrule, the basic safety
parameters are established to be the same aththef Compressed Hydrogen Storage System
(CHSS). Specifically, the period of the leak tss60 minutes and the average [elakage must
be equivalent to 118 NL/minute. Using these patamdor the example yields the following:

Post-crash test period (tperioa) = 60 minutes

Allowable Liquid H, Leakage (W,) = 10.7 g/min = 118 NL/min of gas after flashing
Maximum Allowable Working Pressure (MAWP) = 6 atm (gauge) = 7 atm (absolute)
Selected Helium Test Pressure (Pye) below Pressure Regulator Setpoints = 5.9 atm (absolute)
Ratio of specific heat (k) for helium = 1.66

C for helium = 0.725 from Equation 3

Helium Density at Initial Test Pressure = 0.991 g/L

Density of Liquified Hydrogen = 71.0 g/L

Liquid Hydrogen Leakage Pressure Drop (AP)) = 5.9 atm — 1 atm = 4.9 atm

Mass Ratio of Helium to Liquid H, Leakage (Wy./ 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 (Mye) = 99.1 g from Equation 6
Allowable Reduction in Helium Pressure (APgjowanie) = 1.97 atm from Equation 10

The above example illustrates how the equationsbsamused to determine the reduction in
helium pressure over the 60 minutes test periodhf®ieak test. While the methodology results
in objective result from a commonly-used type dittet should be noted that the criterium is
very conservative in that the methodology assuntsd leakage rather than the more likely
gaseous leakage from the pipig and valves downmstiifathe LHSS container . For example,
the ratio of hydrogen gas leakage can be determisgdjEquation 2 and the resulting ratio of
allowable helium gas leakage to hydrogen gas lealsg factor of 6 higher than that calculated
assuming liquefied hydrogen leaks, thus illustiatime conservatism. None the less, the use of
this test method is straight-forward, objectived gmactical to conduct in a crashed vehicle and
therefore adopted for the purpose of regulatoryiregqnents.

During the crash test, the LHSS is filled with eitfiquefied hydrogen (LH2) to the maximum

quantity or liquefied nitrogen (LN2) to at leasta®f the maximum liquefied hydrogen volume
in the LHSS, depending which fluid is planned fog trash test. The LN2 volume is selected to
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ensure an appropriate simulation of fuel weighttfier crash test, we desire about 7% fill for the
crash test. Slightly more liquefied nitrogen isled to accommodate system cooling and venting
prior to the test.

A.6.1.2 Rationale for B.6.1.2 Test Procedure fdPost-Crash Concentration Test in
Enclosed Spaces
This post-crash test is organized as follows:
B.6.1.2.1 Post-crash enclosed-space test fopressed hydrogen storage systems
B.6.1.2.2 Post-crash enclosed-space test faidligydrogen storage systems

A.6.1.2.1 Rationale for B.6.1.2.1 Test Procedufer Post-Crash Concentration
Measurement for Vehicles with Compressed Hydrogent8rage Systems (CHSSSs)

The test may be conducted directly by measuringdgeh or the corresponding depression in
oxygen content, if the CHSS contains hydrogen ffier crash test. Sensors are to be located at
significant locations (as defined in B.6.1.2.1) the passenger, luggage, and cargo
compartments.Since the test is conducted in paalte the post-crash leak test of the CHSS
and therefore will extend for at least 60 minutissere is no need to provide margin on the
criteria to manage dilution zones as there is cigffiit time for the hydrogen to diffuse
throughout the compartment.

In the case where the vehicle is not crashed wjtirdgen and a leak test is conducted with
compressed helium (rather than compressed hydrdtgismecessary to define a criteria for the
helium content that is equivalent to 4% hydrogervblume. Recognizing that the content of
hydrogen or helium in the compartment (by volungeprioportional to the volumtric flow of the
respective releases, it is possible to determieeallowable helium content by volume yeX
from the equation developed in A.6.1.1.1 by mwipy the hydrogen concentration criteria by
the 0.75. The criteria for helium concentratiothisrefore as follows:p = 4% H2 by volume x
0.75 = 3.0% by volume.

The criteria for helium concentration is theref@fé by volume in the passenger, luggage, and
cargo compartments if the crash test of a vehidte & CHSS is conducted with compressed
helium instead of compressed hydrogen.

A.6.1.2.2 Rationale for B.6.1.2.2 Test Procedurerf Post-Crash Concentration
Measurement for Vehicles with Liquefied Hydrogen Strage Systems (LHSSSs)

As with vehicles with CHSSs, direct measuremerityafrogen vehicles or the corresponding
depression in oxygen content, is possible if tH@cle contains hydrogen in Liquefied Hydrogen
Storage Systems (LHSSs) for the crash test.

In the case where liquefied nitrogen is used ferdtash, the concentration of helium in the

passenger, luggage, and cargo compartments magasuned during the helium leak test which
is conducted after the crash. As with the CHSIE, pibssible to establish a helium concentration
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criteria which is equivalent to 4% hydrogen concatidn by volume, but the relationship needs
to adjust for the difference in temperature ofgas between the operating LHSS and the
temperature during the helium leak test in additmaccounting for differences in physical
properties. The liquefied hydrogen is stored (afibleak) at cryogenic storage temperatures (-
253C or 20K), but the system is approximately raemperature (20C or 293K) for the leak test.
In this case, the equations given in A.6.1.1.1 msad to express the ratio of helium and
hydrogen mass flows is as

Wi/ Wiz = Ga/Criz * (M e/ M )2 (T o/ T o)™

and the ratio of helium and hydrogen volumetrieviboas

Vie! Vip = Cuel Criz * (M 2/ M ) (T e/ T2)™

where terms are as defined in A.5.2.1Applying the volumetric flow ratio as defined above to
account for a system that operates at cryogenic storage conditions but is leak tested at room temperature
to the requirement that there be no greater than 4% by volume of hydrogen in the actual vehicle, yields a
value of approximately 0.8% by volume of helium as the allowable value for the LHSS post-crash test
based on the leakage of gas from the LHSS.

A.7. RATIONALE FOR ANNEX B.7 TYPE APPROVAL R EQUIREMENTS
FOR COMPRESSED AND LIQUEFIED HYDROGEN SYSTEMS

The Qualification Performance Requirements (Sedsid) provide qualification requirements
for on-road service for compressed and liquefiedtbgen fuel systems. Additional
requirements in Annex B.7 are applicable for Casting Parties with Type Approval systems
that address Conformity of Production with unitsiified for on-road service through
performance testing. The goal of harmonizatioregiiirements as embodied in the United
Nations Global Technical Regulations provides thpastunity to develop vehicles that can be
deployed throughout Contracting Parties to achiewirmity of compliance; therefore, Type
Approval requirements beyond those specified inénB.7 are not expected.

A.7.1 Rationale for B.7.1 Type Approval Requiremets for Compressed Hydrogen
Storage. Type Approval requirements provide assurancerttaatufactured systems are
consistent with units formally tested and qualiffedon-road service in B.5.1, and that material
durability is verified. The following requiremerdse for qualification of vehicles for on-road
service in Contracting Parties having Type Apprayatems.

» Material test requirements (B.7.1.1)

» Verification tests for consistency of design quedifion batch (B.7.1.2)

» Verification tests for conformity of production (B1.3)

» Qualification tests for storage system hydrogemftdosures (B.7.1.4)

A.7.1.1 Rationale for B.7.1.1 Material Test Ragrements. Compliance with Test
Requirements of B.6.2.1 ensure that manufactumrsistently use materials that are
appropriately qualified for hydrogen service anat imeet design specifications of the
manufacturer.
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B.6.2.1.1 tests are specified for type approvaification of conformity of production;
for example, manufacturers of storage systems masttain information relevant to the
system design that includes tensile propertiessafténing temperature (greater
than100C) of plastic liner material, glass traositiemperature, resin shear strength, and
coating adhesion and flexibility.

B.6.2.1.2 stipulates requirements for resistandgytivogen embrittlement. The
requirement specifies materials recognized as lgadgmonstrated successful historical
on-road usage with hydrogen. It is expected thdividual Contracting Parties may
develop material test requirements to permit usedditional materials within their
individual jurisdictions.

B.6.2.1.3 provides the performance test requirerfegrgtress rupture resistance.
Qualification of systems for long-term parking unéldl fill conditions (25 years at
100%NWP) is provided by B.5.1.2.5 which require®0lr at 125%NWP — the
equivalence of these requirements is based oretagonship between time-to-failure
and applied stress that was established (AerospageReport No. ATR-92(2743)-1
(1991) and references therein) for the current tx@ase vessel structural material (glass
fiber reinforced composite). The B.6.2.1.3 perfance test verifies that the vessel is
constructed from materials that have a relationbkiwveen time-to-failure and applied
stress that is better than the worst-case reldtiprier glass fiber reinforced composite
that was used as the basis for B.5.1.2.5 -- theveklifying the applicability of the
qualification test B.5.1.2.5. That worse-casatiehship is that a xfOncrease in time-
to-failure is associated with a 18% decrease irstistained pressure. The B.6.2.1.3
performance test verifies that a ificrease in time-to-failure is linked to no manar

a 9% decrease in pressure — this provides a mingperformance beyond the glass-
fiber composite limit. It also accommodates anitgmithl parking target of 115% NWP
for 10 years, which provides for commercial vedsclith highly thermally insulated
containment vessels that are used in very warmattismand fully fuel from empty at the
end of each work day and immediately park for di@&hours.

Because the B.6.2.1.3 qualification test is unugumirdensome (it requires over a year
to complete), systems for which public experimedtgh are available for the vessels or
vessel structural material and for which on-roadise experience is extensive may
qualify by alternative criteria. The exceptionrfr®.5.2.1.3 requirements for carbon-
fiber reinforced composite vessels is based omsite experimental material data (e.g.
Aerospace Corp Report No. ATR-92(2743)-1 (1991) refierences therein) and
experience with on-road vehicle service. The camaitl exception from B.5.2.1.3
requirements for glass-fiber reinforced composéssels is based on extensive
experimental material data (e.g. Aerospace CorpR&n. ATR-92(2743)-1 (1991) and
references therein) and experience with extensivead vehicle service —in the case of
glass-fiber composites, the material data suppoetgexpectation that if the vessel
material is capable of sustaining 330%NWP for 3fbeds, then it could sustain
180%NWP for over 25 years, which would ensure céipatb meet the 180%NWP end-
of-life requirement. Therefore, the conditionateption from B.5.2.1.3 testing for
glass-fiber composite vessels is that the vessgt®dstrate a proof pressure of 330%
NWP. Comparably extensive experimental data {oelahip between time-to-failure and
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stress), and comparably extensive experience wittoad service are not available for
other vessel materials; hence those vessels areeddo undergo the B.6.2.3.1 test.

A.7.1.2 Rationale for B.7.1.3 Verification Testfor Conformity of Production. Design
qualification testing is only meaningful if the ted unit(s) is representative of expected
performance of production units. Manufactureesexpected to ensure that all production units
meet the requirements of performance verificatestibg in B.5.1.2. Establishing key metrics
of units tested for performance is required forudnentation that the quality of manufacturing
units is at least comparable to that of batch-djoation units. The requirement that the burst
pressure of production units be controlled to gretitan 90% Bfand greater than or equal to
200% NWP provides assurance that the full rangea@duction containers are accommodated in
performance requirements.

A.7.1.3 Rationale for B.7.1.4 Qualification Tds for Storage-System Hydrogen-flow
Closures The reliability and durability of hydrogen-floglosures is essential for the integrity
of the full storage system. The closures are ggrigualified by their function in the system-
level performance tests (B.5.1). In additionsthelosures are qualified individually not only to
assure exceptional reliability for these movingipabut also to enable equivalent components to
be exchanged in a storage system without re-qiradifihe entire storage system. Closures that
isolate high pressure hydrogen from the remainfldreofuel system and the environment
include:
» thermally-activated pressure relief device (TPRDP&D opens and remains open
when the system is exposed to fire.)
» check valve (A check valve prevents reverse flowhe vehicle fill line, e.g., a non-
return valve.) Equivalent to a non-return valve.
» shut-off valve (A shut-off valve between the sgga&ontainer and the vehicle fuel
system defaults to the closed position when unpesgr
Test procedures for qualification of hydrogen-flolwsures within the hydrogen storage system
were developed by OICA as outgrowths of discusswittin CSA workgroups for
HPRD1:2009 and HGV3.1 (as yet unpublished), apdnts to those CSA workgroups testing
sponsored by US-DOE and performed at Powertechratdies to verify closure test
procedures under discussion within CSA.

A.7.1.3.1 Rationale for TPRD Qualification Requirenents. The qualification requirements
verify that the design shall be such that, oncwaietd, the device will fully vent the contents of
the fuel container even at the end of the servieavhen the device has been exposed to
fueling/de-fueling pressure and temperature chaagdsnvironmental exposures. The
adequacy of flow rate for a given application isified by the hydrogen storage system fire test
requirements (B.5.1.4).

A.7.1.3.2 Rationale for Check Valve QualificatiorRequirements. These requirements are
not intended to prevent the design and construci@mmponents (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 bbatvaluated by the testing facility to ensure
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equivalent performance and reasonable conceptfetfyso that prescribed by this standard. In
that case, the number of samples and order ofcaiyidi tests shall be mutually agreed upon by
the manufacturer and the testing agency. Unldeswtse specified, all tests shall be conducted
using hydrogen gas that complies with SAE J271f®(mation 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 autansut-off valve.

Fuel flow shut-off by an automatic shut-off valveuamted on a compressed hydrogen storage
vessel shall be fail safe. The term “fail safe”|krefer to a device’s ability to revert to a safe
mode or a safe complete shutdown for all reasorfablee modes.

The electrical tests for the automatic shut-offreainounted on the compressed hydrogen
storage vessels (B.8.2.7) provide assurance obqeaince with: (1) over temperature caused by
an overvoltage condition, and (2) potential failofehe insulation between the component’s
power conductor and the component casing. Theggerpf the Pre-Cooled Hydrogen Exposure
Test (B.8.2.10) is to verify that all componentshe flow path from the receptacle to the
container that are exposed to precooled hydrogenglfuelling can continue to operate safely

A.8. EXISTING REGULATIONS, DIRECTIVES, AND INTERN ATIONAL
STANDARDS

A.8.1 VEHICLE FUEL SYSTEM INTEGRITY

A.8.1.1 National regulations and directives.

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

« Japan -- Safety Regulation Article 17 and Attachiniéh— Technical Standard for Fuel
Leakage in Collision

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

» Canada -- Motor Vehicle Safety Standard (CMVSS).Bo1Fuel System Integrity

» Canada -- Motor Vehicle Safety Standard (CMVSS).301CNG Vehicles

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

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

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

A.8.1.2 International standards.
* 1SO 17268 -- Compressed hydrogen surface vereflelling connection devices

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

DRAFT 43



SGS-11-02
DRAFT

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

* [|SO 14687-2 -- Hydrogen Fuel — Product Specifiaatie Part 2: Proton exchange
membrane (PEM) fuel cell applications for road ecéds

* SAE J2578 -- General Fuel Cell Vehicle Safety

* SAE J2600 — Compressed Hydrogen Surface Vehicleriguonnection Devices

* SAE J2601 — Fueling Protocols for Light Duty Gaseblydrogen Surface Vehicles

* SAE J2799 — Hydrogen Quality Guideline for FuellGadhicles

A.8.2 STORAGE-SYSTEM
A.8.2.1 National regulations and directives:

* China -- ### Regulation on Safety Supervision foe&al Equipment

* China -- ### Regulation on Safety Supervision fas@ylinder

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

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

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

* Korea -- ### Hgh Pressure Gas Safety Control Law

» United States -- FMVSS 304 - Compressed Naturalf@Container Integrity

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

A.8.2.2 International standards:

e CSAB51.2 -- Hydrogen and CNG Vessels

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

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

* CSAHGV 3.1-2011 - Fuel System Component for HydroGas Power Vehicles (Draft)

* 1SS0 13985:2006 -- Liquid Hydrogen — Land VehicleeFTanks

* 1S0 15869:2009 -- Gaseous Hydrogen and Hydrogend3l— Land Vehicle Fuel Tanks
(Technical Specification)

* SAE J2579 -- Fuel Systems in Fuel Cell and Othetrbigen Vehicles

A.8.3 ELECTRIC SAFETY

A.8.3.1 National regulations:

» Canada -- CMVSS 305—Electric Powered Vehicles: tEbdyte Spillage And Electrical
Shock Protection
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» ECE -- Regulation 100 - Uniform Provisions Concegni he Approval Of Battery Electric
Vehicles With Regard To Specific Requirements fbe 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

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

e Great Britain -- T 24548-2009 Fuel cell electridigtes - terminology

e Great Britain -- T 24549-2009 Fuel cell electrghicles - safety requirements

» Great Britain -- T 24554-2009 Fuel cell enginesrfprmance - 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

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

A.8.3.2 International Industry standards:

e |SO 23273-3 -- Fuel cell road vehicles — SafetycHpmtions — 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.9. DISCUSSION OF KEY ISSUES
==Delete this section?

A.10. BENEFITS AND COSTS
==> Delete this section?
PART B. TEXT OF REGULATION
B.1. PURPOSE
B.1 This regulation specifies safety-related penfance 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 fyestem and/or from electric shock caused by
the vehicle’s high voltage system.

B.2. SCOPE
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B.2 This regulation applies to all hydrogen fueled etd8 of Category 1-1 and 1-2, with a
gross vehicle mass (GVM) of 4,536 kilograms or le€zontracting Parties under the Type
Approval system shall adopt Annex B.7.

B.3. DEFINITIONS

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

Hydrogen-fueled vehicle means any motor vehicl¢ dlsas compressed gaseous or liquefied
hydrogen as fuel to propel the vehicle includinglftell and internal combustion engine

vehicles.

B.3.1 Vehicle fuel system means an assembly wipaments used to store or supply hydrogen
fuel to a fuel cell (FC) or internal combustion argg(ICE).

B.3.2 Hydrogen storage system means pressura@diner(s), pressure Relief devices
(PRDs), shut off device(s), and all componentsnfis and fuel lines that isolate the stored
hydrogen from the remainder of the fuel systemtaedenvironment.

B.3.3 Pressure relief device (PRD) means a dekite when activated under specified
performance conditions, is used to release hydrérgem a pressurized system and thereby
prevent failure of the system.

B.3.4 Burst-disc means a pressure activated PRiIDbfiens once activated and cannot re-close.

B.3.5 Thermally-activated pressure relief devicBERD) means a thermally activated PRD that
opens once activated and cannot re-close.

B.3.6 Pressure relief valve means a pressuif gdivice that opens at a preset pressure level
and can re-close.

B.3.7 Check valve means a non-return valve thetgunts reverse flow in the vehicle fuel line.

B.3.8 Shut-off valve means a valve between theagocontainer and the vehicle fuel system
that can be automatically activated and defaulthéaclosed position when unpowered.

B.3.9 Single failure means a failure caused bingle event, including any consequential
failures resulting from this failure.

B.3.10 Lower Flammability limit (LFL) means thewest concentration of fuel at which a
gaseous fuel mixture is flammable at normal tentpeesand pressure. The lower flammability
limit for hydrogen gas in air is 4% by volume (A35..6).

B.3.11 Rupture and Burst both mean come apadesug and violently, break open or fly into
pieces due to the force of internal pressure.
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B.3.12 The exhaust’s point of discharge meangdwmetric center of the area where fuel cell
purged gas is discharged from the vehicle.

B.3.13 High voltage means the classificationroggectric component or circuit, if its
maximum working voltage is greater than 60 V ardslthan or equal to 1500 V of direct
current (DC) or greater than 30 V and less thaegoial to 1000 V of alternating current (AC).

B.3.14 Enclosed or semi-enclosed spaces meanslimaes within the vehicle (or the vehicle
outline across openings) that are external to ylaedgen system and its housings (if any) where
hydrogen may accumulate (and thereby pose a hazaeh)as the passenger compartment,
luggage compartment, cargo compartment, or spateruihe hood.

B.3.15 Nominal Working Pressure (NWP) means thegyggressure that characterizes typical
operation of a system. For compressed hydrogena@aainers, NWP is the settled pressure of
compressed gas in fully fueled container, contaimesystem at a uniform temperature of@5

B.3.16 Maximum Allowable Working Pressure (MAWPgams the highest gauge pressure to
which a pressure container, container, or systgmeiisitted to operate under normal operating
conditions.

B.3.17 Maximum Fueling Pressure (MFP) means fonp@ssed systems, the maximum fueling
pressure is 125% of the Nominal Working Pressure.

B.3.18 Type Approval means the confirmation by ngeef certification through a recognised
body that prototype or pre-production samples sfecific vehicle, vehicle system or vehicle
system component meet the relevant specified pedice standards, and that the final
production versions also comply, as long as conitgrof production is confirmed.

B.3.19 Service Life means the maximum time pefavdvhich service (usage) is qualified
and/or authorized.

B.3.20 Date of Removal from Service means thenddr date (month and year) specified for
removal from service.

B.3.21 Active driving possible mode means the Mehicode when application of pressure to the
accelerator pedal (or activation of an equivalemttiml|) or release of the brake system will cause
the electric power train to move the vehicle.

B.3.22 Automatic disconnect means a device thanwihegered, conductively separates the
electrical energy sources from the rest of the kigjtage circuit of the electrical power train.

B.3.23 Conductive connection means the connecsaomwcontactors to an external power
supply when the rechargeable energy storage sYREMRS) is charged.

B.3.24 Coupling system for charging the rechargeabkrgy storage system (RESS) means the
electrical circuit used for charging the RESS framexternal electric power supply including
the vehicle inlet.
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B.3.25 Direct contact means the contact of persotishigh voltage live parts.

B.3.26 Electrical chassis means a set made of ainduparts electrically linked together,
whose electrical potential is taken as reference.

B.3.27 Electrical circuit means an assembly of emte&d high voltage live parts which is
designed to be electrically energized in normakaten.

B.3.28 Electrical isolation means the electricais@nce between the vehicle high voltage bus
source and any vehicle conductive structure.

B.3.29 Electrical Protection Barrier means the pat/iding protection against direct contact to
the live parts from any direction of access.

B.3.30 Electric energy conversion system means@sy(e.g. fuel cell) that generates and
provides electrical energy for vehicle propulsion.

B.3.31 Electric power train means the electriceduit which may includes the traction motor(s),
and may also include the RESS, the electrical gnewvgversion system, the electronic
converters, the traction motors, the associatemh@hiarness and connectors, and the coupling
system for charging the RESS

B.3.32 Electronic converter means a device capatdentrolling and/or converting electric
power for electrical power for propulsion.

B.3.33 Enclosure means the part enclosing thenatemits and providing protection against any
direct contact.
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B.3.34 Exposed conductive part means the conduptiviewhich can be touched under the
provisions of the protection degree IPXXB, and whie@comes electrically energized under
isolation failure conditions.

B.3.35 External electric power supply means arrratiing current (AC) or direct current (DC)
electric power supply outside of the vehicle.

B.3.36 High Voltage means the classification of#attric component or circuit, if it's
maximum working voltage is > 60 V ard1500 V direct current (DC) or > 30 V ardlL000 V
alternating current (AC) root mean square (rms).

B.3.37 High Voltage Bus means the electrical cirdacluding the coupling system for charging
the RESS that operates on high voltage.

B.3.38 Indirect contact means the contact of peysdth exposed conductive parts.

B.3.39 Live parts means the conductive part(shihel to be electrically energized in normal
use.

B.3.40 Luggage compartment means the space irethielg for luggage accommaodation,
bounded by the roof, hood, floor, side walls, adl a& by the electrical protection barrier and
enclosure provided for protecting the power traomf direct contact with live parts, being
separated from the passenger compartment by thelfudkhead or the rear bulk head.

B.3.41 On-board isolation resistance monitorindeysmeans the device which monitors the
isolation resistance between the high voltage basdghe electrical chassis.

B.3.42 Open type traction battery means a typeatieby requiring liquid and generating
hydrogen gas released to the atmosphere.

B.3.43 Passenger compartment for electric safefgsssnent 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 beldwrical protection electrical protection
barriers and enclosures provided for protectingothwer train from direct contact with live

parts.

B.3.44 Protection IPXXB means protection from cohtaith high voltage live parts provided by
either an electrical protection barrier or an esgle and tested using a Jointed Test Finger
(IPXXB) as described in B.6.4.3.

B.3.45 Protection IPXXD means protection from cehtaith high voltage live parts provided
by either an electrical protection barrier or anlesure and tested using a Test Wire (IPXXD) as
described in B.6.4.3.

B.3.46 Rechargeable energy storage system (RESS)stlee rechargeable energy storage
system which provides electric energy for electiapulsion.
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B.3.47 Service disconnect means the device fortiledion of the electrical circuit when
conducting checks and services of the RESS, fulesteek, etc.

B.3.48 Solid insulator means the insulating coatihgiring harnesses provided in order to
cover and prevent the high voltage live parts feong direct contact. This includes covers for
insulating the high voltage live parts of connestand varnish or paint for the purpose of
insulation.

B.3.49 Working voltage means the highest valuenadlactrical circuit voltage root mean square
(rms), specified by the manufacturer or determimgtheasurement, which may occur between
any conductive parts in open circuit conditionsioder normal operating condition. If the
electrical circuit is divided by galvanic isolatiaine working voltage is defined for each divided
circuit, respectively.

B.4. APPLICABILITY OF REQUIREMENTS

B.4.1 The requirements of sections B.5.1 and3&sing test procedures given in B.6) apply
to all compressed hydrogen fueled vehicles.

B.4.2 The requirements of sections B.5.2 and3sing test procedures given in B.6) apply
to all liquid hydrogen fueled vehicles.

B.4.3 Each contracting party under the UNECE 1888 ement will maintain its existing
national crash tests and use the limit values f@eB.5.3.2 for compliance.

B.4.4 The requirements of section B.5.4 applgltdhydrogen-fueled vehicles using high
voltage.

B.4.4 The requirements in Annex B.7 are appliedbi Contracting Parties with Type
Approval systems.

B.5. PERFORMANCE REQUIREMENTS

B.5.1 COMPRESSED HYDROGEN STORAGE SYSTEM

This section specifies the requirements for thegrity of the compressed hydrogen storage
system. The hydrogen storage system consistedfigh pressure storage container(s) and
primary closures of openings into the high presstoeage container(s). For the illustration in
Figure B.5.1.1, the primary closures include therntally-activated pressure relief device
(TPRD), the check valve that prevents reverse fothe fill line, the shut-off valve that can
close to prevent flow to the fuel cell or ICE erggiand all components, fittings and fuel lines
that isolate the high pressure storage system thememainder of the fuel system and
environment.
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Any shut-off valve(s), and TPRD(s) that form theary closure of flow from the storage
container shall be mounted directly on or withicleaontainer As well as at least one
component with a check valve function.

Storage
Container

Figure B.5.1.1 Typical Compressed Hydrogen S®@ygstem

All new hydrogen storage systems produced for @utneehicle service shall have a NWP of 70
MPa or less and a service life of 15 years or lasd,be capable of satisfying the requirements of
B.5.1.

The hydrogen storage system shall be qualifieiéperformance test requirements specified in
this Section B.5.1. The qualification requiremdotson-road 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-Roadf®enance

B.5.1.4 Verification Test for Service TerminatiRgrformance
The test elements within these performance reqe@nesrare summarized in Table B.5.1. Test
procedures are specified in Section B.6.

Table B.5.1
Overview of Performance Qualification Test Requirenents

B.5.1.1 Verification Tests for Baseline 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 Tempeeawessure Cycling Tests
B.5.1.2.5 High Temperature Static Pressure Test
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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

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 GassBreLycling Test
(pneumatic)
B.5.1.3.3 Extreme Temperature Static Gas Pressak/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.5.1.4.1 Fire Test (pneumatic)

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 frondtgegn qualification batch of at least 10
containers, shall be hydraulically pressurizedlumtist (B.6.2.2.1 test procedure). The
manufacturer shall supply documentation (measuré&rand statistical analyses) that establishes
the midpoint burst pressure of new storage contsirizh.

All containers tested must have a burst pressutdmwi10% of BR) and greater than or equal to
a minimum BR,i, of 200% NWP.

B.5.1.1.2 Baseline Initial Pressure Cycle Life

Three (3) randomly selected new container shaliyagaulically pressure cycled to 125% NWP
without rupture for 22,000 cycles or until leak orx (B.6.2.2.2 test procedure). Leakage shall
not occur within #Cycles, where #Cycles is setuitlially by each Contracting Party within the
constraint that for the 15 years service life,éguired #Cycles cannot be greater than 11,000,
and it could be set at a lower number but not latvan 5,500 cycles.

B.5.1.2 Verification Tests for Performance Durality (Hydraulic sequential tests)
A hydrogen storage container must not leak dutiegfollowing sequence of tests, which are
applied in series to a single system and whichillastrated in Figure B.5.1.2. At least one

system must be tested to demonstrate the perfoerapability. Specifics of applicable test
procedures for the hydrogen storage system aredain Section B.6.2.3.
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Figure B. 5.1.2 Verification Test for Performaraurability (hydraulic)

B.5.1.2.1 Proof Pressure Test. A storage coataiill be pressurized to 150%NWP (B.6.2.3.1
test procedure). A storage container that hasrgnde a proof pressure test in
manufacture is exempt from this test.

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

B.5.1.2.3 Surface Damage Test: The storageatwntwill be 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 will be exposed to chemicals found indheoad environment and pressure
cycled to 125% NWP at 20 %%C) for 60% #Cycles pressure cycles (B.6.2.3.4 test
procedure). Chemical exposure will be discontithbefore the last 10 cycles, which
are conducted to 150% NWP.

B.5.1.2.5 High Temperature Static Pressure TESe storage container will be 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 system will be pressure cycled
at -40C to 80%NWP for 20% #Cycles cycles and af&86 125%NWP for 20%
#Cycles (B.6.2.3.2 test procedure).

B.5.1.2.7 Hydraulic Residual Pressure Test. Stbeage container will be pressurized to
180%NWP and held 30 seconds without burst (testquiore B.6.2.3.1).

B.5.1.2.8 Residual Burst Strength Test. Theagi® container will undergo a hydraulic burst
test to verify that the burst pressure is withi&@20f the 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 durindatewing 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.

Burst  fe-----
% Burst
—18006nwP
N 30sec
«—125%NWP
g +—115%NWP
2 + 80%NWP
d [
(]
=
o [) — time
a bec “——a b Y
150% +550C +55°C
NWP
—— < —— <
o o o
5 5%cy -40C* & 5%cy -40C &
3 5%cy +50CP g o 5%cy +50C g 0
2 40%cy15-25C £ S 40%cy15-25C = S
o 58 53
S Al = Al
S 3 3
o [} 1}
- -
a Fuel/defuel cycles @-80 with initial system equilibration @ -4G, 5 cycles with +2€C fuel; 5 cycles with <-3% fuel
b Fuel/defuel cycles @+8Q with initial system equilibration @+8G, 5 cycles with <-38C fuel
c Fuel/defuel cycles @15-26 with service (maintenance) defuelrate, 50 cycles

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

B.5.1.3.1 Proof Pressure Test: A system wilplessurized to 150%NWP (B.6.2.3.1 test
procedure).

B.5.1.3.2 Ambient and Extreme Temperature Gassare Cycling Test. The system will be
pressure cycled using hydrogen gas for 500 cy8e&2.4.1 test procedure).

* The pressure cycles will be divided into two graupalf of the cycles (250) will be
performed before exposure to static pressure (B.3)Jland the remaining half of
the cycles (250) will be performed after the inigaposure 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 bgllperformed to 125% NWP at
+50°C and 95% relative humidity, then 25 cycles to 80WP at -40C, and the
remaining 200 cycles to 125% NWP at 26)°€.

» The hydrogen gas fuel temperature will be -4B){&.

« During the first group of 250 pressure cycles, fiveles will be performed after
temperature equilibration of the system at@and 95% relative humidity; five
cycles will be performed after equilibration at °@9and five cycles will be
performed with fuel having a temperature of %2@fter equilibration at -4C.

« Fifty pressure cycles will be performed using augdéihg rate greater than or equal
to the maintenance defueling rate.

B.5.1.3.3 Extreme Temperature Static Pressurk/Peameation Test. The system will be held
at 115%NWP and 5& with hydrogen gas until steady-state permeatidd0chours,
whichever is longer (B.6.2.4.2 test procedure).

* The test will be performed after each groug®® pneumatic pressure cycles in
B.5.1.3. 2.

« The maximum allowable hydrogen discharge frbemdompressed hydrogen
storage system is R*150ml/min where R 5,M+1)*(V heightt0.5)*
(V|ength+1)/30.4rr? and Muigth, Vheightand Mength are the vehicle width, height and
length respectively in meters.

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

« If the measured permeation rate is greater ®@D5 mg/sec (3.6 cc/min), then a
localized leak test shall be performed to ensurpaiot of localized external
leakage is greater than 0.005 mg/sec (3.6 cc/itBrg.2.4.3 test procedure).

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

B.5.1.3.5 Residual Strength Burst Test (hydrdulithe storage container will undergo a

hydraulic burst to verify that the burst pressusrevithin 20% of the baseline burst
pressure determined in B.5.1.1.1 (B.6.2.2.1 testqxure).

B.5.1.4 Verification Test for Service Terminatig Performance in Fire

==>Suggestion: delete the following PART B text in feor of the explicit text added in
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A hydrogen storage system will be pressurized tofN&d exposed to fire (B.6.2.5.1 test
procedure ). A temperature-activated pressurefrédvice will release the contained gases in a
controlled manner without rupture.

B.5.1.5 Labeling

A label shall be permanently affixed on each caomgivith at least the following information:
Name of the Manufacturer, Serial Number, Date ohiMacture, NWP, Type of Fuel, and Date
of Removal from Service. Any label affixed to tt@ntainer in compliance with this section
shall remain in place and be legible for duratibthe manufacturer's recommended service life
of the container. Contracting parties may speadfglitional labeling requirements.

B.5.2 LIQUEFIED HYDROGEN STORAGE SYSTEM
This Section specifies the requirements for thegrity of a liquefied hydrogen storage system.

The hydrogen storage system will be qualified ®gkrformance test requirements specified in
this Section. All liquefied hydrogen storage syséeproduced for on-road vehicle service must
be capable of satisfying requirements of B.5.2.

The manufacturer has to provide a confirmationyafrbgen material compatibility for the inner
tank and all components in contact with hydrogEBarthermore, the manufacturer is obliged to
specify a maximum allowable working pressure (MAViB)the inner container. In order to
prove proper design and expected on-road perforenahthe storage the following tests have to
be accomplished:

» Proof pressure test

» Baseline Initial Burst Pressure (hydraulic)
» Boil-off test

* Leaktest

e Vacuum loss test

* Bonfire test

The test elements within these performance req@nesrare summarized in Table B.5.2.
These criteria apply to qualification of storagsteyns for use in new vehicle production. It

does not apply to re-qualification of any singleguced system for use beyond its expected
useful service or re-qualification after a potelhfiaignificant damaging event.

Table B.5.2
Overview of Performance Qualification Test Requirenents
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B.5.2.1 Verification Tests for Baseline Metrics

B 5.2.1.1 Proof pressure test
B 5.2.1.2 Baseline Initial Burst Pressure (perfed on the inner tank)

B.5.2.2 Verification of Material Compatibility

B.5.2.3 Verification for Expected On-road Performance

B.5.2.3.1 Boil-off test
B.5.2.3.2 Leak test
B.5.2.3.3 Vacuum loss test

B.5.2.4 Verification Test for Service TerminatingPerformance in Fire

B.5.2.1 Verification for Baseline Metrics

B.5.2.1.1 Proof pressure test

A system will be pressurized to a pressugg®1.3 (MAWP + 0.1 MPa) in accordance with test
procedure B.6.3.1.1 without visible deformationg@dalation of container pressure, or detectable
leakage.

B.5.2.1.2 Baseline Initial Burst Pressure

The burst test shall be performed per the testquhae in B.6.3.1.2 on one sample of the inner
container that is not integrated in its outer jacksd not insulated.

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) (i) plus 0.1 MPa multiplied by
3.25;

* O
12

the Maximum Allowable Working Pressure (MAWP) (irPd) plus 0.1 MPa multiplied
by 1.5 and multiplied by Rm/Rp, where Rm is the imum ultimate tensile strength of
the container material and Rp (minimum yield stteh¢ 1.0 for austenitic steels and Rp
is 0.2 for other steels.

B.5.2.2 Verification for Material Compatibility
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The manufacturer has to ensure to use compatibtierialan his application.
For definition of test procedures in order to préive material compatibility see B.6.3.2.
==BMW/GWS to draft B.6.3.2.

B.5.2.3 Verification for Expected On-road Perfornance
B.5.2.3.1 Boil-off test

The boil-off test shall be performed on a liquidlhygen storage system equipped with all
components as described in A.3.3.2.2 (Figure 4 f€st shall be performed on a system filled
with liquid hydrogen per the test procedure in B.8.1 and demonstrate that the boil-off system
limits the pressure in the inner storage contdieéow the maximum allowable working pressure.

B.5.2.3.2 Leak test

After the boil-off test in B.5.2.3.1, the systenalibe kept at boil-off pressure and the total
discharge rate due to leakage shall be measurdte#zst procedure in B.6.3.3.2. The maximum
allowable discharge from the hydrogen storage sy&eR*150 Ncc/min where R =
(Vwidth+1)*(Vheighfi'o.5)*(V|ength+1)/30.4 and Vigth, Vheighﬁ Vlength are the vehicle width, height,
length (m), respectively.] (see B.6.2.3.4. testprlure).

B.5.2.3.3 Vacuum loss test

The vacuum loss test shall be performed on a liQydtogen storage system equipped with all
components as described in A.3.3.2.2 (Figure 4. €kt shall be performed on a system filled with
liquid hydrogen per the test procedure in B.6.3218 demonstrate that both primary and
secondary pressure relief devices limit the pressuthe values specified in B.6.3.3.3 in case
vacuum pressure is lost .

B.5.2.4  Verification Test for Service Terminating @nditions

At least one system must demonstrate the workirtgepressure relief devices and the absence of
rupture under the following service-terminating diions. Specifics of test procedures are
provided in Section 6.3.4.

A hydrogen storage system will be filled to halfHiguid level and exposed to fire in accordance
with test procedure 6.3.4. The pressure reliefad€s) will release the contained gas in a coredll
manner without rupture.

For steel containers the test is passed when tlugreenents relating to the pressure limits for the
pressure relief devices as described in B.6.31/& 3udfilled. For other container materials, an
equivalent level of safety shall be demonstrated.

SGS-10 >> Is localized fire needed for LH containér
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B.5.3 VEHICLE FUEL SYSTEM.

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

B.5.3.1 In-use Fuel System Integrity:

B.5.3.1.1 Fueling receptacle
a) A compressed hydrogen fueling receptacle shallgrereverse flow to the atmosphere
(test procedure B.6.1.6).

b) Fueling receptacle label: A label shall bevjided close to the fueling receptacle, for
example, inside a refilling hatch, showing theduling information:
i. For compressed hydrogen storage system: Fuel My, date of removal from
service of containers.
ii. Forliquefied hydrogen storage system: Rypé.

B.5.3.1.2 Hydrogen discharge systems
B.5.3.1.2.1 Pressure relief systenfest procedure B.6.1.6)

a) TPRDs and PRDs. The outlet of the vent lihpreésent, for hydrogen gas discharge from
TPRD(s) and/or PRD(s) of the storage system slegfirbtected, e.g. by a cap.
b) TPRDs. The hydrogen gas discharge from TPRaf(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 (pagdlto 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, exposedrétatswitches or other ignition
sources
* into or towards the vehicle passenger or carggpeotments
« into or towards any vehicle wheel housing
» towards hydrogen gas containers

B.5.3.1.2.2Fuel cell / vehicle exhaust systemAt the vehicle exhaust system’s point of
discharge, the hydrogen concentration level sthalh¢t exceed 4% average by volume during
any moving three-second time interval during norog@ration including start-up and shutdown
(2) and not exceed 8% at any time (B.6.1.4 testeuiore).

B.5.3.1.3 Protection against Flammable ConditionsSingle Failure Conditions
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B.5.3.1.3.1 Hydrogen leakage and/or permeatiam the hydrogen storage system shall not
be allowed to directly vent to the passenger, lgggar cargo compartments, or to any enclosed
or semi-enclosed spaces within the vehicle thatadomnprotected ignition sources

B.5.3.1.3.2 Any single failure downstream of thain hydrogen shut off valve shall not result
in a hydrogen concentration in air greater thanbdfgolume in the passenger compartment.

B.5.3.1.3.3 If during operation, a single failuesults in a hydrogen concentration greater than
4%, by volume in air in the enclosed or semi-erediospaces of the vehicle then the main
shutoff valve shall be closed to isolate the sysaewha warning shall be provided (per
B.5.3.1.5).

B.5.3.1.4 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.5.3.1.5 Tell-tale warning to driver

The warning shall be given by a tell-tale(s) opthy text with the following properties:

a. Shall be visible to the driver while in the drivedesignated seating position with the
driver's seat belt fastened.

b. Shall be yellow in color if the detection systemlfonactions and shall be red in compliance
with section B.5.3.1.3.3.

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

d. Shall remain continuously illuminated while the say4% concentration or detection
malfunction) exists and the ignition locking systenmn the "On" ("Run") position or the
propulsion system is activated.

e. Shall extinguish at the next propulsion systemt stgele only if the cause for alerting the
driver has been corrected

B.5.3.2  Post-Crash Fuel System Integrity

B.5.3.2.1 Fuel leakage limit: the volumetric flow of hydrogen gas leakage shatl
exceed an average of 118 NL per minute for 60 rematfter the crash (in B.6.1.1 test
procedures) for vehicles with either Compressedrbiyein Storage Systems or Liquefied
Hydrogen Storage Systems.

B.5.3.2.2 Concentration limit in enclosed space&he hydrogen fuel leakagshall not result
in a hydrogen concentration in air greater thanbdfgolume in the passenger, luggage and
cargo compartments (B.6.1.2 test procedures) foicies with either Compressed Hydrogen
Storage Systems or Liquefied Hydrogen Storage 8yste
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B.5.4 Electric Safety

B.5.4.1 Electric Safety Requirements - in-use

B.5.4.1.1 General

Paragraph B.5.4.1 applies to the electric poweén thfuel 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 systetrislware conductively connected to the high
voltage bus of the electric power train.

B.5.4.1.2 Requirements for Protection against Eledtal Shock

B.5.4.1.2.0 _ Protection against electric shock

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

B.5.4.1.2.1  Protection against direct contact

The protection against direct contact with livetgahall comply with paragraphs B.5.4.1.2.1.1
and B.5.4.1.2.1.2. These protections (solid insujatlectrical protection barrier, enclosure, etc.)
shall not be able to be opened, disassembled avesnwithout the use of tools.

B.5.4.1.2.1.1 For protection of live parts inside the passemgenpartment or luggage
compartment, the protection degree IPXXD shall tweviged.

B.5.4.1.2.1.2 For protection of live parts in areas other thaghssenger compartment or
luggage compartment, the protection degree IPXX8| $ie satisfied.

B.5.4.1.2.1.3 Connectors
Connectors (including vehicle inlet) are deemenh&et this requirement if:
a) they comply with B.5.4.1.2.1.1 and B.5.4.1.2.1.2wlseparated without the use of
tools or
b) they are located underneath the floor and are geaMivith a locking mechanism or
c) they are provided with a locking mechanism and othenponents 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&E 60V or equal or below AC
30V (rms) within 1 second after the connector [zasated

B.5.4.1.2.1.4 Service disconnect

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

B.5.4.1.2.1.5 Marking
B.5.4.1. 2.1.5.TThe 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.5.4.1.2.1.5.Zhe symbol shall be visible on enclosures and etetiprotection barriers,
which, when removed expose live parts of high \gdtaircuits. This provision is optional to any
connectors for high voltage buses. This provisivallshot apply to any of the following cases

a) where electrical protection barriers or enclos@aamot be physically accessed,
opened, or removed; unless other vehicle comporseateemoved with the use of
tools.

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

B.5.4.1. 2.1.5.Fables for high voltage buses which are not locatiélnin enclosures shall be
identified by having an outer covering with theaal orange.

B.5.4.1.2.2  Protection against indirect contact

B.5.4.1.2.2.1 For protection against electrical shock which daise from indirect contact, the
exposed conductive parts, such as the conductaetrielal protection barrier and enclosure, shall
be conductively connected securely to the eledtclcassis by connection with electrical wire or
ground cable, or by welding, or by connection udinlis, etc. so that no dangerous potentials

are produced.

B.5.4.1.2.2.2 The resistance between all exposed conductives @amil the electrical chassis
shall be lower than 0.1 ohm when there is currient Df at least 0.2 amperes. Demonstrated by
using one of the test procedures described in BL.6.4

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

B.5.4.1.2.2.3 In the case of motor vehicles which are connettdte grounded external
electric power supply through the conductive cotinaca device to enable the conductive
connection of the electrical chassis to the eamlired shall be provided.

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

Compliance to this requirement may be demonstraitber by using the connector specified by
the car manufacturer, or by analysis (e.qg. visosppéction, drawings etc.).

B.5.4.1.2.3 Isolation Resistance
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B.5.4.1.2.3.1In fuel cell vehicles, DC high voltage buses shalle an on-board isolation
resistance monitoring system together with a wariinthe driver if the isolation resistance
drops below the minimum required value of 100 olwis/

The function of the on-board isolation resistancenitoring system shall be confirmed as
described in B.6.4.2.

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.5.4.1.2.3.2 Electric power train consisting ofeparate Direct Current or Alternating

Current buses
If AC high voltage buses and DC high voltage busesconductively isolated from each other,
isolation resistance between the high voltage bdslae 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 ta@l.R.6lsolation Resistance Measurement
Method”.

[B.5.4.1.2.3.3 Electric power train consisting ofombined DC- and AC-buses
es,
um
ge.

that
ng
f
]

_e

Comment: OICA has to come up with a proposal for agnd b) that allows NHTSA can tell the manufacturer
how the system has to be tested.

B.5.4.1.2.3.4 lIsolation resistance requirement fadhe coupling system for charging the
RESS

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

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

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

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

measurement, the RESS may be disconnected.

The measurement shall be conducted according td .B.8solation Resistance Measurement
Method”
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B.5.4.1.3 Functional Safety
At least a momentary indication shall be givenhi® driver when the vehicle is in "active driving

possible mode".

However, this provision does not apply under caod# where an internal combustion engine
provides directly or indirectly the vehicle’s prégian power upon start up.

When leaving the vehicle, the driver shall be infed by a signal (e.g. optical or audible signal)
if the vehicle is still in the active driving pob& 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 usingém@ector specified by the car
manufacturer.

The state of the drive direction control unit shlidentified to the driver

B.5.4.2 Electric safety requirements — post-crash

B.5.4.2.1. General

Fuel cell vehicles equipped with electric poweirtrshall meet the requirements of paragraph
B.5.4.2.2. through B.5.4.2.4. This can be met bg@arate impact test provided that the
electrical components do not influence the occupastection performance of the vehicle type
as defined in the impact regulation. In case of tloindition the requirements of paragraph
B.5.4.2.2. through B.5.4.2.4 shall be checked soetance with the methods set out in B.6.4.5.

B.5.4.2.2 Protection against electrical shock

After the impact at least one of the three critepacified in paragraph B.5.4.2.2.1 through
paragraph B.5.4.2.2.3 shall be met. However Cotitiga®arties under the 1998 Agreement can
choose to adopt Paragraph B.5.4.2.2.4 “Low elesitBoergy” as additional criteria.

If the vehicle has an automatic disconnect functirdevice(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 defined in B.5.4.2.2.2 shall npply if more than a single potential of a part of
the high voltage bus is not protected under thelitimms of protection IPXXB.

In the case that the test is performed under thditon that part(s) of the high voltage system
are not energized, the protection against eletslvack shall be proved by either B.5.4.2.2.2 or
] for the relevant part(s).

B.5.4.2.2.1  Absence of high voltage
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The voltages Vb, V1 and V2 of the high voltage susieall be equal or less than 30 VAC or 60
VDC within 60 seconds after the impact as specifieH.6.4.5 paragraph B.6.4.5.2.22.

B.5.4.2.2.2 Isolation resistance
The criteria specified in the paragraphs B.5.421%and B.5.4.2.2.2.2 below shall be met.
The measurement shall be conducted in accordaribgatagraph B.6.4.5.2.3 of B.6.4.5.

B.5.4.2.2.2.1 Electrical power train consisting of separate DC- ad AC-buses

If the AC high voltage buses and the DC high vathgses are conductively isolated from each
other, isolation resistance between the high veltags and the electrical chassis (Ri, as defined
in paragraph B.6.4.5 .2.3 of B.6.4$hall have a minimum value of 108volt of the working
voltage for DC buses, and a minimum value of 8&olt of the working voltage for AC buses.

B.5.4.2.2.2.2 Electrical power train consisting ofombined DC- and AC-buses
If the AC high voltage buses and the DC high valthgses 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.6.4.5.2.3 of B.6.4.5) shall have amnim value of 50@/volt of the working

voltage.

(b) isolation resistance between the high voltagednd the electrical chassis (Ri, as defined in
paragraph B.6.4.5.2.3 of B.6.4.5) shall have amnim value of 10®/volt of the working
voltage and the AC bus meets the physical protecsdescribed in B.5.4.2.2.3.

(c) isolation resistance between the high voltagednd the electrical chassis (Ri, as defined in
paragraph B.6.4.5.2.3 of B.6.4.5) shall have amim value of 10@/volt of the working
voltage and the AC bus meets the absence of hilhigeoas described in B.5.4.2.2.1.

n

| be

the
ohm

case

de.]

B.5.4.2.2.4 L ow electrical energy

The total energy (TE) on the high voltage buse# bedess thanl[2.0] Joules when measured
according to the test procedure as specified iagraph B.6.4.5 .2.5 of B.6.4.5with the formula
(a). Alternatively the total energy (TE) may beccddted by the measured voltage Vb of the
high voltage bus and the capacitance of the X-aapadG,) specified by the manufacturer or
determined by measurement according to formulafparagraph B.6.4.5 .2.5 of B.6.4.5.
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The energy stored in the Y-capacitors (THE,») shall also be less than [2.0 ] Joules. This shall
be calculated by measuring the voltages V1 andfMBeohigh voltage buses and the electrical
chassis, and the capacitance of the Y-capacitedfigd by the manufacturer or determined by
measurement according to formulas (c) of paragB&apt¥d.5 .2.5 of B.6.4.5.

B.5.4.2.3 Electrolyte spillage

In the period from the impact until 30 minutes nfie electrolyte from the RESS shall spill into

the passenger compartment and no more than 7 peofcelectrolyte shall spill from the RESS

exeeptopen-type traction-battermsside the passenger compartment—Foropenitypion
With m muBrL®lite ha enger

" y t.

The manufacturer shall demonstrate compliancedonrdance with paragraph B.6.4.5.2.6 of
B.6.4.5.

B.5.4.2.4 RESS retention
RESS located inside the passenger compartmentreh@dlin in the location in which they are
installed and RESS components shall remain insEi®3Rboundaries.

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

The manufacturer shall demonstrate compliancedonrdance with paragraph B.6.4.5.2.7 of
B.6.4.5.

B.6. TEST CONDITIONS AND PROCEDURES

B.6.1 Compliance Tests for Fuel System Integrity

B.6.1.1 Post-Crash Leak Test

The crash tests used to evaluate post-crash hydtegkage are those already applied in the
respective jurisdictions to evaluate post-crashlaakage.

To evaluate possible hydrogen discharge followiregyehicle crash tests, the following
procedure should be used depending whether veltuotgain Compressed Hydrogen Storage

Systems or Liquefied Hydrogen Storage Systemstandelection of fluid in the storage systems
for the crash test.

B.6.1.1.1 Post-Crash Leak Test -- Compressed Hydyen Storage System (CHSS)
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Prior to conducting the crash test, instrumentasioall be installed in the Compressed Hydrogen
Storage System (CHSS) to perform the required pressnd temperature measurements if the
standard vehicle does not already have instrunmientafith the required accuracy.

The CHSS shall then be purged, if necessary, fatigunanufacturing directions to remove
impurities from the tank before filling the CHSStlwcompressed hydrogen or helium gas.
Since the CHSS pressure varies with temperatuedatigeted fill pressure is a function of the
temperature. The target pressure shall be detechiiom the following equation:

Ptarget: NWP X (273 + D / 288

where NWP is the Nominal Working Pressure (MPahefCHSS, Tis the ambient temperature
to which the CHSS is expected to settle, apgd.Hs the targeted fill pressure after the CHSS
temperature settles.

The tank shall be filled to a minimum of 95% of thaegeted fill pressure and allowed to settle
(stabilize) prior to conducting the crash test.

The main stop valve and shut-off valves for hydrogas, located in the downstream hydrogen
gas piping, shall be kept open immediately pricth®impact.

B.6.1.1.1.1 Post-Crash Leak Test -- Compressed Hpgien Storage System (CHSS) Filled

with Compressed Hydrogen

The hydrogen gas pressurg)(&d temperature °C)) shall be measured immediately before
the impact and then at a time intervsl, after the impact. The time intervat, starts when the
vehicle comes to rest after the impact and consirfioeat least 60 minutes. The time interval,
At , shall be increased if necessary in order tomcoodate measurement accuracy for a large

volume CHSS operating up to 70MPa; in that cAsean be calculated from the following
equation:

At = Veussx NWP /1000 x ((-0.027 x NWP +4) xR 0.21) -1.7 X R
where R= P;/ NWP, Ris the pressure range of the pressure sensor (WW&p is the Nominal
Working Pressure (MPa),c¥issis the volume of the CHSS (L), aad is the time internal (min).
If the calculated value dft is less than 60 minuteAt shall be set to 60 minutes.
The initial mass of hydrogen in the CHSS can beutated as follows:
Py =Pyx 288/ (273 + 1)
po = —0.0027 x (F)%+ 0.75 x B + 0.5789

Mo =po’ X V chHss
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where RBis the measured initial pressure (MPa), To istieasured initial temperatur®C)), and
Vchussis the volume of the CHSS (L).

Correspondingly, the final mass of hydrogen in@SS, M, at the end of the time internaltf
can be calculated as follows:

P’ =Psx 288/ (273 +7)
pf =—0.0027 x (P)%+ 0.75 x P + 0.5789
Mt =pf' X Vchss

where Ris the measured final pressure (MPa) at the etideotime interval, Tf is the measured
final temperature (C), andd¥ssis the volume of the CHSS (L).

The average hydrogen flow rate over the time irgtefthat shall be less than the criteria in
B.5.3.2.1) is therefore

where \j; is the average volumetric flow rate (NL/min) otlee time interval and the term

(Prarget/Po) 1s used to compensate for differences between #ssured initial pressuredPand
the targeted fill pressure §Re).

B.6.1.1.1.2 Post-Crash Leak Test -- Compressed Hypgen Storage System (CHSS) Filled
with Compressed Helium

The helium gas pressuregfRRnd temperature ¢¥shall be measured immediately before the
impact and then at a predetermined time interval &éfie impact. The predetermined time
interval starts when the vehicle comes to rest #fieimpact and continues for at least 60
minutes. In order to accommodate large volume GHgf®rating up to 70MPa, it may be to
extend the time interval\f) so that the pressure loss over the time intezaalbe accurately
measured. The time interval can be determined frariollow equation:

At = Vcussx NWP /1000 x ((-0.028 x NWP +5.5) xsR0.3) — 2.6 xR
where R= P,/ NWP, R is the pressure range of the pressure sensor (MWR&P is the Nominal
Working Pressure (MPa),dssis the volume of the CHSS (L), aad is the time internal (min).
If the value ofAt is less than 60 minuteAt is set to 60 minutes.
The initial mass of hydrogen in the CHSS can beutated as follows:

Po' = Pox 288 /(273 + )

po =—0.0043 x (F)%+ 1.53 x B + 1.49
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Mo =po’ X V chss

where RBis the measured initial pressure (MPa), To ismieasured initial temperature (C), and
Vcussis the volume of the CHSS (L).

Correspondingly, the final mass of hydrogen in@¢SS at the end of the time internat)(can
be calculated as follows:

P =Px 288/ (273 +7)
of = —0.0043 x (P)2+ 1.53 x P + 1.49
Mt = pf X V cHss

where Ris the measured final pressure (MPa) at the ettideofime interval, Tis the measured
final temperature (C), andc¥ssis the volume of the CHSS (L).

The average helium flow rate over the time intersdaherefore

VHe = (Mf'MO) /At X 2241 /4003 X (PF)targe)
where My is the average volumetric flow rate (NL/min) oviee time interval and the terny/P
PuargeidS be used to compensate for differences betweem#asured initial pressure;YPand the

targeted fill pressure (Rye).

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

VH2 = VHe /0.75

where \; is the corresponding average volumetric flow addogen(that shall be less than the
criteria in B.5.3.2.1 to pass).

B.6.1.1.2 Post-Crash Leak Test -- Liquid Hydrogeistorage

Prior to the crash test, if a helium pressuredéste liquefied hydrogen storage system (LHSS)
is planned after the crash and if the vehicle dm¢slready have the following capabilities as
part of the standard vehicle, the following equipirghall be installed:

1) LHSS Pressure Sensor. The pressure sensor shalaHall scale of reading of at least

150% of MAWP, an accuracy of at least 1% of fullle¢c and capable of reading values
of at least 10 KPa.
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2) LHSS Temperature Sensor. The temperature senalbbshcapable of measure
cryogenic temperatures expected before crash.sa@hsor shall be located on an outlet,
as near as possible to the tank.

3) Fill and drain ports. The ability to add and remdoth liquefied and gaseous contents
of the LHSS before and after the crash test naets provided.

Following completing LHSS preparation and priottie vehicle crash test, the LHSS shall be
purged, if necessary, following manufacturing dii@ts to remove impurities from the tank
before filling with liquefied fluid. The LHSS sHahen be filled with either liquefied hydrogen
(LH2) to the maximum quantity or liquefied nitrogériN2) to at least 10% of the maximum
liquefied hydrogen volume in the LHSS, dependingciHiluid is planned for the crash test.

After completing the fill, the leak-tightness oEthHSS shall be confirmed and the LHSS shall
be allowed to equilibrate. After the LHSS pressamd temperature sensors indicate that the
system has cooled and equilibrated, the vehicd# bk crashed per state or regional regulation.

The main stop valve and shut-off valves, etc. fja@irbgen, located in the downstream hydrogen
gas piping, shall be kept open immediately priath®impact.

Following the crash, there shall be no visible le&kold gas or liquid for a period of at least 1
hour after the crash. Additionally, the oper&pibf the pressure controls or Pressure Relief
Devices (PRDs) shall be proven to ensure that H®3 is protected against burst after the

crash. If the LHSS vacuum has not been compronfigete crash, nitrogen gas may be added
to the LHSS via the fill / drain port until preseuwrontrols and/or PRDs are activated. In the case
of re-closing pressure controls or PRDs, activaéind re-closing for at least 2 cycles shall be
proven.

Following confirmation that the pressure controdifm safety relief valves are still functional, a

leak test shall be conducted on the LHSS usingtbeedures in either B.6.1.1.2.1 or
B.6.1.1.2.2.

B.6.1.2 Post-Crash System Integrity -- Concentratio Test for Enclosed Spaces
B.6.1.2.1 Post-Crash Test of Enclosed Spaces — Quwassed Hydrogen Storage

The measurements shall be recorded in the crasthég®valuates potential hydrogen (or
helium) leakage (test procedure B.6.1.1.1).

Select sensors to measure either the build-upedfiyidrogen or helium gas or the reduction in
oxygen (due to displacement of air by leaking hgerohelium).

Calibrate sensors to traceable references to easugecuracy of 5% at the targeted criteria of
4% hydrogen or 3% helium by volume in air, and ladcale measurement capability of at least
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25% above the target criteria. The sensor shatbpable of a 90% response to a full scale
change in concentration within 10 seconds.

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

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

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

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

The sensors shall be securely mounted to the wesinicture or seats and protected for the
planned crash test from debri, air bag exhaustgdgrojectiles. The measurements following
the crah shall be recorded by instruments locaiddmthe vehicle or by remote transmission.

The vehicle may be located either outdoors inraa arotected from the wind and possible solar
effects or indoors in a space that is large enaugtentilated to prevent the build-up of potential
to more than 10% of the targeted criteria in thespager, luggage, and cargo compartments.

Post-crash data collection in enclosed spaces aminence when the vehicle comes to rest.
Data from the sensors shall be collected at legst/es seconds and continue for a period of 60
minutes after the test. Up to a 5 second firseotag (time constant) may be applied to the
measurements to provide “smothing” and filter tffeas 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@umé post-crash test period.

B.6.1.2.2 Post-Crash Enclosed Spaces Test -- Liqiilydrogen Storage System (LHSS)

The measurements shall be recorded in the crasthét®valuates potential liquid hydrogen
leakage in test procedure B.6.1.1.2 if the LHSSaias hydrogen for the crash test or during
the helium leak test in test procedure B.6.1.1.2.1.

Select sensors to measure the build-up of hydrogéelium (depending which gas is contained
within the Liquefied Hydrogen Storage Systems (LE)S8r the crash test. Sensors may
measure either measure the hydrogen/helium cooteéhé atmoshpere within the compartments
or measure the reduction in oxygen (due to dispheece of air by leaking hydrogen/helium).

The sensors shall be calibrated to traceable mefess have an accuracy of 5% of reading at the
targeted criteria of 4% hydrogen (for a test witfuéfied hydrogen) or 0.8% helium by volume

in air (for a test at room temperature with heliuand a full scale measurement capability of at
least 25% above the target criteria. The sensl s capable of a 90% response to a full scale
change in concentration within 10 seconds.
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The installation in vehicles with LHSSs shall méest same requirements as for vehicles with
CHSSs.

Data from the sensors shall be collected at least/es seconds and continue for a period of 60
minutes after the vehicle comes to a rest if pogsit hydrogen is being measured or after the
initiation of the helium leak test if helium buildus being measured. Up to a 5 second rolling
average may be applied to the measurements todarésinothing” and filter effects of spurious
data points. The rolling average of each sensalt BB below the targeted criteria of 4%
hydrogen (for a test with liquefied hydrogen) d8%.helium by volume in air (for a test at room
temperature with helium) at all times througho @ minute 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. Start the propulsicstieay of the test vehicle, warm it up to its
normal operating temperature and leave it operdtinthe test duration. If the
vehicle is not a fuel cell vehicle, warm it up daekp it idling. If the test vehicle
has a system to stop idling automatically, meassina#i be taken 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 shall be usethe proper concentration should be selected bas¢ieo
recommendation (or the detector specification)igyrhanufacturer.

B.6.1.3.1.2 Test method.

B.6.1.3.1.2a Preparation for the test. The tesil e conducted without any influence of wind.
If necessary for blowing the test gas to the hydrogas leakage detector without
fail, the following measures shall be taken.
¢ Attach a test gas induction hose to the hydraggenleakage detector.

« Enclose the hydrogen leak detector with a covendke gas stay around
hydrogen leak detector.

B.6.1.3.1.2b Execution of test.

* The number and location of the release pointsdtwwam of the main hydrogen
shutoff valve shall be defined by the vehicle mawtdrer taking worst case
leakage scenarios into account.

» Blow test gas to the hydrogen gas leakage detecto

« Confirm the warning provided

¢ Confirm the main shut-off valve closed. To comfithe operation of the main
shut-off valve of the hydrogen supply, the monitgrof the electric power to
the shut-off valve or of the sound of the shutsafive activation may be used.

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 shall be conducted witlhoytinfluence of wind.
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B.6.1.3.2.1.b Special attention shall be paicheotest environment 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 shalprepared to allow remotely controllable
hydrogen releases from the hydrogen system. Thédeuand location of the
release points downstream of the main hydrogerofhedlve shall be defined by
the vehicle manufacturer taking worst case leakagearios into account.

B.6.1.3.2.1.d Only for the purpose of the testrbgén concentration detectors shall be installed
in enclosed or semi enclosed volumes on the vehicle
If bulkheads or similar structures are providegtevent hydrogen from intruding
into passenger compartments, it is not necessdrgte hydrogen concentration
measurement points in the passenger compartmeirsexample of hydrogen
concentration measurement locations can be foutiteidocument “Examples of
hydrogen concentration measurement points fomigsti need reference.

SGS - this test provides no measurement in the pasger compartment
SGS - this test provides no confirmation of a warmig tell-tale or vehicle shut-down if
concentration exceeds 4% in an enclosed space

B.6.1.3.2.2 Procedure:

B.6.1.3.2.2.a Vehicle doors, windows and otheresshall be closed.

B.6.1.3.1.2.b Start the propulsion system, allbte iwarm up to its normal operating
temperature and leave it operating at idle fortés¢ duration.

B.6.1.3.2.2.c A leak shall be simulated usingrdraote controllable function.

B.6.1.3.2.2.d The hydrogen concentration shathleasured continuously until the
concentration does not rise anymore for 3 minutestl the main hydrogen shutoff
valve is closed.

B.6.1.3.2.2.e If during the test the hydrogen eoniation at one of the measurement locations
exceeds 4% significantly, the test shall be terteitha

==>SGS-9: OICA will look for a test report on the condudttbe test described in B.6.1.3.1

B.6.1.4 Compliance Test for the-FuelSeWehicle Exhaust System

B.6.1.4.a Thefueleeflower system of the test vehicle (e.g., fuel sltk or engine) shall be
warmed up to its normal operating temperature.
B.6.1.4.b The measuring device shall be warmekafipre use to its normal operating
temperature.
B.6.1.4.c The measuring section of the measurévice shall be placed on the centre line of the
exhaust gas flow within 200 mm from the exhaustaatet external to the vehicle.
B.6.1.4.d The exhaust hydrogen concentration sleatlontinuously measured during the
following steps::
¢ Shut down the power system
« Upon completion of the shut-down process, immetjiatart the power system.
« After a lapse of one minute, turn off the systerd eontinue the measurement
until the fuel cell system shut down procedureoisipleted.
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B.6.1.4.e The measurement device must have a me@asat response time of less than 300
milliseconds.

B.6.1.5 Compliance Test for Fuel Line Leakage

B.6.1.5.a The power system of the test vehiclg (&el cell stack or engine) shall be warmed
up and operating at its normal operating tempegaiuith the operating pressure
applied to fuel lines

B.6.1.5.b Hydrogen leakage shall be evaluated@gssible sections of the fuel lines from the
high-pressure section to the fuel cell stack (erghgine), using a gas detector or leak
detecting liquid, such as soap solution.

B.6.1.5.c Hydrogen leak detection shall be perfmmprimarily at joints

B.6.1.5.e When a gas leak detector is used, dmbeshall be performed by operating the leak
detector for at least 10 seconds at locationsasdb fuel lines as possible.

B.6.1.5.f When a leak detecting liquid is usedjriogen gas leak detection shall be performed
immediately after applying the liquid. In additjonsual checks shall be performed a
few minutes after the application of liquid in orde check for bubbles caused by
trace leaks.

B.6.1.6 Installation verification: The system shall be visually inspected for compkaper
sections B.5.3.1.1 and B 5.3.1.2.1.

B.6.2 TEST PROCEDURES FOR COMPRESSED HYDROGEN SODRAGE

B.6.2.1 Material Qualification

B.6.2.1.1 Material Tests for Conformity of Protion

B.6.2.1.1.a Plastic liner tensile test. For coretes with plastic liners, two plastic liners shadl
tested at -40C in accordance with ISO 527-2. €heile yield strength and ultimate elongation
shall be within the manufacturer’'s specifications.

B.6.2.1.1.b Plastic liner softening temperatessd.t For containers with plastic liners, the
softening temperature of polymeric materials framished liners shall be determined based on
the A50 method in ISO 306. The softening tempeeashall be greater than or equal to 100C.
B.6.2.1.1.c Glass transition temperature test. cbatainers with composite wraps, the glass
transition temperature of resin materials shalliéermined in accordance with ASTM D3418.
Test results shall be within the manufacturer' djpations.

B.6.2.1.1.d Resin shear strength test. For coatsiwith composite wraps, resin materials shall

be tested on a coupon of the over-wrap in accomlaithh ASTM D2344. After boiling in water
for 24 hours the minimum shear strength of the ausitp shall be 13.8MPa.
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B.6.2.1.1.e Coating test. For containers witleexdl environmental coatings, coatings shall be
evaluated as follows:
a) adhesion strength based on ISO 4624; thengpsitiall 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 shall exhibit npaapnt cracks

c) impact resistance in accordance with ASTM D279Be coating at room temperature

shall pass a forward impact test of 18 J.

d) water exposure based on ASTM G154 using ansexpaf 1000 hours. There shall be

e)

no evidence of blistering. The adhesion shall raeetting of 3 when tested in
accordance with 1ISO 4624.
salt spray exposure in accordance with ASTMBU4ing an exposure of 500 hours.
There shall be no evidence of blistering. The agimeshall meet a rating of 3 when
tested in accordance with ASTM D3359.

B.6.2.1.1.f Metal tensile strength and elongati®mcumentation of tensile strength and
elongation testing shall confirm that materials triee manufacturer’s specifications.

a)

b)

For steel alloys, tensile strength and eldogaests should be conducted on a finished
steel unit (containment vessel or liner) that comesontact with hydrogen in the interior
of a high pressure containment vessel accorditgnsile strength and elongation tests in
10.2-10.4 of ISO 9809-1:1999 or ISO 9809-2:2000mbestrated tensile strength and
elongation shall meet the manufacturer’s desigweiipations. For containment vessels
without full composite fiber/resin structural wrajitss recommended that the elongation
be at least 14%.

For aluminum alloys, material tests shoulctbeducted on a finished aluminum alloy
unit (containment vessel or liner) that comes intaot with hydrogen in the interior of a
high pressure containment vessel according to-40@3 and Annexes A or B of ISO
7866:1999. (These are tensile, corrosion and doacking tests; corrosion tests are not
required). Demonstrated tensile strength and elomg shall meet the manufacturer’s
design specifications. For containment vesselsowit full composite fiber/resin
structural wraps, it is recommended that the eltogde 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 flexibilitydgs

B.6.2.1.2 Hydrogen Compatibility (Embrittlement)

a) Steel

In all applications where steel comes in contacthwhydrogen, hydrogen
compatibility should be demonstrated. Steels the¢t the requirements of Sections
B.6.3 and B.7.2.2 of ISO 9809-1:1999 are recognaetydrogen compatible for low
stress applications.

The following steel alloys are recognized as sUététr use in contact with hydrogen
at pressures up to 100 MPa: UNS S31600 and UN$O33(equivalents include
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SUS316L, AISI316L, AISI316 and DIN1.4435) but allust have_>12% nickel
composition and <0.1% magnetic phases by volume as measured hyisiEpe.
These steel applications may not include welds.

==S5GS-10: Participants will provide comments onaheve listed materials

be
n.

b) Aluminum

Aluminum alloys that meet the requirements of Sedti 6.1 and 6.2 of ISO
7866:1999 are recognized as hydrogen compatiblefostress applications.

The following aluminum alloys are recognized asahle for use in contact with
hydrogen in the hydrogen storage system, as deiinEdjure B.5.1.1, or in any other
high-stress applications in contact with hydrogeh6061-T6, A6061-T62, A6061-
T651 and A6061-T6511. These aluminum applicatioay not include welds.

==S5GS-10: Participants will provide comments onaheve listed materials

ed
on.

B.6.2.1.3 Stress Rupture Resistance Test

(1) Three containers made from the new materigl,(& composite fiber reinforced
polymer) shall be burst; the burst pressures $tealtithin +10% of the midpoint, BPo, of

the intended application. Then,

* Three containers shall be held @#06% BPo and at 65 §)°C; they shall not
rupture within 100 hrs; the time to rupture sha&lrbcorded.

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

e Three containers shall be held af6% BPo and at 65 $)°C; they shall not
rupture within one year.

* The test shall be discontinued after one year.hEaatainer that has not ruptured
within the one year test period shall undergo stast, and the burst pressure
shall be recorded.

(2) The container diameter shall b&6% of the diameter of intended application and of
comparable construction. The tank may have adil{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 compaditat 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 Pregywand in B.7.1.3.ii(a) (Verification
Test for Conformity of Production).
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B.6.2.2 Test Procedures for Baseline Performanceéitics (B.5.1.1)

B.6.2.2.1 Burst Test (Hydraulic). The burst &l be conducted at 205)*C using a non-
corrosive fluid. The rate of pressurization shallleéss than or equal to 1.4 MPa/s for
pressures higher than 150% of the nominal workieggure. If the rate exceeds
0.35 MPa/s at pressures higher than 150% NWP,dtleer the container shall be placed
in series between the pressure source and theupgasgasurement device, or the time at
the pressure above a target burst pressure sliaéd» seconds. The burst pressure of
the container shall be recorded.

B.6.2.2.2 Pressure Cycling Test (Hydraulic). Téwt shall be performed in accordance with the
following procedure:

a) Fill the container with a non-corrosive fluid.

b) Stabilize the temperature of the container dund &t the specified temperature and
relative humidity at the start of testing; mainttie environment, fueling fluid and
container skin at the specified temperature fordin@tion of the testing. The
container temperature may vary from the environaddemperature during testing.

c) Pressure cycle between less than 2 MPa andihet fpressure at a rate not exceeding
10 cycles per minute for the specified number afey.

d) Maintain and monitor the temperature of therbiytic fluid within the container at the
specified temperature.

B.6.2.3 Test Procedures for Performance Durabilit{B.5.1.2)

B.6.2.3.1 Proof Pressure Test. The system sHmufgtessurized smoothly and continually with
a non-corrosive hydraulic fluid until the targestipressure level is reached and then held
for at least 30 seconds. The component shoulteaktor suffer permanent deformation.
All mechanical components should be functionalraftenpletion of the test.

B.6.2.3.2 Drop (Impact) Test (Unpressured). e@©nmore storage containers will be drop
tested without internal pressurization or attacvedsles. All drop tests may be performed
on one container, or individual impacts on a maximaf 3 containers. The surface onto
which the containers are dropped should be a smbotizontal concrete pad or similar
flooring. The container(s) should be tested inféllewing sequence:

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

b) Drop once onto each end of the container froraréical position with a potential
energy of not less than 488J, but in no case shbaltieight of the lower end be
greater than 1.8 m.

c) Drop once at a 45 ° angle, and then for non-sgtrical and non-cylindrical
containers rotate the container through 90 ° altmipngitudinal axis and drop again
at 45 °C with its center of gravity 1.8 m above g¢ineund. However, if the bottom is
closer to the ground than 0.6 m, the drop anglelshme changed to maintain a
minimum height of 0.6 m and a center of gravitldf m above the ground. The
drop pattern is illustrated below.
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Figure B.6.2.3.2

No attempt should be made to prevent the boundicgmtainers, but the containers may
be prevented from falling over during the vertidedp test described in b) above.

Following the drop impact, the container that haerb subjected to the %4%mpacts
should then be subjected to further testing asipeédn B.5.2.2. The container(s)
subjected to horizontal and vertical drop impai€tifferent from the container subjected
to a 45 drop impacts, should be subjected to 1000 hydrgubssure cycles at 205)*C
per the test procedure defined in B.6.2.2.2.

B.6.2.3.3 Surface Damage Test (Unpressured). t&3ieshould proceed in the following
seguence:

a) Surface Flaw Generation: Two longitudinal gaus are made on the bottom outer
surface of the unpressurized horizontal storagéaawer along the cylindrical zone
close to but not in the shoulder area. The fiuswall be at least 1.25 mm deep and
25 mm long toward the valve end of the contairére second cut will be at least
0.75 mm deep and 200 mm long toward the end ofdhéainer opposite the valve.

b) Pendulum Impacts: The upper section of th&zbotal storage container should be
divided into five distinct (not overlapping) arel30 mm in diameter each (see Figure
B.6.2.3.3). After 12 hrs preconditioning at —40iACGan environmental chamber, the
center of each of the five areas should sustaimaingf a pendulum 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 peadutshould coincide with the
center of gravity of the pyramid. The energy & gendulum at the moment of
impact with each of the five marked areas on theainer should be 30J. The
container should be secured in place during pemdudopacts and not under

pressure.
TR S SR

“Side” View of Tank
Figure B.6.2.3.3
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B.6.2.3.4 Chemical Exposure and Ambient Tempeea®uiessure Cycling Test. Each of the 5
areas of the unpressured container preconditiopgebdulum impact (6.4.2.5b) should
be exposed to one of five solutions: 1) 19% (bywwt) sulfuric acid in water (battery
acid), 2) 25% (by weight) sodium hydroxide in wa@r5% (by volume) methanol in
gasoline (fluids in fueling stations), 4) 28% (bgight) ammonium nitrate in water (urea
solution), and 5) 50% (by volume) methyl alcoholiater (windshield washer fluid).

Orient the test container with the fluid exposueaa on top. Place a pad of glass wool
approximately 0.5 mm thick and 100 mm in diameteeach of the five preconditioned
areas. Apply an amount of the test fluid to thesglwool sufficient to ensure that the pad
is wetted across its surface and through its tid@skrfor the duration of the test.

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

Perform pressure cycling to the specified targesgures according to B.6.2.2.2 at 20
(+5)°C for the specified numbers of cycles. Removegthes wool pads and rinse the
container surface with water before conductingfith@ 10 cycles to specified final target
pressure.

B.6.2.3.5 Static Pressure Test (Hydraulic). $ugse the storage system to the target pressure
in temperature-controlled chamber. Hold the termpee of the chamber and the non-
corrosive fueling fluid at the target temperatuithim +5°C for the specified duration.

B.6.2.4 Test Procedures for Expected On-Road Perfoance (B.5.1.3)
(Pneumatic test procedures are providégtraulic Test elements are described in 6.4.2)

B.6.2.4.1 Gas Pressure Cycling Test (Pneumatit)the onset of testing, stabilize the storage
system at the specified temperature, relative hityngéohd fuel level for at least 24 hrs.
Maintain the specified temperature and relative iditgnwithin the test environment
throughout the remainder of the test. (When reglin the test specification, the system
temperature should be stabilized at the externat@mmental temperature between
pressure cycles.) Pressure cycle between les2{hdh MPa and the specified
maximum pressure. If system controls that arevaati vehicle service prevent the
pressure from dropping below a specified presghestest cycles shall not go below that
specified pressure. Control the fill rate to astant 3-minute pressure ramp rate; control
the temperature of the hydrogen fuel dispensedd@ontainer to the specified
temperature. Control the defueling rate to gretht®@n or equal tthe intended vehicle’s
maximum fuel-demand rate. Conduct the specifiedlmer of pressure cycles. If devices
and/or controls are used in the intended vehigdiegtion to prevent an extreme internal
temperature, the test may be conducted with thegiees and/or controls (or equivalent
measures).

B.6.2.4.2 Gas Permeation Test (Pneumatic). ragosystem shall be fully filled with

DRAFT &



SGS-11-02
DRAFT

hydrogen gas (full fill density equivalent to 10086VP at 15 °C is 113% NWP at 55 °C)
and held at 5% in a sealed container. The total steady-stathdige rate due to leakage
and permeation from the storage system shall bauned.

B.6.2.4.3 Localized Gas Leak Test (Pneumatic). bubble test may be used to fulfill this

requirement. The following guidance is provideddonducting the bubble test:

a. The exhaust of the shutoff valve (and othertirgleconnections to hydrogen systems)
shall be capped for this test (as the test is ®dtas 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 whestireg in open air. Bubbles can vary
greatly in size, depending on conditions. In gelhéna tester should estimate the gas
leakage based on the size and rate of bubble famat

b. Note: Visual detection of unacceptable leakalgeuld be feasible. When using
standard leak-test fluid, the bubble size is exgzd¢db be approximately 1.5 mm in
diameter. For a localized rate of 0.005 mg/se6 (3L/min), the resultant allowable
rate of bubble generation is about 2030 bubblesnueute. Even if much larger
bubbles are formed, the leak should be readilyctigde. For example, the allowable
bubble rate for 6 mm bubbles would be approximad@lypubbles per minute.

==SGS-10: Canada, Japan and GS will review and geaevised text

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 shall consisteftbmpressed Hydrogen Storage System
(CHSS) with additional relevant features includihg venting system (such as the vent line and

vent line covering) and any shielding affixed dilgto the container (such as thermal wraps of
the container(s) and/or coverings/barriers oveMRRD(S)).

Either one of the following two methods shall bediso identify the position of the system over
the initial (localized) fire source:

Method I: Qualification for a Generic (Non-Specjfiehicle Installation

If a vehicle installation configuration is not sffesd (and the qualification of the system is
not limited to a specific vehicle installation canfration) then the localized fire exposure
area shall be the area on the test article farfrmstthe TPRD(s). The test article, as
specified above, shall only include thermal shiggdbr other mitigation devices affixed
directly to the container that are used in all eihapplications. venting system(s) (such as
the vent line and vent line covering) and/or cavgsibarriers over the TPRD(s) shall be
included in the container assembly if they arecmaited for use in any application. If a
system is tested without representative compontren, retesting of that system is required
if a vehicle application specifies the use of thigpe of components.

Method 2: Qualification for a Specific Vehicle tallation
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If a specific vehicle installation configurationgpecified and the qualification of the system
is limited to that specific vehicle installationrd@uration then the test setup may also
include additional vehicle componentry in the védiastalled configuration. The vehicle
componentry, such as shielding or barriers, whiehpgrmanently attached to the vehicle’'s
structure by means of welding or bolts and nokaffito the storage system, the test article
should include these items in their respective aleHocation. This localized fire test should
be conducted on the worst case localized fire axgoareas based on the four fire
orientations: fires originating from the directiohthe passenger compartment,
cargo/luggage compartment, wheel wells or grounulgzbgasoline.

In addition, the container shall be subjected ayubimg fire without any shielding
components as described in paragraph B.6.2.5.2.

The following test requirements apply whether gitilethod 1 or 2 is used to identify the

localized fire exposure area(s):

a) Fill the container assembly with compressettdgen gas at 100 percent of NWP. The
container assembly shall be positioned horizontghgroximately 100 mm above the fire
source.

== A.4.3(1) suggested as appropriate (PART A) replesd for: “However, contracting
party under the 1998 Agreement may choose to uspiEssed air as an alternative test
gas for certification of the container for usetsiéountry or region.”

Localized Fire Test

b) The localized fire exposure area, 250mm0m, shall be the area on the test article
furthest from the TPRD(s). If more vulnerableas are identified for a specific vehicle
installation configuration, the area furthest frtira TPRD(s) shall be positioned directly
over the initial fire source.

c) The fire source shall consist of LPG-{erether]dgasners configured to produce a
uniform minimum temperature on the test articlardsf as a moving 1-minute average
per thermocouple with a minimum 5 thermocouplegdag the length of the test
article up to 1.65m maximum (at least 2 thermocesiplithin the localized fire area, and
at least 3 thermocouples equally spaced and no thane0.5 m apart in the remaining
area) located 25 mm #0mm from the outside surface of the test aritdeg its
longitudinal axis. At the option of the manufaetuor testing facility, additional
thermocouples may be located at TPRD sensing poirday other locations for optional
diagnostic purposes.

d) Wind shields shall be applied to ensure uniforrating.

e) The fire source shall initiate within a 250mn%8mm longitudinal expanse positioned
under the localized exposure area of the test@rtithe width of the fire source shall
encompass the entire diameter (width) of the seosygtem

f) As shown in the below temperature/time profile, tin@perature at the thermocouples in
the localized fire area shall be increased contislyoto at least 60 within 3 minutes
of ignition, and a temperature of at least €)8hall be maintained for the next 5
minutes. The temperature outside the region oiritial fire source is not specified
during these initial 8 minutes from the time ofitgom.
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Engulfing Fire Test

g) Then within the next 2-minute interval, the tempera at the thermocouples in the fire
source shall be increased to at leasf80nd the fire source shall be extended to
produce a uniform temperature along the entiretfeng to 1.65 meters and the entire
width of the test article (engulfing fire).

h) The arrangement of the fire should be recordestifficient detail to ensure the rate of
heat input to the test article is reproducible.e Tlsults shall include the elapsed time
from ignition of the fire to the start of ventinigrough the TPRD(s), and the maximum
pressure and time of evacuation until a pressukessfthan 1 MPa is reached.
Thermocouple temperatures and container pressalebghrecorded at intervals of every
10 sec or less during the test. Any failure tortan specified temperature requirements
during a test invalidates the result.

i) The test article shall be held at temperature (€inguire condition) until the system
vents through the TPRD and the pressure fallssotlean 1 MPa. The venting should
be continuous (without interruption), and the sgeraystem may not rupture. An
additional release through leakage (not includeigase through the TPRD) that results
in a flame with length greater than 0.5 m beyoredgarimeter of the applied flame may
not occur.

B.6.2.5.2 Engulfing fire test:

The test unit is the compressed hydrogen storagfersy(CHSS). Fill the CHSS with
compressed hydrogen gas at 100 percent of NWP.cditainer vessel shall be
positioned horizontally approximately 100 mm abthe fire source. Use a uniform fire
source that is 1.65 meters long (65 inches). Baginfive minutes after the fire is
ignited, maintain an average flame temperatureobfess than 590 degrees Celsius as
determined by the average of the two thermocouplearding the highest temperatures
over a 60 second interval.

this needs to be deleted if TPRD requirements aredded for type approval

DRAFT 82



SGS-11-02

B.6.3. TEST PROCEDURES FOR LIQUEFIED HYDROGEN STORAGE
B.6.3.1 Verification Tests for Baseline Metrics
B.6.3.1.1 Proof pressure test

The inner container and the pipe work situated betwthe inner tank and the outer jacket shall
withstand an inner pressure test at room temperatoy suitable media, according to the following
requirements.

The test pressurespshall be defined by the manufacturer and fulfig fbllowing requirements:

*  Prest> 1.3 (MAWP + 0.1 MPa)

» In case of metallic containerggdshall be either at least equal to the maximumspresof
the inner container during fault management (asrdéhed in B.5.2.3.3 ) or the
manufacturer shall prove by calculation that atrtfaximum pressure of the inner container
during fault management no yield occurs.

» For other materials than metalliggpshall be at least equal to the maximum pressutieeof
inner container during fault management (as detesthin B.5.2.3.3 ).

The test shall be done according to the followirmcpdure:

a. The test shall be done on the inner storage caertaimd the interconnecting pipes between
inner storage container and vacuum jacket bef@®ther jacket is mounted.

b. The test shall be done either hydraulic with watea glycol/water mixture or alternatively
with gas. The container shall be pressurizedsbpressureq;:in an even rate and kept at
that pressure for at least 10 minutes.

c. The test shall be done at ambient temperaturease of using gas to pressurize the
container, the pressurization shall be done inatvat the container temperature stays at or
around ambient temperature.

The test is passed when during at least 10 miraftesapplying the proof pressure no visible
permanent deformation, no visible degradation édbntainer pressure and no visible leakage are
detectable.

B.6.3.1.2 Baseline Initial Burst Pressure

The test shall be done according to the followingcpdure:
a. The test shall be done on the inner container aiemhtemperature.
b. The test shall be done hydraulically with wateaavater/glycol mixture.
c. The pressure shall be increased at a constamattxceeding 0.5 MPa/min until burst or
leakage of the container occurs.
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. When the Maximum Allowable Working Pressure (MAW®Jeached there shall be a wait

period of at least ten minutes at constant pressuitbat the deformation of the tank shall be
checked.
The pressure shall be recorded or written duriegetfitire test.

For steel inner containers the test is passed wahkast one of the two passing criteria described
chapter 5.2.1.2 is fulfilled. For inner containarade out of an aluminum alloy or other material a
passing criterion shall be defined which guarantddsast the same level of safety compared to
steel inner containers.

B.6.3.3 Verification for Expected On-road Performarce

B.6.3.3.1 Boil-off test

The test shall be done according to the followingcpdure:

a.

b.
C.
d.

For pre-conditioning the container shall be fueleth liquid hydrogen to the specified
maximum filling level. Subsequently hydrogen slibloé extracted until half filling level

and the system should be allowed to completely dowin for at least 24 hours and
maximum 48 hours.

The container shall be filled to the specified mawxin filling level.

The container shall pressurize until boil-off prassis reached.

The test shall last for at least another 48 hoties boil-off started and not terminated

before the pressure stabilizes. Pressure stdimiizvhas occurred when the average pressure
does not increase over a two hour period.

The pressure of the inner container shall be reszbadt written during the entire test. The test is
passed when the following requirements are futfille

The pressure shall stabilize and stay below MAWindLthe whole test.
The pressure relief devices are not allowed to @ppgimg the whole test.

B.6.3.3.2 Leak test

The test shall be done according to the procedeseribed in B.6.1.1.2.

B.6.3.3.3 Vacuum loss test

The first part of the test shall be done accordmntipe following procedure:

a.

b.
c. The vacuum enclosure shall be flooded with aimagen rate to atmospheric pressure.
d.

The vacuum loss test shall be conducted with a tetely cooled-down container
(according to the procedure in B.6.3.3.1).
The container shall be filled with liquid hydrogenthe specified maximum filling level.

The test shall be terminated when the first preseelref device does not open any more.
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The pressure of the inner container and the vagaoket shall be recorded or written during
the entire test. The opening pressure of thedattty device shall be recorded or written. The
first part of test is passed when the followinguiegments are fulfilled:

The first pressure relief device shall open belowtdMAWP and limit the pressure to not
more than 110 per cent of the MAWP.

The first pressure relief device shall not opeprassure above MAWP.

The secondary pressure relief device shall not olpeimg the entire test.

After passing the first part, the test has to Ipeated subsequently to re-generation of the vacuum
and cool-down of the container as described above.

eF

The vacuum shall be re-generated to a value spddify the manufacturer. The time for re-
generation of the vacuum shall be at least 24 holine vacuum pump may stay connected
until the time directly before the start of the wam loss.

The second part of the vacuum loss test shall bdwred with a completely cooled-down
container (according to the procedure in B.5.2.3.1)

The container shall be filled to the specified maxn filling level.

The line downstream the first safety relieve dewlcall be blocked and the vacuum
enclosure shall be flooded with air at an even t@emospheric pressure.

The test shall be terminated when the second meesslief device does not open any more.

The pressure of the inner container and the vagaoket shall be recorded or written during
the entire test. For steel containers the secartdop the test is passed when the second
pressure relief relieve device does not open bélbvper cent of the set pressure of the first
safety relief device and limits the pressure indbetainer to maximum 136 per cent of the
MAWP in case a safety valve is used, or, respdgtiué0 per cent of the MAWP in case a
burst disk is used as second safety relief deviia®.other container materials, an equivalent
level of safety shall be demonstrated.

B.6.3.4 Verification Test for Service Terminating Rrformance of the LHSS Due to Fire

The tested liquid hydrogen storage system shakpeesentative of the design and the
manufacturing of the type to be homologated. kswufacturing shall be completely finished and it
shall be mounted with all its equipment.

The first part of the test shall be done accordinthe following procedure:
a. The bonfire test shall be conducted with a completeoled-down container (according to

b.

C.

d.

the procedure in B.6.3.3.1).

The tank shall have contained during the previgubdurs a volume of liquid hydrogen at
least equal to half of the water volume of the miaak.

The tank shall be filled with liquid hydrogen sathhe quantity of liquid hydrogen
measured by the mass measurement system shallfloé thee maximum allowed quantity
that may be contained in the inner tank.

A fire shall burn 0.1 m underneath the tank. Timgtke and the width of the fire shall exceed
the plan dimensions of the container by 0.1 m. fEngperature of the fire shall be at least
590 °C. The fire shall continue to burn for theadion of the test.
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e. The pressure of the tank at the beginning of thedieall be between 0 MPa and 0.01 MPa at
the boiling point of hydrogen in the inner tank.

f. The test shall continue until at least one of thfety devices has opened and the subsequent
venting has finished (when the PRD has recloseéldeomternal pressure is less than half the
lower operating pressure as defined by the manu@gtAs manufacturers may use PRDs
which are not re-closing we should add an additiorigerion that the test is also finished
when the pressure is below a certain value, elfthelower operating pressure as defined
by the manufacturer. The latter is a comparabterion to the CGH2 case where the test is
finished as far as the pressure is below 1 MPa.

g. The test conditions and the maximum pressure reagithin the tank during the test shall
be recorded in a test certificate signed by theufaturer and the technical service.

The test is passed when the following requiremaredulfilled:

a. The secondary pressure relief device shall notatpdrelow 110 per cent of the set pressure
of the primary pressure relief device.

b. The tank shall not burst and the pressure insidéntiier tank shall not exceed the
permissible fault range of the inner tank.

The permissible fault range for steel tanks isoflews:

- If a safety valve is used as secondary pressued dalvice, the pressure inside the tank
shall not exceed 136 per cent of the Maximum AllbleaNorking Pressure (MAWP) of
the inner tank.

- If a burst disk is used outside the vacuum areseesndary pressure relief device, the
pressure inside the tank shall be limited to 150cpat of the Maximum Allowable
Working Pressure (MAWP) of the inner tank.

- If a burst disk is used inside the vacuum areaesrglary pressure relief device, the
pressure inside the tank shall be limited to 150cpet of the Maximum Allowable
Working Pressure plus 0.1 MPa (MAWP + 0.1 MPa)ef inner tank.

For other materials, an equivalent level of sagtigll be demonstrated.

6.4 TEST PROCEDURES FOR ELECTRIC SAFETY (B.5.4)
6.4.11SOLATION RESISTANCE MEASUREMENT METHOD

B.
B.

B.6.4.1.1 General

The isolation resistance for each high voltagediuke vehicle shall be 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 “digideeasurement”).

B.6.4.1.2 Measurement Method

The isolation resistance measurement shall be cbadiby selecting an appropriate
measurement method from among those listed in Bayhg B.6.4.1.2.1 through B.6.4.1.2.2,
depending on the electrical charge of the livegartthe isolation resistance, etc.

The range of the electrical circuit to be measwsteall be clarified in advance, using electrical
circuit diagrams, etc.
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Moreover, modification necessary for measuringisioé&tion resistance may be carried out, such
as removal of the cover in order to reach the pigds, drawing of measurement lines, change in
software, etc.

In cases where the measured values are not stabl® dhe operation of the on-board isolation
resistance monitoring system, necessary modifiedtio conducting the measurement may be
carried out, such as stopping of the operatiolmefdevice 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 livts pad the electrical chassis.

Utmost care must be exercised as to short cirelgitiric shock, etc., for this confirmation might
require direct operations of the high-voltage ditcu

B.6.4.1.2.1 Measurement method using DC voltageoim off-vehicle sources
B.6.4.1.2.1.1 Measurement instrument

An isolation resistance test instrument capabkepplying a DC voltage higher than the working
voltage of the high voltage bus shall be used.

B.6.4.1.2.1.2 Measurement method

An insulator resistance test instrument shall beecated between the live parts and the
electrical chassis. Then, the isolation resistamed! be measured by applying a DC voltage at
least half of the working voltage of the high vgkabus.

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

B.6.4.1.2.2 Measurement method using the vehicledsyn RESS as DC voltage source
B.6.4.1.2.2.1 Test vehicle conditions

The high voltage-bus shall be energized by thedkelsiown RESS and/or energy conversion
system and the voltage level of the RESS and/aiggremnversion system throughout the test
shall be at least the nominal operating voltagepasified by the vehicle manufacturer.

B.6.4.1.2.2.2 Measurement instrument
The voltmeter used in this test shall measure D@egand shall have an internal resistance of at
least 10 MD.

B.6.4.1.2.2.3 Measurement method

B.6.4.1.2.2.3.1 First step

The voltage is measured as shown in Figure 1 amdithh voltage Bus voltage (Vb) is recorded.
Vb shall be equal to or greater than the nominalafing voltage of the RESS and/or energy
conversion system as specified by the vehicle nsanturfer.
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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.6.4.1.2.2.3.2 Second step
Measure and record the voltage (V1) between thathegside of the high voltage bus and the
electrical chassis (see Figure 1):

B.6.4.1.2.2.3.3 _Third step
Measure and record the voltage (V2) between thiiy®side of the high voltage bus and the
electrical chassis (see Figure 1):

B.6.4.1.2.2.3.4 Fourth step

If V1 is greater than or equal to V2, insert a d&nd known resistance (Ro) between the
negative side of the high voltage bus and the idatichassis. With Ro installed, measure the
voltage (V1) between the negative side of the hightage bus and the electrical chassis (see

Figure 2).

Calculate the electrical isolation (Ri) accordinghe following formula:

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

Divide the result Ri, which is the electrical isida resistance value (if2), by the working
voltage of the high voltage bus in volt (V).

Ri 2/ V = Ri2 / Working voltage (V)
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Electrical Chassis

Energy Conversion
System Assembly RESS Assembly

| | High Voltage Bus | |

Energy

Conversio | Traction System | |

Electrical Chass

Figure 2: Measurement of V1’

If V2 is greater than V1, insert a standard knoesistance (Ro) between the positive side of
the high voltage bus and the electrical chassish Wo installed, measure the voltage (V2)
between the positive side of the high voltage masthe electrical chassis. (See Figure
3).Calculate the electrical isolation (Ri) accoddin the formula shown. Divide this electrical
isolation value (in ohms) by the nominal operatitiage of the high voltage bus (in volts).

Calculate the electrical isolation (Ri) accordinghe following formula:

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

Divide the result Ri, which is the electrical isida resistance value (i), by the working
voltage of the high voltage bus in volt (V).

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

Energy Conversion l R

System Assemb 0 RESS Assembly

| ............... : ) V2' ................ .
: | High Voltage Bus 1 | |
I : '
: | ! |

+

! | ! |
I : ' | :
: | Traction System : |
I : :
: I l I
| | ! |
| 1 | i
L i . I

Electrical Chassis

Figure 3: Measurement of V2’

B.6.4.1.2.2.3.5 Fifth step
The electrical isolation value Ri (in ohms) dividegithe working voltage of the high voltage
bus (in volts) results in the isolation resistafineohms/volt).

(NOTE 1: The standard known resistance Ro (in otshelld be the value of the minimum
required isolation resistance (in ohms/V) multigligy the working voltage of the
vehicle plus/minus 20% (in volts). Ro is not reedirto be precisely this value
since the equations are valid for any Ro; howeadtp value in this range should
provide good resolution for the voltage measuremgnt

B.6.4.2 Confirmation Method for Functions of On-bard Isolation Resistance
Monitoring System

The function of the on-board isolation resistan@mitoring system shall be confirmed by the

following method or a method equivalent to it.

Insert a resistor that does not cause the isolagisistance between the terminal being monitored
and the electrical chassis to drop below the mimmmnequired isolation resistance value. The
warning shall be activated.

B.6.4.3 PROTECTION AGAINST DIRECT CONTACTS OF PART S UNDER
VOLTAGE
B.6.4.31 Access probes
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Access probes to verify the protection of persararest access to live parts are given in table 1.

B.6.4.3.2 Test conditions

The access probe is pushed against any openirige ehclosure with the force specified in
table 1. If it partly or fully penetrates, it isggled in every possible position, but in no casd sha
the stop face fully penetrate through the opening.

Internal electrical protection barriers are condeoart of the enclosure.

A low-voltage supply (of not less than 40 V and mutre than 50 V) in series with a suitable
lamp should be connected, if necessary, betweeprti® and live parts inside the electrical
protection barrier or enclosure.

The signal-circuit method should also be applietheomoving live parts of high voltage

equipment.
Internal moving parts may be operated slowly, whki®is possible.

B.6.4.3.3 Acceptance conditions

The access probe shall not touch live parts.

If this requirement is verified by a signal circh@tween the probe and live parts, the lamp shall
not light.

In the case of the test for IPXXB, the jointed f@sgier may penetrate to its 80 mm length, but
the stop face (diameter 50 mm x 20 mm) shall nes phrough the opening. Starting from the
straight position, both joints of the test fingbal be successively bent through an angle of up to
90 degree with respect to the axis of the adjoisiction of the finger and shall be placed in
every possible position.

In case of the tests for IPXXD, the access probg peametrate to its full length, but the stop face
shall 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 | letter force
2 B 10M+/-10%
Jointed test finger
Stop lace
TR 50 200
2 i
See Fig. 1 ® 1
ce Fig. ! —
for full
dimensions \ /
Joimved st finger
/ IMetal
Insulating material 80 |
4.56 D IN+/-10%

Tast ware 1.0 mm diamater 100 mm long

\ "R
T H‘Z.—‘r( g ..MJ,,..L

lnzulsting materisil Sieao fece
Hriuiatmig materal)

Sphare 35 = 0.2

i— Appraz. 100

@
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Figure 1 - Jointed test finger

Material: metal. except where otherwise specified

Linear dimensions in millimeters

Telerances on dimensions withowt specific tolerance:

on angles, 0/-10'

on linear dimensions:
up to 25 mm: 0/-0.03
over 25 mun:+/- 0.2

Both joints shall permit movement in the same plane and the same direction through an
angle of 90 with a 0 to +10° tolerance.

DRAFT

N1

I —l

SGS-11-02

93



SGS-11-02
DRAFT

B.6.4.4 TEST METHOD FOR MEASURING ELECTRIC RESISTAN CE

A) Test method using a resistance tester

Connect the resistance tester to the measuringsp6liypically, electrical chassis and
electro _conductive enclosure/electrical protectlmarrier) and measure the resistance
using a resistance tester that meets the spemfictiat follows.

- - { Formatted: Indent: Left 3.42

Resistance tester: Measurement current at lezgt 0 ch, No bullets or numbering

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 supmitmeter and ammeter is shown

below.
Connection tc
Blarrier/EncIosur
pc. P &) — Barrier/Enclosure
Power C\E \Y $ R
Supply u — ~ Electrical Chassis

Connection tc
Electrical Chassis

Test Procedure

e Connect the D.C. power supply, voltmeter and amnietthe measuring points
(Typically, electrical chassis and electro conduetnclosure/electrical protection
barrier).

« Adjust the voltage of the D.C. power supply so thatcurrent flow becomes more
than 0.2 A.

» Measure the current ” and the voltageV ”.

e Calculate the resistanc®™ according to the following formula:
R=V/I

The resistancR shall be less than 0.1 ohm.

DRAFT i



SGS-11-02
DRAFT

Note: In case lead wires are used for voltagecamdnt measurement, each lead wire shall
be independently connected to the electrical ptimiebarrier/enclosure/electrical
chassis. Terminal can be common for voltage measmeand current measurement.

Barrier/Enclosure/
Electrical chassis ? Lead Wires

Lead wires shall be independent
[ current measurement and voltage
_‘ Bolt measurement. Terminal can be common.

Terminal

B.6.4.5 TEST CONDITIONS AND TEST PROCEDURE REGRADING POST
CRASH

B.6.4.5.1 Test Conditions

B.6.4.5.1.1 General

The test conditions specified in paragraphs B.645through B.6.4.5.1.4 shall be used.

Where a range is specified, the vehicle shall Ipalske of meeting the requirements at all points
within the range.

B.6.4.5 .1.2 Electrical power train adjustment
B.6.4.5 .1.2.1The RESS shall be at any state of charge, whiolwslthe normal operation of
the power train as recommended by the manufacturer.

B.6.4.5. 1.2.2The electrical power train shall be energized witlwithout the operation of the
original electrical energy sources (e.q. engineegaior, RESS or electric energy conversion
system), however:

B.6.4.5 .1.2.2.1t shall be permissible to perform the test willloa parts of the electrical power
train not being energized insofar as there is npatiee influence on the test result. For parts of
the electrical power train not energized, the pribd@ against electrical shock shall be proved by
either physical protection or isolation resistannd appropriate additional evidence.

B.6.4.5 .1.2.2.2n the case where the power train is not energigetlan automatic disconnect is
provided, it shall be permissible to perform th& teith the automatic disconnect being
triggered. In this case it shall be demonstratatittie automatic disconnect would have operated
during the impact test. This includes the autometiivation signal as well as the conductive
separation considering the conditions as seen glting impact.
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B.6.4.5.1.4 The vehicle conditions other than specified irageaphs B.6.4.5 .1.1 through
B.6.4.5.1.3 shall be in the crash test protocokhefcontracting parties.

B.6.4.5.2 Test Procedures for the protection of theccupants of vehicles operating on
electrical power from high voltage and electroly spillage

This section describes test procedures to demdasianpliance to the electrical safety

requirements of B.5.4.2.

Before the vehicle impact test conducted, the higltage bus voltage (Vb) (see figure 1) shall
be measured and recorded to confirm that it isiwithe operating voltage of the vehicle as
specified by the vehicle manufacturer.

B.6.4.5.2.1 Test setup and equipment
If a high voltage disconnect function is used, measents are to be taken from both sides of
the device performing the disconnect function.

However, if the high voltage disconnect is intedoathe RESS or the energy conversion system
and the high-voltage bus of the RESS or the ensvgyersion system is protected according to
protection IPXXB following the impact test, measuments may only be taken between the
device performing the disconnect function and eiegitloads.

The voltmeter used in this test shall measure D@egand have an internal resistance of at least
10 MQ.

B.6.4.5.2.2 The following instructions may be useflvoltage is measured.
After the impact test, determine the high voltage boltages (Vb, V1, V2) (see figure 1).
The voltage measurement shall be made not edrherd seconds, but not later than 60 seconds

after the impact.

This procedure is not applicable if the test idgrened under the condition where the electric
power train is not energized.
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Energy Conversion ] RESS Assembly
System Assembly V2

e — - High Voltage Bus l e — -

Traction System

| Vo | |

Electrical Chassis
Figure 1 Measurement of Vb, V1, V2

B.6.4.5 .2.3 Isolation resistance
See B.6.4.1.2 “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 measuitsmes an appropriate alternative to the
procedure described above for measuring isolagsistance. In this case it may be necessary to
deactivate the on-board isolation resistance mondsystem.

tion.

Internal electrical protection barriers are considepart of the enclosure
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B.6.4.5.2.5 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 60rsis after the impact the switch S1 shall be
closed while the voltage Vb and the current leraeasured and recorded.

The product of the voltage Vb and the current lElIdbe integrated over the period of time,
starting from the moment when the switch S1 isexdio&) until the voltage Vb falls below the
high voltage threshold of 60 V DG)tThe resulting integration equals the total epéidE) in

joules.
th
(@) TE = [V, I d
tc

When Vb is measured at a point in time betweercbrsgs and 60 seconds after the impact and
the capacitance of the X-capacitors)(S specified by the manufacturer or determined by
measurement total energy (TE) shall be calculatedrding to the following formula:

(b) TE = 0.5 x €x(Vy’ — 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 aitpa (G4, C,») are specified by the
manufacturer or determined by measurement totabgr{@E 1, TE,,) shall be calculated
according to the following formulas:

(c) TE1 = 0.5 x Gy x (V4*-3 600)
TE,= 0.5 X Gy x (V2> 3 600)

This procedure is not applicable if the test ifgened 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.6.4.5 .2.6 Electrolyte spillage
Appropriate coating shall be applied, if necessteryhe physical protection in order to confirm
any electrolyte leakage from the RESS after theachpest.

Unless the manufacturer provides means to diffexenbetween the leakage of different liquids,
all liquid leakage shall be considered as the elbde.

B.6.4.5.2.7 RESS retention
Compliance shall be determined by visual inspection
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B.7. ANNEX: Requirements applicable for Contrating Parties with Type Approval
Systems

B.7.1 Type Approval Requirements for Compressed Hyrogen Storage
B.7.1.1 Material Test Requirements

Manufacturers shall maintain records of testing dmafirm compliance of materials used in the
hydrogen storage system with requirements of BL6.2The manufacturer shall provide that
information to regulatory authorities upon request.

Constraints on minimum B, derived in the Material Qualification (B.6.2.1s3)all be applied
as requirements for the minimum BRPin B.5.1.1.1 (Baseline Initial Burst Pressure) &nd
B.7.1.3.ii(a) (Verification Test for Conformity éfroduction).

B.7.1.2 Verification Tests for Consistency of th@ualification Batch

If #Cycles (established in B.5.1.1.2) is less th&A00, then the pressure cycle life, PCL,
(number of cycles until leak) of each containetaésn B.5.1.1.2 shall be recorded. The
manufacturer will supply documentation to estabiigh midpoint pressure cycle life of new
storage containers, PGL If PCLg is less than 11,000, or if the PCL any of thedhzentainers
tested is less than 11,000 and not witi2s% of PCly, then three (3) containers will be
required to undergo the testing in B.5.1.2, thedbility Performance (Hydraulic) Tests. If the
PCL of each container greater than 11,000 or ikimit 25% of PClg, then one (1) containerl
will be required to undergo testing according t6.B.2.

B.7.1.3 Verification Tests for Conformity of Prodiction

Manufacturers shall maintain records pertainintheaconformity of production units with
production protypes presented for design qualificein B.5.1.2. Manufacturing reccords
should document the selection and range of manufagtcontrol variables, batch size, and
the content and frequency of unit and batch testrestablish confidence that all production
units have the capability to meet the requiremehtiesign qualification testing in B.5.1.2,
B.7.1.1 and B.7.1.4, and be in compliance with BRID0 standards for manufacturing quality
control. Manufacturers of storage systems shaithtaig and following information and
provide it to regulatory authorities upon request.
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i. Documentation of Routine Production (Each Rl Unit). Documentation shall
include results of routine leak tests, proof pressests, and dimension and NDE
examinations verifying that expansion and flaw siaee within design specifications.
Documentation shall show that components providiogure functions, such as the
shut-off valve, check valve and the TPRD are qigalifo B.7.1.4.

ii. Documentation of Periodic Production Tests (Batoh/Lests). Periodic (batch) testing
shall be designed according to the manufacturersichented quality control protocol.
Documentation (measurements and statistical arglgball establish the frequency of
batch testing needed to assure that the burstyseeeEevery unit is greater than or
equal to a minimum burst pressure,Bf 200% NWP (or greater if required by
B.6.2.1.3), and greater than 90% BPo {B$established in B.5.1.1.1.). The frequency
of batch testing shall also assure that the pressuale life of every unit is greater than
#Cycles. The default periodic (batch) samplingfrency in the absence of statistical
documentation is once in every 200 production yaifter ten successful batch tests,
the default periodic frequency (batch size) maynisesased up to 2000.

Periodic (batch) testing shall include materiatdes B.6.2.1.1 (Material Tests for
Conformity of Production) and at least one contagfell undergo (a) burst pressure
testing and (b) pressure cycle testing. The sam&mer may be used for both the
pressure cycle and burst tests. If a containkr faimeet the burst pressure
requirement or the pressure cycle requirement, éiggroduction since the previous
successful periodic/batch test shall be rejectetidoalified for use in vehicle service).

(a) Burst pressure test to confirm the burst presis greater than or equal to 200%
NWP (or greater if required by B.6.2.1.3) and gee#ttan or equal to 90% BP
Appropriate multi-batch statistics shall be usechtnitor trends in the overall burst
pressure midpoint, and appropriate corrective actitl be undertaken as needed to
maintain the midpoint burst pressure of units ataggr than or equal to BP

(b) Pressure cycle test to confirm absence of &gakrupture within #Cycles.
Subsequently, on the same container, conduct pressure test to 180% NWP for at
least 30 seconds to establish additional resistenagoture under static stress. If
#Cycles is less than 11,000, appropriate multitbatatistics of batch pressure cycle
life measurements shall be used to monitor tremdise overall pressure cycle life, and
appropriate corrective action will be undertakem@sded to maintain the midpoint
pressure cycle life of units at greater than ora¢tuPClg

B.7.1.4 Qualification of Hydrogen-Flow Closures. Manufacturers shall maintain records that
confirm that closures that isolate the high pres$wydrogen storage system (the TPRD(s), check
valve(s) and shut-off valve(s) shown in Figure B.5) meet the requirements described in the
remainder of this Section.

The entire storage system does not have to beaifigd (B.5.1) if these closure components

(components in Figure B.5.1.1 excluding the stoxag#ainer) are exchanged for equivalent
closure components having comparable functionnd#, materials, strength and dimensions,
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and qualified for performance using the same goatibn tests as the original components.
However, a change in TPRD hardware, its positiomstllation or venting lines requires re-
qualification with fire testing according to B.41.

B.7.1.4.1 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.8.1.1 test procedure)

« Accelerated Life Test (B.8.1.2 test procedure)

» Temperature Cycling Test (B.8.1.3 test procedure)

» Salt Corrosion Resistance Test (B.8.1.4 test praegd

e Stress Corrosion Test (B.8.1.5 test procedure)

» Drop and Vibration Test (B.8.1.6 test procedure)

» Leak Test (B.8.1.7 test procedure)

» Bench Top Activation Test (B.8.1.8 test procedure)

* Flow Rate Test (B.8.1.9 test procedure )

B.7.1.4.2 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 valveusiall meet the following performance
qualification requirements:

» Hydrostatic Strength Test (B.8.2.1)

« Leak Test (B.8.2.2)

» Extreme Temperature Pressure Cycling Test (B.8.2.3)

» Salt Corrosion Test (B.8.2.4)

* Vehicle Environment Test (B.8.2.5)

» Atmospheric Exposure Test (B.8.2.6)

» Electrical Tests (B.8.2)7

» Vibration Test (B.8.2.8)

» Stress Corrosion Test (B.8.2.9)

* Pre-Cooled Hydrogen Exposure Test (B.8.2.10)

B.7.2 Type Approval Requirements for Liquefied Hylrogen Storage

7.2.1 When using metallic containers and/or nietahcuum jackets the manufacturer must
either provide a calculation in order to demonstthtt the container is designed according to
current regional legislation or accepted standéds in US the ASME Boiler and Pressure
Vessel Code, in Europe EN 1251-2 and in all otloeintries an applicable regulation for the
design of metallic pressure containers) or defime @erform suitable tests which prove the same
level of safety compared to a design supportedabgutation according to accepted standards.
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The test shall at least include:

— Pressure cycling with a number of cycles at |da®e times the number of possible full
pressure cycles (from the lowest to highest opaggiressure) for an expected on-road
performance. Pressure cycling should be conducteslden atmospheric pressure and
MAWP at liquid nitrogen temperatures, e.g. byfigithe container to with liquid
nitrogen to certain level and alternately pressngizand depressurizing it with (pre-
cooled) gaseous nitrogen or helium

7.2.2 In the case that non-metallic materialsusesl for the container(s) and/or vacuum
jacket(s) in addition to the mandatory tests désctin chapter B.5.2 suitable tests have to be
accomplished, which prove the same level of safetypared to a metallic container design
supported by calculation according to accepteddstais as described in 7.2.1.

SGS-10 >> indentify critical components for LHSS tpe approval. These will be part of the
Annex:

B.7.3 TYPE APPROVAL REQUIREMENTS FOR FUEL SYSTEM IN TEGRITY

B.7.3.1 Overpressure protection for the low presse system.

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

B.7.3.2 Fueling receptacle requirements

B.7.3.2.1 The fuelling receptacle should be priypgecured to the vehicle, protected against
maladjustment and rotation, (e.g. accomplished bsima of positive locking in all directions),

and installed in such a manner that it providestgaigainst reasonably foreseeable handling
errors. The receptacle should also be protected €noauthorized interference, and the ingress of
dirt and water as far as is reasonably practicgblg, should be installed in a compartment
which can be locked).

B.7.3.2.2 The fuelling receptacle shall not beurited within the external energy absorbing
elements of the vehicle (e.g. bumper) and shalbeahstalled in the passenger compartment,
luggage compartment and other places where hydrggeicould accumulate and where
ventilation is not sufficient.

B.7.3.3.3 In vehicles with Liquid Hydrogen Stoea§ystems, flammable materials used in the
vehicle shall be protected from liquefied air thety condense on elements of the fuel system.

B.7.4 TYPE APPROVAL REQUIREMENTS FOR RECHARGEABLE
ENERGYSTORAGE SYSTEM REQUIREMENTS (RESS)
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B.7.4.1Protection 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 breakemsain contactors.

However, the requirement may not apply if the mantifrer supplies data that ensures

overheating from excessive current is preventedowit the protective device.

B.8 ANNEX: TYPE APPROVAL TEST PROCEDURES FOR CLOSURES IN
COMPRESSED HYDROGEN STORAGE SYSTEM

B.8.1 TYPE APPROVAL TPRD Qualification Performance Tests

Testing shall be performed with hydrogen gas hagegquality compliant with ISO 14687-
2/SAE J2719. All tests shall be performed at amtdiemperature 206)°C unless otherwise
specified. The HPRD qualification performancedest specified as follows:

B.8.1.1 Pressure Cycling Test

Five TPRD units shall undergo 11,000 internal pressgycles with hydrogen gas having gas
quality compliant with 1ISO 14687-2/SAE J2719. Tinst five pressure cycles shall be
between < 2MPa and 150% NWP; the remaining cydiali be between 2MPa and

125% NWP(HAMPa). The first 1500 pressure cycles shall beluoted at a TPRD
temperature of +856)°C. The remaining cycles shall be conducted B#?RD temperature

of +55(15)°C. The maximum pressure cycling rate is teneyger minute. Following this
test, the pressure relief device shall meet theirements of the Leak Test (B.8.1.8) and the
Bench Top Activation Test (B.8.1.9).

B.8.1.2 Accelerated Life Test

Eight TPRD units shall undergo testing; three atrttanufacturer’s specified activation
temperature, &, and five at an accelerated life temperaturg,39.1% Ta.>*> The TPRD
shall be placed in an oven or liquid bath with tiaperature held constant (z1°C). The
hydrogen gas pressure on the TPRD inlet shall B&cUIRWP (1MPa). The pressure
supply may be located outside the controlled teatpes oven or bath. Each device may be
pressured individually or through a manifold systéfra manifold system is used, each
pressure connection should include a check valyedeent pressure depletion of the system
when one specimen fails. The three TPRDs testég.@hall activate in less than ten hours.
The five TPRDs tested afid shall not activate in less than 500 hours.

B.8.1.3 Temperature Cycling Test
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(1) Place an unpressurized TPRD in a liquid badintained at -35(3)°C at least two hours.
Transfer the TPRD to a liquid bath maintained &&(+8)°C within five minutes, and
maintain that temperature at least two hours. Sfearthe TPRD to a liquid bath
maintained at -35(3)°C within five minutes.

(2) Repeat step (a) until 15 thermal cycles hawnlzchieved.

(3) With the TPRD conditioned for a minimum of tlwours in the -35°C liquid bath, cycle
the internal pressure of the TPRD with hydrogentggeeen < 2MPa and 100%NWP
for 100 cycles while maintaining the liquid bath-35(+5)°C.

(4) Following the thermal and pressure cycling, TIRRD shall meet the requirements of the
Leak Test (B.8.1.8), except that the test shatldreucted at -356)°C, and the Bench
Top Activation Test (B.8.1.9).

B.8.1.4 Salt Corrosion Test
Two TPRD units shall be tested. Any non-permaneiiebcaps shall be removed. Each
TPRD unit shall be installed in a test fixture gtardance with the manufacturer’s
recommended procedure so that external exposoomsstent with realistic installation.
Each unit shall be pressurized to 125 percentes#ivice pressure and exposed for 144
hours to a salt spray (fog) test as specified®TM B117 (Standard Practice for Operating
Salt Spray (Fog) Apparatus) except that in thedéshe unit, the pH of the salt solution
shall be adjusted to 4.0 + 0.2 by the additiorsaffuric acid and nitric acid in a 2:1 ratio,
and in the test of the other unit, the pH of thésaution shall be adjusted to 10.0 + 0.2 by
the addition of sodium hydroxide. Following théssts, each pressure relief device shall
meet the requirements of the Leak Test (B.8.1.8)tha Bench Top Activation Test
(B.8.1.9).

B.8.1.5 Corrosion Test.
For TPRDs containing components made of a coppsgeballoy (e.g., brass), one TPRD
unit shall be tested. The TPRD shall be disassembll copper alloy components shall be
degreased and then the TPRD shall be reassemijtae liids continuously exposed for ten
days to a moist ammonia-air mixture maintained gtess chamber having a glass cover.
Aqueous ammonia having a specific gravity of 0.8dllsbe maintained at the bottom of the
glass chamber below the sample at a concentratianleast 20 ml per liter of chamber
volume. The sample shall be positioned 3 (m above the aqueous ammonia solution
and supported in an inert tray. The moist ammaimianixture shall be maintained at
atmospheric pressure at +35J8C. Brass units shall not exhibit cracking elagnination
due to this test.

B.8.1.6 Drop and Vibration Test

(1) Six TPRD units shall be dropped from a heidgi2 s at ambient temperature onto a
smooth concrete surface. Each sample shall beedldo bounce on the concrete surface
after the initial impact. One unit shall be drogpe six orientations (opposing directions
of 3 orthogonal axes). If each of the six droppachples do not show visible exterior
damage that indicates that the part is unsuitaislade, then it shall proceed to step (b).

(2) Each of the six TPRD units dropped in stepaa) one additional unit not subjected to a
drop shall be mounted in a test fixture in accooganith manufacturer’s installation
instructions and vibrated 30 minutes along eadh@three orthogonal axes at the most
severe resonant frequency for each axis. The mewsts resonant frequencies shall be
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determined using an acceleration of 1.5 g and siwgébrough a sinusoidal frequency
range of 10 to 500Hz within 10 minutes. The resaedrequency is identified by a
pronounced increase in vibrational amplitude.hé tesonance frequency is not found in
this range, the test shall be conducted at 500F¢#owing this test, each sample shall
not show visible exterior damage that indicates tifw part is unsuitable for use. Then it
shall meet the requirements of the Leak Test (BB34nd the Bench Top Activation Test
(B.8.1.9).

B.8.1.7 Leak Test
The TPRD unit shall be held at 125% NWP with hy@mgas for one hour at ambient
temperature before leakage is measured. The mé&hotkasuring is at the discretion of the
testing facility; the accuracy, response time ealibration of the measurement method shall
be documented. The total hydrogen leak rate bleditss than 0.2 Ncc/hr.

B.8.1.8 Bench Top Activation Test

Two new TPRD units shall be tested without beingjescted to other design qualification

tests in order to establish a baseline time orguresfor activation.

(1) The test setup shall consist of either an arerhimney which is capable of controlling
air temperature and flow to achieve +600(x 10)°@mair surrounding the TPRD. The
TPRD unit shall not be exposed directly to flanfdie TPRD unit shall be mounted in a
fixture that shall be documented.

(2) Place a thermocouple in the oven or chimneyaoaitor the temperature. The
temperature shall remain within the acceptableedongtwo minutes prior to running the
test.

(3) Insert the pressurized TPRD unit into the oeenhimney, and record the time for the
device to activate. Prior to insertion into theepwr chimney, pressurize one new TPRD
unit to no more than 25% NWP; pressurize the gs¢ed (B.8.1.2.1.a, ¢, d, e or g) TPRD
units to no more than 25% NWP; and pressurize eme TPRD unit to 100% NWP.

(4) TPRD units previously subjected to testingiB.1.1, B.8.1.3, B.8.1.4, B.8.1.5 or
B.8.1.7 shall activate within a period no more th&a minutes longer than the baseline
activation time of the new TPRD unit that was pueged to up to 25% NWP.

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

B.8.1.9 Flow Rate Test

(1) Nine TPRD units shall be tested for flow capadhe nine units shall consist of one
unit from those previously tested in each of BB.B.8.1.3, B.8.1.4, B.8.1.6 or B.8.1.7,
and three new TPRD units.

(2) Each TPRD unit be activated according to B3.JAfter activation and without
cleaning, removing parts, or reconditioning, eaBfRD unit shall be subjected to flow
test using hydrogen, air or an inert gas.

(3) Flow rate testing shall be conducted with s igéet pressure of 2(+0.5) MPa. The outlet
shall be ambient pressure. The inlet temperatulepagssure shall be recorded.

(4) Flow rate shall be measured with accuracyiwif2 percent. The lowest measured
value of the nine pressure relief devices shallbeoless than 90 percent of the highest
flow value.
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(5) Flow rate shall be recorded as the lowest medsvalue of the nine pressure relief
devices tested in NL per minute’@and 1 atmosphere) corrected for hydrogen.

B.8.2 TYPE APPROVAL Qualification Performance Tess for Check Valve and Shut-Off
Valve

Testing shall be performed with hydrogen gas hagegquality compliant with ISO 14687-
2/SAE J2719. All tests shall be performed at amtdiemperature 206)°C unless otherwise
specified. The check valve and automatic shutalffe qualification performance tests are
specified as follows:

B.8.2.1 Hydrostatic Strength Test

The outlet opening in components shall be pluggebhvalve seats or internal blocks made to

assume the open position. One unit shall be testbout being subjected to other design

gualification tests in order to establish a bagehiarst pressure, other units shall be tested as

specified in subsequent tests.

(1) A hydrostatic pressure of 250% NWP shall peliad to the inlet of the component for
three minutes. The component shall be examineddore that rupture has not occurred.

(2) The hydrostatic pressure shall then be increasadatt of less than or equal to 1.4
MPa/sec until component failure. The hydrostatiesgure at failure shall be recorded.
The failure pressure of previously tested unitdldfeano less than 80 percent of the
failure pressure of the baseline, unless the hyaliogpressure exceeds 400% NWP.

B.8.2.2 Leak Test
One unit shall be tested at ambient temperatuteowitbeing subjected to other design
qualification tests. Three temperature regimespeeified:
(1) Ambient temperature: condition the unit at2Z5)fC; test at 5% NWP and 150%
(2) High temperature: condition the unit at +850€; test at 5% NWP and 150%
(3) Low temperature: condition the unit at -48)C€; test at 5% NWP and 100%NWP.
Additional units shall undergo leak testing as #jptin subsequent tests (B.8.2.3, B.8.2.4,
B.8.2.5, B.8.2.8, B.8.2.11 and B.8.2.12) with uaeinipted exposure to the temperatures
specified in those tests.

Plug the outlet opening with the appropriate matagnection and apply pressurized
hydrogen to the inlet. At all specified test temgteres, condition the unit for one minute by
immersion in a temperature controlled fluid (our@lent method) If no bubbles are
observed for the specified time period, the sarppkeses the test. If bubbles are detected, the
leak rate shall be measured by an appropriate methibe leak rate shall not exceed 10
Ncc/hour of hydrogen gas.

B.8.2.3 Extreme Temperature Continuous Valve i@gcTest
(1) The total number of operational cycles shalllti,000 for the check valve and 50,000 for
the automatic shut-off valve. The valve unit shallinstalled in a test fixture
corresponding to the manufacturer’s specificationsnstallation. The operation of the
unit shall be continuously repeated using hydraggesnat all specified pressures.
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An operational cycle shall be defined as follows:

(a) For a check valve, connect the check vahaetest fixture and apply pressure in six
pulses to the check valve inlet with the outleseld. Then vent pressure from the
check valve inlet. Lower the pressure on the chedke outlet side to < 60% NWP
prior to the next cycle.

(b) For an automatic shut-off valve, connect thetff valve to a test fixture and apply
pressure continuously to the both the inlet antebsides.

An operational cycle shall consist of one full agém and reset within an appropriate

period as determined by the testing agency.

(2) Testing shall be performed on a unit stabiliaé the following temperatures:

(a) Ambient Temperature Cycling. The unit shallundergo operational (open/closed)
cycles at 125% NWP through 90 percent of the wteles with the part stabilized at
20 (#5)°C. At the completion of the ambient temperatureraponal cycles, the unit
shall comply with the ambient temperature leakage $pecified in B.8.2.2.

(b) High Temperature Cycling. The unit shall themdergo operational cycles at 125%
NWP through 5 percent of the total operational eyakith the part stabilized at
+85(45)°C. At the completion of the +86 cycles, the unit shall comply with the
high temperature (+8€) leakage test specified in B.8.2.2.

(c) Low Temperature Cycling. The unit shall therdergo operational cycles at 100%
NWP through 5 percent of the total cycles with plagt stabilized at -4C. At the
completion of the -4%C operational cycles, the unit shall comply witk thw
temperature (-4C) leakage test specified in B.8.2.2.

(3) Check valve Chatter Flow Test. Following II®perational cycles and leak tests,
subject the check valve to 240 hours of chattev &b a flow rate that causes the most
chatter (valve flutter). At the completion of ttest the check valve shall comply with
the ambient temperature leakage test (B.8.2.2}landtrength test(B.8.2.1).

B.8.2.4 Salt Corrosion Resistance Test
AISI series 300 Austenitic stainless steels aremgtdrom corrosion resistance testing.
Materials used in valve units shall be subjectethieytest agency to this test except where
the applicant submits declarations of results stistearried out on the material provided by
the manufacturer.

The component shall be supported in its normakyalted position and exposed for 150
hours to a salt spray (fog) test as specified iTM$B117 (Standard Practice for Operating
Salt Spray (Fog) Apparatus). If the componenkjzeeted to operate in vehicle underbody
service conditions, then it shall be exposed fd¥ BOurs to the salt spray (fog) test. The
temperature within the fog chamber shall be maeizhiat 30-3%C). The saline solution shall
consist of 5 percent sodium chloride and 95 perdistilled water, by weight. Immediately
following the corrosion test, the sample shallineed and gently cleaned of salt deposits,
examined for distortion, and then shall comply wifth requirements of the ambient
temperature leakage test specified in B.8.2.2.

B.8.2.5 Vehicle Environment Test
Resistance to degradation by exposure to automfitiils may be determined by the
following test, by comparable published data, okbgwn properties (e.g. 300 series
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stainless steel). The decision about the applitgloif test data and known properties will be

at the discretion of the testing authority.

(1) The inlet and outlet connections of the valve shill be connected or capped in
accordance with the manufacturers installatiorrisions. The external surfaces of the
valve unit shall be exposed for 24 hours at 20¢€5jp each of the following fluids:

» Sulfuric acid - 19 percent solution by volume intera

* Sodium hydroxide - 25 percent solution by weighiviter

*  Ammonium nitrate - 28 percent by weight in watetgla

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

The fluids shall be replenished as needed to ercsunplete exposure for the duration of
the test. A distinct test shall be performed veitich of the fluids. One component may
be used for exposure to all of the fluids in seqeen

(2) After exposure to each chemical, the compogskall be wiped off and rinsed with
water and examined. The component shall not shgmsf mechanical degradation that
could impair the function of the component sucleragking, softening, or swelling.
Cosmetic changes such as pitting or staining areawsidered failures.

(3) Atthe conclusion of all exposures, the ufiggall comply with the requirements of the
ambient temperature leakage test (B.8.2.2) andtteagth test (B.8.2.1).

B.8.2.6 Atmospheric Exposure Test

The atmospheric exposure test applies to qualidinaif check valves; it does not apply to

qualification of automatic shut-off valves.

(1) All non-metallic materials which that providdguel containing seal, and which are
exposed to atmosphere, for which a satisfactoriadsmon of properties is not submitted
by the applicant shall, when tested, not crackhomsvisible evidence of deterioration
after exposure to oxygen for 96 hours at 70°C P2 in accordance with ASTM D572
(Standard Test Method for Rubber- DeterioratiorHaat and Oxygen)

(2) All elastomers shall demonstrate resistana&ztme by one or more of the following:

B.8.2.7 Electrical Tests
The electrical tests apply to qualification of tigomatic shut-off valve; they do not apply to
qualification of automatic check valves.
(1) Abnormal Voltage Test. Connect the solen@ity® to a variable DC voltage source.
Operate the solenoid valve as follows:
(a) at 1.5 times the rated voltage establish #xjiuim (steady state temperature) hold for
one hour.
(b) Increase the voltage to two times the ratdthge or 60 volts whichever is less and
hold for one minute.
(c) Any failure must not result in external leagagpen valve, or a similar unsafe
condition.
The minimum opening voltage at NWP and room tentpegashall be less than or equal
to 9V for a 12 V system and less than or equaBt¥ for a 24 V system.
(2) Insulation Resistance Tesgtpply 1,000 V D.C. between the power conductor toed
component casing for at least two seconds. Thenmimi allowable resistance for that
component shall be 24@Xk
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B.8.2.8 Vibration Test
Vibrate the valve unit, pressurized to its 100% NWIE hydrogen and sealed at both ends,
for 30 minutes along each of the three orthogores$ @t the most severe resonant
frequencies. The most severe resonant frequenttadisoe determined by the following:
acceleration of 1.5 g with a sweep time of 10 mesutvithin a sinusoidal frequency range of
10 to 500Hz. If the resonance frequency is nonébim this range the test shall be conducted
at 500 Hz. Following this test, each sample shatlsmow visible exterior damage that
indicates that the part is unsuitable for use th&tcompletion of the test, the unit shall
comply with the requirements of the ambient tempeealeakage test specified in B.8.2.2.

B.8.2.9 Stress Corrosion Test
Brass valves with a history of satisfactory fielgherience shall be exempt from this
requirement if documentation can be submitted ¢atdisting agency to justify exemption to
this requirement. Brass valves for which a satigfry declaration of properties is not
submitted shall be tested.

The brass unit shall be subjected to the stresswsally imposed on it as a result of
assembly. The component shall be degreased anddhnéinuously exposed for ten days to a
moist ammonia-air mixture maintained in a glasswber having a glass cover. Agueous
ammonia having a specific gravity of 0.94 shalhtentained at the bottom of the glass
chamber below the sample at a concentration of il f#er liter of chamber volume. The
sample shall be positioned 38 mm (1.5 in) aboveatheeous ammonia solution and
supported in an inert tray. The moist ammonia-axtume shall be maintained at atmospheric
pressure with the temperature constant at 38 Brass units shall not exhibit cracking
or delamination due to this test.

B.8.2.10 Pre-Cooled Hydrogen Exposure Test
The valve unit shall be subjected to pre-cooledbdgein gas at -40 °C at a flow rate of 30 g/s
at external temperature of 2B(+#°C for a minimum of three minutes. The unitlsba de-
pressurized and re-pressurized after a two minoité reriod. This test shall be repeated ten
times. This test procedure shall then be repdateah additional ten cycles, except that the
hold period shall be increased to 15 minutes. Urieshall then comply with the
requirements of the ambient temperature leakagspesified in B.8.2.2
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